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		Preface

								

	
				Welcome to Orthopaedia!
 Orthopaedia is a peer-reviewed resource in musculoskeletal medicine, distributed free of charge by The Codman Group and The United States Bone and Joint Initiative.
 You might wonder why my colleagues and I decided to produce yet one more book. Unlike George Mallory, who claimed to have climbed Everest “because it was there,” we created Orthopaedia because it wasn’t. We saw a void – the absence of a reliable, affordable text for students in musculoskeletal medicine – and Orthopaedia is our attempt at filling it.
 In 1998, Kevin Freedman and I reported in The Journal of Bone and Joint Surgery that even graduates from top-tier medical schools were inadequately prepared in the field of musculoskeletal medicine. With other collaborators, I later discovered a possible reason for this: the majority of medical schools at that time did not mandate courses in musculoskeletal medicine. Upon further exploration, we found that another contributing factor might be the lack of affordable and reliable educational resources in the field.
 Affordability matters a lot for a topic like musculoskeletal medicine, as any course offered is apt to be short. In my experience, students have been hesitant to buy an expensive textbook for a one or two-week course.
 Reliability is a related issue. Without a textbook in hand, it’s likely that students will turn to the internet. The internet has lots of free information, of course, but not all of that information is correct. Besides, when it comes to taking care of patients, even “correct” information isn’t very helpful unless it has been validated.
 Orthopaedia solves these problems. Orthopaedia is comprehensive, with more than 100 chapters covering musculoskeletal medicine from head to toe (or, technically speaking, the first cervical vertebra to the hallux). Orthopaedia is peer-reviewed, with each chapter vetted and endorsed by an independent subject matter expert. And Orthopaedia can be downloaded for the princely sum of $0.00.
 That price tells you something else: there are no sales revenues to be collected and no royalties to be distributed. All of the 300-plus Orthopaedia contributors–writers, reviewers, and editors–were volunteers. Many of the Orthopaedia contributors are orthopaedic surgeons, but all of us came together around the belief that musculoskeletal medicine is important for all students, regardless of what their chosen field turns out to be.
 Musculoskeletal diseases are common, so all healthcare providers must know the basics. By the same token, students who want to focus on these diseases need a good starting point: a book that keeps things as simple as possible but no simpler, as Einstein’s aphorism would have it. It is my hope that Orthopaedia will serve all students – and, ultimately, the people they care for.
 — Joseph Bernstein, MD
 .
 
	

			
			


		
	
		
			
	
		

		Upper Extremity

	

	
		
	

		


		
	
		
			
	
		1

		Glenohumeral Arthritis

								

	
				Glenohumeral arthritis is defined by shoulder pain and stiffness from damage to the articulation between the humeral head and the glenoid process of the scapula. This arthritis may be idiopathic (osteoarthritis), or from autoimmune synovial inflammation (rheumatoid arthritis). Other known causes include trauma (including microtrauma from altered biomechanics or rotator cuff tears), gout, osteonecrosis, neuropathy (Charcot Arthropathy) and infection.
  
 Structure and Function
 The glenohumeral joint is a ball and socket joint made by the articulation of the humeral head in the glenoid fossa of the scapula.
 With little bony constraint, the joint is the most mobile joint in the body and consequently, inherently unstable. The joint is stabilized by static and dynamic restraints. The static restraints consist of the three glenohumeral ligaments and the glenoid labrum. The dynamic restraints consist of the rotator cuff muscles, the rotator interval, and the tendon of the long head of the biceps.
 The glenohumeral joint has three degrees of freedom and functions to perform the following movements at the glenohumeral articulation: flexion/extension; adduction/abduction; and internal and external rotation. Forward flexion is also known as “elevation”, and adduction is also known as “cross body abduction” or “horizontal abduction” (See figures 1 -4).
 [image: ]Figure 1: Shoulder elevation. Patients should be able to elevate the arm such that it is parallel with the torso, i.e., about 180 degrees. [image: ]Figure 2: Shoulder adduction. Patients should able to reach across the midline, and ideally to be able to touch the contralateral shoulder. [image: ]Figure 3: Shoulder internal rotation. Patients are asked to reach behind their backs. Internal rotation can be quantified by noting the approximate spinal level the patient can reach with his or her thumb, as shown. [image: ]Figure 4: Shoulder external rotation is assessed by asking the patient to place his or her arm at the side, flex the elbow to 90 degrees and rotate externally. Because the scapula is not oriented perfectly with the torso, the glenohumeral joint is already externally rotated 30 degrees when the arm is pointing directly forward. The normal glenohumeral joint should be able to externally rotate an additional 60 degrees, as shown here. Glenoid version refers to the relationship between the glenoid cavity and the humeral head. It is a radiographic measurement determined by the angle between the glenoid line and the line perpendicular to the scapular axis. The glenoid is normally slightly retroverted. In addition, the humeral head and neck are also retroverted from the humeral shaft (with the anterior plane defined by the position of the humeral epicondyles at the elbow). Normal humeral version is 20-30° of retroversion. Deviations from normal version can disturb normal mechanics and lead to arthritic changes.
 In glenohumeral arthritis, the articular cartilage of the humeral head or glenoid or both is damaged. As in the arthritis of many other joints, glenohumeral arthritis can affect the subchondral bone as well.
 The most common etiology of glenohumeral arthritis is primary osteoarthritis (OA). OA is characterized by progressive degeneration of articular cartilage, dense subchondral bone growth, osteophyte formation, glenoid erosion, and displacement of the humeral head.
 Additional Causes of Glenohumeral Arthritis
 	Rheumatoid Arthritis (RA) – Systemic autoimmune disease of the synovium. Synovial inflammation and soft tissue break down at the shoulder results in wear of the glenoid articular cartilage and medialization of the humeral head.
 
 	Post-traumatic arthritis – Disruption of the articular surface can occur after a humeral fracture or dislocation. The damage with dislocation can be from the impact of the dislocation episode or from microtrauma inflicted by chronic instability.
 
 	Crystalline arthritis – Gout and Calcium Pyrophosphate Dihydrate Deposition Disease (CPPD) result in the deposition of crystals within the joint space which cause synovial inflammation and resultant cartilage damage.
 
 	Osteonecrosis – Morphological and arthritic changes result from loss of blood supply to the humeral head. Osteonecrosis can appear from trauma, use/abuse of alcohol or steroids, hemoglobinopathies, among other causes. It may also be idiopathic (no known cause).
 
 	Charcot Arthropathy – Loss of sensation and proprioception in the joint results in repetitive microtrauma and joint degeneration. Charcot Arthropathy of the shoulder is often related to cervical spine syrinx.
 
 	Rotator cuff arthropathy – Tears of the rotator cuff tendons disturb normal biomechanics (as the rotator cuff is an important shoulder stabilizer). Such tears produce abnormal humeral head contact, leading to breaking down of the articular surfaces.
 
 	Septic Arthritis – The white cell response to infection can damage articular cartilage.
 
 *
 
 Patient Presentation
 Patients with glenohumeral arthritis present with shoulder pain and stiffness. Taking a thorough history with these patients is key as it can determine the etiology of the disease.
 The clinical presentation depends on the underlying cause of the arthritis.
 Patients with glenohumeral osteoarthritis are typically over 50 years old and present with a chief complaint of pain. The pain is usually insidious in onset, progressive, chronic, and worsens with activity. Discomfort may lead to nocturnal awakening, especially when lying on the affected side, and patients typically have functional limitations due to a decreased range of motion. On physical exam, the affected extremity may be atrophic secondary to disuse. Patients have tenderness over the posterior joint line and crepitus with motion of the joint. The most dramatic finding is typically decreased range of motion which is most pronounced with external rotation.
 Patients with rheumatoid arthritis present with pain, decreased range of motion, crepitation, and effusions in multiple joints. The effects typically evolve slowly and insidiously. The shoulder is rarely the first joint affected and it is almost never the only affected joint.
 In cuff tear arthropathy, patients are usually significantly disabled and are unable to raise their affected arm. Inspection may show hollowing around the scapula secondary to cuff muscle atrophy.
 A number of other disease processes, including osteonecrosis, recurrent glenohumeral dislocations, and posttraumatic articular incongruity can lead to destruction of the glenohumeral articular cartilage. In most cases, this results in secondary osteoarthritis and has symptoms similar to primary osteoarthritis although the history will suggest this secondary cause.
 Of note, septic arthritis may hurt even without motion, but symptoms are worsened with activity.
  
 Objective Evidence
 Imaging of the glenohumeral joint starts with radiographs taken at three views: AP, lateral and scapular (also known as a “Y”) view. Findings on these radiographs often lead to the etiology of the arthritis (Figure 5).
 [image: ]Figure 5: Osteoarthritis of the shoulder is shown, with bony sclerosis, osteophyte formation and superior migration of the humeral head. (Case courtesy of Radiopedia case 43425.) Advanced imaging such as CT and MRI are indicated for pre-operative planning as they provide the surgeon with enhanced imaging of glenoid morphology and rotator cuff pathology.
 For the most part, no laboratory tests are necessary for the diagnosis of glenohumeral arthritis. However, if an inflammatory or crystalline arthropathy is suspected, specific labs may be indicated.  Namely, ESR, CRP, Rheumatoid factor, and Anti-CCP antibodies for RA and synovial fluid analysis for crystalline arthropathies.
  
 Epidemiology
 Arthritis of the glenohumeral joint typically affects patients in the sixth decade of life and on. Of the large joints, the glenohumeral joint trails the hip and knee in the incidence of arthritis–perhaps because a person can avoid using his or her shoulder in a way not possible with the weight bearing joints. Yet because of this relative underuse potential, the true incidence of glenohumeral arthritis remains undetermined.
  
 Differential Diagnosis
 Shoulder pain with decreased mobility is a common presentation. After the clinician has determined the shoulder pain to be glenohumeral in origin, the following diagnoses, in the alternative, or in addition to arthritis should be considered:
 	Rotator cuff impingement and tendinopathy,
 	Rotator cuff tear,
 	Adhesive capsulitis,
 	Shoulder instability with or without bony or labral damage,
 	Locked posterior dislocations in elderly patients.
 
 Clinically, these injuries can appear identical to glenohumeral arthritis and radiographic studies are needed to determine the etiology of the shoulder pain.
 Of note, rotator cuff tears have a 5-10% incidence with osteoarthritis of the glenohumeral joint and a 25-50% incidence with rheumatoid arthritis.
  
 Red Flags
 Arthritis of the glenohumeral joint is a chronic condition that rarely requires emergency treatment. However, a patient who presents with fever, chills, and fatigue in addition to pain, swelling, warmth, and erythema of the shoulder should be promptly evaluated for a septic shoulder. Exuberant arthritis limited to just the shoulder(s) should prompt a cervical examination for a syrinx.
 Shoulder pain might be caused by lung cancers in the superior aspect of the lung (so-called Pancoast tumors). This should not be missed when reviewing the radiographs.
  
 Treatment Options and Outcomes
 Mainstays of non-operative treatment for glenohumeral arthritis consist of physical therapy, NSAIDs, activity modification, and injections. NSAIDs reduce pain and inflammation, while physical therapy works to improve range of motion and strengthen the surrounding musculature.
 RA can be very well controlled with disease-modifying antirheumatic drugs (DMARD). Intraarticular injections of corticosteroids act to reduce inflammation.  However, arthritis is a progressive disease and medical treatment exhausts quickly.
 End stage degenerative joint disease can be treated with joint replacement: Hemiarthroplasty; Total Shoulder Arthroplasty; and Reverse Shoulder Arthroplasty.
 Hemiarthroplasty
 A hemiarthroplasty involves replacing the humeral head with a stemmed prosthesis. It is indicated for patients who have failed non-operative treatment with an intact glenoid and articular damage to the humerus. The best results are seen in patients with concentric glenoids and intact rotator cuffs. This operation is technically easier than adding a glenoid replacement, but usually provides less symptomatic relief. Hemiarthroplasty is also used to treat fracture of the humeral head.
 Total Shoulder Arthroplasty
 In a total shoulder arthroplasty, the arthritic humeral head is replaced with a metal ball fixed to a stem inserted into the humeral shaft and the glenoid is resurfaced with a polyethylene insert (Figure 6). This procedure is best for patients with a moderate to low activity level. Patients need good bone stock and an intact or repairable rotator cuff. Patients treated with total shoulder arthroplasty see good pain relief and reliable range of motion with a 10-year survival rate of 92-95%. Common complications include component loosening, infection, fracture nerve injury, and rotator cuff tear.
 [image: ]Figure 6: Total shoulder arthroplasty. The glenoid component is made of plastic and not readily apparent on x-ray (unless you look for it); it is outlined in the reproduction at right. (courtesy https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3093753/) Reverse Shoulder Arthroplasty
 In a reverse shoulder arthroplasty, the glenoid socket is replaced with a metal ball and secured to the scapula and the humeral head is replaced with a cup attached to a stem which functions as a socket (Figure 7). This is the opposite anatomic arrangement of the native glenohumeral joint. This arrangement provides stability in the absence of a functioning rotator cuff. It is indicated for rotator cuff arthropathy, severe proximal humerus fractures, failed total shoulder arthropathy, and glenohumeral deformities that cannot be reconstructed otherwise. This operation can dramatically increase the function of the shoulder and provide excellent pain relief.
 [image: ]Figure 7: A reverse shoulder arthroplasty. Shoulder Arthrodesis
 An arthrodesis involves the surgical resection and fusion of the glenohumeral joint. This operation is indicated for laborers unwilling to alter their activities, uncontrolled joint sepsis, recurrent shoulder instability, loss of rotator cuff and deltoid musculature, brachial plexus plexopathies, and salvage for failed total shoulder arthroplasty. Because there is a lot of motion between the scapula and thorax, this operation is tolerated better than an analogous fusion of the hip joint. Nonetheless, most patients are happier with a joint replacement.
  
 Risk Factors and Prevention
 Age is one of the primary risks for the development of glenohumeral arthritis. Females display higher incidences of both OA and RA. Glenohumeral arthritis is associated with activities that put high strain on the glenohumeral joint. However, many patients develop arthritis of the shoulder without a decipherable cause.
 Lifting heavy weights, either at work or for recreation, increases the chances of developing glenohumeral osteoarthritis.
 The incidence of glenohumeral arthritis increase with a history of trauma and prior surgery to the shoulder. Certain studies have shown that over 50% of patients with a primary anterior shoulder dislocation go on to develop some degree of glenohumeral arthritis at 25 years follow-up.
  
 Miscellany
 The characteristic osteophyte of glenohumeral arthritis is termed a goat’s beard (Figure 8).
 [image: ]Figure 8: An inferior osteophyte suggestive of a goat’s beard. (courtesy https://www.orthopaedicsone.com/display/MSKMed/Arthritis+of+the+Gleno-humeral+joint)  
 Key Terms
 Glenohumeral arthritis, osteoarthritis, rheumatoid arthritis, articular cartilage, arthroplasty
  
 Skills
 Recognize and describe the deformities of the glenohumeral joint caused by arthritis. Recognize the potential etiologies of glenohumeral arthritis. Recognize the clinical and radiographic signs of glenohumeral arthritis. Describe the different treatment modalities for glenohumeral arthritis.
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		Glenohumeral Instability

								

	
				Glenohumeral instability is defined as an inability to maintain the humeral head centered in the glenoid fossa. This problem is typically caused by either a traumatic rupture of the capsule and ligaments (usually following a complete dislocation or partial dislocation/subluxation), or by generalized laxity of the soft tissue. In the case of post-dislocation instability, the shoulder is unstable in only one plane (namely, in the direction of the dislocation), whereas with generalized laxity, the instability is multidirectional. Patients with glenohumeral instability may suffer repeat episodes of subluxation in which the joint surfaces are damaged. In very broad terms, instability from trauma is amenable to surgical repair, whereas multidirectional is not. Multidirectional instability is treated with physical therapy to strengthen the rotator cuff, but this does not always stabilize the joint sufficiently.
  
 Structure and Function
 Unlike the femoroacetabular joint of the hip and humeroulnar joint at the elbow, the glenohumeral joint has little static stability provided by the bony anatomy. The humeral head is not constrained by the (relatively shallow) glenoid fossa; rather, only a small portion of the humeral head articulates with the glenoid (Figure 1).
 [image: ]Figure 1: A CT scan of the shoulder, showing the mismatch between the size of the glenoid (yellow) and the size of the humeral head (red). (https://radiopaedia.org/cases/normal-ct-shoulder-2) Accordingly, the shoulder relies on both dynamic (active) and static (passive) soft-tissue stabilizers. The main static stabilizers of the shoulder are the ligaments and capsular tissue. Some additional static stability is provided by the labrum, a lip of cartilage around the glenoid that deepens the socket.
 There are regions of the capsule which are identified as distinct ligaments (Figure 2). The superior glenohumeral ligament provides stability with the arm at the side, the middle glenohumeral provides restraint with the arm partially abducted and the inferior glenohumeral ligament is the primary stabilizer with the arm fully abducted.
 [image: ]Figure 2: The ligaments connecting the humerus to the scapula. The coracohumeral ligament is shown in faint black; the capsule is outlined in red. The capsule itself comprises the superior (green) middle (pink) and inferior (yellow) glenohumeral ligaments. (Annotations on x-ray courtesy of https://radiopaedia.org/cases/external-and-internal-rotation-views-of-the-shoulder) 
 The rotator cuff, along with the long head of the biceps, stabilizes the glenohumeral joint actively (Figure 3). Paired contraction of the rotator cuff muscles holds the humeral head in close approximation to the glenoid cavity.
 [image: ]Figure 3: As seen from the front of the body, the subscapularis (red), supraspinatus (blue) and long head of the biceps (green) all dynamically stabilize the glenohumeral joint. (On the posterior side, the infra-spinatus and teres minor, not shown, provide stability as well.) The axillary nerve is often injured with shoulder dislocations. The axillary nerve wraps around the surgical neck of the humerus and runs below the humeral head.
  
 Patient Presentation
 A thorough history is essential to characterize a patient’s shoulder instability. The patient may recall a specific traumatic instability event. Alternatively, the patient may have numerous incomplete instability events or describe generalized laxity of both shoulders or other joints.
 Anterior instability often follows an injury to the arm when it is abducted and externally rotated. In contrast, posterior instability is often caused by a force applied to the arm when it is adducted, flexed and internally rotated. Inferior instability is associated with a history of instability with carrying heavy loads. Although anterior instability is the most common form, inferior, posterior and multidirectional instability must be considered.
 With an acute anterior shoulder dislocation, the patient typically presents with the arm held closely at the side. Any attempt to abduct or rotate the arm is resisted because of pain. There is loss of the normal contour of the deltoid. The humeral head itself may be seen or felt anterior to its normal position.
 The acute presentation of posterior shoulder instability is more subtle. A lack of external rotation compared to the contralateral normal shoulder may be the only presenting sign.
 The physical exam should begin with evaluation of the asymptomatic shoulder for comparison.
 Two simple tests may be used even by inexperienced examiners to evaluate shoulder instability.
 The sulcus sign can be elicited by applying longitudinal inferior traction of the humerus; that is, by pulling down on the patient’s wrist with the arm held at the side. Excessive inferior displacement of the humerus relative to the lateral border of the acromion creates a sulcus and reflects laxity of the capsule, (Figure 4).
 [image: ]Figure 4: The sulcus sign. The examiner pulls down on the arm at the elbow. If there is laxity of the shoulder, an indentation on the skin, aka a “sulcus”, will be seen between the acromion and the humeral head.  (with permission of https://www.shoulderdoc.co.uk/article/798) The anterior apprehension test is performed by asking the patient to abduct the shoulder (blue arrow) and externally rotate the arm (green curved arrow) – as if cocking the arm to throw a ball. A patient with anterior instability will be apprehensive in this position or might simply refuse to perform this maneuver (Figure 5).
 [image: ]Figure 5: The anterior apprehension test (see text). More subtle anterior instability can be detected by having the supine patient abduct the shoulder and externally rotate the arm, and the examiner can then push on the arm as if to glide the humeral head out of the joint.
 Signs of generalized ligamentous laxity include the ability to touch the palms to the floor while bending at the waist; hyperextension of the elbows, metacarpophalangeal or knee joints; and the ability to abduct the thumb to the forearm. The presence of these so-called Beighton criteria is indicative of laxity.
  
 
 Objective Evidence
 To assess patients with suspected shoulder instability, obtain both an anteroposterior (AP) view (Figure 6) and an axillary lateral view of the shoulder. It is important to obtain two orthogonal views. A dislocated shoulder might look normal on the AP view and a dislocation may be missed if only this view is obtained.
 [image: ]Figure 6: Anterior shoulder dislocation. (Case courtesy of Dr Jeremy Jones, Radiopaedia.org, rID: 7132) Magnetic resonance imaging (MRI) can be used to visualize the ligaments that might be torn with shoulder dislocation (Figure 7). MRI is more sensitive for the detection of labral injury if a contrast medium such as gadolinium is injected into the joint. MRI is especially useful for the evaluation of older patients with a dislocation as they are more likely to have torn the rotator cuff concurrently.
 [image: ]Figure 7: An MRI of the shoulder after reduction of a dislocation. Damage to the anterior labrum and edema within the humeral head, both caused by the dislocation, are noted with arrows. (Case courtesy of Dr. Mandakini Siwach, Radiopaedia.org, rID: 53957) CT scans may be helpful for evaluation of the bony anatomy and should be obtained if there is suspicion of a large Hill-Sachs lesion or glenoid fracture.
  
 Epidemiology
 The annual incidence of shoulder dislocations in the United States is approximately 24 per 100,000 people. The incidence rates in military personnel and athletes are considerably higher. Anterior shoulder dislocations account for more than 95% of shoulder dislocations. Posterior dislocations account for about 4%, and inferior shoulder dislocations represent the remaining 1%.
 Multidirectional shoulder instability is frequently bilateral. Its incidence peaks in young adulthood (approximately late teens) and is found especially in overhead athletes (pitchers, swimmers and gymnasts) or people with connective tissue disorders such as Ehlers-Danlos or Marfan’s syndrome.
  
 Differential Diagnosis
 When patients present with suggested glenohumeral instability, physicians must exclude the following concomitant conditions:
 	A Bankart lesion (avulsion of the anterior labrum),
 	A “bony Bankart” lesion (a fracture of the anterior glenoid),
 	A Hill Sachs defect (impaction fracture of the humeral head, caused by contact against the glenoid during dislocation),
 	Fracture of the greater tuberosity (especially in older patients),
 	Fracture of the lesser tuberosity (with posterior dislocation),
 	Nerve injuries, especially axillary nerve,
 	Generalized ligamentous laxity.
 
  
 Red Flags
 Seizures and electrocution can cause posterior shoulder dislocations and should be considered in any patients with that history and shoulder complaints. Likewise, the presence of a posterior shoulder dislocation raises the suspicion of an unreported seizure. Posterior shoulder dislocations are also associated with small lesser tuberosity fractures. These fractures might be missed if the films are not examined closely.
 Multidirectional shoulder instability may suggest a connective tissue disorder such as Ehlers-Danlos or Marfan’s syndrome.
 Abnormal passive motion suggests that the shoulder is not reduced.
 In patients older than 40 years, the orthopaedic surgeon should have a high index of suspicion for a concomitant rotator cuff tear.
 Although axillary nerve injuries are seen in only a small minority of cases, they are frequent enough (~5% of cases) that the presence of dislocation itself is a “red flag” for a nerve injury and must be excluded on exam.
  
 Treatment Options and Outcomes
 Acute shoulder dislocations should be reduced expeditiously.  Any of a variety of reduction techniques can be performed. The Hippocratic method for anterior dislocations uses gentle longitudinal traction applied with a counterforce (e.g., a sheet placed in the patient’s axilla). The Milch maneuver has the patient lying prone on the exam table with both abduction and external rotation forces applied to the arm as the physician’s thumb attempts to push the humeral head into place.
 Reduction is easiest when there is full relaxation of the shoulder musculature. Therefore, all attempts at reduction are best supplemented with either conscious sedation or an intra-articular anesthetic injection.
 Radiographs after the procedure are required to verify reduction.
 After reduction, a short period of immobilization is reasonable, followed by range of motion exercises and then a strengthening program.
 Physical therapy alone may be adequate treatment for traumatic instability. Surgery may be considered especially in younger patients with a Bankart lesion or patients with a history of recurrent dislocations. Surgery is typically a repair of the capsule, along with a “shift” to tighten the tissue.
 Patients with a shoulder dislocation are considered cleared to play when strength and full range of motion have returned to normal.
 Multidirectional shoulder instability is treated with physical therapy – and then more physical therapy if that does not work. Operative stabilization is indicated only if instability that interferes with critical activities persists after extensive non-operative management.
 Surgery for multidirectional shoulder instability attempts to plicate (that is, fold over and thereby tighten) the redundant capsular tissue. It is key that this plication is balanced, as too much tightening on one side (anteriorly, say) will just create more instability in the other direction.
 The natural history of initial shoulder dislocations remains controversial. Recurrent dislocation is most strongly predicted by the age of the patient. In athletes younger than 20 years of age treated non-operatively, recurrence rates above 50% have been reported. Recurrent dislocation is less common in older patients, but in this cohort rotator cuff tears are more common and surgery may be needed to treat that aspect of the injury.
 Athletes who have had a shoulder stabilization procedure after traumatic dislocation report a far lower dislocation recurrence rate (less than 15%) than would be expected from non-operative treatment. Most patients also report excellent subjective and objective clinical outcome scores.
  
 Risk Factors and Prevention
 Patients might be at increased risk for shoulder instability for reasons under one’s control (choice of sports, for example) or for reasons beyond individual control (abnormal glenoid anatomy and ligamentous laxity, to name two).
 Even if there are non-modifiable risk factors, the odds of a dislocation may be minimized by assuring adequate strength of all muscles crossing the shoulder (including scapular-stabilizing muscles) and by keeping repetitive shoulder stress to a minimum.
  
 Miscellany
 Hippocrates not only invented a method of reducing the shoulder (Figure 8), he also devised a means of repairing the tissue injured by dislocation: namely, burning the capsule with a hot poker placed in the axilla. This method is frowned upon by modern authorities.
 [image: ]Figure 8: Hippocrates’ method of reducing a dislocation of the shoulder. (https://en.wikipedia.org/wiki/Hippocrates#/media/File:GreekReduction.jpg)  
 Key Terms
 Glenohumeral instability, anterior dislocation, posterior dislocation, inferior dislocation, subluxation, humeral head, labrum, Bankart lesion, Hill-Sachs defect
  
 Skills
 Recognize history and signs suggesting dislocation. Recognize dislocation on imaging, and in particular, whether imaging is inadequate.
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		Disorders of the Glenoid Labrum

								

	
				The glenoid labrum is a fibrocartilaginous rim attached around the margin of the glenoid cavity that serves to deepen the cavity. (The glenoid fossa of the scapula is relatively shallow, contacting at most only a third of the head of the humerus). The labrum is triangular in shape with a broad base and is fixed to the glenoid tapering to a thin free edge. The tendon of the long head of the biceps brachii blends with the labrum at the apex of the glenoid. Labral tears may result from acute injury, especially when the humeral head dislocates or subluxates, but also from traction via the biceps. Many labral tears are degenerative and are discovered incidentally on MRI.
  
 Structure and Function
 The major shoulder joint is the glenohumeral joint, at which the humeral head articulates with the glenoid cavity (fossa or socket). Because the humeral head is larger than the fossa – the socket covers only a quarter of the humeral head – it is not very stable. To augment stability, a circumferential rim of fibrocartilaginous tissue attaches to the glenoid fossa and thereby increases the contact between the two sides of the joint (Figure 1).
 [image: ]Figure 1: A schematic drawing of a lateral view of the shoulder and an annotated lateral view x-ray highlight the glenoid fossa in green, the labrum in yellow and the biceps origin in red. To locate lesions of the labrum, the glenoid has been likened to a clock face, with the bicep’s point of origin designated as the “12 O’clock position.” (Modified from: https://en.wikipedia.org/wiki/Glenoid_labrum and https://radiopaedia.org/cases/48080) The labrum may be torn acutely, as in a traumatic anterior shoulder dislocation. Anterior dislocations often cause an avulsion of the anterior labrum, called a Bankart lesion.
 There are two main theories to explain sub-acute tearing of the labrum. The first theory suggests that if the humeral head starts to subluxate (as it might tend to do, for example, if the capsule were lax), the biceps tendon would contract to constrain the humerus. Such repetitive contraction stretches the superior glenoid labrum. A second theory proposes that repeated motion results in cyclical compression and microtrauma to the labrum directly.
 When a labral tear is above the “equator” of the glenoid it is called a SLAP tear: Superior Labrum, Anterior to Posterior.
 SLAP tears are common among athletes playing a sport with high force overhead arm motion (e.g. tennis players and baseball pitchers).
 A posteriorly directed force with the arm in a flexed, internally rotated and adducted position, e.g. weightlifters’ bench press or football line blocking, can damage the posterior labrum
 The proximal biceps tendon can also tear, independent of the labrum. The long head of the biceps is vulnerable to tearing, as it makes sharp turns as it courses out of the shoulder joint and down the arm. Tears are more common if there is stenosis of the bicipital groove or if there is a rotator cuff tear (perhaps placing additional demands on the biceps as a humeral head depressor).
  
 Patient Presentation
 Acute tears are associated with overt trauma, such as falling hard onto an outstretched arm.
 The symptoms of sub-acute labral tears include non-specific deep shoulder pain, a sense of catching or locking (due to a flap of loose cartilage), and perceived instability (which may or may not be reproduced on exam). There may be non-specific symptoms such as decreased range of motion or loss of strength. Symptoms tend to be aggravated with reaching overhead or across one’s body.
 No single physical sign or test has been shown to have both great sensitivity and specificity for SLAP tears. In O’Brien’s active compression test, the patient stands upright with the affected arm flexed 90° and adducted 15° medial to the sagittal plane of the body. With the arm internally rotated, the examiner pushes the arm downward. The test is then repeated with the forearm in maximal supination. A positive test result is recorded when pain elicited by the first maneuver is decreased by the second maneuver (Figure 2).
 [image: ]Figure 2: O’Brien’s test by having the patient elevate the arm to 90° and adduct 15° across the body. With the patient’s arm internally rotated/pronated (thumb pointing down), the examiner pushes the arm downward (arrow).  The test is deemed positive if this force is more painful than the same force applied with the patient’s arm supinated. Isolated degenerative disease of the proximal biceps tendon presents with symptoms similar to rotator cuff disorders, but with the pain sometimes located in the bicipital groove.
 Speed test’s (Figure 3) is positive when there is pain in the proximal biceps produced with forward elevation of the shoulder with the elbow extended and forearm supinated. Yergason’s test (Figure 4) will produce pain in the biceps groove when a patient with biceps pathology attempts to actively supinate against the examiner’s resistance.
 [image: ]Figure 3: Speed test’s is performed by applying resistance (blue arrow) when the patient attempts forward elevation of the shoulder, with the elbow extended and forearm supinated. Pain in the bicipital groove (black star) near the shoulder is a positive response. [image: ]Figure 4: To perform Yergason’s test, the patient and examiner start in the handshake position. The patient then attempts to supinate (blue arrow) the arm (turning palm facing upward) against the examiner’s resistance. Pain localizing to the bicipital groove (black arrow) is a positive response.  
 Objective Evidence
 Because the labrum and proximal biceps are soft tissues, they are not seen on plain radiography. Accordingly, x-rays are often not informative when these structures are damaged.
 MRI can be diagnostic for labral tears (Figure 5), but both sensitivity and specificity increases with the injection of contrast (creating a so-called MRI-arthrogram).
 [image: ]Figure 5: An MRI showing a superior labral tear. The labrum should be a dark triangle throughout; here there is a faint line at the base of the triangle, where the labrum attaches to the glenoid. (from https://openorthopaedicsjournal.com/VOLUME/12/PAGE/314/FULLTEXT/) A conventional MRI might show an associated paralabral cyst (Figure 6), offering a hint that there is a labral tear (that is not seen explicitly).
 [image: ]Figure 6: An MRI showing a labral cyst (red arrow), suggestive of a tear. (from https://openorthopaedicsjournal.com/VOLUME/12/PAGE/314/FULLTEXT/)  
 Epidemiology
 There are no firm data on the prevalence of labral disorders, because many people do not seek medical care. It is known that starting at about age of 35, the superior labrum is less firmly attached to the glenoid, leading to anterior-superior rim tears, and that at about age 60 internal age-related degenerative changes are more common.
  
 Differential Diagnosis
 The main competing diagnoses (which may be present concurrently) are rotator cuff tears or degeneration and shoulder instability.
  
 Red Flags
 There are no particular red flag diagnoses for the symptoms associated with labral disorders.
  
 Treatment Options and Outcomes
 Initial treatment options for a torn labrum generally include the use of nonsteroidal anti-inflammatory drugs (NSAIDs) and a period of rest. Physical therapy is then initiated to strengthen the rotator cuff muscles.
 Surgical intervention depends on the type of labral lesion, but an arthroscopic repair is most commonly used (Figure 7). Frayed labral tears are treated with debridement.
 [image: ]Figure 7: Arthroscopic view of a labral tear (red line) before and after repair. (Courtesy of Fotios Tjoumakaris, MD) Damage to the biceps anchor can be treated with arthroscopic fixation of the superior labrum, but patients 45 years of age or older are prone to stiffness if the tear is repaired. Accordingly, fixation is considered relatively contraindicated in these patients.
 Proximal biceps tendinopathy is also first treated with NSAIDs and therapy. A steroid injection near, but not in, the tendon may be helpful. Should that not work, surgical release (tenotomy) or repair to the humerus (tenodesis) may be chosen. Tenotomy may cause an asymmetric bulging of the biceps in the affected arm. Tenodesis may be associated with pain in the bicipital groove. This complication may be prevented by attaching the tendon to the bone in a more inferior position, i.e. in the sub-pectoral region of the humerus.
 Most patients with labral tears will return to their pre-injury level of shoulder function, with slightly worse results seen among overhead throwing athletes.
 The most common overt complication for surgical treatment is an injury to nerves around the shoulder, but this is rare (less than 1% of cases) and usually resolves within 6 weeks.
 Some patients, especially older ones, have lost motion, though this may be ameliorated with therapy once the tissue repair has healed.
  
 Risk Factors and Prevention
 The main risk factors for labral disorders are sports demanding repetitive overhead motion (baseball, tennis, swimming) and increasing age (due to degenerative changes in the tissue as well as risk of falls).
 These risk factors are not really amenable to change, but strengthening of the rotator cuff muscles, adequate warm-up before activity, and adequate rest intervals between episodes of intense activity can all be defended as common sense.
  
 Miscellany
 About 1% of people have a congenital glenoid labrum variant where the anterosuperior labrum is absent. This variant is known as a “Buford complex”.
  
 Key Terms
 Labrum, SLAP lesion, Bankart lesion, rotator cuff, arthroscopy, torn biceps
  
 Skills
 Categorize MRI findings of a torn labrum. Perform physical exam to identify labral pathology.
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		Disorders of the Rotator Cuff

								

	
				The rotator cuff comprises four muscles that originate on the scapula and insert on the humerus: the supraspinatus, infraspinatus, teres minor and subscapularis. Although these muscles have distinct effects on the humerus (often overlapping with non-rotator cuff muscles), the collective effect of the rotator cuff is to dynamically constrain the humeral head. Rotator cuff tears may be sudden and traumatic or gradual and attritional over time. Treatment ranges from benign neglect to surgical repair, depending on the functional loss of the injury and the patient’s functional needs.
  
 Structure and Function
 The rotator cuff is the collective term for the four muscles that originate on the scapula and insert on the humerus: the supraspinatus, infraspinatus, teres minor and subscapularis. Because their insertion is (somewhat) confluent, they are collectively designated a “cuff” (Figures 1 and 2).
 [image: ]Figure 1: Drawing of the rotator cuff muscles as seen from behind. (Modified from https://en.wikipedia.org/wiki/Rotator_cuff#/media/File:Shoulder_joint_back-en.svg) [image: ]Figure 2: Drawing of the rotator cuff muscles as seen from the front. There are two lines pointing to the biceps (long head in blue, short head in red) and two lines pointing to the supraspinatus (tendon insertion in blue, muscle belly in red). Artistic license was taken to perform a small acromioplasty (removing the anterior edge of the acromion) to show the path of the supraspinatus tendon, which would ordinarily be covered by some bone. (Modified from https://en.wikipedia.org/wiki/Rotator_cuff#/media/File:Shoulder_joint_back-en.svg) The supraspinatus originates in the supraspinatus fossa on the posterior scapula, crosses the superior humeral head, and inserts on the greater tuberosity.
 The infraspinatus and teres minor originate in the infraspinatus fossa on the posterior scapula and insert on the greater tuberosity as well, posterior to the insertion point of the supraspinatus.
 The subscapularis originates on the anterior aspect of the scapula and inserts on the lesser tuberosity.
 The primary purpose of this cuff is to constrain the humeral head and initiate abduction and elevation. Recall that the glenoid is fairly shallow and that the shoulder is not a true ball and socket joint. If there was no constraint on the humeral head, the pull of the deltoid muscle, for example, will simply move the humeral head in a rostral direction. The rotator cuff primarily stabilizes the shoulder by compressing the humerus into the glenoid fossa. If the rotator cuff is able to constrain the humerus, a fulcrum is created, and the deltoid will then elevate or abduct the arm.
 Additionally, the muscles of the rotator cuff can move the humerus: the supraspinatus produces abduction in the scapular plane; the infraspinatus and teres minor provide humeral external rotation; and the subscapularis produces internal rotation. Note that there is redundancy with other non-cuff muscles such that a rotator cuff tear – especially one developing chronically, over time – does not necessarily create a functional loss.
 Complicating matters, it is possible to have overlapping diagnoses (some rotator cuff disorder coupled with some arthritis, for example), and it is possible to have anatomic abnormalities of the rotator cuff that are simply not responsible for the patient’s symptoms – at least to the extent that fixing the anatomic abnormality may not make the patient better. This latter consideration is especially important given the recognition that highly sensitive testing modalities such as MRI are almost certain to detect abnormalities in people middle-aged and older, and it would be wrong to pounce upon an anatomic finding as a necessary explanation for a patient’s pain.
  
 Patient Presentation
 Patients with symptomatic rotator cuff disorders typically report pain in the anterior or lateral shoulder (greater tuberosity), especially with overhead activity.
 There may be a prodrome of mild symptoms, with a superimposed worsening after an acute event.
 On exam, patients might demonstrate weakness and pain with arm movement in the affected tendon’s plane of motion. Because of the great redundancy of muscles coursing from the scapula or torso to the arm, some patients may have a so-called compensated rotator cuff tear, and have no functional loss despite losing the function of one or more rotator cuff tendons.
 The physical examination should measure active and passive motion in elevation, abduction, and internal and external rotation. Specific maneuvers are shown in Figures 3 to 6.
 [image: ]Figure 3: Neer test. The patient’s scapula is stabilized with one hand, while the arm is internally rotated and flexed to 180 degrees. If the patient experiences pain with flexion a lesion of the supraspinatus is suspected. [image: ]Figure 4: The supraspinatus test. The patient attempts, against resistance, to abduct the arms in the scapular plane (30 anterior to the body) with the elbows extended. [image: ]Figure 5: Infraspinatus/teres minor examination. The patient attempts to externally rotate the arms against resistance while the arms are at the sides and the elbows are flexed to 90 degrees. Holding the arms at the sides minimizes the effect of the deltoid. [image: ]Figure 6: Lift-off test. The patient places the dorsum of the hand against mid-lumbar spine. The patient is asked to lift the hand away from the back. If the patient is unable to complete the task a lesion of the subscapularis is suspected. Loss of the bulk of the rotator cuff muscles on the posterior aspect of the scapula may suggest a chronic tear.
  
 Objective Evidence
 Plain radiographs are helpful in detecting arthrosis, calcific deposits in the tendons, and bone spurs. Large and long-standing cuff tears may also result in proximal humeral head migration relative to the glenoid.
 Ultrasound is said to be both sensitive and specific for the identification of rotator cuff tears but is highly operator dependent.
 Magnetic Residence Imaging (MRI) is also thought to be sensitive for the identification of rotator cuff tears (Figure 7). This modality is particularly useful for measuring the size of any tear, if present, and the presence or absence of tendon retraction, and muscle atrophy. The problem with MRI is that it may be too sensitive and can show things that are not necessarily clinically significant. In particular, MRI can detect a so-called partial thickness tear, in which the insertion of the muscle tendon unit is preserved however there is intrinsic damage to the tendon in its course. (The phrase “partial thickness tear” uses the word “tear” as it would be used in the phrase “wear and tear”.) The relationship between this finding and the patient’s symptoms is not assured.
 [image: ]Figure 7: An MRI of a torn supraspinatus. The edge of the tendons are shown in red. (Case courtesy of Dr Ahmed Abdrabou, Radiopaedia.org, rID: 36724) 
 *
 Epidemiology
 The majority of rotator cuff tears occur secondary to age related degenerative changes in rotator cuff tissue. As a general rule, a patient of X years of age will have an X% chance of having at least a partial rotator cuff tear on MRI, even if he or she has neither signs nor symptoms. Thus a “positive” test may not point to a meaningful diagnosis.
 Rotator cuff tears in young adults are uncommon, but may occur following traumatic injuries, such as a fall on an outstretched arm.
  
 Differential Diagnosis
 Dysfunction of a rotator cuff muscle is usually indicative of a tear of that muscle-tendon unit, however a compressive neuropathy (of the suprascapular nerve) may mimic the functional loss of a complete rotator cuff tear.
 The differential diagnosis for the symptoms overlapping with rotator cuff disorders includes subacromial bursitis, biceps tendonitis, labral disorders, adhesive capsulitis, glenohumeral or acromioclavicular arthritis, cervical radiculopathy, and shoulder instability.
 Subacromial bursitis, also known as “impingement syndrome”, is caused by inflammation of the bursa above rotator cuff tendons, mainly the supraspinatus. It can present with or without tendinopathy on MRI. This presentation was called “impingement” because it was thought to be caused by pressure from the acromion, though that is a misnomer: as noted politely in a leading journal, that theory has not withstood the test of time, based on studies that have shown similar outcomes independent of the presence of bony impingement on the cuff.
 Rotator cuff dysfunction suggestive of a complete tear may be manifest even if the tendon is in continuity because of pain. This can be clarified by examination before and after an injection of an anesthetic (e.g., lidocaine) in the subacromial space. If after injection the patient no longer demonstrates weakness, preservation of the tendons’ insertion can be inferred.
 Bicep tendonitis may present as a rotator cuff disorder. (The long head of the bicep functions like a fifth rotator cuff tendon, one might say.) Bicep tendonitis can be differentiated on examination by producing pain with elbow motion against resistance.
 Adhesive capsulitis (frozen shoulder) might present with signs and symptoms suggestive of rotator cuff disorder, but in this condition passive motion is limited as well.
 Motion may also be limited with glenohumeral osteoarthritis. This condition is detected on imaging.
 Cervical radiculopathy, especially involving the fifth cervical level, can cause shoulder or arm pain with muscle weakness. In this condition, however, there is usually also decreased sensation or paresthesias, and changes in symptoms with head and neck motion.
 In young male athletes (especially weightlifters), the diagnosis of a pectoralis major (Figure 8) muscle or tendon tear should be considered. Pectoralis major tears typically occur during eccentric contractions, e.g., decelerating the bar in a bench press. Rupture can involve a tear of the muscle belly or tendon, or it can avulse off its insertion on the humerus. After the pectoralis major is ruptured, the patient will have limited horizontal adduction and internal rotation. Patients will demonstrate weakness with adduction and internal rotation, often with ecchymosis on the medial anterior aspect of the arm.
 [image: ]Figure 8: The pectoralis major has two “heads,” named for their point of origin: the clavicular head which originates from the clavicle (shown in green) and a sternocostal head which originates from the sternum and rib cage (shown in blue). Both insert on the humerus and serve to adduct and flex the humerus. (https://en.wikipedia.org/wiki/Pectoralis_major#/media/File:Pectoralis_major.png) 
 Red Flags
 Neurological red flags include sensory deficits, winged scapula, or abnormal reflexes.
 Left shoulder pain may have a cardiac origin.
  
 Treatment Options and Outcomes
 Patients with rotator cuff disorders should be segregated into those who have had acute deterioration (notably, a sudden inability to elevate the arm) after trauma and those who are suffering from a more chronic pain-related condition.  A patient who was highly functional, sustained an injury and had an abrupt loss of rotator cuff function is indicated for surgical repair– once imaging studies confirm the diagnosis, and that the remaining anatomy is amenable to repair. This repair should be performed expeditiously (within a month or so of injury), to prevent retraction of the tendon.
 Tears of the pectoralis major should also be fixed, if possible.
 Patients who have retained function but are limited by pain may do well with non-operative treatment. It is critical to avoid immobilization of the shoulder during recuperation as that will likely induce stiffness.
 Physical therapy focuses on stretching of the posterior and anterior joint capsule, improving scapulohumeral coordination and strengthening the uninvolved rotator cuff. For example, if there is supraspinatus pathology, internal and external rotation exercises can be employed; the rationale of such a strengthening program is that a stronger infraspinatus and subscapularis may be adequate to contain the humeral head, allowing the supraspinatus to rest.
 Subacromial injections may provide symptomatic relief. Because steroids are thought to weaken the tendon, by convention no more than a few of these injections are ever given.
 Surgical repairs can be performed arthroscopically (Figure 9) or through an open procedure. The torn tendon is identified, debrided and anchored to the humerus (and if possible, sutured to the adjacent tendons as well).
 [image: ]Figure 9: At left, an arthroscopic view of a rotator cuff tear, denoted by the red star, no longer attached to the humeral head [HH]. The middle and right panels show a photo and drawing of the repair, respectively. (http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-36162017000200164) Most patients with rotator cuff disorders improve. It is not clear if this is necessarily from the intervention or the natural waxing and waning of the underlying disease.
 Most patients who have surgery also do well, though interestingly outcomes after rotator cuff repair are somewhat independent of whether the tendon actually heals to bone: some patients do well even though the repair does not “take”, whereas others with an intact tendon on postoperative imaging may have persistent symptoms.
 (It is known that neglected tendon tears can lead to degenerative arthritis in the glenohumeral joint and that patients who immobilize their shoulders during painful flares can get stiff, bolstering our confidence that interventions are helpful, though it is certainly possible that some clinical improvement after treatment merely reflects the natural history of the disease.)
 Patients with work-related injuries and those with ongoing litigation have poor outcomes.
  
 Risk Factors and Prevention
 Risk factors for rotator cuff tears include increasing age, repetitive overhead activities and smoking. It has not been proven, but it makes intuitive sense to believe that maintaining the strength of all of the shoulder muscles will prevent dysfunction even if a given muscle were to degenerate or tear.
  
 Miscellany
 Mnemonic: The rotator cuff “sits” on the proximal humerus, and thus the names of the four muscles can be remembered by the four letters S I T S. The order of the tendon insertions also follows this mnemonic, coursing around the humeral head starting with the supraspinatus at the 12 o’clock position.
  
 Key Terms
 Rotator cuff, degeneration, tears, impingement, tendon repair
  
 Skills
 Complete upper extremity musculoskeletal exam and specific shoulder special tests. Interpret radiographs and MRIs for osseous lesions and soft tissue pathology. Demonstrate rotator cuff strengthening exercises to patients.
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		Disorders of the Acromioclavicular Joint

								

	
				The acromioclavicular (AC) joint is the junction between the clavicle and acromion process of the scapula. Subluxations and dislocations of this joint are colloquially called “shoulder separations” (perhaps to preserve the terms shoulder subluxation and shoulder dislocation for the glenohumeral joint). Patients with AC joint separations commonly present with pain after an athletic injury or fall onto the shoulder. Injuries to the joint rarely require surgical correction. They are generally managed non-operatively with excellent outcomes. The AC joint is also subject to early degenerative change. Arthritis of the acromioclavicular joint is a common cause of focal pain, especially in athletes.
  
 Structure and Function
 The acromioclavicular joint is the articulation between the distal clavicle and the acromion process of the scapula (Figure 1).
 [image: ]Figure 1: An AP view of the shoulder, showing the acromion (Acr), clavicle and the AC joint. Also labeled are the humeral head (HH), the glenoid, the coracoid process (Cor) and the spine of the scapula (SS). (from https://radiopaedia.org/cases/normal-acromioclavicular-joint) The joint is stabilized by the acromioclavicular ligament (also known as the “AC” ligament), which provides horizontal stability. The coracoclavicular ligament (also known as the “CC” ligament) provides vertical stability. The coracoclavicular ligament is actually a ligament complex composed of two parts: the more medial conoid ligament and the more lateral trapezoid ligament. The trapezoid is the more lateral, inserting about 3 cm from the end of the lateral (so-called “distal”) clavicle, and the conoid inserts about 1.5 cm medial to that (Figure 2).
 [image: ]Figure 2: The ligaments of the shoulder: in gold, the coracoclavicular ligaments (trapezoid lateral, conoid medial); in purple, the coracoacromial ligament; in pink, the coracohumeral ligament; and in red, the acromioclavicular ligament. The glenohumeral ligaments are not shown. (modified from https://radiopaedia.org/cases/normal-acromioclavicular-joint) The coracoacromial ligament (also known as the “C-A” ligament), which runs from the coracoid process to the acromion, forms an arch that helps constrain the humeral head.
 Some additional dynamic stability is provided by the deltoid and trapezius muscles.
 The AC joint is neither fixed nor rigid, allowing for small amounts of gliding movement, typically accommodating about 5 mm of translation in every plane.
 The joint itself is a synovial joint that is encased by a capsule that projects an intra-articular disc into the joint space.
 If a person were to fall directly on the point of the shoulder, the acromion is forced inferiorly while the clavicle maintains its position. If the forces are greater than the tolerance of the ligaments, the joint will separate.
  
 Patient Presentation
 Acute AC joint separations typically present after a fall on an adducted shoulder, often playing a contact sport such as football or hockey.
 A patient will present with pain over the AC joint that limits shoulder range of motion, both passively and actively. Possible swelling or ecchymosis can occur over the AC joint with displacement of the arm and shoulder downward and forward causing the appearance of a prominent clavicle.
 AC joint osteoarthritis presents with chronic discomfort localized to the joint. Patients may report difficulty using the arm or sleeping on the affected shoulder. At times there is a sense of clicking or snapping during use. On physical examination, there is tenderness to palpation of the AC joint (Figure 3), a prominence of the distal clavicle (due to osteophytes) can be seen, and there is focal AC pain with cross body adduction of the arm (Figure 4).
 [image: ]Figure 3: Palpation of the AC joint. [image: ]Figure 4: Cross body adduction of the arm is typically painful at the AC joint if that joint is arthritic. Often, AC joint osteoarthritis is seen in patient’s who lift weights, particularly those that axially load the shoulder (i.e., bench press). In some of these patients, the pain can be rather acute, the joint may be swollen, and radiographs may demonstrate osteolysis of the end of the clavicle (regional osteopenia). This condition has been termed osteolysis of the distal clavicle, or more commonly, “weight lifter’s shoulder.”
  
 Objective Evidence
 AC joint separations are diagnosed by clinical examination and x-ray (Figure 5).
 [image: ]Figure 5: A downward force on the acromion (yellow) will tear the coracoclavicular ligaments (red). The distal clavicle will accordingly appear to be “high riding” but in fact the clavicle is close to normal in its position; it is the acromion that is lower than normal. (modified from https://www.ncbi.nlm.nih.gov/books/NBK493188/figure/article-17117.image.f1/) They are classified according to the amount and direction the physical separation seen between the acromion and the clavicle (Figure 6).
 	Type I injuries are sprains or partial tears of the AC joint capsule without instability and have no visible deformity.
 	Type II injuries include complete tears of the AC ligaments without involvement of the coracoclavicular ligaments. These injuries are characterized by slight displacement of the acromion from the clavicle.
 	Type III injuries represent tears of both the AC and coracoclavicular ligaments and are associated with complete displacement of the joint.
 	Type V injuries are basically Type III injuries with more marked displacement.
 	(The rare Type IV injuries involve posterior displacement of the distal clavicle and Type VI injuries include inferior displacement of the distal clavicle underneath the coracoid process.)
 
 It may be more useful to think of this classification as containing three broad categories: “nondisplaced”; “partially displaced”; and “displaced”.
 [image: ]Figure 6: A schematic drawing showing three of the grades of AC separation. A grade I sprain has no displacement; a grade III has complete tears of the ligaments but only slight displacement; and a grade V has wide displacement. (See text for description of the even numbered grades). (modified from https://upload.wikimedia.org/wikipedia/commons/thumb/0/0f/ACJ_injuries_classification.svg/2000px-ACJ_injuries_classification.svg.png) Radiographic assessment of the AC joint is best performed with bilateral anteroposterior (AP) views. This allows for side to side comparison of coracoidclavicle distance.
 Axillary views can determine the amount of motion occurring in the sagittal plane, but these x-rays are also useful to make sure there is no glenohumeral joint disruption. In general, it is worth remembering that three views of the shoulder (AP, lateral and axillary) should always be obtained.
 An AP x-ray with a 15-degree tilt cephalad (a so-called Zanca view) allows for a better visualization of the AC joint by removing the scapula from view.
 AP radiographs while the patient is holding weight in each hand (“stress radiographs”) can demonstrate an injury that is otherwise not apparent (especially separating a Type II injury from Type III injury), however this has the potential of causing further damage to an injured joint. Moreover, many physicians would offer the same treatment – non-operative management – independent of whether stress causes further displacement. This illustrates a key point: even a simple radiograph is a diagnostic test, and a diagnostic test should be obtained if and only if it will alter management.
 In osteolysis of the distal clavicle, there may be widening of the AC joint due to complete loss of bone at the tip of the clavicle. The bone that remains may be tapered and osteopenic (faded, on x-ray) or have erosions and cysts. All of these findings reflect incomplete loss of bone.
 Osteoarthritis can also be diagnosed with radiographs demonstrating joint space narrowing or growth of bone spurs.
  
 Epidemiology
 AC joint injuries represent about 10% of shoulder injuries in the general population, with nearly 50% of these injuries occurring in athletes. Nearly 90% of these injuries are low-grade and usually resolve within a week or two.
 Osteoarthritis of the AC joint affects 5% of the adult population. Symptomatic arthritis of this joint is commonly seen in weightlifters.
  
 Differential Diagnosis
 A fracture of the distal clavicle can present similarly to AC joint separation, leaving the ligaments attached distally to the fracture site. Distal clavicle fractures can be ruled out with diagnostic x-rays although the two can occur simultaneously after major trauma.
 It must be recalled that the physis (growth plate) of the distal clavicle is the last bone to fuse, and therefore up until age 25, a shoulder separation may actually be a growth plate fracture.
 The very rare fracture of the base of the coracoid also presents with a superiorly displaced distal clavicle, but distance between the coracoid and the clavicle remains normal, about 10 mm, in most cases.
  
 Red Flags
 Although a majority of AC joint separation injuries are benign, the joint is not far from very important structures, including the subclavian vessels, brachial plexus and the lungs. High energy mechanisms of injury, especially with displacement, demand thorough scrutiny of physical examination and imaging studies to ensure that a pulmonary or neurovascular injury is not missed.
  
 Treatment Options and Outcomes
 If the AC joint is not dislocated, non-operative treatment is recommended. Both Type I and II injuries can be managed with the use of a sling; the duration of course may be longer for an injury of greater severity.
 Operative management is recommended for marked superior displacement, or any displacement posteriorly or inferiorly – that is Types IV, V and VI.
 Operative management may be selected for some patients with complete but not exaggerated superior displacement, namely a Type III injury.
 Surgery typically involves joint reduction, ligament repair or replacement with a graft, and reconstruction of the fascia that overlies the trapezius and deltoid muscles. ​Currently, sutures or combined suture and button constructs are utilized to hold the clavicle in place after acute injuries to allow for primary healing, or in chronic cases until a tendon graft has had ample time to heal.  Historically, screws were used for this purpose; however, they have fallen out of favor due to hardware complications and worse outcomes (Figure 7).
 [image: ]Figure 7: An AC separation is shown at left. In the x-ray to the right, arrows point to the buttons used to anchor the suture holding the clavicle in the appropriate position during healing. (From Montoya et al. (2019) Surgical Treatment of High Degree AC-Joint Dislocations Using Double-Button Fixation Device. BAOJ Ortho 4: 025) Post-operatively, patients typically use a sling for immobilization for six weeks. Active range of motion is initiated eight weeks after surgery, and resistance rehabilitation is started at the 12th week.
 Treatment of osteoarthritis of the AC joint involves activity limitation and medication. Some may find temporary relief with injections of glucocorticoids into the joint space, however this relief is usually short-lived. In addition, it may be difficult to get a needle around the osteophytes (bone spurs).
 A particularly symptomatic patient with arthritis of the acromioclavicular joint can be treated with resection, that is simply cutting out a small sliver of the distal clavicle and allowing a fibrocartilage scar to replace it.
 The most common complication of AC joint separation is residual pain or limitations of mobility. This can affect 30% to 50% of patients.
 Treatment of arthritis of the acromioclavicular joint with resection can provide good relief, as long as care is taken to not remove too much medial clavicle (which, by involving the ligaments, might produce instability).
  
 Risk Factors and Prevention
 The single biggest risk factor for separation is in participation of contact sports (football, hockey, rugby).
 Likewise, the risk factor for osteoarthritis of the AC joint is participation in activities that load the joint.
 Neither of these categories of risk factors are particularly amenable to modification, though protective padding around the shoulders for football and ice hockey players (or for any sports that involves routine tackling and falling) has intuitive appeal.
  
 Miscellany
 Although the clavicle appears to be elevated in the case of an AC joint separation, what is seen, in fact, is acromial depression (due to the weight of the arm).
  
 Key Terms
 Acromioclavicular joint, coracoclavicular joint, synovial joint, Rockwood classification
  
 Skills
 Interpret classic history and physical exam findings to confirm diagnosis. Apply the classification of AC injury to formulate a treatment plan.
 
	

			
			


		
	
		
			
	
		6

		Adhesive Capsulitis

								

	
				Adhesive capsulitis, also known as frozen shoulder, is a condition in which inflammation within the capsule of the glenohumeral joint leads to its contracture and, with that, significant loss of motion and pain. Primary adhesive capsulitis describes the idiopathic presentation of these symptoms, while secondary adhesive capsulitis appears because of trauma, infection or other medical conditions such as diabetes or hypothyroidism. The painful phase of adhesive capsulitis usually resolves after a period of months, though some residual loss of motion remains even after the pain abates. Histologically, adhesive capsulitis is characterized by fibroblastic proliferation of the coracohumeral ligament and rotator interval, though very few cases progress to the point that a biopsy would be performed. Thus, adhesive capsulitis is usually a diagnosis of exclusion: it is the diagnosis applied to shoulder pain and lost motion where no other cause can be found.
  
 Structure and Function
 The glenohumeral joint of the shoulder is a ball and socket joint in which the glenoid cavity of the scapula forms a socket for the humeral head. Unlike the femoral head of hip, the humeral head in the shoulder is not truly constrained within a socket: the glenoid is relatively shallow and thus the relationship of the humerus to the glenoid is akin to that of a golf ball on a tee (See Figure 1). This arrangement allows a far greater range of motion than is seen at the hip – with 120 degrees of unassisted flexion, the glenohumeral joint is the most mobile joint in the body. This motion, though, comes at the price of stability.
 [image: ]Figure 1: The “cup” of the hip and shoulder are outlined in red on these x-rays. As seen, the hip joint is considerably more constrained by the bony anatomy than the shoulder. When the shoulder capsule becomes more rigid and bone-like, shoulder motion becomes more like that of the hip joint. Stability of the glenohumeral joint is provided by the soft tissues. Dynamic (active) stability is a product of paired rotator cuff contraction, which tends to compress the humeral head into the glenoid cavity. The main source of static (passive) stability comes from the joint capsule (Figure 2) and ligaments, with some static stability coming from the glenoid labrum, which effectively deepens the glenoid.
 [image: ]Figure 2: The capsule, outlined in blue, holds the humeral head against the glenoid, substantially augmenting the (meager) stability offered by the bony anatomy. (Modified from Gray’s Anatomy, Plate 327  https://commons.wikimedia.org/w/index.php?curid=108237) Adhesive capsulitis is caused by contracture of the capsule and intra-articular adhesions which physically tether the joint capsule to surrounding bone and tissues and further limit motion.
 Histologically, early adhesive capsulitis is dominated by inflammation of the synovium. With disease progression, the inflamed synovium is replaced with diffuse fibrosis of the shoulder capsule.
 Primary adhesive capsulitis is idiopathic. Adhesive capsulitis is also associated with medical conditions (such as diabetes mellitus, thyroid disease and stroke); medical interventions (such as prolonged immobilization, cardiac surgery and antiretroviral therapy for HIV); and injuries (such as rotator cuff tears or proximal humerus fractures). When there is an associated cause, the condition is designated as secondary adhesive capsulitis.
  
 Patient Presentation
 The hallmarks of adhesive capsulitis are pain and decreased motion. Needless to say, there are many conditions which cause either pain or decreased motion or both; adhesive capsulitis can appear as an isolated condition or accompanying another shoulder condition.
 Patients with adhesive capsulitis present with gradual unilateral shoulder pain that is often diffuse and worse at night. They also report an insidious onset of increasing stiffness. Some patients may “remember” a trivial trauma inciting the process, though this is likely a faulty attribution.
 Clinically, isolated adhesive capsulitis has 3 distinct phases, namely: the painful phase, the stiff phase, and the resolution phases.
 The Painful (or “freezing”) Phase begins gradually, with no known precipitant. This phase, which lasts weeks to months, is characterized by diffuse, disabling pain that is worse at night.
 The Stiff Phase is noted by marked stiffness that limits range of motion in multiple planes, interfering with activities of daily living. Pain is less intense at this point. This phase can last a year or longer.
 Most patients enter a Resolution (“thawing”) Phase during which motion improves, though often some limitations of range of motion compared to the contralateral shoulder remain.
 On physical exam, patients with adhesive capsulitis have significantly reduced active and passive range of motion in two or more planes (see Figure 3 for normal ranges of motion). External rotation and abduction are the most commonly affected movements. Patients also have difficulty internally rotating. They might report problems scratching their back, for example, or hooking their bra from behind.
 [image: ]Figures 3: At left, the normal ranges of motion for forward elevation; in the center,  internal rotation; and at right, and external rotation are shown. The critical finding of adhesive capsulitis is a loss of the end range of passive shoulder motion that is not limited by either pain or an intra-articular blockage. Adhesive capsulitis is a clinical diagnosis, made once radiographic evidence of underlying rotator cuff pathology and osteoarthritis is excluded.  An inconsistent range of lost motion on examination precludes making the diagnosis of adhesive capsulitis. Lost motion of an inconsistent degree is more likely due to pain, malingering or other forms of active limitation, and not capsular contracture.
 An intra-articular injection of an anesthetic can help eliminate the restrictions of motion imposed by pain.
  
 Objective Evidence
 Radiologic imaging does not diagnose adhesive capsulitis, but clinicians will often obtain plain radiographs to asses for glenohumeral arthritis or other shoulder pathologies. Plain radiography is usually normal in adhesive capsulitis.
 Arthrography, in which the contracted joint is injected with contrast prior to imaging, can reliably diagnose capsular contracture:  the normal shoulder accepts 20 ml of fluid without difficulty, but with adhesive capsulitis the shoulder usually holds less than 10 ml (Figure 4). Nonetheless, the degree of lost volume does not correlate perfectly with the degree of lost motion.
 [image: ]Figure 4: An arthrogram showing a reduced volume of contrast material within the shoulder joint. The red line outlines the border of the normal border of the capsule. (Modified from Radiopaedia.org, https://radiopaedia.org/cases/7545″>rID: 7545) In primary adhesive capsulitis, there are no specific laboratory findings. Nonetheless, lab tests are commonly obtained once the diagnosis is made, to help identify a cause (e.g., diabetes).
 Ultrasound can be used to rule out rotator cuff or bursal pathology. On ultrasound, thickening of the coracohumeral ligament and increased vascularity around the intraarticular portion of the biceps tendon may be seen with adhesive capsulitis.
 Magnetic Resonance Imaging is also used to investigate the painful shoulder, as it is very sensitive for rotator cuff disease. MRI findings in adhesive capsulitis include thickening of the coracohumeral ligament and joint capsule with associated edema at the rotator cuff interval. MRI may demonstrate capsular thickening and decreased axillary pouch filling (Figure 5).
 [image: ]Figure 5: An MRI showing decreased volume of the axillary recess highlighted by the arrow. (Modified from https://radiopaedia.org/cases/adhesive-capsulitis-shoulder-3)  
 Epidemiology
 It is estimated that approximately 5% of the general population, and 20% of patients with diabetes, will develop adhesive capsulitis in their lifetime. Adhesive capsulitis typically affects patients in their fifth or sixth decade, with a predilection for women. The non-dominant side is more frequently affected, though this bias may be a function of the patient’s ability to not use the non-dominant side, which thereby allows the soft tissues to stiffen. Symptoms will develop in the contralateral shoulder in approximately 20% of cases.
  
 Differential Diagnosis
 The initial painful phase of adhesive capsulitis can overlap with subacromial bursitis/rotator cuff tendinopathy. Isolated adhesive capsulitis is usually not associated with repetitive motion or specific overhead activities. Also, adhesive capsulitis on physical exam is characterized by stiffness in more than one plane of motion. Adhesive capsulitis causes lost passive motion, whereas in cuff disease the range of passive motion is normal (though painful).
 Another aspect of the patient history that can be very helpful in differentiating between different pathologies is the patients age. Primary adhesive capsulitis is rare in patients younger than 40 or older than 70 years.
 Lost motion can be caused by glenohumeral arthritis, and therefore the diagnosis of adhesive capsulitis is reserved for cases in which no significant degenerative joint disease is seen.
 The pain of adhesive capsulitis is usually found at the endpoint of motion, as the capsule is stretched. Until that is encountered, symptoms are minimal.
 Sudden loss of motion may be caused by an unrecognized dislocation.
 Other notable diagnoses to consider are neck pathology, cervical spine degeneration, diaphragmatic irritation, myocardial ischemia especially in an elderly female, or apical lung malignancy.
  
 Red Flags
 Night pain that awakens the patient from sleep may be due to occult malignancy that requires accurate diagnosis to guide treatment. Chronic shoulder pain with radiculopathy may suggest cervical spine pathology.
  
 Treatment Options and Outcomes
 Adhesive capsulitis is a self-limiting disease, yet benign neglect is usually poorly tolerated. Due to the protracted course of adhesive capsulitis, which can take 2 years to resolve, many patients are unsatisfied with this lengthy period of pain and disability and are not comforted by the knowledge that the condition will eventually resolve. The pressure to “do something” is great.
 The most commonly employed treatment for adhesive capsulitis is physical therapy to prevent soft-tissue contracture as well as to improve shoulder motion. This treatment may be limited to passive motion, as the patient is too symptomatic to do more actively.
 Pharmacologic intervention is often included as empiric treatment in conjunction with therapy. Oral non-steroidal anti-inflammatory drugs may be given to modulate shoulder pain (whether they decrease capsule inflammation is not known).
 Patients may also receive intra-articular corticosteroid injections for pain relief. The benefits of oral corticosteroids have not been shown to outweigh their risks. Intra-articular steroid injections may better optimize local concentrations of medicine and avoid systemic effects. Adding a large volume of saline may help lyse adhesions and stretch the capsule (a procedure known as “infiltration brisement” or “hydro-dilution”). This has a risk of capsular rupture, however.
 Manipulation under anesthesia is generally regarded as a second-line treatment, chosen when non-operative treatments fail. Some potential risks include iatrogenic humeral dislocation or fracture, and soft tissue injury such as rotator cuff or labral tears.
 Arthroscopic capsular release may be chosen in severe cases. Arthroscopic treatment has several advantages including visualization and exclusion of other diagnoses and focal lysis of adhesions in the coracohumeral ligament, rotator interval and inferior pouch (unlike manipulation, which stretches everything indiscriminately). Additionally, active range of motion can be performed soon after surgery to prevent new scar formation. Despite its advantages, arthroscopic capsular release is not without risks. Entering the joint capsule can be difficult due to a thick capsule and reduced joint space making insertion of trocars difficult and potentially damaging to the articular cartilage if excess force is applied.
 The capsular changes in adhesive capsulitis shares some similarities to the fibrous contractures seen in Dupuytren’s disease. The 2016 Richard A. Brand Award winning paper reported promising results using collagenase, an enzyme used in the treatment of Dupuytren’s, to treat adhesive capsulitis.
 Although adhesive capsulitis is a self-limiting disease, some patients may continue to demonstrate either shoulder pain and/or stiffness at 7-year follow-up.
 Despite widespread use of physical therapy for the treatment of adhesive capsulitis, little evidence supports its use: a Cochrane database review was unable to confirm its benefit as a treatment. Still, retrospective case series evidence has demonstrated 90% of patients treated with a multi-directional stretching program were satisfied with their clinical result and given the pressure to take some action, this approach seems justified even in the face of poor evidence.
 Treatment with oral medication has no high-level evidence supporting its use for treatment of adhesive capsulitis. One study has demonstrated that a 4-week regimen of naproxen or indomethacin had similar success for lowering pain levels. Risks of NSAID use include GI distress.
  
 Risk Factors and Prevention
 Secondary adhesive capsulitis is associated with medical conditions such as diabetes mellitus, thyroid disease and stroke; medical interventions such as prolonged immobilization, cardiac surgery and antiretroviral therapy for HIV; and injuries such as rotator cuff tears or proximal humerus fractures.
 Prevention of adhesive capsulitis centers on maintaining motion after an event of diagnosis that is associated with secondary adhesive capsulitis. Early shoulder mobilization after surgery is especially helpful for the retention of motion.
  
 Miscellany
 EA Codman coined the name Frozen Shoulder in 1934
  
 Keywords
 adhesive capsulitis, capsule
  
 Skills
 Recognize adhesive capsulitis and distinguish it clinically by history and physical exam from other common shoulder pathologies. Describe treatment options for the management of adhesive capsulitis along with their risks and benefits.
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		Disorders of the Biceps and the Triceps

								

	
				The biceps and the triceps are the major muscles of the upper arm. Both muscles take origin from the humerus itself but also have an origin on the scapula; both insert on the forearm, namely, the radius and ulna respectively. Distally, both muscles are susceptible to overuse and strain, and may rupture or avulse from their insertions. Rupture of the biceps and triceps are most commonly due to increased eccentric force through a degenerated tendon. Common proximal biceps conditions include tendonitis, subluxation and rupture of the long head of the biceps tendon, which takes origin from the supraglenoid tubercle of the scapula (and is therefore primarily a shoulder muscle). Proximal triceps disease is rare.
  
 Structure and Function
 As its name implies, the biceps (Figure 1) has two proximal divisions. The long head of the biceps brachii originates from the glenoid labrum at the supraglenoid tubercle; the short head from the coracoid process. The biceps inserts at the radial tuberosity. It is supplied by the brachial artery and is innervated by the musculocutaneous nerve.
 [image: ]Figure 1: Anterior view of the biceps, with the long head in red and the short head in green. (from https://en.wikipedia.org/wiki/Biceps) The biceps flexes the elbow, but perhaps contrary to popular belief, it is not the most powerful flexor of the forearm– a role which actually belongs to the deeper brachialis muscle. Indeed, when the forearm is in pronation (the palm faces the ground), there is only a minimal contribution from the biceps brachii to elbow flexion (Figure 2). In this position, the main flexor of the elbow is the brachialis, with contributions from the brachioradialis and supinator as well.
 The biceps brachii functions primarily as a supinator of the forearm (turning the palm upwards). This action, which is aided by the supinator muscle, requires the elbow to be at least partially flexed. If the elbow is fully extended, supination is then primarily carried out by the supinator muscle.
 [image: ]Figure 2: With the forearm in the pronated position (left), flexing the elbow will contract the biceps, but only with the forearm in a supinated position (right) does the biceps fully contract to its minimum length (and maximal bulge). (Modified from https://en.wikipedia.org/wiki/Biceps) The triceps has three proximal divisions known as “heads”: two which originate from the posterior humerus, the lateral head and medial head; and one, the long head, which originates from the infraglenoid tubercle of the scapula (Figure 3). These then blend together and insert on the olecranon process of the ulna. The triceps is an extensor muscle of the elbow joint and is an antagonist of the biceps and brachialis muscles. It can also fixate the elbow joint – that is, hold it in a fixed position – when the forearm and hand are used for fine movements. The triceps is supplied by the deep brachial artery and posterior circumflex humeral artery and is innervated by the radial nerve.
 [image: ]Figure 3: Posterior view of the triceps, with long head in red, lateral head in yellow and medial head (deep and obscured mostly) in green. (from https://en.wikipedia.org/wiki/Triceps)  
 Patient Presentation
 Patients with a distal biceps rupture present after experiencing a painful pop in the elbow after an eccentric force is applied – that is, as the elbow is moved from flexion into extension by an external force, with the biceps attempting to resist or slow that motion.
 Patients will complain of pain and weakness, primarily in supination.
 The physical exam reveals tenderness to palpation and possibly a defect, with some proximal retraction of the muscle belly as well, causing a “reverse Popeye sign.” Ecchymosis in the antecubital fossa may be seen too.
 The hook test may reveal the absence of the normal tendon insertion (Figure 4). In this test, the examiner’s index finger attempts to pluck or “hook” the biceps tendon in the fossa, with the patient actively flexing the elbow and supinating the forearm.
 [image: ]Figure 4: The hook test. When the biceps tendon is intact, the examiner’s finger can grasp (or “hook”) the lateral edge of the biceps tendon. An absence of any “hookable” tendon suggests a rupture. Patients with a distal triceps rupture likewise present after a painful pop, usually after a fall. (When a patient lands on the outstretched hand, there may be a force tending to collapse, or flex, the elbow. The triceps can be injured as it resists this force.)
 The physical exam of a patient with a triceps injury usually reveals painful swelling and ecchymosis over the posterior aspect of the elbow. Here too there may be a palpable defect. An inability to extend the elbow against resistance suggests the diagnosis, though a partial tear may allow some motion, or may be so painful that no motion is seen (despite having some tendon in continuity). Therefore, a modified Thompson squeeze test (similar to what is done in the calf for suspected Achilles ruptures), in which the triceps muscle is firmly squeezed with the patient lying prone and the arm hanging off the edge of the table, may be performed: a lack of any elbow motion with this maneuver suggests complete disruption of triceps.
  
 Objective Evidence
 Plain radiographs will reveal any fracture; there may also be a flake of bone seen with avulsions.
 MRI can be used to differentiate partial from complete rupture and to evaluate the degree of retraction.
  
 Epidemiology
 Distal biceps tendonitis is relatively rare; proximal lesions are far more common, representing approximately 90% of biceps tears. Tendonitis and subluxation of the long head are very common, often seen alongside degenerative rotator cuff tears in older patients.
 Ruptures of the distal biceps occur most commonly at the point of insertion, either as a complete or partial avulsion from the radial tuberosity. This is an almost-exclusively male condition, and almost always seen in the dominant arm.
 Ruptures of the triceps are rare (about 1% of all tendon ruptures) and affect males in a 2 to 1 ratio. This condition is typically found in weightlifters and body builders.
 Patients with ruptures of either tendon are usually in the age of 30 to 50: old enough to have degenerative change, but young enough to exercise vigorously enough to cause damage.
  
 Differential Diagnosis
 Complete ruptures of the distal biceps tendon and triceps tendon should be differentiated from incomplete ruptures, as this may dictate whether surgical or non-operative management is indicated.
 An inability to move the elbow might reflect a bone injury, which would be detected or excluded on radiographs.
  
 Red Flags
 Tendon rupture might signify use of steroids and other banned substances. Falls in the elderly may signify underlying disease (and risk of further falls).
  
 Treatment Options and Outcomes
 Patients with a distal biceps rupture are indicated for surgical repair if the injury imposes significant functional loss. Even with a distal biceps rupture, most of elbow flexion is preserved as the biceps is not the main flexor. The main residual weakness will be with supination; and surgery is chosen with that in mind.
 Non-operative treatment usually results in up to 50% lost supination strength, but only about 30% loss of flexion strength.
 Operative repair (Figure 5) is either with an anterior single or double incision technique using both an anterior incision to prepare the tendon and a second posterior-lateral one to fix the tendon to the bone. The single incision surgery reduces the risk of heterotopic ossification but with higher risk of nerve injury.
 [image: ]Figure 5: The biceps tendon prepared for surgical reattachment into a socket on the radius is shown (photo A). A small metallic button is placed on the end of the tendon, to lock on the opposite surface of the radius (See diagram B) (Courtesy https://openorthopaedicsjournal.com/VOLUME/11/PAGE/1364/FULLTEXT/) (The nerves at risk are the lateral antebrachial cutaneous and the radial nerve; injury to the former is more common, to the latter more severe.)
 Patients with a complete distal triceps rupture are typically indicated for surgical repair. The patients are immobilized for only about 2 weeks post-operatively (to minimize contracture of the elbow) with active range of motion initiated shortly thereafter. Non-operative treatment with splint immobilization can be chosen if only a partial tear is present (demonstrated by an ability to extend against gravity) or if the patient has low demands and is too sick for surgery.
 The patient reported outcomes following distal biceps and triceps rupture repairs are generally very good, however, there is the potential for significant complications. Following distal biceps tendon repairs, nerve damage, re-rupture, and heteropic ossifications can be seen. Elbow stiffness, ulnar nerve injury, and re-rupture are the most common complications following triceps tendon repair, although these generally occur in less than 10% of patients.
  
 Risk Factors and Prevention
 Risk factors for acute ruptures include excessive weightlifting, anabolic steroids, renal disease, fluoroquinolone use, and smoking.
  
 Miscellany
 The “Popeye” sign is named after the cartoon character due to the characteristic bulge of the muscle, yet interestingly, Popeye himself had meager biceps; his muscle mass was mostly in the forearm (see Figure 6).
 [image: ]Figure 6: The real Popeye did not have a “Popeye” sign. As many bodybuilders know, the triceps accounts for approximately 60 percent of the upper arm’s muscle mass; thus exercising this muscle, and not the biceps, is apt to produce larger arms.
  
 Key Terms
 Biceps, triceps, tendonitis, rupture
  
 Skills
 Physical examination to diagnose disorders of the biceps and triceps.
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		Clavicle Fractures

								

	
				A clavicle fracture is a common injury seen after a fall on an outstretched arm or direct impact. A large majority of all clavicle fractures will occur in the middle third of the shaft. Traditionally, treatment was based on the premise that malunion (or even non-union) of clavicle fractures was well tolerated and imposed little morbidity. Accordingly, these fractures were usually treated with only a course of immobilization. Recently, that assumption has been questioned, and a greater number of clavicular fractures are currently treated operatively. Clavicular fractures that occur far laterally (known as distal clavicle fractures) must be considered distinctly, as they may involve the ligaments that suspend the glenohumeral joint. Also, because the clavicular physis is among the last to close (around age 21 or later), an apparent separation of the acromioclavicular joint in a young adult may actually represent a physeal fracture of the clavicle.
  
 Structure and Function
 The clavicle (known colloquially as the collarbone), is a strut between the scapula (shoulder blade) and the sternum (breastbone).
 Viewed from above, the clavicle is shaped like a capital “S”, attaching medially to the sternum at the sternoclavicular joint, and laterally to the coracoid and the acromion. The inflexion point – the middle of the S – is the portion of the bone most prone to fracture.
 The pectoralis major, sternocleidomastoid and deltoid muscles originate from the clavicle and the trapezius inserts on it (Figure 1).
 [image: ]Figure 1: The left clavicle as seen from above. The sternum is medial and the acromion is lateral. The points of muscular attachment are color-coded: medially, the sternocleidomastoid is red and the pectoralis is green; laterally the deltoid is yellow and the trapezius is orange. (modified from https://en.wikipedia.org/wiki/Clavicle#/media/File:Gray200.png) When the clavicle is fractured, the proximal (medial) portion can be pulled superiorly by the sternocleidomastoid muscles, while the distal portion is pulled inferiorly by the weight of the arm. The fracture fragments can also be displaced superiorly or posteriorly, leading to tenting and necrosis of the overlying skin or neurovascular injury, respectively.
 The coracoclavicular ligaments, namely, the trapezoid and conoid, attach from the coracoid process to the inferior aspect of the clavicle and help suspend the arm. The acromioclavicular ligaments resist anterior/posterior displacement of the distal clavicle relative to the acromion. The clavicle overlies the brachial plexus, as well as the jugular and subclavian blood vessels.
  
 Patient Presentation
 Clavicle fractures most commonly occur following a direct blow or after a fall on an outstretched arm. Patients will often report feeling a snapping sensation at the time of injury. Patients may present with the relative arm held by their other hand across the body in adduction. Movement of the arm will exacerbate the pain.
 In the case of mid-shaft fractures, there may be a deformity of the fractured clavicle, with swelling and ecchymosis. Skin tenting from anterior displacement may be present as well. The proximal portion of the fractures may be pulled superiorly, while the distal portion may be pulled inferiorly.
 Distal clavicle fractures (Figure 2) may present with no deformity, and tenderness around the acromioclavicular (AC) joint, similar to an AC joint separation.
 [image: ]Figure 2: A distal (lateral) clavicle fracture (red arrow) may be in the region (green star) of the ligaments that attached the clavicle to the scapula. (from https://radiopaedia.org/cases/22256) A neurovascular and respiratory exam is critical to rule out injury to the brachial plexus, subclavian vessels, or the lungs. Strength, sensation, pulses and difficulty of breathing should be assessed.
  
 Objective Evidence
 An anteroposterior chest radiograph showing both clavicles should be obtained if a clavicle fracture is expected. This can differentiate clavicle fractures from AC joint separations and sternoclavicular (SC) dislocations. The chest radiograph can also be used to assess for signs of vascular damage, such as a widened mediastinum and to rule out a pneumothorax.
 Radiographs should also be obtained to rule out injuries to the glenohumeral joint and scapula. The required radiographs include the anterior-posterior (AP), axillary, and lateral (“scapular-Y”) views. Most mid-shaft fractures can be visualized with this view.
 Anteroposterior radiographs can best assess a clavicle fracture, especially in the proximal portion of the clavicle (Figure 3). A posteroanterior radiograph can be used to assess shortening of the clavicle for surgical planning (Figure 4). Computed tomography (CT) imaging can be utilized for evaluation of intra-articular involvement of the medial and lateral ends of the bone; CT is not needed for acute midshaft injuries.
 [image: ]Figure 3: A mid-shaft clavicle fracture. (Case courtesy of A. Prof Frank Gaillard, https://radiopaedia.org/ From the case https://radiopaedia.org/cases/18050) [image: ]Figure 4: Shortening of the clavicle can be assessed by either of the following methods. On the left, the overlap between the ends of the medial and lateral fragments is measured directly; this is shown in red. At right, the entire medial-to-lateral length of both the injured and the normal clavicle are measured. As shown, the blue line represents the length of the shortened clavicle, the green line shows the length of the normal one, and the red line represents the difference. (from https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-017-1881-x) Arteriography may be helpful in evaluating vascular injury.
 Clavicle fractures are classified by location. The regions of the clavicle are segmented into thirds: medial (aka proximal), middle and lateral (distal). Mid-shaft clavicular fractures represent an overwhelming majority of these injuries (80%). Among the distal clavicular fractures (close to the AC joint) the fractures are further classified (following the scheme of Neer) in terms of the location of the clavicle fracture relative to the coracoclavicular ligaments. These fractures are designated as medial to the coracoclavicular ligaments; between the two coracoclavicular ligaments (with an intact trapezoid ligament attached to the distal lateral segment); and lateral to coracoclavicular ligaments and thus extending into the acromioclavicular joint itself.
 Clavicle fractures are also classified by the degree of displacement: nondisplaced; incompletely displaced (that is, some overlap of the fracture edges); and completely displaced.
  
 Epidemiology
 Clavicle fractures account for 2-5% of fractures in adults and 10-15% of fractures in the pediatric population. Approximately 70% of clavicle fractures occur in males. There is a bimodal distribution of age, with the highest rates of fracture in active patients below the age of 25 years old and patients above the age of 55 years old. Falls, motor vehicle accidents, and sports-related injuries are the most common causes of clavicle fractures in adults.
  
 Differential Diagnosis
 As with many traumatic injuries, the differential diagnosis narrows considerably after radiographs are obtained: the bone is either broken or it is not.
 If there is no fracture, a clavicular contusion might be the diagnosis. The presentation is similar to that of a clavicle fracture with swelling, ecchymosis, tenderness and limited range of motion secondary to pain. Also, a ligament injury (especially in the form of an acromioclavicular joint separation) may be present. An acromioclavicular separation presents as pain over the acromioclavicular joint and distal shoulder. There may or may not be displacement of this joint. Sternoclavicular dislocation occurs after direct trauma to the chest wall and may present with deformity of the sternoclavicular joint and pain with arm movement. It is important to evaluate for fractures of the scapula, including the acromion and glenoid. If both the clavicle and glenoid neck are fractured, the glenohumeral joint has no connection to the axial skeleton. This is known as a “floating shoulder”.  These injuries are associated with neurovascular injury. Rib fractures can also occur concomitantly with clavicular fractures given the traumatic mechanism of injury.
  
 Red Flags
 Posterior or inferior displacement of a segment puts neurovascular structures, as well as the lungs, at risk of injury.
 Paresthesia, sensory deficits, strength deficits and/or abnormal reflexes in the relative arm may indicate an injury to the brachial plexus or one of its nerve branches.
 Pulselessness, asymmetric pulses or coldness of limb may indicate an injury of the subclavian artery or vein.
 Difficulty breathing and chest pain may indicate the presence of rib fractures, a hemothorax (vascular trauma), or a pneumothorax.
  
 Treatment Options and Outcomes
 Immobilization is indicated for fractures that are no more than minimally displaced – the majority of clavicle fractures. With this injury, the patient is initially placed in a sling, with gentle range of motion exercises started at ~2 weeks post injury, when patients are able to move the arm without pain. Strengthening exercises can be started 6 to 10 weeks after injury, when there is radiographic evidence of healing. Return to contact sports is typically allowed after 4 to 5 months, when there is radiographic evidence of fracture union.
 Patients with clavicle fractures that are completely displaced and foreshortened by 2 cm or more are commonly indicated for surgery (Figure 5). If the ends of the fracture are not in contact and the clavicle is shortened by 2 cm or more, the risk of non-union increases. This rationale is controversial, in the sense that delayed open treatment can be reserved for symptomatic non-unions and malunions. Also, not every patient with a displaced and foreshortened fracture will be sufficiently symptomatic to warrant further treatment.
 [image: ]Figure 5: A clavicle fracture fixed with a plate. (from https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-15-380) Any displacement of distal third fractures may be an indication for surgical treatment as the displacement implies a concomitant ligament injury and higher risk of non-union.
 Urgent open treatment is indicated for open fracture (or skin tenting), with subclavian artery or vein injury, or when there is a scapular fracture as well (the so-called floating shoulder).
 Polytrauma may also be an indication for open treatment for a fracture that, in isolation, would be indicated for closed treatment.
 Open reduction and internal fixation can utilize intramedullary rods, or plates and screws. After internal fixation, patients are immobilized in a sling for 2 weeks; during this time passive range of motion exercises are performed. Rehabilitation is similar to non-op management.
 While patient satisfaction and shoulder function is typically high following non-operative immobilization, there is a risk of malunion and nonunion. The risk of nonunion increases with increasing amounts of displacement.
 Non-operative treatment is also associated with higher rates of cosmetic dissatisfaction compared to operative treatment.
 Open reduction and internal fixation is associated with shorter time to union and better functional recovery. Compared to closed reduction and immobilization, surgical fixation results in significantly better outcomes 6 weeks after injury, but this difference dissipates after about 6 months. Unfortunately, there is a high complication rate, as high as 34%, and a significant reoperation rate, ranging from 18-25%. (Often, the second surgery is for hardware removal, not failure of the first operation.)
  
 Risk Factors and Prevention
 Athletic involvement increases the risk for clavicle fracture. The use of protective equipment when participating in contact sports may decrease the risk of clavicle fracture.
  
 Miscellany
 For about 2,390 out of the last 2400 years, non-operative treatment of clavicular fractures was the norm. In 400 BC, Hippocrates wrote this about clavicle fractures: “Patients attach much importance to it, as supposing the mischief greater than it really is, and the physicians bestow great pains in order that it may be properly bandaged; but in a little time the patients, having no pain, nor finding any impediment to their walking or eating, become negligent; and the physicians finding they cannot make the parts look well, take themselves off, and are not sorry at the neglect of the patient, and in the meantime the callus is quickly formed.” Likewise, in 1994, Mullaji and Jupiter (Injury. 25(1):41-5, 1994 Jan) said this: “Internal fixation of the clavicle is rarely necessary.”
 It was not until 2007 that the Canadian Orthopedic Trauma Society wrote: “Operative fixation of a displaced fracture of the clavicular shaft results in improved functional outcome and a lower rate of malunion and nonunion compared with nonoperative treatment.” (Journal of Bone & Joint Surgery – American Volume. 89(1):1-10, 2007)
 Clavicle fractures are the most common fractures in newborns. Many of these injuries are diagnosed after the baby and mother are discharged from the hospital post-partum. Brachial plexus injuries can also occur during these fractures, but almost always resolve.
  
 Key Terms
 Clavicle, collar bone, fracture, open reduction, immobilization
  
 Skills
 Perform an upper extremity musculoskeletal exam with concern for neurovascular injury.  Interpret radiographs of the chest and shoulder for clavicle fractures, as well as other concerning signs such as rib fractures or widened mediastinum.  Apply a sling or figure-of-eight brace to a patient.
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		Proximal Humerus Fractures

								

	
				The proximal humerus comprises four “parts”: the greater tuberosity, the lesser tuberosity, the humeral head and the humeral shaft. Fractures in this area are common, especially among older patients. Among elderly patients with osteoporotic bone, low-energy falls are the most common mechanism of injury; younger individuals sustain fractures of the proximal humerus from high-energy trauma, and may have concomitant injuries. Many proximal humerus fractures are amenable to nonoperative treatment. On the other hand, because displacement can upset the mechanics of the glenohumeral joint (with or without concomitant tearing of the rotator cuff) or disrupt the blood supply to the head, surgery may be needed in that setting. Management of displaced proximal humerus fractures remains controversial. Surgical indications are based on multiple factors including patient age, handedness, functional demands and evidence of pre-existing glenohumeral arthritis or rotator cuff pathology.
  
 Structure and Function
 As shown in Figure 1 and 2, there are four bony “parts” of the proximal humerus. These represent the coalescence of distinct ossification centers and thus are prone to separation during injury. There are two regions designated as a “neck” of the proximal humerus. The  “anatomical neck”, representing the fused epiphyseal plate, is above the tuberosities and below the articular surface. The “surgical neck” is the junction between the shaft and the tuberosities. The region between the greater and lesser tuberosities is not a “neck”; rather, it is denoted as the “bicipital groove.” This groove is so named because it houses the long head of the biceps as it begins its course down the arm.
 	[image: ]Figure 1: The four osseous segments are humeral head and articular surface (1), greater tuberosity (2), lesser tuberosity (3) and humeral shaft (4). The so-called anatomic neck is shown in green; this represents the fused epiphyseal plate below the articular surface. The so-called surgical neck is shown in blue. This is the junction between the shaft and the tuberosities. The bicipital groove lies between the greater and lesser tuberosities.  	[image: ]Figure 2: An x-ray highlighting the articular surface (blue), greater tuberosity (red), lesser tuberosity (yellow) and humeral shaft (green).There are multiple muscular insertions on the proximal humerus. These attachments typically work in tandem to produce balanced forces that stabilize the glenohumeral joint. With a fracture, though, they can be deforming.  
  
 Important insertions include: The supraspinatus, infraspinatus, and teres minor insertion on the greater tuberosity. These assist with abduction and external rotation and with fracture, can cause superior and posterior displacement of the greater tuberosity.
 The subscapularis inserts on the lesser tuberosity and exerts an internal rotation force. With fracture, the subscapularis displaces the lesser tuberosity medially.
 Pectoralis major inserts on the lateral margin of the bicipital groove, distal and lateral to the lesser tuberosity and can displace the shaft medially and anteriorly.
 The deltoid inserts on the shaft distal to the greater tuberosity and abducts the humeral shaft.
 The major blood supply to the proximal humerus is from the anterior and posterior humeral circumflex arteries. Fractures of the anatomical neck can lead to osteonecrosis if the vascular supply of the humeral head is disrupted.
 The axillary nerve comes off the posterior cord of the brachial plexus. It then courses in an anterior and inferior direction lying just medial to the joint on the anterior aspect of the subscapularis. It then courses posteriorly, inferior to the glenohumeral joint. This nerve is susceptible to injury by traction when the humeral head comes out of place (either by fracture, dislocation or subluxation), owing to its relatively fixed position close to the inferior capsule.
  
 Patient Presentation
 Patients present with a known history of trauma.
 The mechanism of injury typically varies based on age. For elderly patients, the history usually involves a low energy fall from a standing height. Younger patients often present following a high-energy trauma with a direct blow to the shoulder. Less commonly, proximal humerus fractures may occur as the result of a violent muscle contraction (i.e. during a seizure or following an electrical shock).
 Initial complaints include pain and immobility of the affected upper extremity. Patients may report paresthesias or diminished sensation distal to the injury.
 Complaints of weakness may be secondary to pain inhibition or possible nerve injury.
 Patients will often present with the affected upper extremity held closely to the chest by the contralateral hand (to minimize painful motion).
 Swelling of the affected limb appears within hours after injury. Bruising along the arm and chest wall (ecchymoses) might not appear until a few days after injury.
 With a fracture, inspection may reveal subtle derangement of the normal contours of the shoulder, but gross deformity is rare.
 Important elements of the history include the mechanism of injury. In the case of a fall, for instance, a syncopal event or history suggestive of a seizure would warrant further workup.
 A careful neurovascular exam should be conducted with particular attention to the axillary nerve. This may be assessed by presence of sensation on the lateral aspect of the proximal arm overlying the deltoid. Motor testing (i.e. assessing deltoid and teres minor function) is often not possible at initial presentation due to pain.
  
 Objective Evidence
 Three radiographs, a true A-P of the proximal humerus,  a lateral (also known as a “scapular-Y” view) and an axillary view, should be obtained.
 The A-P and lateral views are best for evaluation of the humerus. The axillary view is used to exclude dislocation/subluxation of the glenohumeral articulation.
 If an axillary view cannot be obtained due to pain, Velpeau axillary view can be obtained which is done with the patient in a sling, leaning obliquely backward 45 degrees over the cassette. The beam is then directed caudally, orthogonal to the cassette.
 Radiographs are used to classify the fracture in terms of the displacement of the parts affected. According to the system popularized by Neer (based on the original work by Codman), a broken part is designated provided it is displaced by 1 cm or more, or if there is 45 degrees or more of angulation.
 (This classification has been criticized because it is not very reliable–two readers will often disagree on how many parts there are. On the other hand, the classification is powerful in that it reflects important clinical differences in terms of prognosis and treatment requirements, and thus it is still widely used. Because of the difficulty with x-ray interpretation, the text here will use line drawings and not clinical x-rays.)
 “One-part fractures” (which seems to be a contradiction in terms) have no displaced fragments. A fracture without displaced fragments is a “one-part”, regardless of the number of fracture lines.
 “Two-part fractures” (Figure 3) have one displaced fragment. Typically, the displaced fragment is either the greater tuberosity or the shaft (with a fracture across the surgical neck). Rarely, the isolated fragment is the lesser tuberosity. This latter pattern is associated with posterior dislocation.
 [image: ]Figure 3: Various “two-part” fractures. “Three-part fractures” (Figure 4) have two main fracture lines: one of the surgical neck (making the shaft one of the “parts”) and another that usually displaces the greater tuberosity (the second “part”). The intact humeral head is then the third “part”. (The lesser tuberosity is only very rarely the second “part” in a 3-part fracture; the figure shows the typical configuration.)
 “Four-part fractures” (Figure 5) have displacement across fracture lines between all four parts.
 	[image: ]Figure 4: A “three-part” fracture.  	[image: ]Figure 5:  A “four-part” fracture.  
  
 In addition, injuries can include fractures of the articular surface (head-splitting fractures and impaction fractures) and disruption of the glenohumeral articulation (fracture dislocation).
 CT-scan may be helpful in evaluating articular involvement, degree of displacement, impression fractures and glenoid rim fractures. It can also be helpful when obtaining an axillary view is not possible.
 MRI is usually not indicated unless rotator cuff integrity needs to be assessed.
 Caveat: The Neer/Codman classification is used ubiquitously, though it was seen to have fairly low reliability (~50%) in reported studies. Unfortunately, CT scans do not help much either. That might be a function of the arbitrary criteria of 1 cm and 45 degrees. It may be best to “overcall” displacement in some cases: for example, treating a one-part greater tuberosity fracture as a two-part fracture, as the fragment can easily impinge even if only 9mm or 40 degrees displaced.
  
 Epidemiology
 Proximal humerus fractures comprise about 5% of all fractures. The incidence is 300,000 per year. Mechanism is either through a high energy trauma in younger individuals or low-energy falls in the elderly. Older individuals will sustain a fracture from a fall especially if there is underlying osteoporosis. More than 2/3 of proximal humeral fractures are sustained by females. Most proximal humerus fractures (85%) are nondisplaced.
  
 Differential Diagnosis
 The list of possible diagnoses that could explain the typical presentation of a proximal humerus fracture include a shoulder dislocation, an AC joint separation or a scapular, spinal or rib injury. Note that especially in high-energy trauma patients, concomitant injuries are common. Thus, the presence of a proximal humerus fracture does not exclude a second musculoskeletal diagnosis. It is also important to exclude the diagnosis of pneumothorax and hemothorax; axillary, suprascapular, or brachial plexus nerve injury; and axillary artery damage. Damage to the rotator cuff is common with displaced fractures.
  
 Red Flags
 Proximal humerus fractures with open wounds (or impending open-wounds, e.g. tenting of the skin by bone fragments) require urgent orthopaedic intervention.
 Patients may report paresthesias or diminished sensation due to diffuse swelling; a detailed neurovascular assessment is warranted especially in the setting of such symptoms. The most commonly injured nerve is the axillary nerve and it can be tested even without moving the shoulder by assessing sensation over the deltoid muscle and verifying at least isometric deltoid contraction.
 Peripheral pulses may remain palpable due to collateral circulation. A vascular injury may be suspected due to mechanism or signs of expanding hematoma.
 A fracture from a simple fall from a standing height suggests osteoporosis, as well as underlying diseases that cause falling.
 A visible indentation of the skin under the acromion (a subacromial sulcus) may suggest dislocation of the glenohumeral joint.
  
 Treatment Options and Outcomes
 Minimally displaced fractures (one-part fracture) can be treated with a short course of immobilization in a sling (10-14 days) with early shoulder motion in the form of pendulum exercises thereafter. Passive motion or active-assisted range of motion therapy is best deferred until bony union has occurred (typically 6 to 12 weeks post-injury).
 The treatment of two-part fractures depends on which parts are involved. Anatomic neck fractures, often associated with disruption of the blood supply, are difficult to treat without surgery. By contrast, surgical neck and lesser tuberosity fractures can usually heal adequately with non-operative treatment. Greater tuberosity two-part fractures are more likely to need surgical fixation, either to repair the rotator cuff dysfunction that accompanies the fracture or to prevent impingement of a fragment with superior translation.
 Management of three-part and four-part proximal humerus fractures is dependent on multiple factors and precise surgical indications are not yet defined. Most displaced three-part and four-part fractures in physiologically younger patients are managed with surgery. Non-operative management of patients with lower functional demands can be successful as well.
 Surgical treatment options include the following:
 With closed reduction and percutaneous fixation, the fracture is reduced under fluoroscopic guidance and wires are inserted percutaneously. The aim is to stabilize the fracture enough to allow motion without excessive surgical dissection. The axillary nerve, cephalic vein and posterior humeral circumflex artery are all at risk with this technique. Also, closed reduction and percutaneous fixation is not apt to work in osteoporotic bone or if there is comminution. Lastly, a second operation may be necessary for pin removal.
 Open reduction and internal fixation may also be used (Figure 6). Here, after the proximal humerus fracture is exposed, the fragments are reduced. This is then followed by internal fixation with either plates or sutures.
 [image: ]Figure 6: A proximal humerus fracture before (left) and after (right) surgical fixation. (courtesy of Jaimo Ahn, MD, PhD, FACS ) Locking plates are commonly used in the proximal humerus. Plate fixation is often augmented by sutures.
 The use of an intramedullary device is a less invasive approach, as a full dissection is not needed; but of course it must be recalled that inserting the nail requires violation of the supraspinatus insertion (or if a more medial starting point is chosen, the superior articular surface itself).
 Fractures that are unlikely to heal well (especially when the humeral head is not salvageable or there is extensive pre-existing arthritis) can be addressed with conventional joint replacement or reverse total shoulder replacement (Figures 7 and Figure 8). The latter is chosen when there is deficiency of the rotator cuff.
 [image: ]Figure 7: A proximal humerus fracture treated with hemiarthroplasty. (courtesy Andrew F. Kuntz, MD) [image: ]Figure 8: A proximal humerus fracture treated with a reverse hemiathroplasty. (courtesy Andrew F. Kuntz, MD)Although non-operative management might result in some degree of malunion or lost motion, a non-operative approach may still be desirable in some low-demand patients.  Non-operative management of course avoids the costs and potential complications associated with operative intervention, and some loss of motion or deformity is usually well-tolerated by low-demand patients. In general, nondisplaced proximal humerus fractures heal reliably with good functional return.
 Displaced fractures that require surgery have less favorable outcomes. Even with full healing, there is often some component of arthrofibrosis and lost motion.
 Four-part fractures are at especially high risk of developing osteonecrosis due to disruption of the blood supply to the head.
 Proximal humerus fractures can have a significant detrimental effect on patient’s quality of life beyond the issue of arm function. Shoulder injuries have a tendency to disrupt sleep, for example, and it may be difficult to shower during the period of healing.
 Poor bone quality in the form of osteopenia or osteoporosis is a major risk factor for proximal humerus fracture. Accordingly, some patients with this fracture survive the shoulder injury but then go on to have another, more devastating fracture elsewhere (e.g., the hip).
  
 Risk Factors and Prevention
 Osteoporosis and falling are the prime (modifiable) risk factors for proximal humerus fracture. Risk reduction involves maintenance of adequate bone mineral density (BMD) and decreasing the risk of falls. In osteopenic or osteoporotic patients, pharmacological therapy including calcium and vitamin D supplementation as well as bisphosphonates and other drug treatments have been shown to be effective in reducing the risk of fractures. For patients with comorbidities who place them at risk of falling (such as stroke), occupational therapy can be useful.
  
 Miscellany
 The classification of proximal humeral fractures is often associated with Dr. Charles Neer, but Dr. Neer himself credited E. A. Codman (Figure 9). Codman had many accomplishments (including the notion of collecting open data, the accomplishment that The CODMAN Group [publisher of this text] honors) but his anatomic analysis of the proximal humerus is among the larger ones.
 [image: ]Figure 9: Ernest Amory Codman, M.D. (Wikipedia) 
  
 Key Terms
 Greater tuberosity, lesser tuberosity, surgical neck, anatomic neck, axillary nerve, osteonecrosis, closed reduction, total shoulder arthroplasty
  
 Skills
 Describe fracture patterns as seen on plain x-rays. Perform a neurologic examination of the upper extremity, assessing the relevant sensory dermatomes, and motor testing of the muscle groups associated with the radial, median, ulnar, anterior interosseus, posterior interosseous, musculocutaneous and axillary nerves.
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		Scapular Fractures

								

	
				Scapular fractures are rare (incidence: about 10 per 100,000 person-years) and often a consequence of high-energy trauma. These fractures are typically accompanied by other, more serious conditions such as a spinal fracture, lung injury, or head injury. Scapular fractures can be categorized by the affected region of the bone: namely, the coracoid, the acromion, the glenoid, the scapular neck, and the scapular body.
 Non-operative treatment in the form of sling immobilization followed by rehabilitation is indicated for the vast majority of scapula fractures. Operative treatment is chosen for the more displaced fractures, especially if there is joint instability present. Most scapular fractures heal without significant residuals; the patient’s overall outcome is usually dictated by the associated injuries, if present.
  
 Structure and Function
 The scapula is a flat, irregularly shaped bone that connects the clavicle to the humerus, known in lay terms as the “shoulder blade.” The scapula constitutes the posterior aspect of the shoulder girdle, with its ventral (anterior) surface articulating with the posterior chest wall. It is, in essence, a sliding joint articulating with ribs two through seven.
 [image: ]Figure 1: Anterior view of the thorax showing the scapulae in gold (left) and posterior view showing them in red (right). The acromion [A], coracoid [C], glenoid [G] and scapular spine [S] are identified. (Modified from www.wikipedia.com/wiki/scapula) 
 
 
 The scapula is roughly triangular, but there are several bony prominences of significant importance. The glenoid is an area of articular cartilage on the lateral aspect of the scapula, where the humeral head articulates with the scapula to form the glenohumeral joint. The scapular spine is located on the dorsal surface of the scapula and separates the supraspinatus and infraspinatus muscles. The acromion extends anteriorly and laterally from the scapular spine and articulates with the clavicle, forming the acromioclavicular joint. The coracoid extends anteriorly and superiorly from the neck of the scapula.
 The borders of the scapula are the superior border, medial border, and lateral border. There are three scapular “fossae” (plural for “fossa,” meaning “slight areas of anatomical depression”) — two on the dorsal surface and one on the ventral surface. The dorsal fossae lie on either side of the scapular spine: the supraspinous fossa above, and the infraspinous below. The subscapular fossa is on the ventral surface.
 Seventeen muscles attach to the scapula. In general, these muscles are divided into three major groups: intrinsic, extrinsic, and rotational/stabilization muscles.
 The intrinsic muscles of the scapula include the rotator cuff muscles: supraspinatus, infraspinatus, subscapularis, and teres minor–the first three named according to the fossa in which they reside. These muscles are responsible for internal and external rotation of the humerus as well as abduction of the humerus.
 The extrinsic muscles of the scapula include the biceps, triceps, and deltoid.
 The rotational/stabilization muscles include the levator scapulae, rhomboids, trapezius, and serratus anterior.
 The scapula has six primary movements: elevation (as in shrugging the shoulders) and depression, protraction (moving the scapula laterally and anteriorly along the chest wall) and retraction (moving the scapula medially), and rotation upward or downward (see Figure 2).
 [image: ]Figure 2: A) The 4 straight motions of the scapula: elevation (purple arrow), depression (red arrow), protraction (yellow arrow), and retraction (green arrow). B) Downward (medial) rotation of the scapula. C) Upward (lateral) rotation of the scapula. (Modified from https://radiopaedia.org/cases/scapulothoracic-joint-movements) 
 
 
 
 The scapular movements and the muscles responsible for each are detailed in the table below.
 Table 1: Six movements of the scapula and corresponding muscles involved in accomplishing those movements.  	Scapular Movement 	Muscles Involved 
 	Elevation 	Trapezius, rhomboid major, rhomboid minor, levator scapulae 
 	Depression 	Serratus anterior, pectoralis major, pectoralis minor, latissimus dorsi, trapezius. (Also powered by gravity) 
 	Protraction 	Serratus anterior, pectoralis major, pectoralis minor 
 	Retraction 	Trapezius, latissimus dorsi, rhomboid major, rhomboid minor 
 	Downward Rotation 	Latissimus dorsi, rhomboid major, rhomboid minor, pectoralis major, pectoralis minor, levator scapulae (Also powered by gravity) 
 	Upward Rotation 	Serratus anterior, trapezius 
  
  
 Patient Presentation
 Isolated scapular fractures are exceedingly rare. Scapula fractures primarily occur in high-energy blunt force trauma; thus the scapular fracture is usually not the primary complaint. Patients are frequently diagnosed with intracranial, intrathoracic, or spinal injuries even prior to the orthopaedic surgeon’s evaluation. Rib fractures are seen in conjunction with half of all cases of scapular fracture.
 Motor vehicle collisions are responsible for approximately 70% of scapular fractures.
 [image: ]Figure 3: X-ray of an anterior-posterior (AP) view of the right shoulder. The red arrowhead identifies a displaced fracture of the scapular neck. The green arrowhead identifies a displaced mid shaft clavicle fracture. These injuries very commonly occur together and may indicate a “floating shoulder.” (Source: https://en.wikipedia.org/wiki/Scapular_fracture) 
 
 
 
 In the awake patient, the chief complaint is often pain along the scapula and posterior chest wall, along with limited range of motion of the shoulder joint itself.
 In the patient who has a head injury, is intubated or is otherwise unresponsive, the only physical exam sign of a scapular injury may be crepitus to palpation over the scapula or limited passive range of motion of the ipsilateral shoulder. These findings are easily overlooked; it is important to scrutinize and obtain imaging studies for any area of swelling, ecchymosis, or crepitus.
 As with all fractures, the initial evaluation must look for and exclude life threatening injuries such as massive hemorrhage which may occur due to an associated injury to the subclavian vessels.
 Floating Shoulder
 A floating shoulder occurs when there are fractures of both the clavicle and scapula in which the glenohumeral joint is completely isolated from the body of the scapula. With such a pattern of fracture, the entire upper limb no longer has a stable connection to the axial skeleton – hence the term “floating” – and thus the affected limb displaces inferiorly by the force of gravity (Figure 3).
 Scapulothoracic Dissociation
 Scapulothoracic dissociation is a very rare, but often a life-threatening injury due to either a massive traction force to the upper extremity or blunt force to the chest. With a scapulothoracic dissociation, there is complete disruption of the scapular articulation with the chest wall. The scapula translates laterally along the posterior chest wall, often with severe injury of the surrounding neurovascular structures. As such, the typical presentation includes severe weakness or numbness in the injured extremity. If there is an associated disruption of the brachial plexus, the resulting motor and sensory loss will produce a paralyzed and insensate “flail extremity.” Plain x-rays may show lateral displacement of the scapula along the chest wall, but often a scapulothoracic dissociation has no associated scapular fracture.
  
 Objective Evidence
 Initial imaging is with plain radiographs (often obtained as part of a routine trauma evaluation). Indeed, most scapula fractures are diagnosed on the initial chest radiograph (Figure 4).
 CT scans, which are commonly obtained as part of the trauma investigations to evaluate the chest, will identify a scapular fracture and assess for displacement or intra-articular extension to the glenoid (Figure 5). Three-dimensional reconstructions of the scan are particularly helpful to assess displacement of the fracture and may aid in operative planning (Figure 6).
 [image: ]Figure 4: Plain radiography showing a comminuted and displaced fracture of the scapular body. On this x-ray, there is no clear extension of a fracture in to the glenoid. (Figures 4-6 Case Courtesy of Ms. Kayla H, Radiopaedia.org, rID: 72794) [image: ]Figure 5: Axial and sagittal computed tomography (CT) images of same shoulder in Figure 4 showing an intact glenoid, but significant displacement and comminution of the fracture. [image: ]Figure 6: A 3D reconstruction view can help to understand the fracture pattern.  
 Epidemiology
 Scapula fractures are rare, accounting for less than 1% of all fractures and only 3-5% of fractures in the shoulder girdle. They typically occur in white males, age 20 to 60 years, with a small cluster seen in geriatric patients.
 If there is a scapular fracture, the scapular body is the most commonly affected region (50%), followed by glenoid fractures (30%). Fractures of the acromion, scapular neck and coracoid make up the remaining 20%.
  
 Differential Diagnosis
 Given that scapular fractures typically present with posterior chest wall pain after high-energy trauma, posterior rib fracture is commonly on the differential diagnosis. Plain film radiographs may be inadequate to diagnose both rib and scapular fractures and a chest CT may be required. Patients with this high energy mechanism of injury, however, typically meet the criteria for CT screening as part of the initial imaging protocol which also allows other associated serious injuries to be identified in a timely manner.
 Even if a CT scan of the chest is initially performed and formatted primarily to examine the lungs, it can be “re-formatted” to evaluate the scapula and glenohumeral joint, obviating the need for an additional scan.
 Os acromiale, an unfused accessory ossification center, is found in about 10% of people, and can be mistaken as a scapular fracture (Figure 7).
 [image: ]Figure 7: Plain film radiograph depicting an axillary lateral view of the right shoulder. The red arrow points to the os acromiale. The green arrow points to the area commonly mistaken as a fracture. This area normally would fuse during skeletal development. Note how the edges of the gap are not jagged but rather smooth and rounded with a well-defined denser/sclerotic margin – acute fractures typically appear “sharp” with straighter or jagged lines and no defined sclerotic margin. (Case courtesy of Radiopaedia.org rID: 11697)  
 Red Flags
 Scapula fractures are commonly associated with other high-energy injuries. These patients typically present to the trauma bay. Advanced trauma life support (ATLS) should be initiated immediately. It is common for a scapula fracture to be found incidentally, that is, not because of the patient’s primary complaint. Indeed, if the presenting complaint leads to the detection of scapular fracture, the physician must recognize this as a red flag signifying high energy trauma and initiate a proper work up to rule out other serious injuries.
 Scapulothoracic dissociation is a life-threatening injury and should be suspected in a hemodynamically unstable patient with lateral translation of the scapula on the trauma chest x-ray.
 If there is a clavicle fracture in the setting of high energy trauma, the radiographs should be scrutinized to exclude a scapular fracture/floating shoulder injury.
  
 Treatment Options and Outcomes
 Most scapular fractures can be treated non-operatively, as the majority of injuries are minimally displaced. Patients are briefly immobilized in a sling to help manage the pain and support the injured soft tissues. This is followed by progressive range of motion and weight bearing/resistive exercises.
 Most surgeons agree that fractures that disrupt the congruity and/or stability of the glenohumeral joint should be treated surgically. In general, surgeons recommend operative intervention for glenoid fractures if there is 5 mm of articular step off or if there is any instability of the gleno-humeral joint. Due to the rarity of these injuries and lack of broad experience in any one service, robust evidence for surgical indications is lacking. Management decisions must be guided by first principles, namely, the restoration of articular congruity and the stabilization of the joint. Apart from cases with gross malalignment of the glenoid articular surface or an unstable gleno-humeral joint, it is reasonable to observe the patient while the fractures heal, with a delayed procedure to correct symptomatic bony irregularity if needed.
 A floating shoulder injury will usually require early fixation of the clavicle or scapula (or both) to reconnect the glenohumeral unit to the axial skeleton.
 The most common complications of surgical intervention are postoperative stiffness, nerve injuries and infection. Removal of hardware and soft tissue releases are often required to improve shoulder mobility.
  
 Risk Factors and Prevention
 Given that scapular fractures are typically a result of high-energy blunt force trauma, prevention rests on adherence to best practice safety guidelines on the roads and in the workplace, in addition to continued improvements and innovations of the safety features of vehicles and equipment.
  
 Miscellany
 The precise etymology of the word scapula is not known – translated from Latin, it means “shoulder blade” – but may come from a root word meaning “shovel.” Animal scapulae might have been used as a shovel like tool in primitive times. The word shares a similar root to the medical condition “scabies,” with connotations of “scraping.”
  
 Key Terms
 scapular fractures, scapulothoracic dissociation, glenoid, acromion, coracoid process, scapular spine, glenohumeral joint, os acromiale, floating shoulder, clavicle fracture
  
 Skills
 Identify history and physical exam findings associated with scapular fractures. Identify “red flags” and other injuries associated with scapular fractures. Correctly identify landmarks and possible findings on plain radiograph views of the shoulder and scapula. Understand the role of primary trauma evaluation in the management of scapular fractures.
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		Fractures of the Humeral Shaft and Distal Humerus

								

	
				Fractures of the humerus include those near the shoulder (known as proximal humeral fractures), shaft fractures, and fractures near the elbow (known as distal humeral fractures). Although the humerus is an analog of the femur, the humerus is not often a weight-bearing bone and is also remarkably tolerant of post-fracture deformity. Thus, fractures of the humeral shaft, unlike those of the femoral shaft, are usually amenable to treatment with simple immobilization rather than surgery. One major exception is fracture of the distal humerus. Because immobilization of distal humeral fractures might lead to intolerable elbow stiffness, and because precise anatomic reduction of articular surface might be needed to preserve elbow motion as well, distal humeral fractures are more likely to be treated surgically.
  
 Structure and Function
 Humeral Shaft
 The humeral shaft is defined as the diaphyseal region of the bone, spanning from a point distal to the insertion of the pectoralis major muscle and proximal to the supracondylar ridge.
 The proximal portion of the humeral shaft is cylindrical. More distally, the shaft narrows and tapers to a triangular shape with the apex anterior. (The narrowing of the distal humerus is unlike the flaring of the femoral or tibial metaphysis and limits the use of intramedullary nails for humeral shaft fracture fixation in some cases.)
 The humerus is surrounded by richly vascularized muscles, an anatomic feature which aids healing. Medial and lateral muscular septa divide the arm into anterior and posterior muscle compartments. The median nerve, musculocutaneous nerve, and brachial artery are in the anterior compartment. The ulnar nerve begins proximally in the anterior compartment but passes through the medial intermuscular septum to enter the posterior compartment near the distal third of the humerus. The radial nerve begins in the posterior compartment and crosses the posterior aspect of the humerus obliquely in the spiral groove, (approximately 20 cm proximal to the medial epicondyle and 15 cm proximal to the lateral epicondyle), and then passes through the lateral intermuscular septum to enter the anterior compartment just proximal to the lateral epicondyle.
 Distal Humerus
 The humeral diaphysis flares into medial and lateral columns. Each column has an epicondyle and a condyle. These columns flank the olecranon fossa and distally support the trochlea — a smooth spool of articular cartilage clasped by the proximal ulna to form the humeral side of the elbow’s hinge mechanism. The distal part of the lateral column, the capitellum, articulates with the head of the radius to complete the elbow joint (see Figure 1).
 [image: ]Figure 1: The anterior and posterior views of the humerus, with attention to the landmarks of the distal humerus, labeled as follows: (A) capitellum; (B) lateral epicondyle; (C) radial head; (D) coronoid process of the ulna; (E) trochlea; (F) medial epicondyle; (G) olecranon. (Modified from https://www.researchgate.net/figure/Anatomy-of-the-humerus-Modified-from-Wikimedia-This-file-is-licenced-under-the-Creative_fig3_342476171) 
 
 
 The distal part of the medial column is the medial epicondyle. The ulnar nerve passes through the cubital tunnel just distal to the medial epicondyle. The common wrist flexor muscles originate from the medial epicondyle, and the extensor muscles from the lateral epicondyle.
  
 Patient Presentation
 Humeral Shaft Fractures
 In younger patients, humeral shaft fractures are usually due to direct high energy impact (e.g., vehicular accident, sporting injury, or penetrating trauma), while in the elderly they are usually low energy injuries sustained after a fall. In that setting, owing to bone fragility, there may be other broken bones elsewhere as well.
 In newborns, a humeral shaft fracture may occur because of trauma during delivery.
 Patients will typically present with arm pain, swelling, weakness. Commonly there is a visible deformity and patients often report a snapping or cracking sound at the time of injury. The pain is immediate, enduring, and exacerbated by the slightest movements, though patients are generally comfortable if the arm is immobilized.
 Displaced fractures of the humerus shaft are often associated with shortening of the upper arm due to muscle contraction. The affected region swells, and bruising appears a day or two after the fracture.
 A detailed neurovascular exam should be performed and documented. Particular attention should be paid to radial nerve function (i.e., wrist and finger extension; dorsal forearm and hand sensation) as injury to the radial nerve is seen in ~20% of these fractures.
 Vascular injury is rare but constitutes an emergency when present and may be evidenced by a diminished pulse at the wrist and reduced perfusion with coolness of the hand and fingertips.
 Distal Humerus
 Fractures of the distal humerus are less common. They make up about one-third of humeral fractures and about 2% of all fractures in adults. Condyle-splitting (intercondylar) fractures are the most common type and are generally due to direct impact on the flexed elbow.
 Patients present with pain, deformity and swelling, making palpation of bony landmarks difficult. Any attempt at active or passive elbow movement is very painful.
 When there is a break of the skin in the setting of a fracture, further investigation should be undertaken to determine whether the open injury communicates with the joint. If the joint has been violated the injury should be treated with urgent administration of antibiotics, and irrigation of the wound and joint to prevent infection.
 Complete nerve injuries are rare with fractures of the distal humerus, but numbness and weakness of the small and ring fingers, caused by compromise of the ulnar nerve, is not uncommon and should be carefully documented at initial presentation.
  
 Objective Evidence
 Imaging is essential for diagnosis and classification of all humeral and elbow fractures. X-rays, including AP and lateral views of the entire humerus, including the humeral head and elbow on a single radiograph, are often sufficient (see Figure 2).
 [image: ]Figure 2: An oblique fracture of the humeral shaft (red arrow). (From https://upload.wikimedia.org/wikipedia/commons/7/7c/MidShaftHumerousMark.png) 
 
 
 In cases where distal humerus fractures are suspected, standard AP, lateral, and oblique x-rays of the elbow should be obtained. If the distal humerus is found to be comminuted on initial x-rays, CT scan may be helpful to characterize the fracture pattern. A CT scan can also reveal violation of the joint capsule, a so-called traumatic arthrotomy, if air is seen in the elbow joint.
 Sometimes, especially in children, a distal humeral fracture may be present in the absence of obvious cortical irregularity. In these cases, an anterior or posterior “fat pad sign” may be evident on the lateral x-ray view. A fat pad sign is caused by bleeding into the elbow joint, displacing the layer of fat that normally lies adjacent to the bone. The anterior fat pad sign is common and sensitive for a joint swelling but not ‘fracture-specific’ whereas the posterior fat pad sign, while not always present (less sensitive), is fairly fracture-specific.
 Fractures of the distal humerus can be classified descriptively by location: supracondylar, intercondylar, transcondylar, condylar, capitellar, trochlear, medial epicondylar, or lateral epicondylar.
  
 Epidemiology
 Humerus fractures are common. Humeral shaft fractures comprise 5-10% of all fractures in adults. There is a bimodal distribution of these fractures, with a small peak in the third decade (especially in males) from high energy trauma and a much larger peak in the seventh decade (especially in females) related to osteoporosis.
 Although distal humerus fractures – particularly extra-articular supracondylar fractures – are common in children, they are relatively rare among adults. Distal humeral fractures can occur in isolation, but they are often associated with proximal radial and ulnar fractures or complex ligamentous injuries to the elbow as well.
  
 Differential Diagnosis
 Distal humerus fractures are often associated with other injuries.
 Other important injuries can occur around the elbow in the absence of a distal humerus fracture and deserve mention here. The so called ‘terrible triad’ injury is fracture/dislocation around the elbow caused by mechanisms similar to those which cause distal humeral fractures. It includes (1) a fracture of the radial head, (2) a fracture of the coronoid process of ulna, and (3) a dislocation of the elbow joint.
 Elbow dislocations can also occur in the absence of a fracture and will often spontaneously re-locate prior to presentation and imaging. A high index of suspicion is therefore necessary to diagnose these injuries in combination with a targeted history and examination. Dynamic radiography or fluoroscopy can help make the diagnosis and will demonstrate incongruent and widened joint spaces.
 Distal biceps avulsion, anterior capsular strain, and collateral ligament injury can all occur acutely in the absence of fracture. MRI imaging is useful in diagnosing these soft tissue injuries.
  
 Red Flags
 In the elderly patient, a fall itself is a red flag and needs to be investigated. Various medical comorbidities (e.g., anemia, syncope, cardiac arrhythmias) may have contributed to the fall.
 In very young patients with a broken arm, the possibility of child abuse must always be considered and carefully excluded with extreme sensitivity.
 Compartment syndrome is a potentially catastrophic complication that can occur with distal humerus fractures and should be carefully checked for – particularly in children with supracondylar fractures.
 Radial nerve palsy occurs in ~20% of distal third humerus fractures. A radial nerve palsy can develop after a splint or brace is applied. As such, a carefully documented neurological examination must both precede and follow any intervention.
 (The strong recommendation for performing and documenting the neurological examination goes beyond the avoidance of legal liability – liability that poor documentation can only enhance. Rather, a careful pre- and post- treatment neurological exam can alert you to the presence of an iatrogenic injury, [i.e., an injury caused inadvertently by the healthcare provider], which may be easily reversed by reversing the treatment [i.e., removing the splint].)
 Radial nerve palsy can also result from iatrogenic injury during open reduction and internal fixation, and close post-operative monitoring is needed in this instance as well.
  
 Treatment Options and Outcomes
 Humeral shaft fractures can tolerate considerable angulation without compromising function or cosmetic appearance. Further, these injuries can be said to “want to heal,” most likely because of the excellent blood supply to the muscles that surround the bone (Figure 3). Hence, most humeral shaft fractures are successfully treated without surgery. The wide range of motion of the shoulder joint allows the patient to compensate for up to 20 degrees of fracture angulation, if not more; and because the arms, unlike the legs, are not impeded by a discrepancy in length, up to 3cm of shortening is well tolerated as well.
 	[image: ] 	Figure 3: A humeral shaft fracture with callus formation (red brackets). As shown, the edges of the fracture (green lines) do not have to touch for the healing process to begin. (Modified from Wikipedia) 
  
 The standard non-operative treatment is initial splint immobilization followed by functional bracing once initial swelling has subsided (Figure 4). The rationale of the brace treatment (popularized by A Sarmiento and colleagues in a landmark 1977 paper, Functional Bracing of Fractures of the Shaft of the Humerus, hence known to many as “Sarmiento bracing”) is that compression of the surrounding soft tissues generates hydrostatic pressure that can stabilize the fracture itself, even though the brace does not contact the bone. The force of gravity acting on the arm helps to re-establish length.
 
 
 [image: ]Figure 4: Functional bracing of the humerus. Compression of the soft tissues in turn stabilize the bone, without need for heavy plaster, or, for that matter, a need to immobilize the elbow and shoulder. (Photo at left from https://bmjopen.bmj.com/content/7/7/e014076. X-ray at right courtesy of Christopher Domes, MD) 
 
 
 Functional bracing might be needed for at least 3 months for the bone to fully unite, but after 6 weeks of non-operative treatment, there should be at least some callous (primitive bone healing, as seen on radiographs) at the fracture site. In the absence of callous at 6 weeks, operative treatment might be considered.
 Although the majority of humeral shaft fractures may be successfully treated without surgery, indications for operative intervention, typically with surgical plate (Figure 5) might include transverse or short oblique fracture lines (as a small fracture surface may generate inadequate callous to adequately stabilize the fracture); intraarticular extension; segmental or open fractures, injuries associated with compartment syndrome; brachial plexus injury; vascular injury requiring repair, and polytrauma cases, in which upper extremity weight bearing would facilitate recovery (e.g., a humerus fracture with an associated lower extremity fracture).
 [image: ]Figure 5: A humeral fracture after it has been fixed with plates and screws. (Image courtesy of Christopher Domes, MD) 
 
 
 Regardless of treatment strategy, prolonged immobilization of the elbow joint should be avoided, and frequent range of movement elbow exercises should be encouraged to prevent stiffness.
 When a patient presents with a closed fracture and radial nerve palsy, immediate radial nerve exploration is not obligatory, as approximately 85-90% of radial nerve neuropraxias will improve within 3 months of injury. Surgeons, however, may opt for open reduction and internal fixation to ensure that the nerve is not caught up in the fracture site. While full recovery of the nerve may require six months, if there is no evidence of recovery by 10 weeks, EMG studies should be arranged, as the absence of nerve function on EMG suggests that further recovery will not occur without surgical intervention.
 When a patient presents with an open humeral shaft fracture and radial nerve palsy, the management will usually include surgical debridement and fracture stabilization. During that surgery, the radial nerve should be explored. If the nerve is lacerated, primary repair is usually possible.
 Radial nerve function must be assessed immediately after surgery, to verify that the radial nerve was not compressed by the surgical hardware (see Figure 6).
 [image: ]Figure 6: The radial nerve courses posterior to the humerus but then wraps around it to emerge anterior/lateral near the distal 1/3rd of the shaft (A). Fractures near there can entrap the nerve; also, the nerve can be inadvertently caught under a surgical plate (B, anterior view; C lateral view). (Modified from https://www.researchgate.net/figure/The-abridged-general-view-of-the-distalthird-diaphyseal-humerus-fracture-fixed-with_fig2_327286667) 
 
 
 For distal humeral fractures the goal of treatment is stable reduction with anatomic restoration of the articular surfaces and restoration of alignment. This often requires surgical fixation which allows early range of motion exercises, with good-to-excellent results achieved in 70-80% of patients.
 While most patients regain a functional arc of motion, complications are not uncommon. Approximately 10% to 30% will experience some combination of stiffness, non-union, malunion, infection, ulnar nerve palsy, or post-traumatic arthritis. Some degree of elbow stiffness is difficult to avoid. This is usually caused by simple soft tissue contracture, but heterotopic ossification (excess formation of calcified tissue) or post-traumatic arthritis may contribute.
 In elderly patients with significant articular comminution, elbow arthroplasty (Figure 7) may be preferable to attempted fracture repair if the articular surface and osteoporotic bone cannot be solidly fixed with sufficient stability to allow immediate range of motion. In younger, more active patients with highly comminuted fractures that cannot be fixed, arthrodesis (joint fusion) can be considered, as elbow arthroplasty is more likely to wear out prematurely in this patient.
 [image: ]Figure 7: Lateral view comminuted distal humerus fracture in an elderly person after total elbow arthroplasty. (Courtesy of OrthopaedicsOne: Treatment Options for Distal Humerus Fractures) 
 
 
 In the newborn, humeral shaft fractures are generally managed with a makeshift sling: pinning the long sleeve of clothing worn on the injured arm to restrict motion.
  
 Risk Factors and Prevention
 Contact sports such as football as well as those associated with falling, such as gymnastics, skiing, bicycling, and skateboarding, are associated with a risk for a humeral fracture. Elbow pads can help to reduce the risk of distal humeral fractures.
 In older patients, any disease or condition that poses a risk for falling should be considered a risk for fracture. A systematic approach to risk assessment and fall prevention, coupled with optimal medical management of bone health, can reduce the likelihood of fracture.
  
 Miscellany
 The medial aspect of the distal humerus is called the “funny bone” because paresthesias (“funny feelings”) might be produced when tapping near this area. Such tapping can press the ulnar nerve against the bone.
  
 Key Terms
 Humerus fracture, elbow fracture, humeral shaft fracture, distal humerus fracture, functional bracing, elbow arthroplasty, elbow arthrodesis
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		Olecranon Fractures

								

	
				The olecranon is the most proximal part of the ulna, easily palpated under the skin at the elbow. As a result, the olecranon is vulnerable to fractures, usually from a direct blow after a fall. Fracture of the olecranon accounts for approximately 5% of upper extremity fractures in adults. Typically, olecranon fractures are isolated injuries. However, many olecranon fractures are displaced and result in disruption of the extensor mechanism of the elbow. Those that are not initially displaced are nonetheless still at risk of displacement by the pull of the triceps. Therefore, surgical treatment is often required.
  
 Structure and Function
 The olecranon is the proximal-most part of the ulna (see Figure 1). The coronoid process anteriorly and the olecranon posteriorly together define the trochlear notch in which the distal humerus sits. The olecranon provides attachment for the triceps tendon.
 [image: ]Figure 1: The bony landmarks of the proximal ulna TT-Triceps tendon, OP-Olecranon process, CP-Coronoid process. (Modified from https://commons.wikimedia.org/wiki/File:Olecranon_labeled.png) There are key structure/function points to recall:
 	 An olecranon fracture is an intra-articular fracture. Its anterior surface and the coronoid process articulate with the trochlea of the distal humerus.
 	The triceps tendon inserts on the posterior third of the olecranon which provides a lever arm for extension of the elbow. Thus, a fractured olecranon is subject to displacement by the pull of the triceps.
 	The ulnar nerve is adjacent to the olecranon, so this nerve needs to be assessed when the olecranon is injured and must be protected when the injury is treated.
 	The olecranon is subcutaneous with only a thin layer of soft tissue and skin overlying it. Thus, a “closed” olecranon fracture can easily become an “open” one (i.e., breaking through the skin). Also, there are risks of impaired post-operative wound healing and pressure damage from immobilizing devices such as casts and splints.
 
  
 Patient Presentation
 Patients with an olecranon fracture present with a history of trauma, elbow pain and have difficulty extending the elbow.
 The mechanism of injury is either a direct blow to the elbow or a fall onto an outstretched upper extremity. (In the case of a fall, the triceps pull off a piece of the proximal ulna, a so-called avulsion fracture.)
 Olecranon fractures are typically a result of high energy trauma in young individuals and a low energy fall in older individuals.
 Olecranon fractures typically present as isolated injuries, though they also can be part of a more complex elbow injury (i.e., including the humerus, radius and nearby soft tissues).
 Displaced olecranon fractures can create a palpable defect, though there is often a lack of deformity.
 In cases of polytrauma, patients should be closely evaluated for associated injuries.
  
 Objective Evidence
 Radiographs in the anteroposterior (AP) and lateral plane should be obtained. Emphasis should be placed on ensuring the lateral view is a true lateral view and that the AP clearly shows the proximal radius and ulna in relationship to the humerus.
 A direct blow usually results in a comminuted fracture (that is, one with many fragments). By contrast, a fall is associated with a displaced transverse fracture line, owing to the pull of the triceps (see Figure 2).
 [image: ]Figure 2: Displaced olecranon fracture. The triceps is shown in green. Its muscular action tends to displace the fracture, as shown. (Modified from https://radiopaedia.org/cases/olecranon-fracture-2)  
 Epidemiology
 Olecranon fractures account for about 5% of upper extremity fractures. The majority of fractures occur in individuals 50 years and older as a result of a fall from standing height. Until proven otherwise, olecranon fractures should therefore be considered to be fragility fractures (prompting an investigation of metabolic bone disease). In younger individuals, a higher energy mechanism of injury is more common.
  
 Differential Diagnosis
 Olecranon fractures are commonly associated with coronoid fractures, collateral ligament injuries, radial head and neck fractures, and radial head dislocations.
 In children, an olecranon fracture is commonly associated with a Monteggia fracture. This eponym refers to a fracture of the proximal third of the ulna fracture combined with radial head dislocation or instability.
 If the coronoid process is also fractured, the humero-ulnar joint can be destabilized.
  
 Red Flags
 Obtaining a true lateral radiograph is essential to evaluate the fracture.
 Comminution of an olecranon fracture is more likely in a high energy mechanism of injury. In such cases the patient should be examined for other associated injuries.
 The superficial position of the olecranon increases its susceptibility to an open fracture. A thorough skin exam is therefore essential.
 As with all fractures near vital structures, careful initial neurovascular evaluation and documentation is important as a baseline for subsequent monitoring prior to, and post manipulation, splintage or surgery.
 Olecranon fractures may be sign of fragility – weak bones or a propensity to fall or both – and thus the presence of the injury itself may be a red flag for these conditions.
  
 Treatment Options and Outcomes
 Nondisplaced fractures with an intact elbow extensor mechanism can be treated non-operatively but these injuries must be closely monitored with radiographs to ensure that they do not displace.
 If non-operative treatment is chosen, the elbow is immobilized between 45 to 90 degrees of flexion for 3 weeks. Motion should be started then to limit joint stiffness. Thereafter, flexion is limited to 90 degrees until radiographic evidence shows fracture healing. Nondisplaced fractures heal well in most circumstances; the most common complication is joint stiffness.
 Most displaced fractures require surgical intervention. Tension band wiring or plating are the two most common techniques for fixation of an olecranon fracture.
 Tension band wiring works well for transverse olecranon fractures that are not comminuted (Figure 3). Two parallel K wires are inserted through the tip of the olecranon and across the fracture site. A surgical wire is then placed in a figure eight pattern to apply tension. This tension band construct changes the deforming tension force of the triceps into a compressive force that favors healing, but the wires may be irritating and need to be removed in a subsequent procedure. More recently, suture fixation techniques have been developed to avoid the hardware problems.
 [image: ]Figure 3: Tension band fixation of olecranon fracture. (From https://radiopaedia.org/cases/olecranon-fracture-2) Plate and screw fixation is used in more unstable fracture patterns (Figure 4). The plate is typically placed on the dorsal aspect of the ulna. Plate fixation is stable, has a high union rate and low rates of loss of motion or weakness.
 Elderly patients who present with a neglected displaced olecranon fracture can be managed without surgical intervention. These patients may have weak extension against resistance but may have a functional arm.
 [image: ]Figure 4: A more comminuted fracture [as shown in the three-dimensional reconstructed computed tomography scan to the left]. Note how the associated coronoid process fracture creates joint instability. Therefore, with this pattern, more extensive fixation with a plate is required [as shown to the right]. (From J Korean Fract Soc. 2015 Jan;28(1):59-64. https://doi.org/10.12671/jkfs.2015.28.1.59) In most instances, olecranon fractures heal well after surgery. The most frequent complication is irritating symptoms produced by the implanted hardware, which can be removed after the fracture has healed. Other possible complications include loss of reduction, infection, ulnar nerve entrapment, osteoarthritis, and elbow stiffness.
 It is important to note that some older patients have poor skin and osteoporotic bone. Such patients have higher risks of poor outcomes from surgery, including wound complications, infection, and fixation failure. In this cohort, especially if the patient is not very active, even displaced fractures should be considered for non-operative management. Treatment begins with a supportive sling holding the elbow at 90 degrees with gentle active range of motion exercises started after the first week or two. At that point, most of the soft tissue swelling will have subsided and gentle motion will not be too painful. The fracture gap will heal with scar tissue. Thus, there will be some weakness in active extension. Nonetheless, the elbow can still extend, albeit weakly, and patients will have sufficient stability for acceptable function relative to limited demands.
  
 Risk Factors and Prevention
 Risk factors for olecranon fractures include any condition that increases the likelihood of falling. In addition, any disease that weakens the bone such as vitamin D deficiency, osteoporosis, or chronic steroid use increases the risk.
 Elbow pads may be useful when participating in high contact sports and activities such as bike riding, skateboarding and roller skating to protect against direct blows.
 Trampolines are such a common cause of elbow injuries in children that the American Board of Pediatrics issued a warning against their recreational use.
  
 Miscellany
 Although speakers of English in certain parts of the world (Boston, for example) pronounce the words “ulna” and “ulnar” indistinguishably, the word “ulna” refers to the bone itself and the word “ulnar” is the adjectival form. That is, “ulnar” describes things related to or near the ulna bone (ulnar nerve, ulnar collateral ligament, etc.
 The word olecranon is of Greek origin whose first root “olene” means elbow and second root “kranion” means head.
  
 Key Terms
 Olecranon, ulna, radio-capitellar line, tension band wiring, avulsion fracture
  
 Skills
 Understand that olecranon fractures can be associated with other fractures and instability of the elbow. On exam, identify the swollen joint, and recognize open fractures, joint instability, fracture displacement, and neurovascular status. Understand that the failure of the extensor mechanism creates inability to extend the elbow against gravity but also that gravity can be used to allow passive extension – both a trap in examination for function and a blessing if normal fracture healing is prevented. Appreciate the effect of prolonged immobilization on elbow stiffness and associated functional impairment and disabilities. Interpret radiographs of the elbow and correctly identify fracture patterns and instability. Be able to immobilize the elbow until definitive treatment can be administered.
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		Osteochondral Injuries of the Elbow

								

	
				Throwing places extremely high stresses on the elbow and thus overuse can damage the articular (cartilage) surfaces. Two characteristic areas are affected in throwing athletes: the olecranon process of the ulna and the distal humerus where it articulates with the radius, namely, the capitellum. In the olecranon, valgus forces erode the surface cartilage, and stimulate the production of bone spurs. In the distal humerus, more often the inciting pathology is ischemia of the subchondral bone causing osteonecrosis, a condition known as osteochondritis dissecans. Most patients with chondral injuries to the elbow recover with rest, but surgery may be needed if there are loose bodies or unstable cartilage flaps.
  
 Structure and Function
 The elbow joint consists of the distal end of the humerus and the proximal aspects of the radius and ulna; and has three articulations: the ulnohumeral articulation, the radiohumeral articulation (also known as the radiocapitellar joint) and the proximal radioulnar joint (See Figures 1, 2 and 3).
 [image: ]Figure 1: The three joints of the elbow: the ulnohumeral (red), radiocapitellar (blue) and proximal radioulnar (green). [image: ]Figure 2: The bones and landmarks of the elbow joint seen on AP view. KEY: 1. Lateral supracondylar ridge; 2. Medial supracondylar ridge; 3. Olecranon fossa; 4. Medial epicondyle; 5. Lateral epicondyle; 6. Capitellum; 7. Olecranon; 8. Trochlea; 9. Coronoid process of ulna; 10. Proximal radioulnar joint; 11. Head of radius; 12. Neck of radius; 13. Tuberosity of radius; 14. Ulna. (courtesy www.orthopaedicsone.com) [image: ]Figure 3: The bones and landmarks of the elbow joint seen on Lateral view. KEY: 1. Supracondylar ridge; 2. Trochlea; 3. Olecranon; 4. Trochlear notch; 5. Coronoid process of ulna; 6. Head of radius; 7. Neck of radius; 8. Tuberosity of radius; 9. Ulna. (courtesy www.orthopaedicsone.com) The ulnohumeral joint consists of the olecranon and the coronoid process of the ulna articulating with the humerus at the trochlea. The primary function/motion of the ulnohumeral joint is flexion and extension of the elbow.
 A so-called valgus extension overload injury can result from excessive forces in the elbow during the throwing motion and is characterized by the breakdown of cartilage on the olecranon.
 The radiocapitellar joint is the articulation of the proximal radius (radial head) with the distal end of the humerus (capitellum) and functions to pronate and supinate the lower arm. The radiocapitellar joint is supplied by the radial recurrent and interosseous recurrent arteries. This blood supply can be too-easily disrupted by repetitive microtrauma leading to ischemia and osteonecrosis. The constellation of necrosis and disruption of the joint surface is called osteochondritis dissecans. Osteochondrosis of the capitellum in patients under ten years of age is called Panner’s disease. Because the prognosis for osteochondrosis of the capitellum is so much better when the patients are very young, Panner’s disease is truly a distinct entity and worthy of its own name.
 The proximal radioulnar joint is the articulation between the radial head and the radial notch (lesser sigmoid notch) of the ulna. The radioulnar joint allows for rotation of the radial head. This joint is rarely the cause of elbow symptoms in throwers.
  
 Clinical Presentation
 Patients often present to clinicians with an insidious onset of elbow pain that gradually worsens with activity. Patients typically have pain while bending or straightening the elbow.
 Mechanical symptoms may be present (popping/locking) and may indicate more advanced disease (loose body formation). The subjective complaint of stiffness is commonly reported.
 Physical examination typically demonstrates a decreased range of motion when compared to the unaffected, contralateral extremity.
 There may be a palpable effusion, crepitus, and tenderness to palpation. The location of tenderness may be sufficiently specific to point to the diagnosis. Pain at the radial head points to a diagnosis of osteochondritis dissecans of the capitellum. Pain and tenderness at the posteromedial tip of the olecranon will suggest valgus extension overload.
 When palpating the soft tissues, the flexor-pronator muscles and the MCL are the most important structures to be examined. Pain among flexor-pronator masses indicates potential medial epicondylitis from an overload of stress and subtle instability of the elbow. Generally, medial epicondylitis caused by throwing strongly suggests MCL ligament damage. Pain or instability with valgus stress suggests a sprain of the ulnar collateral ligament.
  
 Objective Evidence
 All patients with persistent elbow pain should obtain plain radiographs of the elbow in full extension, and at 90 degrees of flexion (Figure 4).
 [image: ]Figure 4: AP radiograph showing a capitellar chondral lesion. (Image courtesy https://www.researchgate.net/figure/A-14-year-old-male-baseball-player-with-a-large-capitellar-osteochondritis-dissecans_fig4_321851321) Magnetic resonance imaging is a valuable diagnostic tool in evaluating the articular surface as well as the ligaments nearby (Figure 5). These images should be scrutinized to determine if there is cartilage damage, bony collapse or loose fragments.
 [image: ]Figure 5: Coronal and sagittal MRI views of the elbow showing a displaced osteochondral fracture of the posterior capitellum (arrow) with associated marrow edema (asterisks). (Courtesy http://radsource.us/osteochondral-injury-of-the-elbow/)  
 Epidemiology
 Elbow pain is commonly seen in overhead throwing and non-throwing athletes, such as baseball pitchers, quarterbacks, volleyball and tennis players and gymnasts. The incidence of definitively diagnosed cartilage lesions (arthrosis) is low, but that may represent under-diagnosis.
 The elbow is the second most common location for osteochondritis dissecans. (Note that the elbow is a distant second: a vast majority of osteochondritis dissecans lesions are found in the medial femoral condyle of the knee.)
 Panner’s disease is more commonly seen in males, however that may be a function of social forces – namely that males are more likely to participate in throwing sports.
  
 Differential Diagnosis
 Throwing, especially frequent throwing at high velocity, can exceed the capacity of the human body, and thus elbow pain is not uncommon in those who throw frequently at high velocity.
 The differential diagnosis of elbow pain in throwing athletes includes tendonitis of the flexor/pronator tendons, sprains of the ulnar collateral ligament, irritation of the ulnar nerve, as well as articular surface pathologies described here. Stress fractures around growth plates may also produce the presenting symptoms.
  
 Red Flags
 There are no noteworthy red flag conditions.
  
 Treatment Options and Outcomes
 The first-line treatment of elbow pain in throwing athletes is rest. A short course of immobilization may help reinforce the recommendation for rest. After approximately 3-6 weeks of rest, patients can gradually return to normal activities over the next 1-2 months. Non-steroidal anti-inflammatory medication (NSAID) can be administered for pain management.
 Operative treatment is indicated for skeletally mature patients with symptomatic, unstable lesions or lesions that have failed to heal with the use of non-operative management.
 Arthroscopic micro-fracture or drilling of the capitellum with or without loose body removal has been used as a surgical treatment of osteochondritis dissecans of the elbow. In this procedure, the surgeon penetrates the subchondral bone to allow blood to reach the affected area. The bleeding stimulates the growth of fibrocartilage to fill the lesion. Cartilage transfer procedures (popularly known by its acronym, OATS, standing for “osteochondral autograft transfer system”) are another option. In this procedure, plugs of cartilage and bone are taken from a healthy area and are implanted to fill the lesion.
 Fixation of the lesion is another surgical option which is indicated for larger lesions that are partially displaced or hinged.
 Arthroscopic debridement and loose body excision is utilized for patients with unstable lesions who have catching or locking symptoms of the elbow.
 Panner’s disease is typically a self-limited condition that resolves once the epiphysis revascularizes and heals.
 Outcomes are usually good in patients as long as there are no loose bodies; the presence of such bodies suggests more advanced disease. Recurrence of loose body formation and progression to arthritis is not uncommon.
 Potential complications of treatment include elbow stiffness (especially from prolonged immobilization) and iatrogenic injury at surgery. Injury to the superficial radial, ulnar, posterior interosseous, medial antebrachial cutaneous, and anterior interosseous nerves can occur even with excellent technique. Infection is rare but possible.
  
 Risk Factors and Prevention
 The primary risk factor for developing osteochondral lesions in the elbow is overuse, especially with activities that place significant compressive forces across the elbow. Too much throwing is harmful; pitch count limits should be observed especially in young players. Learning proper mechanics may also help reduce injury. It is critical that athletes do not continue to throw in the presence of symptoms.
  
 Miscellany
 The term “little leaguer’s elbow” refers to any medial elbow injury in young throwing athletes, and may include medial epicondyle stress fractures, ulnar collateral ligament sprains or injuries to the flexor-pronator muscles.
  
 Key Terms
 Osteochondritis dissecans, Panner’s disease, osteonecrosis, loose bodies, ulnohumeral articulation, radiocapitellar joint, proximal radioulnar joint, trochlea, capitellum
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		Lateral and Medial Epicondylitis of the Elbow

								

	
				Epicondylitis of the elbow is a misnomer because it is neither primarily a disease of the epicondyle, nor is it exclusively inflammatory (as the suffix “itis” would suggest).
 Instead, epicondylitis is a condition of degenerative tendinopathy within the wrist extensor tendon (as in lateral epicondylitis) or flexor tendon (as in medial epicondylitis), tendons which originate at the elbow.
 The common term “tennis elbow” refers to lateral epicondylitis which affects the origin of the wrist extensor muscles, while the term “golfer’s elbow” refers to medial epicondylitis which affects the origin of the flexor/pronator muscles.
 Epicondylitis is an overuse injury in which the rate of tendon damage exceeds the rate of tendon repair. This disequilibrium causes pain at the elbow and, ultimately, leads to impaired function – primarily in tasks that involve a power grip and require a stable wrist joint.
 [image: ]Figure 1: Surface landmark of the lateral epicondyle and the point of origin of the wrist extensor muscles.  
 Structure and function
 Epicondylitis is an overuse injury of the wrist extensor and flexor tendons including the extensor carpi radialis brevis, flexor carpi radialis, and pronator teres.
 These muscles originate from the humerus (Figure 1) and cross the elbow joint, but their main action is at the wrist. They act at the wrist via concentric contraction (that is, shortening and changing the position of the joint), but they are also important in stabilizing the hand, wrist, and fingers, either isometrically (not moving at all) or via an eccentric contraction (actually lengthening while offering a resisting force). It is these eccentric contractions, defined as muscle contraction in one direction while another force elongates the muscle in the opposite direction, that are likely to cause microscopic tears within the tendon itself and its origin.
 Lateral epicondylitis is commonly called “tennis elbow” because it is a common injury sustained by in tennis players hitting an off-center single arm backhand. When hitting the ball, the player’s wrist extensors are active, to hold the wrist in position. When the tennis ball hits the racket, it applies a force on the wrist in the direction of flexion. This force pulls on the contracting extensor muscles and can create microscopic tears in the fibers that originate from the lateral epicondyle.
 On the lateral side the primary focus of damage is within the extensor carpi radialis brevis; on the medial side it is within the flexor carpi radialis and pronator teres origin.
 The histology of epicondylitis has been described as “angiofibroblastic hyperplasia”: namely, the presence of fibroblasts and vascular tissue, along with degenerative and torn tendon fibers. (Note that pathological specimens are obtained at the time of surgery, and surgery is, of course, reserved for only severe cases. Thus, as far as we know, “angiofibroblastic hyperplasia” may be present only in end-stage disease.)
  
 Patient presentation
 Patients with epicondylitis present with a chief complaint of pain in the elbow on the affected side, especially with grasping.
 Patients with epicondylitis often volunteer a history of repetitive forearm use, including sports involving rackets or bats, but also occupational activities such as working with tools.
 In early phases of the condition, patients experience a minor ache after extensive activity. As the disease progresses, the signs and symptoms of epicondylitis are not only more severe, but may also be present without recent activity.
 The presence of focal epicondylar pain and tenderness that is worse with provocation (stress on the wrist) is key to the physical diagnosis of epicondylitis.
 Patients with epicondylitis complain of pain localized to the elbow; however, the best physical examination maneuver to provoke pain involves manipulation of the wrist, as the affected muscles are primarily used to stabilize the wrist. This is because while the lateral structures (especially the extensor carpi radialis brevis) are active wrist extensors, they also stabilize the wrist by resisting wrist flexion (with so-called eccentric or isometric contraction).
 The importance of a stabilizing force against wrist flexion is seen dramatically in the mechanics of a tennis backhand stroke. This action requires that the wrist be held, fixed, in a neutral position despite the impulse of the ball, which, unopposed, would flex the wrist. A similar stabilizing force is employed on a routine basis in everyday grasping. Recall that the muscles of finger flexion originate on the volar surface of the forearm and cross the wrist on their journey to the phalanges. Unless these muscles are opposed by a countervailing wrist extension force, their firing will flex the wrist as well as the fingers. Put simply, in order to flex the fingers without flexing the wrist, the wrist extensor muscles must act. Repetitive grasping with the fingers therefore requires repetitive use of the wrist extensors, even if no wrist movement is produced.
 Lateral epicondylitis can be caused by routine grasping tasks because they require the use of wrist extensors.
 Symptoms of epicondylitis can be provoked on physical exam by asking the patient to hold his or her hand in maximal wrist extension, with the examiner acting against the patient to flex the wrist (Figure 2). Pain at the origin of the extensor muscles in the vicinity of the epicondyle is diagnostic. Note that the point of maximal tenderness is not at the epicondyle but is, rather, slightly distal, within the tendon itself.
 [image: ]Figure 2: Provocative examination of lateral epicondylitis.The patient is asked to actively extend the wrist against resistance; pain and tenderness near the origin of the wrist extensor muscles is a positive response.  
 objective Evidence
 Epicondylitis is, for the most part, a clinical diagnosis: tenderness, especially provocative tenderness, in a patient with an apt history, makes the diagnosis.
 An MRI (Figure 3) may show abnormal signal within the tendon at its origin, typically signifying chronic granulation tissue at the injured site. This test may also be used to exclude other conditions.
 [image: ]Figure 3: Elbow MRI with lateral epicondylitis (from radiopaedia.org http://bit.ly/1KSCmut) Similarly, an EMG may be helpful to exclude compression neuropathy. This is not 100% reliable, however. Plain radiographs may help exclude arthritis or loose bodies.
  
 Epidemiology
 The exact incidence of epicondylitis is not known, as there are mild forms of the condition that do not present for medical attention.
 In general, it is safe to assume that epicondylitis is very common and should be high on the differential diagnosis of elbow pain.
 Clinical experience suggests that medial epicondylitis is far less common than lateral epicondylitis. Moreover, the medial side of the elbow has other structures that may be the source of pain, e.g. the medial collateral ligament and the ulnar nerve. Medial epicondylitis therefore perhaps deserves a less prominent place on the “default” list of causes of medial elbow pain.
 The incidence of epicondylitis is highest in the fourth and fifth decades of life. It can be present in both older and younger patients, but like most tendinopathies, epicondylitis is mostly prevalent in middle age.
  
 Differential diagnosis
 Cubital tunnel syndrome, i.e., a compression neuropathy of the ulnar nerve at the elbow, is commonly seen in association with medial epicondylitis, but also may be seen on its own.
 Entrapment of the radial nerve in the arcade of Frohse may mimic lateral epicondylitis (this can be diagnosed by EMG, clinical examination for radial tunnel syndrome, or diagnostic injection).
 Cervical radiculopathy can also present as elbow pain: C5 or C6 nerve roots for lateral elbow pain; C8 or T1 nerve roots for medial elbow pain.
 In addition, primary pathology within the joints, including arthritis, loose bodies and synovitis, may mimic the symptoms.
  
 Red flags
 None
  
 Treatment options and outcomes
 As epicondylitis is an overuse injury, it is best treated initially by a period of relative rest. Avoiding provocative activities, assuming they can be identified and omitted, may be helpful.
 So-called “counterforce bracing” may also be helpful. This bracing involves a strap worn distal to the elbow that helps redirect force away from the origin (please see “Miscellany”, below).
 Splinting the wrist may also be helpful for this elbow pain (Figure 4). Note that the finger flexor tendons of course cross the wrist as well. As such, active finger flexion will flex the wrist unless there is a so-called isometric contraction of the wrist extensors. That is, wrist extension is needed to oppose the flexion force.  By stabilizing the wrist with a brace, the wrist extensor muscles can rest even while grasping.
 [image: ]Figure 4: A wrist splint that may ameliorate elbow pain. By holding the wrist in a stable, fixed position, the brace allows the extensor muscles to rest during grasping. (From Flickr http://bit.ly/1PaqK82) Physical therapy, especially modalities such as ultrasound and tendon glides, may be helpful.
 Cortisone injections are also an accepted mode of treatment. Cortisone’s precise mechanism of action is not known with certainty, however, it is relatively effective at minimizing pain in the short term.
 Surgical treatment of epicondylitis is reserved for severe cases. Lateral epicondylitis can be treated by excision of the chronic granulation tissue of the extensor carpi radialis brevis and subsequent repair with appropriate immobilization while the tendon heals.
 In general, patients with epicondylitis do well – especially if they interpret the pain as a signal to stop doing what is causing the pain. Pain, to the extent that it enforces a period of rest, promotes recuperation.
 Controlled studies documenting the natural history of treated and untreated epicondylitis, however, have not been performed.
  
 Risk factors
 Epicondylitis is an overuse injury that often occurs in the setting of aging. There is not much that can be done to prevent aging, of course. Patients who are entering the fourth and fifth decade of life, however, may need to modulate their activities accordingly.
 It is also worth noting that poor form and technique – and the use of poorly maintained or adjusted equipment – may increase the risk of epicondylitis. For example, playing tennis with a racket poorly matched to one’s skill and size may help inflict damage.
  
 Miscellany
 The concept of counterforce bracing (Figures 5 and 6) is similar to the capo used in a guitar, which effectively changes the “origin point” of the guitar string.
 [image: ]Figure 5: Counterforce bracing for epicondylitis. [image: ]Figure 6: The guitar capo shown in the photo (Source: Flickr http://bit.ly/1nZsni5) effectively shortens the guitar strings, just as a strap on the forearm shortens the extensor muscles. This shortening creates a new virtual point of origin (shown by the green arrow in Figure 5) and shields the proximal origin of the extensor tendons (purple arrow) and thereby allows it to rest and recover. 
 Just as a dog can have lice and fleas, a patient can have two simultaneous conditions, e.g. lateral and medial epicondylitis. This combination of tennis and golfer’s elbow has been described by Nirschl as “country club elbow.”
  
 Key terms
 epicondylitis, angiofibroblastic hyperplasia
  
 Skills
 Perform physical examination to diagnose epicondylitis.
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		Olecranon Bursitis

								

	
				Olecranon bursitis (Figure 1) is a condition in which the soft tissue overlying the olecranon at the elbow is inflamed. Inflammation of the olecranon bursa can be the result of repetitive use, direct trauma or inflammatory conditions such as gout or rheumatoid arthritis. Occasionally, fluid in the olecranon bursae can become infected – a condition that requires surgical drainage. Often, however, olecranon bursitis runs an innocuous course.
 [image: ]Figure 1: Olecranon bursitis.  
 Structure and function
 The body places bursae (the plural of “bursa”) in those areas where the normal structures must glide (e.g., the skin overlying the olecranon) to facilitate that gliding by reducing friction.
 The word “bursa” literally means “sack,” however, a healthy bursa has only a small amount of lubricating fluid within it. When bursitis is present, the inner surfaces of the bursa produce fluid, filling the bursa to become more sack-like.
  
 Patient presentation
 The hallmark of olecranon bursitis is a mass at the elbow over the olecranon.
 Tenderness, redness and warmth are classic signs, but may be absent. At times the bursa is not at all painful, unless pressure is applied.
 Olecranon bursitis can be caused by conditions such as rheumatoid arthritis or gout, and therefore the presentation may be colored by co-existing symptoms of those conditions (for example, arthrosis within the elbow itself).
 Patients on dialysis seem to be at particular risk for olecranon bursitis (for reasons that are not entirely clear).
 At times, there is a history of direct trauma to the elbow or of repetitive use. At other times there is no antecedent history at all.
 Even in cases where the bursa is not painful, pain can be produced by hyperflexing the elbow as this motion tends to increase the pressure within the bursa. Pain induced by flexion may impede full range of motion on examination.
  
 objective evidence
 Fluid from olecranon bursitis can be drained and sent for culture. Culture is the definitive test, although the Gram stain may be negative in many cases that ultimately turn out to be infectious.
 X-rays may show an olecranon spur. There may be calcification within the bursa itself. An MRI (Figure 2) can demonstrate the fluid collection but is rarely indicated.
 [image: ]Figure 2: MRI of olecranon bursitis. (From radiopaedia.org http://bit.ly/1NMuGtE)  
 Epidemiology
 The precise prevalence of olecranon bursitis is not known. It is a common condition, and therefore high (if not first) on the differential diagnosis list of painless masses around the elbow. Approximately 20-25% of cases of bursitis turn out to be infectious. Approximately 5-10% of patients on dialysis may have this condition.
  
 Differential diagnosis
 There are two levels of diagnostic thinking required: First, “Is this mass bursitis?” Second, “If this is bursitis, what caused it?” (Also, the question, “Is this bursa infected or at risk for infection?” should be kept to the forefront.)
 A mass overlying the elbow in the setting of normal radiographs (or radiographs showing only calcification within the bursa) can be considered bursitis until proven otherwise.
 The causes of bursitis can usually be deduced from the history. As noted, increased redness, warmth and tenderness (especially in an immunocompromised patient) should prompt an infection work-up.
  
 Red flags
 Bursal fluid can serve as a culture medium and easily become infected. Approximately 25% of cases of olecranon bursitis will turn out to be infectious. Septic bursitis is heralded by more redness and warmth and is much more likely to be painful with even gentle, short-arc motion (also known as “micro-motion”) of the elbow. Patients on dialysis should be suspected of having septic bursitis.
 Septic bursitis can be diagnosed definitively with an aspiration and culture. A cell count of the aspirate can be a useful clinical guide for initiating empiric treatment.
  
 Treatment options and outcomes
 The first line treatment of non-septic bursitis includes rest, compression (with ACETM wrap), ice, and NSAIDs. If infection is considered likely, aspiration should be performed and antibiotics started. If the infection does not clear after the first aspiration and appropriate antibiotics, surgical drainage may be needed.
 Also, ensuring that any underlying process that may be responsible (e.g., gout) is well controlled is a wise step.
 Minimizing the gliding across the bursa may help control the bursitis, but in general the elbow is apt to get stiff when immobilized; as such, prolonged immobilization should be avoided. Typically, immobilization with ace wrap will provide enough compression but will not completely immobilize the elbow.
 If the first line treatment is not successful, needle aspiration (Figure 3), with or without a steroid injection, can be helpful. Aspiration can be diagnostic as well as therapeutic.
 [image: ]Figure 3: Aspiration of olecranon bursitis. Note that the needle is inserted tangential to the joint to avoid penetration of the intra-articular space. Treatment of bursitis tends to be effective, yet recurrence is common. That is often the case because the inciting cause remains present, e.g., a worker continues to put pressure on the elbow, or the gout flares up again. In general, however, long-term impairment is rare.
  
 Risk factors and prevention
 People whose occupations require resting on the elbows – for example, carpet installers and gardeners – are best served with elbow pads.
 Dialysis, and immune compromise in general, are risk factors for infectious bursitis. Vigilance to ensure early detection of infection in these patients is advised.
  
 Miscellany
 The “bible” remedy used for ganglion cysts (smashing the mass with a heavy book) is a poor choice for olecranon bursitis. If nothing else, a heavy blow may create an open wound and increase the chance of infection.
 The word “bursa” is similar to the word “bursar,” the official at a university who collects the tuition – and carries it away in money sacks. The simple English word “purse” has a similar root.
  
 Key terms
 bursa, bursitis, aspiration
  
 Skills
 Recognize bursitis and associated “red flags.” Aspirate bursa under sterile conditions.
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		Disorders of the Elbow Ligaments

								

	
				The elbow joint is stabilized by the ulnar (medial) collateral ligament, the lateral collateral ligament, and the annular ligament. The ligaments provide valgus and varus stability, and allow for rotation, respectively. Additional static stability is provided by the capsule. Each of these ligaments can be injured by elbow trauma or overuse. Injuries of the ulnar collateral ligament are prevalent in overhead throwing athletes due to the high stresses on the elbow as the arm accelerates. Injuries to the lateral collateral ligament are often the result of acute high energy trauma (such as an elbow dislocation). Injuries to the annular ligament are rare, but in children under the age of 5, a sharp tug on the arm may allow the annular ligament to slide over the head of the radius and get caught in the elbow joint, a condition known as “Nursemaid’s Elbow”.
  
 Structure and Function
 The ulnar collateral ligament (Figure 1) is composed of three bundles (the anterior, posterior, and transverse) and is the primary elbow stabilizer against valgus stress. The anterior bundle is the main stabilizer of the ulna from 30 to 120 degrees of elbow motion. The posterior bundle provides stability at higher degrees of flexion. The transverse bundle is thought to have no significant role in elbow stabilization. From 0 to 30 degrees of elbow motion, the joint is stabilized by bony congruity.
 [image: ]Figure 1: Annotated x-rays showing the ligaments of the elbow. At left, is a view from the lateral side. The annular ligament is red, the lateral ulnar collateral ligament is black, and the radial collateral ligament is purple. In the center panel, an AP view with the ulnar collateral ligament in green, the annular ligament in red and the radial collateral ligament in purple is shown. In the panel at right a medial sided view is shown, with the anterior bundle of the ulnar collateral ligament in green and the posterior bundle in yellow. The transverse bundle is not shown.  (X-rays courtesy of Dr. Bruno Di Muzio, Radiopaedia.org, rID: 44153) During the acceleration phase of a pitch, the elbow extends from approximately 110 degrees of flexion to 20 degrees. This generates a very high valgus force at the elbow and can produce small tears in the ligament.
 The lateral collateral ligament is actually complex, including both a lateral radial collateral ligament and a lateral ulnar collateral ligament. The lateral ulnar collateral ligament is the primary stabilizer to varus stress. It originates on the lateral humeral epicondyle and inserts on the ulna.
 Injury to the lateral collateral ligament is most often caused by an elbow dislocation.
 As its name implies, the annular ligament forms a ring that surrounds the radial head, allowing the radius to twist relative to the ulna at the proximal radioulnar joint. This allows supination and pronation of the forearm.
  
 
 Patient Presentation
 Injury to the ulnar collateral ligament can present as acute injury (classically, with a “pop” during a single pitch, associated with pain and difficulty throwing thereafter). It may also present as a chronic condition, manifested by an aching pain and decreased performance, including loss of velocity and control (accuracy). There may also be paresthesias reported in the ring and small fingers, due to traction on the ulnar nerve.
 A focused patient history should include questions about the onset of pain, what the patient was doing when the pain started, sports played, and the frequency of participation.
 On physical exam, palpation of the ulnar collateral ligament can help identify location of injury. Tenderness over the ulnar collateral ligament is a sensitive marker, but the specificity for ulnar collateral ligament tears is low.
 [image: ]Figure 2: The examiner’s right index finger is on the patient’s ulnar collateral ligament. Medial elbow instability can be difficult to reproduce on exam, as it may be seen only with the high forces generated during throwing; the examiner’s force will not reproduce the instability.
 The valgus stress test is performed by passively placing the elbow in 30 degrees of flexion, and then externally rotating the humerus while applying a valgus stress.
 [image: ]Figure 3: The valgus stress test of the elbow. The examiner stabilizes the elbow with his or her upper hand, and then attempts to externally rotate the arm by applying a force to the wrist. This force is transmitted to the humerus via the ulnar collateral ligament and thus tests its integrity. The “milking maneuver” creates a valgus stress on the elbow, by pulling on the patient’s thumb with the forearm supinated and elbow flexed at 90 degrees. A positive test is noted by reported apprehension, though instability or pain may also be noted.
 [image: ]Figure 4: The “milking maneuver”.  Pulling down on the thumb when the elbow is supported, the forearm is supinated and elbow is flexed (as shown) creates a valgus force at the elbow. Needless to say, the examiner is the one to position the patient and apply the force. Here our talent model is performing the test on himself to demonstrate the maneuver without an examiner in front of the camera. Late manifestations of lateral collateral ligament injuries include pain and mechanical symptoms. A report of symptoms specifically with resisted elbow extension, such as pushing off arm rests to get up from a chair, suggests a deficiency of the lateral collateral ligament with possible rotatory instability.
 The physical exam is characterized by tenderness over the lateral collateral ligament, with varus instability seen on provocative testing.
 One may elicit instability with the lateral pivot-shift test. The patient is instructed to hold the forearm in a supinated position and the examiner then applies a valgus stress to the elbow and, concurrently, passively flexes the elbow. This maneuver is difficult if the patient is awake or the examiner is inexperienced. It may be simpler to ask the patient to do a push-up maneuver with the forearm supinated, as in the pushing off a chair’s armrests to arise from sitting. Pain, a sense of instability or the mere reluctance to attempt this suggest instability.
  
 Objective Evidence
 Radiographs may detect fracture (stress or acute), degenerative change, loose bodies or growth plate abnormalities. Radiographs should include AP and lateral views of the elbow; oblique views can help evaluate the olecranon osteophytes. Medial joint-line opening can demonstrate ligament failure, but stress views are not recommended, as they may worsen the condition.
 Magnetic resonance imaging can show ulnar collateral ligament tears (Figure 5) or thickening of the ligament reflecting a chronic injury. Magnetic Resonance Arthrography can help differentiate between full-thickness and partial undersurface tears. MRI often shows edema in the flexor-pronator origin in addition to the torn ligament.
 [image: ]Figure 5: The arrow points to a distal medial collateral ligament avulsion. (from https://www.dovepress.com/article_metric.php?article_id=40434) Magnetic Resonance Imaging is less effective for lateral collateral ligament tears; this diagnosis is made by history and physical examination, and may require examination under anesthesia for confirmation.
  
 Epidemiology
 Ulnar collateral ligament injuries can occur in individuals who routinely play sports that involve an overhead throwing motion including cricket, javelin, tennis or volleyball. It is commonly associated with professional American Baseball pitchers. More recent observational studies report a high incidence of injury in high-school-age-pitchers. A 5-year report from the NCAA Injury Surveillance Program reports overall incidence of ulnar collateral ligament injury to be 1.12 per 10,000 athletic exposures (N=20) with 85% of injury occurring during throwing.
 Lateral collateral ligament injuries are rare.
  
 Differential Diagnosis
 The differential diagnosis for medial elbow pain (and generalized decline in pitching performance) includes medial epicondylitis, flexor-pronator injuries, ulnar neuropathy, apophysitis, posteromedial osteophytes, and stress fracture of the ulna.
  
 Red Flags
 Subtle complaints of ulnar collateral ligament dysfunction without any overt findings on exam may be considered a “red flag” for impending injury, especially if the symptoms are not respected and the patient (often a throwing athlete) continues to engage in provocative activities.
  
 Treatment Options and Outcomes
 Young athletes with a partial tear of the ulnar collateral ligament are advised to not throw for four to six weeks. Thereafter, they should start a rehabilitation process that involves pitching mechanics, shoulder kinematics, and core, lower extremity, and upper extremity strengthening. Once the patient is pain free and kinetic deficits of the pitching mechanics have been addressed, the patient is gradually integrated into a throwing program.
 The efficacy of platelet rich plasma injections has not been established.
 Corticosteroid injections are not recommended because they may weaken the ligaments.
 Surgical management of ulnar collateral ligament tears is reserved for high level throwing athletes with symptomatic instability. Direct repair of the ligament is not typically performed. Reconstruction of the ulnar collateral ligament is often performed with autograft from the ipsilateral palmaris longus (though only 85% of people have a palmaris longus muscle, and among those who do, the tendon may be too short. In those cases, reconstruction is performed with gracilis tendon graft.) Return to competitive throwing occurs 10 to 14 months post-operatively.
 Acute care treatment of lateral collateral ligament injuries is dictated by the treatment of the elbow dislocation that is often its cause.
 Chronic lateral collateral ligament deficiency is initially treated with bracing, strengthening, and activity modification. Failing that, reconstruction with a graft may be needed.
 Reconstruction of the ulnar collateral ligament appears to be highly effective. Return to an equal or higher level of play has been reported to be as high as 90%. A 2014 study of 41 professional baseball pitchers reported no significant differences in pitch velocity and common performance measurements between players who returned to play after ulnar collateral ligament reconstruction and pair-matched controls. (It is not clear to what extent the one-year hiatus and rehabilitation plays in this.)
 Surgery for chronic lateral collateral ligament deficiency is likewise effective: the recurrence rate for instability is less than 10%.
  
 Risk Factors and Prevention
 Risk factors for ulnar collateral ligament injury include overuse of overhead throwing, particularly in youth pitchers. Recent trends amongst youth athletes have transformed baseball into more of a year-round sport. An epidemiology study from the American Sports Medicine Institute notes that pitch count is correlated with elbow and shoulder pain in pitchers. Youth pitchers should be limited to under 100 innings pitched per calendar year as risk of serious injury is 3.5 times greater above this limit. Limiting pitch count and not pitching year-round is probably more important than avoiding certain pitch type (fastballs vs curveballs, etc.).
  
 Miscellany
 Reconstruction of the ulnar collateral ligament was first performed in 1974. This surgery was performed by Dr. Frank Jobe on an American professional baseball player named Tommy John. These days, the procedure is known by many as “Tommy John Surgery”.
  
 Key Terms
 ulnar collateral ligament of the elbow, lateral collateral ligament, varus and valgus stress test of the elbow, milking maneuver, ulnar collateral Tommy John Surgery, ulnar collateral ligament reconstruction
  
 Skills
 Recognizing collateral ligament disorders on examination and imaging.
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		Radial Head Fractures

								

	
				Radial head fractures are the most common type of elbow fractures in adults. Perhaps counter-intuitively, fractures of the radial head (which is part of the elbow) typically occur after a fall on an outstretched hand. The impact from the fall drives the radius proximally into the humerus, causing an injury at the elbow.
  
 Structure and Function
 The radial head articulates with both the capitellum of the humerus and the ulna. The radial head is concave, matching the convex surface of the capitellum of the humerus (Figure 2). The radial head translates on the capitellum during elbow flexion-extension, and pivots on the capitellum during supination-pronation. Just distal to the radial head lies the annular ligament, which holds the radius to the ulna. This ligament holds the radius as it rotates, but also allows for some translation as well. (The central axis of the radius is not perfectly cylindrical, and thus during pronation, the radius must be able to translate a bit as well). The radial head also ultimately connects to the carpus, as it is the base on which the radius itself is supported. In particular, loss of the radial head may cause wrist symptoms, as such loss may cause proximal migration of the radius with additional load now placed on the proximal ulna.
 [image: ]Figure 1: Radiograph of a normal elbow, left, with annotation on right showing the radius (yellow) articulating with the capitellum of the humerus (green). (Modified from Wikipedia http://bit.ly/203iaNm)  
 Patient presentation
 Patients with an injury to the radial head typically present with a history of a fall on an outstretched hand, or, following higher energy trauma and elbow dislocation. Pain, effusion over the elbow, and limited range of motion at the elbow and forearm are common symptoms. There is typically localized tenderness over the radial head on palpation; passive rotation of the forearm is also painful.
 Intra-articular bleeding from the fracture may produce a palpable effusion. Aspiration of the effusion may assist with diagnosis and provide pain relief, thereby allowing faster and more effective rehabilitation.
  
 objective evidence
 Radiographs must be obtained in the case of suspected elbow fracture; standard anteroposterior (AP) and lateral films of the elbow and of the wrist usually suffice. The distal radio-ulnar joint should be assessed on the lateral film for dislocation. A fracture of the radial head with concomitant dislocation of the distal radio-ulnar joint is called an “Essex-Lopresti fracture.”
 Oblique views with the forearm in neutral rotation, so-called Greenspan views, show the radiocapitellar articulation and may be useful in the case of a suspected fracture that is not visible on AP or lateral films. Additionally, a positive fat pad sign on a lateral view indicates fluid in the joint, which in the acute setting is usually blood suggestive of a fracture (Figure 2).
 [image: ]Figure 2: Anterior fat pad, annotated in yellow on right. CT scanning may be used for preoperative planning, especially in the case of fragment displacement or comminution.
 MRI may be used to assess for possible osteochondral injuries of either the radial head itself or, more commonly, of the capitellum. (This is usually reserved for patients with persistent pain after a period of immobilization.)
 Although radial head fractures are not typically associated with osteoporosis, it may be prudent to assess bone density in middle-aged women who present with radial head fracture.
  
 Epidemiology
 One-third of all elbow fractures involve the radial head. The male-female ratio roughly 1:1. Men who sustain radial head fractures tend to be younger than women with the same fracture. That may be because men usually have a high-energy mechanism of injury such as a fall from height or sports injury, whereas women, who tend to have lower-energy injuries, sustain the fracture due to inherent bone fragility.
  
 Differential diagnosis
 Associated injuries, which should be ruled out when a radial head fracture is suspected or confirmed, include fractures of the capitellum, fractures of the distal radius, dislocation of the distal radio-ulnar joint (the so-called Essex-Lopresti fracture), rupture of the medial collateral ligament (MCL) causing valgus instability, rupture of the triceps tendon, and elbow dislocation. Radial head fractures are known to present in combination with MCL ruptures and coronoid process fractures, a constellation known as the “terrible triad.”
  
 Red flags
 Limited range of motion of the elbow may be due to a hemarthrosis (which should be aspirated to allow evaluation of passive range of motion as well as for pain relief) but this limitation could also reflect a displaced fragment.
 As noted above, the same mechanism that causes a radial head fracture (a fall on the outstretched hand, typically) can also cause other injuries at the elbow, including humeral fractures, medial collateral ligament sprains, or even triceps ruptures (akin to a quad tendon rupture). As such, a radial head fracture seen on radiograph is itself a “red flag” for an associated injury at the elbow and wrist. Therefore, the clinician must be sure that radiographs visualize both elbow and wrist joints.
 A fracture from what appears to be a low-energy mechanism in an elderly woman may suggest osteoporosis.
  
 Treatment options and outcomes
 The goals of treatment are to correct any inhibition of forearm rotation, to restore stability of the elbow and forearm, and to allow early motion.
 The Mason classification of radial head fractures is useful for determining treatment options.
 A Mason Type 1 fracture is a nondisplaced fracture with no mechanical blockage to forearm rotation (Figure 3). These fractures can be treated with a sling and early motion after 24-72 hours (indeed, as soon after injury as discomfort subsides). Aspiration of hemarthrosis in the radiocapitellar joint with local injection of anesthetic can relieve pain and aid in early motion. Sometimes a long arm splint for a few days is helpful for pain relief.
 [image: ]Figure 3: Radiograph of Mason Type 1 radial head fracture (fracture line shown in green). (from radiopaedia http://bit.ly/1Q7URwP) If there is mild displacement, angulation, impaction, or depression of the fracture (but still no mechanical block to forearm rotation), the fracture is a Type 2. These fractures typically do best if fixed surgically. The type of internal fixation will vary depending on fracture pattern and extent. Screws may be sufficient for a partial articular fracture, whereas a plate may be required for fractures that extend into the radial neck. Surgical fixation works best if the fracture has 3 or fewer articular fragments; if there are 4 or more, even though the fracture is still “type 2,” excision and not fixation may be needed.
 Fractures with significant displacement, angulation, impaction, or depression, or with mechanical blockage are classified as Type 3. For most of these, radial head excision with prosthetic replacement is recommended.
 Radial head excision alone, without placement of a prosthetic head, obviates the need to wait for bone healing, but may lead to symptomatic proximal migration of the radius. The interosseous ligament between the radius and ulna may prevent some migration, but the absent “base” to the radius may make such migration inevitable.
 A Mason Type 4 is a radial head fracture with an elbow dislocation and care is directed first at restoring the joint: patients with this injury should be sent to the Emergency Ward for urgent care.
 Stiffness or contracture may occur secondary to prolonged immobilization of the elbow; therefore, it is essential to start active motion as early as possible. Pain, swelling, and inflammation may be hindering motion and should be investigated further for unrecognized injury. A supervised therapy program may maximize outcomes.
 Chronic wrist pain may be the result of an unrecognized injury to the distal radio-ulnar joint (DRUJ), interosseous ligament, or triangular fibrocartilage complex (TFCC).
 The posterior interosseous nerve (PIN) is vulnerable to injury during operative treatment. PIN neuropathy is a motor syndrome that results in wrist and finger drop.
 Proximal radial migration may occur after radial head excision in the case of unrecognized unstable fracture-dislocations such as an Essex-Lopresti injury. (This migration, it should be noted, will occur only if there is a lesion of the interosseous membrane as well.)
 Other possible complications include malunion, non-union, avascular necrosis, heterotopic bone formation, complex regional pain syndrome, and posttraumatic radio-capitellar osteoarthritis.
  
 Risk factors and prevention
 The link between osteoporosis and radial head fractures is still being investigated. The fact that women over 50 years old tend to sustain radial head fractures in low-velocity falls is suggestive of a correlation with osteoporosis. If a strong correlation does exist, women over 50 should be offered screening for osteoporosis to prevent osteoporotic fractures.
  
 Miscellany
 In one study by Duckworth, et al., a trend was observed toward increased incidence of radial head fractures in patients with a lower socioeconomic status.
 Note that the radial head and neck are located in the proximal forearm, at a point a lay person might identify as the “foot” of the bone.
  
 Key terms
 radial head fracture, elbow, fracture-dislocation, stability, early range of motion
  
 Skills
 Recognition and description of radial head fractures on radiographs.
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		Ulnar and Radial Shaft Fractures

								

	
				In adults, simultaneous fractures of the shaft of the ulna and radius (the so-called “both bone fractures”) are most often the consequence of a direct blow to the forearm or other high energy mechanisms. In the adult, these injuries usually require surgical fixation. By contrast, these injuries in the pediatric population result from simple falls and other lower energy mechanisms. In children, ulnar and radial shaft fractures are amenable to casting. Imperfect healing can lead to loss of pronation and supination of the hand.
  
 Structure and function
 The human forearm is comprised of two bones: the ulna, medially, and the radius, laterally. Bridging the ulna and radius is an interosseous membrane that transmits forces from ulna to radius and vice versa. The forearm flexes and extends at the elbow, with the articulation of the ulna with humerus at the trochlear notch. The head of the radius also articulates with the humerus at the capitellum, allowing the forearm to pronate and supinate. Pronation and supination also require an intact distal radial ulnar joint.
 The median, ulnar, and radial nerves course along the forearm, along with the radial and ulnar arteries. The ulnar and radial nerves are located most medially and laterally, respectively, thus they are most susceptible to damage with fracture of the shaft of their adjacent bones.
 The extrinsic muscles of the hand originate in the forearm (and elbow) and therefore forearm fractures, if not treated properly, can also lead to hand dysfunction.
 The course of the muscles, likewise, may create deforming forces on the injured bones: for example, the flexor muscles of the fingers and wrist tend to produce dorsal bowing of the radius and ulna, by flexing distal fragments.
  
 Patient presentation
 Patients with fractures of the shaft of the ulna and radius present following trauma with pain in the forearm, at time with gross deformity.
 Radiographs allow full characterization of the injury. Care must be taken to fully visualize the wrist and elbow joints.
 Greenstick Fractures
 Pediatric fractures can be complete (involving a through-and-through break of the bone) or so-called “greenstick fractures,” a break on one surface of the bone that does not extend to the other side. This configuration occurs in children because, compared to adult bone, pediatric bone tends to be softer and more prone incompletely breakage (much like the branches of a living tree, hence the name “greenstick”).
 [image: ]Figure 1: X-ray of a greenstick fracture. (from wikimedia.org http://bit.ly/1nTfTsC) Galeazzi Fracture
 A radial shaft fracture with distal radial ulnar joint (DRUJ) instability is known by its eponym, the “Galeazzi fracture.” A patient with a Galeazzi fracture will present not only with pain in the forearm where the radius is broken, but also swelling, tenderness, and pain at the wrist where there is a dislocation of the distal radioulnar joint.
 Ulnar shaft fractures are most often caused by a direct blow to the border of the ulna on the medial forearm. It can occur when the ulnar border is exposed, such as upon raising the arm in defense (the so-called “night stick fracture”). The patient will usually experience pain and show signs of point tenderness in the ulnar region of the forearm. Swelling will likely be present in the forearm.
 [image: ]Figure 2: X-rays of a Galeazzi fracture. (From wikipedia http://bit.ly/1Q7URwP) Monteggia Fractures
 “Monteggia fractures” are injuries to the proximal third of the ulna associated with a dislocation of the head of the radius. It is rare for a fracture to the proximal one-third of the ulna to occur alone. As a result, it is always imperative to do a full work-up of both the ulna and radius to assess whether the radius, especially the radial head, is injured.
 Damage to the posterior interosseous nerve may occur with a Monteggia fracture; it is therefore important to assess this nerve by checking the patient’s ability to extend the hand at the wrist.
 [image: ]Figure 3: X-ray of a Monteggia fracture. (from wikipedia http://bit.ly/1L4s4ro)  
 objective evidence
 
 Patients with forearm fractures should have the following information collected and documented:
 	status of the skin and soft tissues
 	range of motion of the wrist and elbow
 	gross alignment of the limb
 	congruity of the elbow and wrist joints on x-ray
 	status of nerves: radial (including posterior interosseous), median (including anterior interosseous), and ulnar (Figure 4)
 	perfusion status of hand
 
 [image: ]Figure 4: Demonstration of normal anterior interosseous nerve (AIN) and abnormal AIN function (right). In the figure at the right, the IP joint of the thumb and the DIP joint of the index finger will not flex normally when the AIN is injured. When the AIN is injured the flexor pollicis longus and flexor digitorum profundus do not work and thus the patient cannot make an “OK” sign.  
 Epidemiology
 Fractures of the ulnar and radial shaft can occur across all age groups but are most common in children. Indeed, mid-shaft forearm fractures are among the most common type of fracture in children. This type of injury is most often the consequence of direct trauma, frequently from a fall on an outstretched hand from a large height.
 Other populations at risk are adults or children involved in events such as traffic accidents and sports injuries, commonly from mountain biking and skating. Osteoporosis, mostly occurring in postmenopausal women, is commonly associated with forearm fractures, although fractures in this population are most often present in the distal forearm near the wrist.
  
 Differential diagnosis
 A forearm shaft fracture should be readily diagnosed from radiography. As such, there is no “differential” diagnosis list, per se; the question is either about what other injuries may be present, or whether the fracture was caused by some underlying abnormality such as osteoporosis.
 Additional injuries that may be seen with Monteggia fractures, for example, include possible olecranon fracture-dislocation; radial head or coronoid fractures, or lateral collateral ligament injury.
 Secondary injuries include not only damage to the elbow or wrist, but otherwise more distal unrelated injuries simply sustained at the same time.
 Osteoporosis should be considered if the mechanism of injury suggests particularly low energy.
 Fractures through a pre-existing lesion (a so-called “pathological fracture,” for example, one occurring in a bone with a tumor or Paget’s disease) are rare but possible.
  
 Red flags
 Radiographs that are too narrowly focused, i.e., do not visualize the elbow and wrist, may lead to missed diagnoses involving those excluded regions.
 Both bone fractures can be complicated by acute compartment syndrome of the forearm; this is rare but possible. Signs suggesting compartment syndrome are pain on extension of digits and marked edema. The phrase “pain out of proportion to the injury” is difficult to apply when there is a broken bone, but in general, immobilizing a fracture should reduce the patient’s distress; if it does not, compartment syndrome should be explicitly ruled out by measuring compartment pressures.
 Pediatric both-bone fractures, though commonly seen after accidental trauma, may also be the product of child abuse. Careful attention should be paid to the history given by the parents, (obtained from each separately, if abuse is suspected).
  
 Treatment options and outcomes
 Displaced and unstable ulnar fractures in adults should be treated operatively. Even non-displaced radial fractures are usually treated with surgery. (Pediatric fractures at times can be treated with closed reduction and casting.)
 Monteggia fractures require open reduction and internal fixation of the ulnar shaft fracture. If this procedure fails to reduce the radial head, then that too must be opened and reduced.
 Most fractures heal if adequately reduced.
 Even subtle malalignment can impede pronation and supination.
 Most cases of neuropathy (in the absence of compartment syndrome) tend to resolve with rest.
  
 Risk factors and prevention
 Beyond giving trite advice (“Don’t drink and drive. Stay out of fights. Don’t fall.”) there is not much physicians can do to prevent these injuries. The key “prevention” step is to prevent complications by not missing associated injuries at the time of initial presentation.
  
 Miscellany
 Although two fractures of the forearm are named after Italian surgeons from Milan, their contribution did not reflect a golden age of orthopaedic surgery in that city. In fact, they were not contemporaries: Giovanni Battista Monteggia died in 1815, more than a half-century before Ricardo Galeazzi was born in 1866.
  
 Key terms
 Greenstick fracture, Galeazzi fracture, Monteggia fracture
  
 Skills
 Recognize and describe fracture patterns on plain radiographs. Assess the neurological function with a patient following fracture. Predict the deforming forces that muscles exert on fractures.
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		Distal Radius (Colles) Fractures

								

	
				Fractures of the distal radius are common. Fractures of the distal radius are often sustained after a fall on the out-stretched hand and are often associated with osteoporosis. Distal radius fractures are frequently accompanied by fractures of the ulnar styloid (with possible injury to the cartilage attached to it) or with injuries to the wrist ligaments. Associated injuries to the nearby cartilage and ligaments are also frequently seen. The eponym “Colles’ fracture” has been used to describe all distal radius fractures, though that name refers specifically to fractures that are angulated dorsally.
 [image: ]Figure 1: Colles fracture. (From radiopaedia.org http://bit.ly/1P0PjGJ)  
 Structure and function
 The distal radius forms the proximal side of the wrist joint. There, the radius articulates with the proximal row of carpal bones (allowing flexion and extension); it also articulates with the distal ulna (creating a joint for pronation and supination).
 The distal ulna attaches to a meniscus-like structure, the triangular fibrocartilage discus, which can be torn with wrist fractures.
 On the lateral side of the radius is a styloid process, onto which the brachioradialis inserts and from which the radial collateral ligament of the wrist originates.
 At the distal metaphysis of the radius, the cortex of the bone is thinner than the bone proximal and distal, and the relative amount of cancellous bone increases. The distal metaphysis of the radius is therefore a relative weak point. This makes fractures more likely, especially in patients with decreased bone mineral density.
  
 Patient presentation
 A patient with a fracture of the distal metaphysis of the radius typically describes falling on an outstretched hand or sustaining a direct blow to the wrist. He or she will complain of wrist pain and swelling.
 The deformity that results from the Colles’ fracture is described as a “dinner fork” deformity because of depression at the fracture site, dorsal angulation, and dorsal displacement of the distal radius.
 History-taking should focus on the mechanism of injury and amount of energy involved. This information can alert the clinician to the presence of associated injuries (in the case of high energy mechanisms, such as motor vehicle accidents) or the presence of osteoporosis (in the case of low energy mechanisms, such as a fall from a standing height).
 Physical examination (and imaging) should assess for the following:
 	An open wound
 	Acute carpal tunnel syndrome (characterized by weakness or loss of thumb or index finger flexion, tingling [“paresethesia”] or alterations of sensation in the median distribution)
 	Vascular injury (which is rare)
 	Injury to the elbow
 	Injury to the ulnar side of the wrist
 	Injury to the carpal bones
 
 (The latter three should remind you of the rule “Always assess the joints above and below the known injury.”)
  
 Objective evidence
 PA, lateral, and oblique radiographs of the distal radius that include the carpal bones should be obtained. All three radiographs should be examined for a loss of normal anatomy, disruption of the articular surface, involvement of the distal radio-ulnar and radiocarpal joints, and evidence of comminution.
 PA radiographs allow for evaluation of the integrity of the distal radio-ulnar joint, the radiocarpal joint, the proximal carpal row, and the radial and ulnar styloid processes.
 Three measurements on PA films allow for characterization of the injury: radial height, radial inclination, and palmar (volar) tilt
 Radial height is the distance between two parallel lines perpendicular to the long axis of the radius. The first line is drawn tangential to the distal tip of the radial styloid and the second tangential to the distal ulna, (Figure 2). Normal radial height is approximately 12 mm and is decreased in distal radius fractures.
 [image: ]Figure 2: Assessment of radial height (In this x-ray, the articular surfaces of the distal ulna and radius lie on the same line, so-called “neutral” ulnar variance. When ulna projects more distally to the radius, ulnar variance is said to be “positive”.) Radial inclination is the angle between one line drawn perpendicular to the long axis of the radius and a second drawn from the distal tip of the radial styloid to the ulna, (Figure 3). Radial inclination ranges from approximately 20 to 25 degrees and is decreased in distal radius fractures.
 [image: ]Figure 3: Assessment of radial inclination. Palmar tilt is measured from lateral radiographs. Palmar tilt is the angle formed between a first line drawn perpendicular to the long axis of the radius and a second line connecting the palmar and dorsal edges of radius, (Figure 4). In the fracture shown above, the tilt is actually in the dorsal direction.
 [image: ]Figure 4: Loss of palmar tilt. 
  
 Epidemiology
 Distal radius fractures are one of the most common fractures of the upper extremity, and therefore, represent a large proportion of fractures seen by Primary Care physicians and Emergency Medicine physicians. Distal radius fractures have a bimodal distribution: one peak in the 18-25 year old age group and another in the 65 and older age group. In younger people, high energy injuries are more common, such as those from motor vehicle collisions, motorcycle collisions, sports, or falls from an extended height. In older people, distal radius fractures are typically lower energy injuries, i.e. from a simple fall on outstretched hand from standing height or lower. These are categorized as “fragility fractures” meaning that weakness of the bone contributes to the cause.
  
 Differential diagnosis
 Distal radius fractures are detected on imaging. The classification of these fractures should consider whether they are intra- vs extra-articular; displaced vs non-displaced; comminuted or not; open or closed (i.e. skin broken or not); and whether there are associated injuries.
 Concomitant injuries must be excluded, including shoulder, elbow and neurovascular injuries. Scaphoid fractures, scapholunate ligament injury, and fractures of the ulnar styloid process are injuries associated with distal radius fractures, given their anatomic proximity to the distal radius. Tenderness in the anatomical snuffbox is suggestive of scaphoid fracture.
  
 Red flags
 An isolated and non-complicated low energy fracture is itself a red flag: it may reflect previously undetected osteoporosis or other metabolic bone disease. Treatment of the fracture without consideration of the source of fragility is, to say the least, a missed opportunity.
 Pain proximal to the wrist suggests the presence of an injury proximal to the wrist. Regardless, radiographs must include the elbow joint, even without proximal pain.
 Acute carpal tunnel syndrome may develop following a fracture of the distal radius. Clinical findings specific to an acute carpal tunnel syndrome are weakness or loss of thumb or index finger flexion. A sensory finding in median nerve distribution is not specific to acute carpal tunnel syndrome as it may be caused by a median nerve contusion at the time of injury or reduction. Discerning between the two is a difficult one (theoretically, a contusion should have immediate sensory findings which do not get worse over time, whereas acute carpal tunnel syndrome is more likely to have progressive weakness).
  
 Treatment options and outcomes
 The goal of treatment is to create the biological and mechanical environment that promotes bone healing and restores maximal function. The goal of completely restoring the wrist to its pre-injury state is often beyond reach.
 Non-Operative
 Many fractures of the distal radius can be treated without surgery. Nonsurgical treatment is usually indicated for non-displaced or minimally displace fractures.
 Acutely, non-displaced or minimally displaced fractures can be treated with a sugar tong splint. Upon examination 5 to 7 days after initial treatment, the splint can be exchanged for a short arm cast. Immobilization for 6-8 weeks usually suffices; though radiographic healing and clinical exam dictate the length of treatment. A new cast may be required mid-way through treatment if atrophy of the forearm renders the initial cast too loose.
 Displaced extra-articular fractures of the distal radius should be reduced (that is, manually placed in a position of normal anatomy). If proper alignment can be attained and held, these originally-displaced fractures can usually be treated as if they were non-displaced from the start, though patients may need to remain in the splint for a longer duration as the swelling subsides.
 Operative
 Surgical treatment of fractures of the distal radius is indicated when these fractures are largely displaced, reduced but unstable, irreducible, comminuted, or involving the distal radio-ulnar joint or radiocarpal joint.
 Options for surgical treatment of distal radius fractures include percutaneous pinning, external fixation, or plating (Figure 5). The choice of surgical treatment varies considerably among patients, surgeons, institutions, and nations; no single surgical method has been uniformly proven to be superior to others.
 If a displaced fracture of the distal radius is left untreated, the resulting deformity will leave the person with dorsal angulation, limited supination, and a weak grip. Malunion of the fracture site is associated with wrist pain and rupture of the extensor pollicis longus tendon.
 Rupture of the extensor pollicis longus tendon can result from the tendon repeatedly moving across the fracture site (or surgical hardware).
 Even well-treated injuries may resolve with objective deficits including loss of motion and radiographic evidence of arthrosis; these may be a consequence of the original injury and damage to the articular surface.
 Elderly patients with low demands can typically return to baseline activities of daily living even with less than full motion or arthrosis.
 [image: ]Figure 5: Fixation of a Colles’ fracture with a plate.  
 Risk factors and prevention
 In younger patients with high energy mechanisms of injury, distal radius fractures typically occur from motor vehicle accidents or sports trauma. Wrist guards and elbow pads can prevent upper extremity injuries in many sports, including inline skating and snowboarding.
 Decreased bone mineral density (typically from osteoporosis) is a risk factor for distal radius fractures. Therefore, prevention of distal radius fractures in older people should focus on prevention of osteoporosis and risk factor reduction. Clinicians should encourage adequate calcium and vitamin D intake, initiation of weight-bearing exercise, cessation of smoking, and moderation of alcohol intake.
 Evaluation for osteoporosis is part of the treatment in an older patient with a distal radius fracture and low energy mechanism of injury. The following lab tests should be obtained to evaluate for secondary causes of osteoporosis: complete blood count, complete metabolic panel (including calcium and phosphorus, parathyroid hormone levels, and testosterone for males), thyroid stimulating hormone level, 25-hydroxyvitamin D level, and alkaline phosphatase. Serum calcium, phosphate, and alkaline phosphatase are normal in a patient with osteoporosis, but alkaline phosphatase may be elevated for months after a fracture.
 Additionally, a dual energy x-ray absorptiometry (DEXA) scan of the vertebral bodies and femur can be ordered to evaluate the patient’s bone mineral density and screen for osteoporosis. Initiation of treatment may prevent a subsequent fragility fracture.
  
 Miscellany
 Eponyms about fracture of the distal radius.
 	A Colles’ fracture, though at times used imprecisely to refer to all distal radius fractures, is the term for a transverse, dorsally displaced and angulated distal radius fracture about one inch proximal to the wrist. It is named for Abraham Colles, an Irish surgeon.
 	A Smith’s fracture is a fracture of the distal radius with volar (palmar) displacement of the hand and wrist distal to the fracture. Based on this configuration, it can be thought of as a “reverse Colles’ fracture.” It is named after Robert William Smith, who followed Abraham Colles’ as professor of surgery at Trinity College in Dublin.
 	A Barton’s fracture is an intra-articular fracture of the distal radius with dislocation of the radiocarpal joint, either in the volar or dorsal direction. It was described by John Rhea Barton, a surgeon at Pennsylvania Hospital in Philadelphia.
 	The chauffeur’s fracture is a fracture of the radial styloid process caused by a blow to the hand which compresses the carpus into the styloid process. This is a rare eponym that is not capitalized, as it refers to an occupation, not a person: years ago, when cars were started by a crank, back-firing could cause the starter crank to hit a chauffeur’s palm and in turn break the styloid
 
  
 Key terms
 distal radius fracture, Colles’ fracture, radial styloid, osteoporosis, carpal tunnel syndrome, fragility fracture, ulnar styloid.
  
 Skills
 Assess radiographs and describe the pattern of injury. Recognize fractures associated with osteoporosis and initiate a workup for it. Be able to counsel a patient on lifestyle modifications that prevent osteoporosis. Be able to apply a sugar tong splint or short arm cast to patient with a fracture of the distal radius.
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		Metacarpal Fractures

								

	
				The metacarpals are essential for hand function. Fractures to these bones may affect hand strength and motion, inhibiting the ability to grip and hold objects. Fractures are often the result of high-energy impact, likely seen in athletics, trauma and work injuries. These fractures often can be treated with immobilization and have a good prognosis.
  
 Structure and function
 The metacarpals consist of five tubular bones that articulate proximally with the carpus and distally with the phalanges (Figure 1). From radial to ulnar, the bones are numbered one (thumb) through five (small finger) and consist of a shaft, base, and head.
 [image: ]Figure 1: The 5 metacarpal bones are shown in red. 
 The metacarpal base is cuboidal in shape, and ligaments provide articulations between the metacarpal bones and the carpus at the carpometacarpal (“CMC”) joint.
 The body (or shaft) of the metacarpal is concave with respect to the palmar surface. There is a medial, lateral, and dorsal surface on the metacarpal shaft. The medial and lateral surfaces provide attachment for the interossei muscles. This attachment, along with the extensor and flexor muscles crossing (but not attaching to the metacarpal), produces the main deforming force that may displace shaft fractures. The extensor tendons lie atop the flat dorsum of the metacarpal shaft.
 The metacarpal neck lies just proximal to the head, distal to the shaft.
 The metacarpal head articulates with the proximal phalanx of each finger, with tubercles on each side providing attachment for the collateral ligaments. The dorsum of the head accommodates the extensor tendons while the palmar surface has a ridge for the flexor tendons. The head of the metacarpal receives its own blood supply from the collateral ligaments; this arrangement predisposes the head to possible avascular necrosis with a ligament injury, as the ligament injury may disrupt perfusion.
 The first metacarpal is shorter and wider than the other metacarpals and has a more extreme angulation with the carpus. The second and third metacarpals are more rigidly fixed upon the corresponding carpal bones than the fourth and fifth metacarpals. The looser attachments of the fourth and fifth metacarpals allow them to oppose the thumb.
  
 Patient presentation
 Metacarpal fractures usually occur after a fistfight, car accident, or fall. At times, a crush mechanism is responsible. Findings include pain (most intense over fracture site), edema, a shortened finger or finger deformity (such as depressed or missing knuckle), and bruising.
 Physical examination of the hand may reveal deformities, decreased grip strength, and possible finger misalignment. In a normal flexed hand, the fingertips should align and point towards the scaphoid tubercle on the radial volar aspect of the wrist. Range of motion tests should be conducted, and the hand should be assessed for sensory changes to determine possible nerve damage.
 Fractures within each of the four regions of the metacarpal bone – base (Figure 2), shaft (Figure 3), neck, and head – are considered distinctly.
 Metacarpal base fractures usually occur as a result of significant axial load to a flexed hand as seen in clenched fist injuries.
 [image: ]Figure 2: Fracture of the base of the 5th metacarpal. Soft tissue swelling, denoted by the arrow, is perhaps a more obvious finding than the fracture itself. To the right, a close-up view of the base of the metacarpal shows the fracture line, outlined in red in the image below. (From radiopaedia.org http://bit.ly/1Sykv2o) Shaft fractures are most frequently the result of direct trauma, axial loading, or twisting injury. These present respectively as transverse fractures (with comminution at times) and spiral fractures. The pull of the interossei muscles and flexor tendons can deform shaft fractures leading to metacarpal shortening or angulation.
 [image: ]Figure 3: Fracture of the shaft of the 5th metacarpal. (From Radiopaedia.org http://bit.ly/1UDuqCY) Metacarpal neck fractures are the most common type of metacarpal fracture. Such a fracture seen in the 5th (or rarely, the 4th) metacarpal neck is called a “boxer’s fracture” (Figure 4). Metacarpal head fractures are rare and usually require surgical intervention.
 [image: ]Figure 4: Boxer’s fracture, i.e., a fracture of the neck of the 5th metacarpal. (From radiopaedia.org http://bit.ly/1PMHFwG). First metacarpal (thumb) fractures are uncommon. However, these fractures deserve special attention. A notable thumb injury is the Bennett’s fracture (Figure 5), a partial articular fracture of the first metacarpal base. This fracture results in shortening and deformation of the thumb, due to lack of support from the bone and shear pull from the abductor pollicis longus.
 [image: ]Figure 5: Bennett’s fracture. (modified from radiopaedia.org http://bit.ly/1nIFmVG) Another notable thumb injury is the Rolando’s fracture (Figure 6), one with T or Y shaped intra-articular fracture line at the base of the thumb metacarpal. This fracture is similar to the Bennett’s fracture, but with more comminution and shortening; it is, therefore, a more severe injury.
 [image: ]Figure 6: Rolando’s fracture. (From wikiradiography.com http://bit.ly/1nZtcaM) 
 Thumb metacarpal shaft fractures are treated similarly to the other four metacarpals.
  
 objective evidence
 The following three X-ray views should be obtained in order to confirm a metacarpal fracture: posteroanterior (PA), oblique, and lateral. If a metacarpal head fracture is suspected but not seen well, special views (e.g., Brewerton view, in which the patient’s hand is flexed at the metacarpophalangeal joint to 65 degrees) or CT scanning may be helpful.
  
 Epidemiology
 Metacarpal fractures represent 10% of all fractures, and there is a lifetime incidence rate of 2.5%. The fifth metacarpal is fractured most frequently and accounts for one-fourth of all metacarpal fractures. Most of these fractures occur in the young, active, or working population and consequently result in a significant loss of revenue and work time each year.
  
 Differential diagnosis
 The differential diagnosis of metacarpal fractures can be thought of as “bad,” “not so bad,” and “very bad.” A non-displaced shaft fracture may be “not so bad;” an angulated fracture sustained by punching a fellow in the face, with a resultant open wound could easily be “very bad.” To sort that out, the following features of the injury must be delineated:
 	The location of the injury (which bone, which region and articular involvement).
 	The pattern of the fracture (e.g. simple vs comminuted; transverse vs spiral).
 	Degree of displacement and rotational misalignment.
 	Status of the soft tissue, paying special attention to possible fight bite wounds.
 
  
 Red flags
 Malrotation of the fingers. Assessments of the patient’s hand rotation can be made by asking the patient to fold their hand half way into a fist. The nails should align in parallel, facing the ceiling; fingertips should point to the scaphoid. The key is that rotation cannot be determined by examining an x-ray. It must be noted during the physical examination.
 A punch against the face is at risk for a fight bite – a small wound that is replete with mouth flora (and subsequent infection). The bite mark may not be located near the metacarpophalangeal joint, but the injury may still have damaged the joint capsule. Look closely for this, as it requires prompt surgical intervention.
 “Trivial” chip fractures may represent avulsions of the ligaments and a significant soft tissue injury. The size of the bone fragment does not necessarily correlate with the severity of the injury.
 Profound hand swelling from a crush injury may produce a compartment syndrome.
  
 Treatment options and outcomes
 The three aims of treatment are preserving alignment, mobility and proper finger length.
 The following factors should be accounted for to determine whether surgical (open reduction) or non-surgical (closed reduction) intervention is best:
 	degree of angulation
 	amount of displacement
 	presence of excessive rotation
 
 Other factors that might be considered are the patient’s age and occupational/recreational demands.
 The guidelines regarding how much angulation is tolerable has more to do with eminence-based medicine than evidence-based medicine. The medical eminences have said that up 10 degrees of angulation can be accepted in the 2nd metacarpal with an additional 10 degrees for every finger moving in the ulnar direction, i.e., 3rd = 20 degrees; 4th = 30 degrees; and 5th = 40 degrees.
 And speaking of “eminences”: after a fracture, the prominence of the 5th metacarpal-phalangeal joint is apt to be lost – a “cosmetic,” not functional loss — with closed treatment. Patients should be so warned.
 If surgery is not needed, the patient’s fracture should remain immobilized and they should be seen for follow-up in one to two weeks. X-rays should once again be taken to determine if there is proper healing and ensure no further displacement or angulation.
 Immobilization of a metacarpal fracture must include at least the proximal phalanx, but there is no particular need to immobilize the inter-phalangeal joints and indeed that may lead to unnecessary stiffness. The metacarpal-phalangeal joint should be held in full flexion as long as the position doesn’t further displace the fracture. Such a position will make the collateral ligaments maximally taut (because of the cam shape of the metacarpal head). This can help reduce the distal fracture fragment. This position can also prevent contractures of the joint. (If the ligament were not immobilized under maximal tension, it might set in this shorter position and lose its ability to stretch; subsequently, a joint contracture might form.) Within the cast, the affected finger should be buddy-taped to its neighbor. A vast majority of metacarpal neck fractures affect either the 4th or the 5th metacarpal. In those cases, the 2nd and 3rd fingers can be left free, to fully extend and flex.
 When surgery is needed, options include pins, screws, metal wires, and plates (Figure 7). Open reduction of metacarpal head injuries demand an especially delicate touch, to avoid disruption of the blood supply and prevent avascular necrosis.
 [image: ]Figure 7: Surgical treatment of metacarpal fractures. Options include pins, screws, and plates (though rarely all in the same hand). If only casting is needed, recovery should take about six to eight weeks. After three or four weeks of immobilization, the cast may gradually be removed and replaced with a removable splint. Radiographic reassessment should occur one week following the incident and at three week intervals after that. Limited range of motion exercises may be started after three weeks.
 If surgical intervention is needed, recovery should take a few months, depending on the stability of the fracture and the care the patient takes to protect the hand from re-injury. The implants will remain in the hand unless they become bothersome to the patient.
 In general, with proper treatment and rehabilitation, the prognosis for a metacarpal fracture is excellent. Bone healing begins around six weeks, but it may take years to return to full strength.
 The duration of closed treatment has to be “just right.” Left on too long, a cast can cause joint contractures, yet casting for an inadequate period increases the risk for displacement and malunion.
  
 Risk factors and prevention
 Athletes who participate in sports, such as martial arts and football, have an increased risk of metacarpal fracture. Boxers frequently make closed fist contact with solid objects, while football players’ hands are frequently exposed and unprotected, which may lead to high energy impact and crush injuries.
 Males are three times more likely than females to experience a metacarpal fracture.
 Furthermore, adolescents, those in the work force, and the physically active populations have a greater risk of metacarpal injuries.
  
 Miscellaneous
 A shortened fourth metacarpal may signify congenital XO abnormality (Turner’s syndrome).
 Boxer’s fractures in non-boxers may be a sign of anger management issues and possible domestic violence (especially when the recited history is “I fell”).
 A boxer’s fracture may suggest not only trouble controlling one’s temper but poor boxing technique: ideally, the force of a punch should be transmitted via the more rigid 2nd and 3rd metacarpals. But don’t tease the patient – he may slug you with the good hand.
  
 Key terms
 metacarpals, Bennett’s fracture, boxer’s fracture
  
 Skills
 Be able to communicate orally the nature of the injury. Recognize “fight bite” fractures. Splint the fracture. Recognize which fractures might need surgical stabilization.
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		Carpal Fractures

								

	
				There are eight carpal bones at the wrist, situated between the radius and ulna in the forearm and the metacarpals in the hand. The most common (and important) carpal fracture is that of the scaphoid (discussed in its own Chapter). Among the other carpal bones, only the triquetrum, hamate and pisiform are likely to be fractured in isolation; other carpal fractures are seen more commonly in conjunction with other injuries. Most isolated carpal fractures are caused by direct trauma.
  
 Structure and function
 There are eight carpal bones, each with its own unique shape and size. The carpal bones articulate with the radius and ulna proximally and the 5 metacarpal joints distally.
 There are eight carpal bones arranged in two rows: the proximal row consists of the scaphoid, lunate, triquetrum and pisiform. The distal row consists of the trapezium, trapezoid, capitate and hamate. The proximal row articulates with the distal radius and distal row connects to the metacarpal bones of the hand.
 Proximal Row
 The scaphoid (Figure 1) is located on the radial side of the proximal carpal row.
 [image: ]Figure 1: Scaphoid The scaphoid articulates with 4 other carpal bones and is involved with most carpal motions, especially flexion. The vascular supply of this bone travels from the distal region of the scaphoid back proximally (a so-called “retrograde flow”). Ossification in children also occurs in the distal-to-proximal direction.
 The lunate (Figure 2) is half-moon shaped and is positioned between the scaphoid and the triquetrum.
 [image: ]Figure 2: Lunate The lunate is important in flexion/extension and radial/ulnar deviation at the radiocarpal and midcarpal joints.
 The triquetrum (Figure 3) is located on the ulnar side of the proximal carpal row. It is pyramid-shaped with an oval shaped facet on its volar side.
 [image: ]Figure 3: Triquetrum The triquetrum articulates with the pisiform on the volar side, the lunate laterally and the triangular fibrocartilage complex proximally.
 The pisiform (Figure 4) is a pea shaped sesamoid bone that articulates with the triquetrum.
 [image: ]Figure 4: Pisiform The pisiform is enclosed in the sheath of the flexor carpi ulnaris tendon and is in close proximity to the ulnar nerve.
 Distal Row
 The hamate (Figure 5) is a wedge-shaped bone on the ulnar side of the distal carpal row.
 [image: ]Figure 5: Hamate On the distal volar surface, a hook protrudes out from the ulnar side of the bone. The hamate serves as an attachment site for many ligaments, including the transverse carpal ligament atop the carpal tunnel. The hook of the hamate acts as a pulley for the 4th and 5th finger flexor tendons.
 The capitate (Figure 6) is the largest carpal bone and is positioned in the central column of the wrist.
 [image: ]Figure 6: Capitate The capitate articulates with the scaphoid, lunate, hamate and trapezoid, as well as the 2nd, 3rd and 4th metacarpals.
 The trapezium (Figure 7) is a quadrangular shaped bone located on the radial side of the distal carpal row.
 [image: ]Figure 7: Trapezium The trapezium has a double-saddle facet that articulates with the 1st metacarpal allowing both flexion/extension, abduction/adduction, circumduction and opposition at the joint.
 The trapezoid (Figure 8) is positioned between the capitate and trapezium.
 [image: ]Figure 8: Trapezoid  
 Patient presentation
 Patients with acute carpal fractures will typically present with wrist pain and swelling and there will be point tenderness near the fracture. Due to the close proximity of some carpal bones to nearby nerves, some carpal fractures will be associated with neurological injury as well.
 Triquetral fractures are usually a result of a direct blow to the dorsum of the hand or a fall, forcing the wrist into extreme extension and ulnar deviation. This position can cause the proximal hamate and distal radius to impinge on the triquetrum and sheer it. Patients typically present with pain and swelling in the wrist with increased tenderness on the ulnar side. The triquetrum lies deep to the pisiform bone, making it difficult to palpate on exam. To expose the bone on exam, the hand must be placed into a position of radial deviation.
 Hamate fractures are associated with racket sports or sports involving clubs. The injury is often to the hook of the hamate, sparing the body. Patients will usually have history of a trauma, for example, the accidental strike of the ground with a golf swing. They will have ulnar sided wrist pain, pain in the hypothenar region and decreased grip strength. Because this injury is associated with compression of the ulnar nerve as it crosses Guyon’s canal in the wrist, patients may have paresthesias in their ring and small fingers, with weakness of the intrinsic muscles supplied by the ulnar nerve. Patients may also have pain with resisted flexion of the 4th and 5th finger. Hamate body fractures are typically seen in injuries where an axial force was applied to a closed fist. Patients will similarly complain of ulnar sided wrist pain and present with swelling.
 Pisiform fractures are usually caused by a fall on the outstretched hand. The chief complaint is ulnar sided wrist pain and the physical exam is notable for point tenderness over the pisiform.
 Trapezoid and trapezium fractures are usually not caused by direct trauma, but by a so-called “nutcracker effect,” namely, pressure from the second metacarpal when the finger and wrist are hyper-extended. An index finger injury with tenderness more proximally, towards the wrist, should increase the suspicion of this (rare) fracture.
 “Fractures” of the lunate seen on x-ray, especially without a history of specific injury, are more likely to represent fragmentation of the bone from osteonecrosis (Kienböck’s disease).
 Capitate fractures in isolation are rare. A ligament injury should be suspected and ruled out when this diagnosis is made (or considered).
 Note that many carpal fractures may present as sub-acute or chronic diffuse pain, due to missed diagnosis of a prior injury. In those settings, the presentation is similar to carpometacarpal or radiocarpal arthritis or tendinitis.
  
 Objective evidence
 The standard wrist radiographs ordered for assessment of the carpal bones include AP, lateral and oblique views. Disruption or widening of the spaces between the bones may indicate carpal instability or damage to the ligaments.
 CT scan is the preferred study for diagnosis of hook of hamate fractures (as shown in Figure 9).
 [image: ]Figure 9: Hamate fracture as seen on CT. (credit Radiopaedia.org http://bit.ly/23BP8sM) MRI can be a useful modality in not only detecting occult fractures, but also detecting soft tissue injuries such as ligaments or tendon damage.
 Interpretation of carpal radiographs is admittedly difficult for the novice, and there is no shame in asking an expert for help. Two things must be kept in mind: 1) dislocations require urgent attention and 2) the wrist should be immobilized until a definitive diagnosis is obtained.
  
 Epidemiology
 Carpal fractures make up nearly one-quarter of hand fractures and about 5% of all fractures. This estimate likely under-represents the true incidence of carpal fractures, as many are presumably not formally diagnosed (and dismissed by the unsuspecting patient as a contusion). As noted, scaphoid fractures account for a majority of carpal bone fractures. The second most common carpal fracture is of the triquetrum, which accounts for 14% of all wrist injuries.
  
 Differential diagnosis
 All wrist pain due to falls on an outstretched hand should be carefully assessed for the possibility of a carpal fracture. In particular, scaphoid fracture should be kept in mind, due to the high risk of developing a non-union and, ultimately, osteonecrosis and post traumatic arthritis if left untreated.
 Injuries to the radioulnar joint should also be ruled out when considering carpal fractures.
 Carpal dislocations can occur commonly in conjunction with carpal fractures.
 Fractures of some carpal bones usually occur in conjunction with other carpal fractures, making it important to rule out fractures to adjacent carpal bones.
  
 Red flags
 Marked tenderness over the scaphoid tubercle or the anatomic snuffbox in the setting of normal x-rays suggests a non-displaced scaphoid fracture (which must be immobilized).
 Finger injuries with wrist tenderness suggest an injury to the carpal bones.
  
 Treatment options and outcomes
 The treatment of carpal fractures aims primarily to restore pain-free motion of the wrist. An important secondary aim is to reduce the patient’s risk of developing osteoarthritis of the carpal bones.
 Most stable, non-displaced fractures of carpal bones are treated with casting for 6-8 weeks. Non-displaced scaphoid fractures should be immobilized in a thumb spica cast. In cases of displacement or instability, open reduction with internal fixation is considered.
 Most isolated carpal fractures (except the scaphoid, which has a more tenuous blood supply) heal uneventfully. Because there may be an associated ligament injury with subtle instability, osteoarthritis may develop even if the fractures do heal nicely.
  
 Risk factors and prevention
 The use of wrist guards when rollerblading (or when participating any other activity with a high rate of falls on the outstretched hand) may be helpful.
  
 Miscellany
 The mnemonic for recalling the names of the carpal bones in medial-to-lateral order, “Some Lovers Try Positions That They Can’t Handle,” is somewhat self-referential as weight-bearing on the palm is painful for people with injured or arthritic carpal bones. (ed: The vivacity of the mental image is worth the risk of offending the Bluenose readers.)
  
 Key terms
 anatomic snuffbox; carpal fracture; osteoecrosis; non-union; Scaphoid; Lunate; Triquetrum; Pisiform; Trapezium; Trapezoid; Capitate; Hamate
  
 Skills
 Recognize and name a carpal fracture; perform a physical exam to detect and define carpal injury.
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		Scaphoid Fractures

								

	
				The scaphoid (also known as the carpal navicular) is perhaps the most important of the eight carpal bones. The scaphoid links the carpal bones closest to the radius and ulna, the so-called the “proximal row,” to those articulating with the metacarpals, the “distal row.” Owing to its tenuous blood supply, the scaphoid is particularly susceptible to osteonecrosis (and ensuing post-traumatic arthrosis) after fracture. Unfortunately, the scaphoid is also the most commonly fractured of the eight carpal bones (Figure 1). Fracture is usually caused by a fall on an outstretched hand (a mechanism also associated with distal radius fractures and radial head fractures).
 [image: ]Figure 1: Scaphoid fracture. (Modified from wikimedia.org, http://bit.ly/1Q7URwP)  
 Structure and function
 The scaphoid can be morphologically divided into three anatomic regions: proximal third (proximal pole), central third (waist), and distal third (distal pole). A tuberosity on the distal palmar aspect serves as an attachment site for the transverse carpal ligament. Nearly 2/3 of all scaphoid fractures occur at the waist, with 15% occurring at the proximal pole, 10% at the distal pole, and 8% at the tuberosity.
 [image: ]Figure 2: The scaphoid outlined in red. The scaphoid (Figure 2) articulates with the radius and four carpal bones (lunate, trapezium, trapezoid, and capitate). To accommodate so many articulations, 80% of the scaphoid is covered with cartilage.
 The scaphoid is supported by the radioscapholunate ligament which stabilizes the scapholunate articulation and acts as a neurovascular conduit. The scaphoid does not have any tendinous attachments.
 The scaphoid receives its primary blood supply from the dorsal scaphoid branches of the radial artery, which enter the scaphoid at a point near the distal pole. As such, the scaphoid is perfused in the distal to proximal direction (“retrograde blood supply”).
 Because of this retrograde blood supply, an injury to the scaphoid waist (i.e. the middle third of the bone) can interrupt blood supply to the proximal pole. (This is analogous to femoral neck fractures and resulting femoral head ischemia: just as the vessels to the femoral head must traverse the femoral neck, the blood supply to the proximal pole of the scaphoid must traverse the waist).
  
 Patient presentation
 Patients with scaphoid fractures will often present with radial sided wrist pain (worsened with gripping or squeezing), variable swelling and limited range of motion. Because scaphoid fractures may occur without bruising or visible deformity, patients may assume a less serious injury and delay seeking evaluation.
 During examination, it is important to always compare the injured to the uninjured wrist.
 Check if patients have tenderness to palpation of the “anatomic snuffbox” and over the scaphoid tubercle (Figure 3).
 The anatomic snuffbox is located in a triangle formed by the extensor pollicis longus tendon, abductor pollicis longus tendon, and the radial styloid. It can be found more easily when the thumb is actively extended. Anatomic snuffbox pain has a sensitivity of 90% and specificity of 40% for detection of scaphoid fractures.
 [image: ]Figure 3: The surface anatomy of anatomic snuff box. The scaphoid tubercle can be localized on the volar aspect of the wrist (Figure 4). Pain to palpation is a slightly less sensitive but more specific finding for detection of scaphoid fractures.
 [image: ]Figure 4: The surface landmarks of the scaphoid tubercle.  
 objective evidence
 Plain radiographs are essential for all patients with suspected scaphoid fractures. Standard radiographs include anteroposterior (AP), lateral, oblique and scaphoid views. The scaphoid view is a posteroanterior (PA) view of the wrist, with the wrist positioned in 45 degrees of ulnar deviation and pronated obliquely at 45 degrees.
 Because initial radiographs of a scaphoid fracture may appear normal, patients with pain in the snuff box and a fall on the outstretched hand should be immobilized and sent for additional imaging studies.
 One approach would be to obtain repeat radiographs in 10 to 14 days. At that point, the absence of fracture line or healing response on x-ray, coupled with an absence of tenderness on exam reasonably excludes the diagnosis of fracture.
 Another approach would be to obtain an MRI. This test can detect an occult scaphoid fracture immediately, as well as any other associated injury.
 [image: ]Figure 5: MRI showing a radiographically occult scaphoid fracture. (from radiopaedia http://bit.ly/1Q7URwP) Although bone scans (scintigraphy) can also be used to detect occult scaphoid fractures, MRI has two advantages (Figure 5). First, an MRI can be used immediately. (Bone scans, which assess a biological reaction that takes days to mount, can be falsely negative in the first few days.) Second, as noted, MRI can detect associated injuries as well. (The great sensitivity of MRI can impose costs too, as it may detect a clinically insignificant abnormality as well, prompting unnecessary worry to say nothing of unnecessary treatment.)
 Note that MRI is still an expensive imaging modality in many locations. In the United States, at least, the use of MRI is advocated nonetheless, as the true price of MRI is not that much more than plain radiographs. Also, placing a patient in a cast for 10 days while awaiting the second round of radiographs represents a significant delay in treatment if a fracture does indeed exist.
  
 Epidemiology
 The scaphoid is the most commonly fractured carpal bone. Fractures of the scaphoid often occur in physically active individuals, and have two to four times greater incidence in men than woman. The most common mechanism of injury is a fall onto an outstretched hand.
 The true incidence of scaphoid fractures has been difficult to calculate particularly because many of these injuries are undiagnosed. One estimate is that scaphoid fractures represent 1 out of 100,000 people per year.
  
 Differential diagnosis
 The differential diagnosis of suspected scaphoid fracture includes:
 	Radial styloid fracture. Here, the tenderness is more proximal; radiographs should make the diagnosis.
 	Distal radius fracture. Tenderness localizes to distal radius and deformity may be present; radiographs should make the diagnosis.
 	Scapholunate instability. In this condition, the tenderness is more toward the ulnar side of the hand (over the scapholunate ligament) and radiographs should show a gap between scaphoid and lunate (scapholunate dissociation: the Terry Thomas sign).
 	Flexor carpi radialis tendon injury. This can be diagnosed by noting pain elicited with resisted wrist extension.
 	De Quervain’s disease. A positive Finkelstein’s test may help make the diagnosis.
 	Carpometacarpal joint arthritis. Here, radiographs should make the diagnosis, but recall that a patient with arthritis can suffer a superimposed injury.
 
 As noted, fracture of the scaphoid is usually caused by a fall on an outstretched hand, the same mechanism associated with distal radius fractures and radial head fractures. The astute clinician must be mindful of these potentially associated injuries.
  
 Red flags
 A fall on the outstretched wrist is itself a “red flag” and should raise suspicion for a scaphoid fracture. When there is tenderness in the anatomic snuff box, even if radiographs appear negative, a scaphoid fracture is even more likely.
  
 Treatment options and outcomes
 The patient with tenderness in the anatomic snuff box and negative x-rays should be immobilized in a thumb spica splint (Figure 6) and additional imaging should be obtained. The additional imaging can take the form of either repeat radiographs about 2 weeks after the injury, bone scintigraphy or MRI. This initial immobilization will minimize the chance that a non-displaced occult fracture (i.e., one not seen on x-ray) becomes a displaced fracture, and in turn, minimizes the risk of disrupting the blood supply.
 [image: ]Figure 6: A thumb spica splint. Non-displaced fractures are defined as fractures with less than 2mm of displacement and no fracture site angulation. These types of fractures are treated by immobilization in a long or short arm thumb spica cast for 6 weeks. (The inclusion of the thumb is advised; whether a long arm (vs short arm) cast is needed is perhaps a bit more controversial. Including the elbow will minimize pronation/supination.)
 A small (n=25) prospective, randomized study comparing cast immobilization with percutaneous cannulated screw fixation of nondisplaced scaphoid fractures found that screw fixation resulted in faster radiographic union (7 weeks vs 12) and return to military duty (8 weeks vs 15).
 Comminuted, displaced or unstable scaphoid fractures benefit from surgical fixation. The precise indications for surgery (that is, how much linear or angular displacement is enough?) are not known.
 The favored technique is open reduction internal fixation with screws (Figure 7). The choice of fixation depends on a multitude of factors, such as the location of the fracture, configuration of the fracture, functional concerns, and patient factors.
 [image: ]Figure 7: X-ray of scaphoid after open reduction and internal fixation with a Herbert screw. (from Radiopaedia http://bit.ly/1Q7URwP) Most scaphoid fractures treated non-surgically heal without difficulty, with the occurrence of nonunion reported between 5% and 15%.
 Scaphoid fractures (especially if not recognized and therefore not treated) can result in post-traumatic arthritis. Once arthritis is evident at the radiocarpal joint there are salvage surgical procedures that can be performed. These include a proximal row carpectomy, scaphoid excision and midcarpal arthrodesis, or a total wrist arthrodesis.
  
 Risk factors and prevention
 Scaphoid fractures typically occur in active adolescents and young adults with an incidence two to four times higher in men than in women. The fracture commonly occurs as a result of extreme dorsiflexion of the wrist from a fall.
 Short of telling all young, active males to not fall (and getting them to comply!), it is difficult to prevent these fractures. The key point in treating this injury is to prevent non-displaced fractures from displacing, as displacement makes osteonecrosis much more likely.
  
 Miscellany
 Scaphoid derives from the Greek word skaphos, which means “a boat.” The English word “skiff” has a similar origin. The scaphoid is also referred to as the carpal navicular (coming from navis, the Latin word for “boat,” from which we get the English word “navy,” for example). Given that there is also a boat-like bone in the foot, it is probably best to refer to the bone in the hand as the scaphoid and the one in the foot as the navicular.
 Regardless of length of immobilization after a scaphoid fracture, appropriate physical and occupational therapy is needed after removal of the cast or splint to optimize range of motion and function.
 Smoking is strongly associated with nonunion after surgical fixation of the scaphoid.
  
 Key terms
 scaphoid, fracture, non-union, avascular necrosis, anatomic snuffbox, scaphoid compression test
  
 Skills
 Perform physical examination to recognize occult scaphoid fractures. Be able to explain to patients why immobilization is needed despite “normal” x-rays. Apply a thumb spica splint to temporarily immobilize the scaphoid while awaiting definitive treatment.
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		Phalangeal (Hand) Fractures

								

	
				Phalangeal fractures of the finger are typically due to direct blows to the hand. Most phalangeal fractures are treated with a splint, but unstable fractures may require surgical treatment to prevent complications such as stiffness and malunion. Phalangeal fractures may be seen with other more serious injuries such as laceration of the nail bed or disruption of the flexor tendon. In those instances, treatment is directed more to the soft tissue injury.
  
 Structure and function
 The phalanges form the fingers and thumb of the hand. The thumb has 2 phalanges (proximal and distal) and the other digits have 3 (proximal, middle and distal) for a total of 14.
 Each phalanx is comprised of a base, proximally, and a head, distally, with the shaft between them. The articulation of the proximal and middle phalanges forms the proximal interphalangeal joint (PIP); and the articulation of the middle and distal phalanges forms the distal interphalangeal joint (DIP). These are hinge joints, capable of flexion and extension. The ulnar and radial collateral ligaments along with the joint capsule are the primary stabilizers. The volar plate, a band of fibrocartilaginous tissue, prevents hyperextension. The flexor and extensor tendons attach to bone at their insertion sites, and bone injuries there (typically avulsions) and lead to functional failure of the affected flexor or extensor tendon (Figure 1).
 [image: ]Figure 1: The superficial flexor tendon (shown in yellow in the drawing) can displace an intra-articular fragment, as shown. [The size of the fragment is exaggerated in the drawing for emphasis.] (From radiopaedia http://bit.ly/1nA9GB7)  
 Patient presentation
 Patients typically present with pain and swelling with a history of a blow or crush to the injured digit. Ecchymoses may be present (Figure 2).
 Distal phalanx fractures are usually caused by a direct blow or crush, which can also cause nail bed injuries (seen as a hematoma beneath the nail).
 [image: ]Figure 2: Photo of a finger injury suggesting a possible fracture. (from flickr http://bit.ly/1m8wpmE) Tuft fractures are fractures of the cancellous bone at the distal tip. The integrity of the flexor and extensor tendons should be assessed with any injury to the distal phalanx. Nailbed injuries (that require repair) commonly accompany tuft fractures, as do subungual hematomas (that may need to be drained).
 The middle phalanx is more susceptible to a direct blow to the dorsal side. The middle phalanx is injured with an axial force, parallel to the shaft.
 A direct blow commonly causes proximal phalanx fractures but rotational forces and hyperextension can also cause injury. Proximal phalanx fractures are often angulated at the time of presentation (independent of mechanism) as muscle forces deform the unstable shaft. The collateral ligaments and volar plate at the metacarpophalangeal (MCP) joint stabilize the proximal portion and the extensor tendon pulls the distal fragment into extension.
  
 objective evidence
 Anteroposterior, lateral, and oblique images of each injured digit are needed. The lateral view should be taken so the other fingers do not obscure the injured digit. The oblique view can help diagnose fractures of the heads. Radiographs (Figure 3) should be examined for angulation, rotational alignment, and shortening; the presence of intra-articular extension should also be noted. Rotational deformities are usually diagnosed via physical examination rather than radiographic finding.
 If an intra-articular fracture is suspected but not seen on plain radiograph, a CT scan can be useful.
 [image: ]Figure 3: Radiograph of an extra-articular fracture of the proximal phalanx of the 4th finger. (from radiopaedia.org http://bit.ly/1KlVFkU) Once the fracture is reduced and splinted, post-splinting radiographs are taken. There should be no finger rotation, less than 2 mm of displacement or shortening, and less than 10 degrees of angulation.
  
 Epidemiology
 Phalangeal fractures are common. They are seen in athletic and work-related injuries. The precise incidence is not known, as many patients do not seek medical care.
  
 Differential diagnosis
 Collateral ligament tears are seen when there is forced ulnar/radial deviation, especially in the PIP joint, (i.e., “jamming” of the finger). Applying gentle varus and valgus force to the joint can test the ligaments.
 Soft tissue trauma can cause swelling within the (confined) fibrous septae found in the pulp of the distal phalanx; blood can thereby accumulate.
 Fractures are also seen with complex skin lacerations and nailbed injuries, such as subungual hematomas.
 Flexor or extensor tendon injury may be seen with middle and distal phalangeal fractures. Mallet finger is an extensor tendon injury from a flexion blow to an extended DIP joint. It is seen as an inability to actively extend the DIP, leading to a flexion deformity of the DIP joint. Jersey finger is a flexor tendon injury (flexor digitorum profundus) from forceful extension of the flexed DIP joint. Injury typically occurs when the finger is caught on a jersey, usually while tackling, and most commonly affects the fourth digit.
  
 Red flags
 Loss of rotational anatomic alignment (Figure 4). Comminuted oblique, and spiral fractures are more likely to have loss of rotational alignment.
 Soft tissue wounds with fracture suggest possible open fractures with soft tissue injury.
 Dysfunction of flexion or extension of each phalanx. This can signal a middle phalanx base fracture, as the base of the middle phalanx is the insertion site of the flexor digitorum superficialis (FDS) tendon.
 Loss of two-point discrimination (normal is 4-5 mm wide) or capillary refill (normal is less than 2 seconds).
 [image: ]Figure 4: Loss of rotational anatomic alignment due to proximal phalanx fracture.  
 Treatment options and outcomes
 The goal of treatment is to restore congruence of joint surfaces as well as anatomic alignment.
 A majority of non-displaced fractures of the distal phalanx can be splinted with the DIP joint in extension for 3-4 weeks.
 Most non-displaced proximal phalangeal fractures can be managed with a splint or even “buddy taping” (Figure 5).
 [image: ]Figure 5: “Buddy taping” to treat a non-displaced proximal phalangeal fracture. (from wikiradiography http://bit.ly/1NMv5fF) Active range of motion should be started after 3 weeks, with clinical healing (no pain with palpation or movement) taking 6-8 weeks to occur. Ice, elevation, and limitations of use can aid healing.
 If the nail is separated from the nail root, it should be gently irrigated and then placed beneath the eponychium (cuticle) in order to assist in future nail growth.
 Referral to a hand surgeon is needed with middle phalanx base fractures (as this is the insertion site of the flexor digitorum superficialis tendon), comminuted, rotational, intra-articular, oblique, and spiral fractures. Displaced or angulated fractures unable to be reduced adequately need prompt referral.
 Surgical options include extension block splinting with Kirschner wires (Figure 6), closed reduction and internal fixation (CRIF) and open reduction and internal fixation (ORIF).
 [image: ]Figure 6: Surgical fixation using a Kirschner wire. (from wikiradiography http://bit.ly/1NMv5fF) The outcome of phalanx fractures depends on many factors, including the forces causing the injury, patient compliance, type of treatment, length of immobilization, and medical expertise.
 
 Stiffness is one of the most common complications following phalangeal fracture, correlating with the amount of soft tissue injury and age of the patient. Some degree of stiffness occurs in greater than 50% of proximal phalangeal fractures.
 Nonunion (failure of the fracture to heal) is rare, and in the rare cases where this is seen, the lack of full healing is typically not clinically significant.
 Malunion (healing with deformity) is common, especially with nonoperative treatment of fractures that should have been treated surgically. Osteotomy is performed to correct the deformity.
 Post-traumatic arthritis is a potential complication of intra-articular fractures.
  
 Risk factors and prevention
 Individuals playing ball sports (basketball, football, baseball) are at a high risk for fractures as well as those with bone/joint disease (osteoporosis) and poor nutrition. Elderly patients are at a higher risk due to their increased likelihood of falls.
  
 Miscellany
 Wearing proper gloves and protective wear can decrease the chance of work-related phalangeal fractures.
 The plural of phalanx is “phalanges” and the adjective is “phalangeal.” Etymology: The ancient Greek word “phalangos” means “line of battle,” referring to a tight array of 800 soldiers. The fingers, closely apposed, may be thought to resemble an infantry row – at least to the people who thought that the scaphoid looked like a boat, or that the coracoid process of the scapula resembled a raven’s beak.
  
 Key terms
 phalanges, phalangeal, fracture, distal, middle, proximal, tuft, nailbed, jersey, mallet, finger, proximal interphalangeal (PIP) joint, distal interphalangeal (DIP) joint, flexor digitorum profundus (FDP), flexor digitorum superficialis (FDS)
  
 Skills
 Accurately diagnose fractures on radiographs. Understand and demonstrate testing of FDS and FDP. Apply a radial or ulnar gutter splint. Describe and demonstrate testing for radial and ulnar digital neuropathies. Be able to describe a phalangeal fracture with correct terminology.
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		Mallet Finger and other Finger Extensor Injuries

								

	
				A mallet finger (Figure 1) results from a separation of the extensor digitorum from its insertion on the distal phalanx. This separation by tearing away (technically, an “avulsion”) results from hyperflexion of the distal interphalangeal (DIP) joint. A commonly seen mechanism of injury is a blow against the tip of the finger by a ball being caught. The injury can either cause the avulsion of the tendon off the bone or the avulsion of the tendon with a piece of the bone attached. When there is bony involvement of the distal phalanx, the injury is referred to as a “bony mallet.” An injury to the extensor digitorum more proximally, at the level of the middle phalanx, damages the so-called “central slip” and can lead to a boutonnière (meaning “button hole” in French) deformity. In a boutonnière deformity (Figure 2), the head of the proximal phalanx pops through the central slip (like a button through a button hole). This causes the characteristic deformity of flexion at the proximal interphalangeal (PIP) joint and hyperextension at the DIP joint.
 [image: ]Figure 1: Mallet finger. A patient with a mallet finger cannot extend the DIP joint. [image: ]Figure 2: An x-ray of the finger showing a boutonnière deformity: flexion at the proximal interphalangeal joint (red) and hyperextension at the distal interphalangeal joint (yellow) http://radiopaedia.org/cases/boutonniere-deformity-grade-4-1.  
 Structure and function
 The extensor digitorum communis extends the four lesser digits of the hand (excluding the thumb) via four tendons emanating from a single muscle (Figure 3). At the level of the metacarpophalangeal (MCP) joint, there is a common extensor tendon, which is maintained in its central position by “sagittal bands” on both the radial and ulnar sides. These sagittal bands attach to the proximal phalanx and allow the common extensor tendon to extend the metacarpophalangeal (MCP) joint.
 Just distal to the MCP joint, the extensor tendon trifurcates: a “central slip” and two “lateral bands.”
 The central slip crosses the PIP joint and attaches to the base of the middle phalanx. The central slip is therefore responsible for extension of the PIP joint.
 The lateral bands project in the radial and ulnar directions, where they are joined by the tendons of the interosseous and lumbrical muscles. The lateral bands then move more centrally and cross the dorsal surface of the DIP joint where then insert commonly on the distal phalanx and therefore extend the DIP joint.
 [image: ]Figure 3: Extensor mechanism of the finger. In the drawing on the left the common extensor tendon is shown in red. It attaches to the proximal phalanx via bands and extends the MCP joint. In the center figure, the trifurcation is shown. the central slip, shown in sky blue, inserts on the middle phalanx and extends the PIP joint. The lateral bands are shown in blue. In the right-most drawing, the lateral bands are shown joined by the tendons of the interosseous and lumbrical muscles and inserting on the distal phalanx, thereby extending the DIP. An injured sagittal band, it follows, will fail to keep the extensor tendons centralized. Such an injury can cause subluxation of the extensor tendons over the MCP joint when a fist is made, causing a snapping sensation in both flexion and extension at the joint.
 An injury to the central slip (Figure 4) can lead to an inability to extend the PIP joint. Also, such an injury may allow the lateral bands to fall in the volar direction (that is, toward the palm). If the lateral bands end up on the volar side of the PIP joint, they will in turn flex that joint, which accentuates the boutonniere deformity.
 [image: ]Figure 4: Central slip injury. An injury to the central slip (sky blue) can cause the lateral bands (dark blue) to fall toward the volar side of the finger and make them flexors of the PIP joint.  
 Patient presentation
 Patients with mallet finger will present after a traumatic injury to the tip of the finger. The dorsal DIP may be ecchymotic and usually painless. There is an obvious droop of the tip of the finger and the patient will be unable to fully actively extend the finger at the DIP joint.
 A chronic mallet finger can present as a so-called “swan neck deformity” characterized by DIP hyperflexion with PIP hyperextension. (This the “opposite” of a boutonnière deformity.) The failure of the extensor tendon at the distal phalanx coupled with unopposed action of the flexor digitorum superficialis (FDS) leads to the DIP hyperflexion. Concentration of the extensor on the middle phalanx alone causes the PIP hyperextension.
 Patients with central slip injuries may present with pain and swelling along the dorsal PIP joint. The patient may initially have mild weakness in extending the finger at the PIP joint. If the patient presents weeks to months after the injury a progressive boutonniere deformity may develop.
 On physical examination a central slip injury can be diagnosed with the Elson test. In order to perform the Elson test, the PIP joint is held fully flexed. If the central slip is injured the patient will be able to extend the DIP joint despite maintaining the PIP in flexion.
 Patients with sagittal band injuries will present with a traumatic injury over their knuckle. Sagittal band injuries are commonly called “boxer’s knuckles.” The extensor tendon may slip back and forth over the MCP joint. Patients may report a snapping sensation while flexing the digit with a visible volar subluxation or dislocation of the extensor tendon when making a fist. With progression of the injury, patients may develop difficulty extending the finger at the MCP joint.
  
 objective evidence
 The best objective evidence for an extensor tendon injury is the physical exam. All finger injuries should have an x-ray on initial evaluation. An x-ray of the finger (A/P, lateral, and oblique) should be ordered. A dedicated finger x-ray should be reviewed, as a hand x-ray will often have overlap of the digits leading to difficultly in diagnosing fractures and dislocations. A finger x-ray may show a bony avulsion at the proximal aspect of the distal phalanx (bony mallet). An x-ray can also assess the presence or absence of a dislocation.
 The PIP joint should be assessed for an avulsion fracture of the dorsal base of the middle phalanx indicating a possible central slip injury. A central slip disruption is diagnosed when a volar dislocation of the PIP joint is noted on lateral x-ray.
 Patients with a sagittal band injury will usually have normal x-rays. Radiographs are obtained to rule out an associated fracture or subluxation of the MCP joint.
 If the diagnosis is still in question, an MRI or ultrasound should be considered to further assess the integrity of the extensor mechanism.
  
 Epidemiology
 Mallet finger is most commonly seen in the small, ring, and middle fingers in the dominant hand. Mallet finger more commonly affects men, usually during work or sports related activities. With appropriate splinting most patients can return to work.
 Injuries to the sagittal bands or the central slip are less common. Central slip dysfunction may be related to direct trauma or to a volar dislocation of the PIP joint. The sagittal bands may also be damaged from a direct injury to the MCP joint, as occurs in boxing. The radial sagittal band is most commonly injured leading to ulnar subluxation of the extensor mechanism. In addition, patients with rheumatoid arthritis can develop attritional ruptures of the sagittal band.
  
 Differential diagnosis
 Patients who present with trauma to the distal phalanx and DIP joint may have other associated injuries including nail bed injuries, tuft fractures, nail plate avulsion, and distal phalanx fracture dislocations without tendon injury to name a few.
 Patients with a flexion contracture of the PIP joint often appear as if they have a boutonnière deformity. Patients with this pseudo-boutonnière will have full flexion of the DIP joint whereas a true boutonnière deformity leads to hyperextension and limited flexion of the DIP joint.
 Sagittal band injuries are commonly misdiagnosed as a trigger finger due to the snapping sensation with finger flexion and extension.
  
 Red flags
 Mallet finger leads to the inability to actively extend the DIP joint. It is important to obtain an x-ray to rule out a fracture dislocation of the DIP joint which can present in a similar fashion.
 An injury to the central slip may initially lead to mild tenderness about the dorsal PIP. One must have a high index of suspicion for this injury and splint early to prevent a boutonnière deformity. If left untreated, a central slip injury may lead to a stiff deformed finger as the ligaments and volar plate contract. It is very important to refer these patients to a hand specialist. Beware of the volar PIP joint dislocation since the central slip is torn during this injury and treatment is different from the more common dorsal PIP joint dislocation.
 It is critical to observe the location of the extensor mechanism as the patient makes a fist to best assess for subluxation.
  
 Treatment options and outcomes
 In the acute setting, a mallet finger is treated with splinting (Figure 5) of the DIP joint in full extension for six weeks and occasionally up to three months. Even in the chronic setting extension splinting can be tried. If non-operative treatment is unsuccessful, a primary repair or reconstruction may need to be performed by a hand specialist. If there is subluxation of the DIP joint due to a large bony articular fragment avulsion, primary repair may be the first line of treatment.
 [image: ]Figure 5: DIP splint.Splint holding the DIP in extension (From Flickr http://bit.ly/1P0QUfC) Central slip injuries are initially treated by extension splinting of the PIP joint. DIP joint flexion exercises are started to prevent stiffness and tendon migration. If non-operative treatment with splinting fails, occasionally operative repair or reconstruction is considered.
 Sagittal band injuries are initially treated with extension splinting of the MCP joint for four to six weeks. Sagittal band injuries are one of the rare instances where the MCP joints are immobilized in extension. The decision whether repair or reconstruction of the sagittal band is needed is one best made in consultation with a hand specialist.
 The goal in treating a patient with an extensor mechanism injury is to regain full motion of the digit without pain. Despite non-operative or operative treatment of a mallet finger, patients often develop a mild extensor lag (droop). The most important aspect of treating a patient with an extensor tendon injury is coordinating care with a skilled hand occupational therapist; this allows the patient to regain motion while preventing contracture.
 A central slip injury treated acutely often leads to full range of motion. Once a boutonnière deformity develops, operative or non-operative treatment typically results in a persistent mild deformity.
 Sagittal band injuries treated with extension splinting or by operative repair or reconstruction can be expected to have good results with near full range of motion.
  
 Risk factors and prevention
 In order to prevent injuries to extensor tendons of the hand it is important to wear appropriate protective devices during high risk activities.
 Unfortunately, injuries to the hand occur despite use of these devices, and it is important to seek treatment early to prevent further deformity and disability.
  
 Miscellany
 The word “boutonnière” comes from the French word for “buttonhole.” In boutonnière deformities, the head of the proximal phalanx “buttonholes” through the defect in the extensor mechanism from the central slip injury leading to the deformity.
  
 Key terms
 mallet finger, swan neck deformity, boutonnière deformity, extensor tendon, central slip, extensor digitorum communis, lateral bands, sagittal bands, boxer’s knuckles.
  
 Skills
 Examination of extensor mechanism of the finger.
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		Finger Sprains and Dislocations

								

	
				Injuries to the soft tissues surrounding and supporting the metacarpophalangeal (MCP) and interphalangeal (IP) joints of the fingers and thumb (Figure 1) are common. Injuries range from minor sprains that resolve with minimal treatment (such as a partial ligamentous tear treated with buddy taping or splinting) to more severe injuries that require surgical intervention, such as complete tearing of the ligaments and dislocation of the joint. (Soft tissue injury can also involve the tendons and nail, both discussed elsewhere.)
 [image: ]Figure 1: Examination under anesthesia of a thumb ulnar collateral ligament rupture (courtesy of Gene Deune, MD)  
 Structure and function
 The second through fifth digits of the hand each have proximal, middle, and distal phalanges and therefore have three joints: the distal interphalangeal (DIP), the proximal interphalangeal (PIP), and the metacarpophalangeal (MCP).
 Unlike the other digits, the thumb lacks a middle phalanx, and consequently has only two joints: the interphalangeal (IP) and the metacarpophalangeal (MCP).
 The proximal interphalangeal (PIP) and distal interphalangeal (DIP) joints are hinge, or “ginglymus,” joints that only allow flexion and extension; a normal arc of motion for each joint is approximately 100 degrees. In the IP joints, the head of the more proximal phalanx articulates with the base of the more distal phalanx (Figure 2).
 [image: ]Figure 2: Schematic profile of the anatomy of the IP joint. The volar plate is in green; the capsule is orange. (modified from Wikipedia. http://bit.ly/1STK5QG) The PIP joint is composed of the distal aspect of the proximal phalanx, which consists of two condyles, and the proximal aspect of the middle phalanx, which has two concave spaces that articulate with the condyles of the proximal phalanx. Along each side of the joint are the radial and ulnar collateral ligaments, which are primary restraints to radial or ulnar joint deviation.
 On the palmer side, there is a thick fibrocartilagenous structure called the volar plate, that spans the joint and resists joint hyperextension.
 The anatomy of the DIP joint is similar to that of the PIP joint, with the exception of one feature: since the flexor and extensor tendons insert on the distal phalanx, the DIP joint is more stable and dislocation of the DIP joint is a less common injury than dislocation of the PIP joint.
 In the metacarpophalangeal joint, the metacarpal head articulates with the concave base of the proximal phalanx. Similar to the PIP and DIP joints, the MCP joint is supported by its collateral ligaments and volar plate, as well as the flexor and extensor tendons. Dorsally, the MCP joint is further supported by the sagittal bands, which fan out from the volar plate to attach on the extensor tendon, helping to stabilize the joint and extensor mechanism. The MCP joints permit both flexion-extension and adduction-abduction movements.
  
 Patient presentation
 Patients with finger sprains and dislocations typically report a history of “jamming” the finger, with pain and swelling in the involved digit.
 Deformity may be visible if a dislocation has occurred (though a lack of deformity does not exclude that diagnosis).
 Inspection of the digit may also reveal ecchymosis, abrasions, or lacerations.
 Tenderness to palpation should be assessed: radial or ulnar joint line tenderness implies collateral ligament injury or fracture, whereas volar tenderness implicates injury to the volar plate. Range of motion testing can be difficult given patient pain and swelling but it is important to assess in order to determine joint stability. The joint should be stressed in radial and ulnar deviation to test collateral ligament integrity. The joint should be stressed in full extension to test bony stability, as well as 30° of flexion to test collateral ligament stability. (That is, when the finger is held at full extension, a ligament injury may not be apparent on stress testing, as bony congruity may produce a sense of stability.)
 A digital nerve block to numb the finger may be required to assess active range of motion. (It is commonly recommended that this block should not contain epinephrine as the drug may cause constriction of the blood vessels and finger ischemia. Nonetheless, a recent review of more than 1000 cases (PMID: 20697319) found no complications associated with the use of epinephrine in digital blocks.)
 Near full arc of motion without visible hinging indicates a stable joint.
 In dislocation injuries, range of motion may be blocked by interposed soft tissue; the examiner should avoid further injury and not force motion during the examination.
 To rule out tendon injuries, the integrity of the flexor and extensor tendons should be tested as well. (Please see the chapters pertaining to those injuries for detail).
 The neurovascular status of the finger’s digital nerves and arteries should be assessed, as dislocations can damage the nerves or vessels. Stretching of the nerves can lead to neuropraxia, that is, transient impaired sensory function. Two-point discrimination is more sensitive than light touch sensation when assessing digital nerve function. Discrimination greater than 6mm is indicative of nerve injury. If arterial injury is suspected, a Doppler test may be performed on both the ulnar and radial sides of the digit to assess arterial integrity.
 Collateral ligament injury
 Radial and ulnar collateral ligament injuries occur due to forced lateral deviation of the finger. Injuries are graded by the typical 3-point system, in which a grade 3 sprain is a complete tear, characterized by the absence of a firm end point on exam; a grade 2 sprain has laxity but a good end point; and a grade 1 shows no laxity, only pain, with the application of stress. (The quality of the “end point” is a subjective assessment, but one can think of the restraint produced by a chain link as a “firm end point” –it snaps to attention when its limit is reached.)
 Ulnar collateral ligament injuries of the thumb (Figure 3) are particularly common and are known as skier’s or gamekeeper’s thumb. These injuries occur due to abrupt forced radial deviation of the thumb. Complete tears can include a bony fragment of the base of the proximal phalanx and this bony fragment can become trapped above the thumb adductor tendon (aponeurosis), a condition known as a Stener lesion. (see Miscellany, below.)
 [image: ]Figure 3: MRI of thumb ulnar collateral ligament injury (Modified from Radiopaedia.org http://bit.ly/1nIDiwL) 
 Volar plate injury
 Volar plate sprain (Figure 4) or partial tear occurs after a hyperextension injury of the finger. These injuries can lead to joint subluxation without frank dislocation or true dislocation of the joint. Patients with injuries to the volar plate will be tender to palpation along the anterior aspect of the injured joint and may hold the finger in a hyperextended or flexed position at the level of the injured joint. Range of motion should be tested with particular attention paid to any joint subluxation during the arc of motion.
 [image: ]Figure 4: Volar plate avulsion fracture of the middle phalanx (From Radiopaedia http://bit.ly/1nA9GB7) 
 Interphalangeal joint dislocation
 Dislocations (Figure 5) are characterized by the position of the distal skeletal component relative to its proximal counterpart. Therefore, the three types of dislocation are dorsal, palmar and lateral.
 [image: ]Figure 5: Fifth proximal phalangeal joint dislocation (modified from Radiopaedia. http://bit.ly/20jFJqS) 
 Lateral dislocation involves the rupture of one collateral ligament and the palmer plate. In this type of dislocation, rotation of the middle phalanx may be observed. (When only one collateral ligament is intact, the phalanx is free to pivot.)
 The majority of thumb and phalangeal dislocations are dorsal, and the finger or thumb will appear hyper-extended at the affected joint. Puckering of skin around the joint suggests that soft tissue may be interposed within the joint. A dorsal dislocation of the PIP joint can tear the volar plate or cause an avulsion fracture of the middle phalanx.
 The affected finger should be taken through both an active and (gentle) passive arc of motion, keeping in mind that motion may be significantly limited due to pain and swelling or due to a bony block.
 If a dislocation is strongly suspected based upon the clinical presentation, the joint should first be reduced and radiographs documenting a reduced joint should be obtained prior to assessing range of motion. Once the joint is reduced, a smooth, near full arc of motion will indicate a stable joint. A repeat neurovascular examination should always be performed after successful joint reduction.
 Volar dislocations are rare injuries; they usually cannot be reduced in a closed fashion due to interposition of soft tissue structures including the collateral ligaments or extensor mechanism. The proximal phalanx can also be “buttonholed” through the space between the central slip and the lateral band blocking closed reduction. These cases often necessitate open reduction, which also allows assessment and potential repair of a disrupted extensor mechanism.
  
 objective evidence
 Radiographs, including posteroanterior (PA), perfect lateral and oblique views of the hand should be taken for all suspected finger injuries. True lateral and anteroposterior radiographs are mandatory for initial diagnosis of the injury, and oblique radiographs can be used optionally for further clarification.
 Note that injuries to soft tissue around the digits often occur in the sagittal plane and are not seen on the posteroanterior view.
 Even in cases of suspected isolated soft tissue injuries, radiographs should be obtained and evaluated to ensure that joint congruity is present and that there are no accompanying avulsion fractures. Radiographs also provide additional data regarding joint stability: dislocations accompanied by large fracture fragments are very unlikely to be stable even after reduction maneuvers are performed.
  
 Epidemiology
 Ligamentous injuries to the hand most commonly involve the PIP joint. The mechanism of injury is typically hyperextension of the fingers, often caused by a fall on an outstretched hand or jamming injuries during contact sports. Injuries can range in severity from partial to complete tears, with associated dislocation of the involved joint.
  
 Differential diagnosis
 Finger injuries, even minor sprains, can cause significant pain and/or swelling, both of which restrict motion on physical examination and make it difficult to obtain a clinical diagnosis.
 The differential diagnosis of a painful or swollen finger includes:
 	Contusion
 	Extensor tendon injury
 	Flexor tendon injury
 	Fracture or fracture/dislocation of the phalanx (detected on films)
 	Volar plate injury (especially with hyper-extension)
 	Interpahalangeal joint dislocation
 	Infection
 	Tumor (rare but possible)
 
  
 Red flags
 Volar dislocations are less common injuries, but are usually more difficult to reduce. If gentle closed reduction does not work, open reduction in the operating room (by a hand specialist) may be necessary, as soft tissue structures may be interposed into the joint.
 Rotational deformity, especially after reduction, suggests soft-tissue interposition, with open reduction in the operating room necessary here too.
 Inadequate radiographs, e.g. only having images in a single plane, may lead to a missed diagnosis.
 Changes in sensation on the ulnar and radial sides of the finger suggest injuries to the digital nerves.
  
 Treatment options and outcomes
 Collateral ligament injury
 	Grade 1 sprains should be buddy-taped full time for 1-2 weeks, and for an additional 2-4 weeks during physical activity.
 	Grade 2 sprains should be splinted in 30 degrees of flexion for 1-2 weeks followed by buddy taping during physical activities for 4-6 weeks. Prolonged splinting in flexion should be avoided, as this can cause contracture of the volar plate.
 	Grade 3 sprains should be treated similarly to grade 2 injuries, but surgery may be considered depending on the severity of the sprain. If the injury is recognized acutely, primary repair of the ligament may be attempted. Prolonged immobilization should be avoided, as the collateral ligaments will scar down after injury, causing joint stiffness and pain.
 	Grade 1 or 2 thumb collateral ligament injuries should be treated in a thumb spica cast or splint for 4-6 weeks prior to beginning gradual range of motion exercises. Grade 3 sprains should be referred to an orthopaedic or hand surgeon immediately for surgical treatment.
 
 Phalangeal Dislocations
 If the joint is stable after reduction of a dorsal dislocation, active range of motion can be initiated immediately to avoid joint stiffness, and buddy-taping or splinting should be instituted for physical activities for the next 3-4 weeks. A dorsal blocking splint should be considered the first 1-2 weeks to prevent PIP hyperextension and subsequent swan neck deformity.
 Fingers should never be immobilized for greater than 30 days, as this may lead to a joint contracture and permanent loss of motion.
 If the joint is unstable after reduction of a dorsal dislocation or cannot be reduced, the patient should be referred to an orthopaedic or hand surgeon immediately for surgical evaluation.
 The surgical treatment chosen depends on several factors, including the joint affected, the presence of a concomitant fracture, and the amount of time since the injury occurred.
 Volar dislocations, though less common, require prolonged immobilization or surgical intervention because concomitant injury to the extensor mechanism is common. Following closed reduction, these injuries require 6 weeks of splinting to permit adequate healing
 Most finger sprains and dislocations do well, as long as a stable, congruent joint is maintained.
 One of the most common complications is joint stiffness and flexion contracture, which can be avoided by encouraging early range of motion and guided physical/occupational therapy if necessary. Residual swelling can continue for up to 6 months after the injury, and some patients will note a permanent increase in finger size, potentially necessitating them to have their rings resized.
  
 Risk factors and prevention
 Many finger sprains and dislocations are a result of accidental trauma. However, athletes, particularly those playing ball-handling sports, such as basketball and football, may be at a higher risk for injury and should always wear appropriate sport-specific padding. Some athletes (e.g. football linemen) tape their fingers prophylactically, in anticipation of injury.
  
 Miscellany
 Chronic instability of the thumb MCP is called a “gamekeeper’s thumb.” The condition derives its name from Scottish gamekeeper’s method of killing rabbits by breaking the animals’ necks barehanded; this method not only puts a lot of stress on the rabbit’s neck, but also on the gamekeeper’s thumb. Repetitive neck wringing causes wear-and-tear damage to, and ultimately failure of, the thumb MCP ulnar collateral ligament. This ligament failure produces instability.
 The term “skier’s thumb” has been adopted to represent a more acute injury to the thumb ulnar collateral ligament, which occurs when skiers fall while holding their poles leading to hyperabduction of the thumb.
 Consideration of the issue of cosmesis after finger sprains may be helpful. At the least, patients should be forewarned about the potential for cosmetic deformity after finger dislocation. (An iron worker may be proud of his work-deformed hands, but not all people think like that.)
  
 Key terms
 Collateral ligament injury, Finger dislocation, Finger Sprain, Finger splinting, PIP dislocation
  
 Skills
 Perform a thorough physical examination of the hand, including evaluation of active and passive joint range of motion and joint stability, and a sensory and vascular exam of the digits.
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		Flexor Tendon Injuries of the Hand

								

	
				Injuries to the flexor tendons of the hand can be particularly challenging. Without finger flexion, patients will have difficulties with many tasks of daily living. The challenge to the surgeon is to re-attach the muscle to the bone in a way that glides smoothly within the pulley system of the hand. Flexor tendon injuries to the index and long finger tend to impede tasks that require fine motor skills; injuries to the flexor tendons of the ring or small fingers usually have a greater impact on grip strength.
  
 Structure and function
 Finger flexion occurs at three joints: the distal interphalangeal joint (DIP); the proximal interphalangeal joint (PIP); and the metacarpophalangeal joint (MCP).
 Flexion at each of these joints is powered by a distinct muscle group:
 	the flexor digitorum profundus flexes the distal interphalangeal joint;
 	the flexor digitorum superficialis flexes the proximal interphalangeal joint; and
 	the intrinsics (lumbricals and interossei) flex the metacarpophalangeal joints
 
 The flexor digitorum profundus and the flexor digitorum superficialis attach directly to the distal and middle phalanx respectively (Figure 1). These tendons are held close to the bone by a system of annular (ring-like) and cruciate (cross-forming) ligaments or pulleys.
 The lumbrical muscles do not attach to the proximal phalanx directly, but rather connect the tendons of flexor digitorum profundus (below, i.e. volar) to the extensor tendons (above, i.e. dorsal) and produce flexion by pulling on the extensor tendons as they pass over the proximal phalanx.
 The flexor digitorum superficialis [FDS] and flexor digitorum profundus [FDP]) originate proximally in the forearm, at the medial epicondyle of the elbow. They, along with flexor pollicis longus (FPL) and the median nerve, travel through the carpal tunnel at the wrist and enter the palmar surface of the hand. From there, FDS and FDP send individual tendons to the index, long, ring, and small fingers.
 Each pair of FDS and FDP tendons runs together through a tendon sheath into the fibro-osseous canal of each digit. This canal is formed by the metacarpals/phalanges, and by the pulley system and tendon sheath. The pulley system keeps the flexor tendons snug to the bone, preventing “bowstringing” during active flexion and converting a linear force into rotation and torque at the finger joints. The tendon sheath provides both lubrication as well as an important source of nutrition to the largely avascular tendons.
 The superficialis lies, as its name implies, superficial to profundus (i.e. “deep”) throughout its course until it reaches the first annular pulley (“A1”) in the vicinity of the metacarpal head. At that point, the profundus emerges through a split in the superficialis (known as Camper’s chiasm); this allows the profundus to continue to its attachment on the volar surface of the distal phalanx where it flexes the distal interphalangeal (DIP) joint. The superficialis attaches onto the base of the middle phalanx, and thus flexes the proximal interphalangeal (PIP) joint.
 Note that while the profundus distinctly flexes the distal interphalangeal (DIP) joint, it also indirectly flexes the proximal interphalangeal (PIP) joint as well. (This has important implications for physical examination, as the mere ability to flex the proximal interphalangeal (PIP) joint does not prove that the superficialis is intact; rather, such motion may reflect the indirect action of the profundus.)
 [image: ]Figure 1: Flexor tendons inserting on the middle and distal phalanges. The FDS is in red, the FDP in yellow. Innervation to FDS and the radial-sided two FDP tendons (e.g., those to the index and long fingers) is provided by the median nerve, while innervation of the ulnar two FDP tendons (ring and small finger) is provided by the ulnar nerve.
 Each digit also has a neurovascular bundle running along both its radial and ulnar borders. While these are not involved in finger flexion, per se, because of their proximity to the flexor tendons, they may also be injured when the flexor tendons are lacerated.
 Injuries to the flexor tendons can be classified by the general location of the injury. Five zones have thus been identified. The first zone is distal to the FDS insertion. This is typically an avulsion of the profundus, known as a “Jersey finger,” as it may occur when a rugby player grabs the jersey of an opponent and pulls too hard. Zone II spans the PIP joint to the distal palmar crease near the metacarpal head. In Zone II the FDP and FDS travel in the same tendon sheath and are typically injured together. Zone III is within the palm itself and is often associated with neurovascular injury. Zone IV is the carpal tunnel itself and Zone V is any area proximal to the wrist.
  
 Patient presentation
 Patients will most frequently present with a laceration to the palmar aspect of the hand and an inability to flex one or more digits. It is important to ascertain the mechanism of injury, as it may impact treatment. For example, animal or human bites should prompt antibiotics, and any penetrating injury to the hand should prompt an inquiry of whether the patient’s tetanus is up to date.
 Identification of which tendons are injured requires an accurate and complete physical exam, documenting the presence or absence of FDS and FDP function in each digit.
 To evaluate the superficialis (Figure 2), begin by having the patient extend all digits. Then, immobilize all other fingers (besides the one being tested) in this position of full extension. (This holds the profundus out to length via the “quadrigia phenomenon” (see Miscellany, below) and thus prevents the profundus from indirectly flexing the proximal interphalangeal (PIP) joint.) Instruct the patient to attempt to flex the finger. If the FDS is intact, the patient will flex at the PIP joint.
 [image: ]Figure 2: Testing the flexor digitorum superficialis [FDS]. The FDS to the middle finger is tested by holding the other 3 fingers in full extension, thereby immobilizing the profundis [FDP] (shown in black), and asking the patient to “bend the finger.”  Note that the FDP flexes the DIP specifically, but will also flex the PIP indirectly as well. By holding the other 3 fingers in extension, the FDP cannot move, and thus active PIP flexion in this position will demonstrate the integrity of the FDS (action shown in blue). To evaluate the profundus, have the patient extend the digit. Grasp the finger to immobilize the PIP and MCP joints. Instruct the patient to attempt to flex the finger. If the profundus is intact, the patient will flex at the DIP joint.
 Additionally, ensure the integrity of the digital neurovascular bundles (that course near the flexor tendons and may be injured concomitantly) by testing two-point discrimination. Doppler exam of the digital arteries may also be helpful.
  
 objective Evidence
 While flexor tendon injuries cannot be diagnosed via x-ray, both AP and lateral views of the hand should be obtained to rule out fracture or foreign body. CT and MRI have limited use in this diagnosis, although MRI would be the better of the two to evaluate soft tissue injuries and relative location in the hand or forearm of the tendon stumps. Depending on the experience of the operator, ultrasound may also be used to evaluate tendon integrity within the sheath.
  
 Epidemiology
 Hand injuries make up one of the most common complaints treated in the emergency department (14-30%). Of these, tendon injuries account for approximately 30% of presentations, second in frequency only to patients presenting with fracture (40%).
  
 Differential diagnosis
 A direct flexor tendon injury must be suspected in all patients who present with an inability to flex one or more digits. However, depending on the mechanism and extent of injury, other injuries may also be present. Important considerations include fractures of the metacarpals or phalanges that may entrap the flexor tendon, limiting its motion. Other considerations include injuries to the flexor sheath or pulley system, neurovascular injuries that impair or completely eliminate neurologic or vascular supply to the tendon or associated muscle body, or, as stated in the “Red flags” section, infection of the tendon sheath that limits movement of the tendon.
 If multiple digits are affected without sign of infection or laceration to the hand, the cause likely lies proximal, that is up the arm towards the neck. Even without a direct injury to the flexor tendons, injury to the median or ulnar nerves proximal to their innervations of the FDS and FDP muscles in the forearm may result in decreased finger flexion (this could range from peripheral compression or injury in the arm or forearm, pathology of the brachial plexus, to cervical stenosis at the level of the spine).
  
 Red flags
 An inability to flex the fingers after a trauma is itself a “red flag.” Flexor tendon injuries require expeditious treatment from a surgeon who specializes in disorders of the hand.
 Impaired flexion of a digit from swelling suggests infection.
 Impaired passive motion of a digit because of guarding (that is, tensing the muscles to limit passive motion and pain) may suggest a forearm compartment syndrome.
  
 Treatment options and outcomes
 All tendon injuries should be examined to determine the specific anatomy that has been disrupted. At the time of initial evaluation, any open injuries should be thoroughly irrigated and cleaned. Depending on the extent of injury, the affected digit may rest in a more extended position than its neighbors. In this case, a dorsal blocking splint that keeps the wrist in neutral and the metacarpal phalangeal joints and PIP joints in partial flexion is advised.
 All flexor tendon injuries should be referred to a surgeon who specializes in disorders of the hand. Flexor tendon injuries should be treated surgically expeditiously (within about 7 days of initial injury) to ensure the best results and a functional outcome. With the passage of time, the proximal edge of the lacerated tendon retracts further proximally; also, adhesions begin to form between the tendon and nearby structures.
 The surgical treatment chosen for a particular injury is dependent on several factors, including location (zone) of injury, time since injury, condition of the tendon stumps and surrounding tissues, and experience level of the surgeon. It is generally agreed upon that partial lacerations involving <60% of tendon cross-sectional area should be debrided without primary repair.
 Operative treatments of complete lacerations and those involving more than 60% of the tendon cross-sectional area include primary repair and staged reconstruction procedures with either donor tendon or silicon tendon implants.
 Successful flexor tendon repair relies not only on successful reattachment at the time of surgery but successful rehabilitation. Consistent and reliable follow-up cannot be over-emphasized. Range of motion of the digit is begun almost immediately with both passive and active flexion and extension. This minimizes adhesions and ensures the patient retains the degree of motion attained in the OR.
 (The use of regional anesthesia during surgery allows the patients to confirm with their own eyes that the tendon has been re-attached. Some surgeons believe that this provides the patient incentive and motivation to continue through the difficult and painful rehabilitation process.)
 The key to good outcomes following a successful surgery is early mobilization and consistent therapy. Tendon tensile strength improves as the repair site is stressed, adhesions are minimized, and excursion is improved with early and frequent range of motion. A dorsal-blocking splint used between therapy sessions protects the digits and maintains the repair in a slightly shortened position (as compared to full extension), alleviating some of the stress placed across the site of reconstruction when the digit is held in full extension. With appropriate therapy and protection of the repair site, good functional outcome can be seen in over 75% of patients. Most commonly encountered complications include adhesion formation, stiffness of finger joints, and even tendon rupture (risk of rupture is greatest at days 7-10 following repair).
 Understanding of and compliance with therapy and restrictions is critical after surgical repair. Therefore, children and adults with limited mental capacity should be immobilized in a cast for one month following surgical repair.
  
 Risk factors and prevention
 Most tendon injuries are a result of accidental trauma. However, a history of prior or current infection of the tendons, as well as recent surgical procedures to the tendons or hand may predispose to tendon rupture by compromise of integrity due to local inflammation or due to suture failure, respectively. Prior surgery may compromise tendon integrity and tendon excursion via formation of scar tissue and adhesions of the tendon sheath. Also, some metabolic/inflammatory disorders can weaken tendon integrity and place them at risk of rupture (e.g. infection, rheumatoid arthritis).
  
 Miscellany
 The ability to test FDS strength and excursion in isolation of FDP function is made possible by the quadriga phenomenon. A “quadriga” is a Roman chariot pulled by four horses. This phenomenon is named because the four FDP tendons are connected in the forearm and were thought to resemble the appearance of the reins of a quadriga.
 [image: ]Figure 3: A Quadriga. A Roman coin showing the Roman emperor Tiberious riding on a quadriga (from Wikipedia)  
 Key terms
 Flexor tendon, Tendon injury, Tendon repair
  
 Skills
 How to perform a thorough physical exam of the upper extremity, including how to evaluate individual nerves, both sensory and motor branches, how to assess distal digital pulses with Doppler exam, how to perform Allen’s test, how to differentiate between FDS and FDP function, and how to evaluate two-point discrimination.
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		Arthritis of the Hand

								

	
				Arthritis of the hand is a common and often disabling condition. There are several distinct types of arthritis affecting the hand; of these, degenerative arthritis (osteoarthritis) is the most common. Also seen are inflammatory arthritis (including rheumatoid arthritis), crystalline arthritis (gout, psuedogout) and infectious arthritis. The features common to all forms of hand arthritis are pain, stiffness, and swelling of the joints, and, in turn, impairment of function.
  
 Structure and function
 Osteoarthritis (OA)
 The cause of hand osteoarthritis, while multifactorial, is often attributed to simple wear and tear caused by repetitive use and aging. In point of fact, however, abnormalities of the cartilage surfaces, kinematics and soft tissue forces, as well as inflammation and hormonal influences can all cause or promote the disease. For example, ligamentous laxity may lead to abnormal joint loading. In turn, this causes accelerated wear of the cartilage surface. (The process is similar to what may be seen with an automobile tire that is not secured tightly to the vehicle: it will wobble and erode prematurely.)
 The classic radiographic hallmarks of osteoarthritis (subchondral sclerosis, joint space narrowing, synovial cysts, and osteophytes) are usually apparent in arthritis of the hand, however, the extent of these radiographic signs does not always correlate well with patients’ symptoms.
 The characteristic features of a joint afflicted with osteoarthritis are hyaline cartilage degeneration; sclerosis of the subchondral bone; formation of osteophytes at the periphery of the joint; and cyst formation within the bone. In the hand, so-called mucinous cysts can form outside of the joint as well.
 Although osteoarthritis is considered a disease of wear and tear, clearly genetic factors are involved. Twin studies have demonstrated a 59% concordance for hand osteoarthritis, and familial predispositions to osteoarthritis have long been recognized.
 Interestingly, elevated body mass index is a risk factor for osteoarthritis of the hand. Given that the hand is not (typically) a weight-bearing structure, this risk suggests a possible systemic effect of an elevated BMI.
 Rheumatoid Arthritis (RA)
 The mechanism of joint destruction in rheumatoid arthritis is incompletely understood. The etiology appears to comprise both genetic and environmental components. Rheumatoid arthritis may generally (and incompletely) be described as an immune attack originating in the synovial cells against adjacent cartilage, tendon, bone, and soft tissues.
 Rheumatoid arthritis begins in the synovial membrane with activation of the innate immune system, leading to loading of antigen presenting cells (APCs) with auto-antigens. APCs then migrate out of the joint and present these antigens to T-cells, which can then activate B cells or act directly on the synovium. There is likely no specific “rheumatoid arthritis antigen,” and the immune response seems to be directed at multiple targets, which vary across individuals. The wide variety of targets may explain the wide variety of treatment responses.
  
 Patient presentation
 The hallmark of hand arthritis, regardless of cause, is pain, stiffness, and swelling. To be sure, hand arthritis is not the only explanation for this presentation, and the examiner must be mindful of gout/pseudogout and infection (discussed below).
 Osteoarthritis of the hand is typically seen in patients older than 50 years of age; the onset is often insidious. The classical symptoms of osteoarthritis are pain, tenderness, and stiffness worsened by activity and relieved by rest. Osteoarthritis most commonly involves the distal interphalangeal joints (DIP). The thumb carpometacarpal joint, (CMC) and proximal interphalangeal joints (PIP) are the next most commonly involved joints, but OA can be present in any joint of the hand.
 Although osteoarthritis may occur in one joint in isolation, it is often symmetric and involves a “row” of joints.
 Osteoarthritis of the hand often produces deformity in its more advanced stages, though these are less dramatic than the deformities induced by rheumatoid arthritis. The most commonly seen osteoarthritis-related deformity is that produced by prominent exostoses (bone spurs) in the fingers. When these are present at the distal interphalangeal joint they are termed Heberden’s nodes; Bouchard’s nodes are similar exostoses seen at the proximal interphalangeal joint (as seen in Figure 1).
 [image: ]Figure 1: Clinical photo of hand osteoarthritis. (Credit: wikipedia. http://bit.ly/1QAtJcp) Hypertrophy of the soft tissues (coupled with osteophyte formation) can give a bulbous appearance to joints affected by osteoarthritis.
 Basal thumb (CMC) arthritis may present with decreased pinch strength, and in advanced stages an adducted CMC joint with a compensatory MCP joint hyperextension deformity.
 Additionally, mucous (mucinous) cysts, similar to ganglion cysts, may form in severe osteoarthritis, occasionally rupturing at the skin surface.
 Rheumatoid arthritis in the hand most commonly involves the MCP and PIP joints. An insidious onset of pain, swelling and stiffness of multiple joints of the hand that is not related to activity are the distinctive features of the disease. Morning stiffness, particularly such stiffness lasting greater than one hour, is classic for rheumatoid arthritis. Affected joints will have an effusion (fluid within the joint capsule) and soft tissue swelling. Some additional features characteristic of this disease are inflammatory nodules, tenosynovitis, and tendon rupture.
 Chronic rheumatoid arthritis classically results in ulnar deviation of the MCP joints in addition to swan neck and boutonniere deformities of the interphalangeal joints (due to weakening of the ligaments and capsule, as well as intrinsic muscle imbalance).
 Tendon ruptures, particularly of the extensor tendon to the thumb (EPL) or to the small finger (EDQ) are also common.
 Clinically, three phases of rheumatoid arthritis are typically observed. The initial proliferative phase includes the onset of pain and effusion corresponding to synovial proliferation (described below). The second is the destructive phase in which the synovial pannus invades cartilage and soft tissue. Finally, there is the late or “burnt out” phase in which inflammation is replaced by fibrosis, scarring, and fixed deformities (Figure 2).
 [image: ]Figure 2: Clinical photo of advanced rheumatoid arthritis (Credit: Wikipedia. http://bit.ly/23BOoE6)   
 OBJECTIVE evidence
 The radiographic findings of osteoarthritis include joint space narrowing, subchondral sclerosis and cysts, osteophyte formation as seen in Figure 3. Advanced disease may demonstrate deformity including subluxation and adjacent joint involvement.
 [image: ]Figure 3: X-ray of osteoarthritis of both the thumb CMC joint as well as the wrist. (Credit: Wikipedia. http://bit.ly/20AqV3E) There are no laboratory tests to confirm osteoarthritis; inflammatory markers are expected to be normal. Also, the synovial fluid should have a leukocyte count less than 2000 WBC/uL and without any crystals.
 Any abnormal laboratory test results in the presence of presumed osteoarthritis should prompt the exploration for other diagnoses.
 On plain x-ray, early rheumatoid arthritis will demonstrate soft tissue swelling. This will progress to joint space narrowing, subchondral cysts, peri-articular erosions and diffuse osteopenia. Erosions occur first in the “bare areas” of bone that are intra-articular but not covered in articular cartilage. In its advanced stages, the principle findings are gross deformity and auto-fusion of the joints.
 [image: ]Figure 4: X-ray of rheumatoid arthritis (Credit: Radiopaedia.org http://bit.ly/1Su0SbN) 
 MRI may additionally demonstrate effusion, synovitis, tenosynovitis, or tendon rupture.
 Laboratory values in rheumatoid arthritis typically demonstrate a positive Rh factor and anti-cyclic citrullinated peptide (CCP) antibodies, though these can be negative in 20% of cases. The erythrocyte sedimentation rate (ESR, also known simply as the “sed rate”) and C-reactive protein (CRP) levels are typically elevated, though such elevation is a non-specific finding. Fluid analysis will typically demonstrate 3,500-50,000 WBC/uL.
  
 Epidemiology
 Primary osteoarthritis of the hand is common, with radiographic evidence of OA found in approximately 75% of females and 65% of males older than 55 years of age. Not all of these people have symptoms, however, symptomatic OA of the hand has a prevalence of about 25% among women and 13% among men (about 33% and 20%, respectively, of those with radiographic changes) Indeed, as you see, it is common for radiographic evidence of OA to not be symptomatic.
 Radiographic OA is most commonly seen in the DIP joints (more than 50% of cases). The thumb CMC joint is the next most common (20%), followed by the PIP (8%).
 RA is the most common inflammatory arthritis affecting 0.5-1% of the population worldwide. 70% of patients with RA report hand and wrist dysfunction. Women are 2-3 times more commonly affected. The age of onset is typically about 60.
  
 Differential diagnosis
 Hand pain and swelling can be caused by OA, RA, other inflammatory conditions (such as psoriatic arthritis and gout/pseudogout), infection and, rarely, a neoplastic process.
 The location of the pain and its time course, the degree of inflammation, the number and symmetry of joints involved, the presence of systemic disease, and the associated signs of infection or trauma can aid in determining the diagnosis.
 Carpal tunnel syndrome is a common cause of hand pain, but it is (by definition) limited to the median nerve distribution (the palmar side of the thumb, index and long fingers, primarily). In addition to pain, carpal tunnel syndrome can be detected by the presence of sensory changes and muscle atrophy (neither features of arthritis). Note that carpal tunnel syndrome can co-exist with arthritis and other diagnoses.
 Pain at the base of the thumb may be from arthritis or tendinitis of the extensor pollicis brevis and abductor pollicis longus (de Quervain’s disease). Finkelstein’s test may help differentiate the two. In this test, the thumb is flexed and grasped by the patient’s four other fingers. Then, with the thumb stabilized, the examiner ulnar-deviates the hand, thereby stretching the extensor pollicis brevis and abductor pollicis longus tendons attached to the thumb. A positive test is characterized by reproduction of pain at the distal radius.
 Hand infection may be a cause of acute swelling and pain. (The presence of a puncture wound, insect bite, or abrasion, of course increases the likelihood of this diagnosis.)
 Gout and pseudogout are also causes of swelling and pain. In brief, gout and pseudogout are so-called “deposition diseases” in which crystals (monosodium urate and calcium pyrophosphate, respectively) are deposited in the joint and irritate it. Gout tends to affect the fingers, whereas pseudogout more commonly involves the wrist. The deposition of crystals can make the joint red, hot, tender and swollen – mimicking infection. A medical history, lab tests and x-rays can help differentiate these conditions from arthritis. The best means to make the diagnosis definitely is to examine fluid from the joint for uric acid or calcium pyrophosphate crystals.
 Table 1: Differentiating features of hand arthritis 	Feature 	Osteoarthritis 	Rheumatoid Arthritis 
 	Patient demographics 	Older; genders roughly equally affected 	Younger; female 
  	Time of maximal discomfort 	End of day, pain with use 	Morning stiffness, pain upon awakening 
 	Joint(s) involved 	interphalangeal joints; base of thumb 	MCP joints 
 	Tendon involvement 	No 	Yes 
 	Visible deformity 	Nodules at IP joint 	Ulnar deviation of fingers; swan neck and boutonniere deformities of the interphalangeal joints 
 	Radiographic features 	osteophyte formation, sclerosis common Asymmetric joint space narrowing 	osteopenia; symmetric joint space narrowing 
  
 
 Red flags
 Patients who present with acute swelling, warmth and erythema must be examined closely to rule out infection.
 Patients with RA must be monitored for incipient tendon or ligament failure. Tendon rupture is an absolute indication for surgery, not only to restore lost tendon function, but to eliminate bone deformity or synovitis. This latter step will help prevent subsequent ruptures of neighboring tendons.
 For patients with RA, systemic manifestations of disease must be considered as well. Children with juvenile arthritis must be monitored for uveitis (inflammation of the eye, including the iris, ciliary body and choroid).
  
 Treatment options and outcomes
 Non-operative Treatment
 The mainstay of treatment for mild to moderate OA of the hand involves non-surgical measures aimed at reducing symptoms. These include hand therapy, NSAIDs, activity modifications, and local corticosteroid injections. Hand therapy includes splinting, strengthening exercises, and modalities such as hot soaks, and paraffin baths.
 Several of the non-surgical strategies used in OA of the hand are employed in the treatment of RA of the hand as well. In addition, proper medical management of the disease, particularly using Disease Modifying Anti-Rheumatic Drugs (DMARDs), has significantly reduced the disease burden in patients with RA and reduced the need for surgical intervention in these patients.
 The results of hand therapy in treating mild OA are good, with the majority of patients experiencing improvements in both pain and function. Those individuals requiring surgical intervention typically report high rates of improvement in pain and reduced deformity.
 Operative Treatment
 In more advanced disease that has not responded to initial treatment measures, surgery may help. Surgical options generally include tendon releases and transfers, cheilectomy (removal of excess bone), arthrodesis (joint fusion) and arthroplasty (joint replacement). While the specific details of the surgical management of hand arthritis is beyond the scope of this chapter, some common approaches and procedures warrant specific mention.
 Synovectomy
 Synovectomy is routinely performed in the surgical management of RA. Synovectomy alone, however, is rarely indicated (as there is 30-50% recurrence rate of synovitis after this procedure alone), but it is often applied in combination with tendon transfers and arthroplasty.
 Arthrodesis
 Surgical fusion of the joint (arthrodesis) is generally a very effective procedure in relieving pain. The resulting joint fusion provides a stable and pain free appendage at the expense of motion. Fusion is tolerated quite well in joints such as the DIPs and is particularly useful in joints that present with instability. Arthrodesis of an unstable index finger PIP joint can allow for significantly improved pinch strength and function. Arthrodesis of the MCP joint is poorly tolerated and is generally a last resort.
 Arthrodesis of interphalangeal joints is extremely effective in improving pain and function.
 Reconstructive Surgery
 The thumb CMC joint is the most frequent site of reconstructive surgery in the upper extremity. Common approaches include volar ligament reconstruction, trapeziectomy with or without interpositional tendon graft, or arthroplasty.
 The most common reconstructive procedure performed for RA of the hand is MCP joint replacement (arthroplasty), typically with a silicone implant. With the use of DMARDs, however, the need for this procedure has decreased dramatically in recent years.
 The gold standard for treatment of advanced thumb CMC arthritis is trapeziectomy with or without interpositional graft and or ligament reconstruction. This method reliably relieves pain and improves function. Synthetic implants have a relatively high complication rate compared to excisional arthroplasty.
 Arthroplasty
 MCP arthroplasty in RA has demonstrated improved short-term functional and cosmetic outcomes in addition to reliable pain relief. Long-term studies have shown a high failure rate of the silicone implant, however, in such cases the implant can often be retained and retain adequate function. Recurrent ulnar drift is common, but usually less severe that the original deformity.
  
 Risk factors and prevention
 Risk factors for OA include advanced age, female gender, obesity, repetitive use, and family history. Prevention is based on avoiding risk factors such as repetitive activities. Often, such activities are associated with the patient’s work, and therefore, difficult to avoid.
 Risk factors for RA include gender (female > male, as noted), family history, and smoking. Some studies have shown oral contraceptive use to be protective, as well as breastfeeding and childbirth. There is currently no preventive strategy, but early diagnosis and treatment can prevent many of the complications of the disease.
  
 Miscellany
 The use of chondroitin sulfate and glucosamine may provide benefit to some patients with osteoarthritis and carries a low risk profile if purchased from a reputable source. Studies have failed, however, to establish a proven benefit to these supplements.
  
 Key terms
 Osteoarthritis, rheumatoid arthritis, carpometacarpal (CMC) arthritis, Heberden’s nodes; Bouchard’s nodes
  
 Skills
 Recognize and describe deformities of the hands caused by arthritis. Recognize the signs and symptoms of infection. Examine the hand to determine if there is full and painless range of motion, normal strength and intact motor and sensory function.
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		Carpal Instability

								

	
				The eight carpal bones of the wrist (“carpus”) are held together by ligaments. When there is an injury to a ligament (ranging from an isolated sprain to a catastrophic dislocation) the wrist may be rendered unstable.
 Carpal ligament injuries can lead to post-traumatic arthritis because the bones of the carpus are normally “intercalated,” that is, tightly tethered to each other. When a carpal ligament is injured, the bones may not move in their normal concerted fashion. This abnormal motion leads to abnormal positioning of the bones and, in turn, overloading of the joint surfaces.
  
 Structure and function
 There are eight carpal bones arranged in two rows: the proximal row consists of scaphoid, lunate, triquetrum and pisiform (Figure 1). The distal row consists of trapezium, trapezoid, capitate and hamate. (Please see the chapter, Carpal Fractures, for a more detailed description.) The proximal row articulates with the distal radius and distal row connects to the metacarpal bones of the hand.
 [image: ]Figure 1: The carpal bones. The scaphoid is shown in blue; the lunate in orange; trapezium in pink; trapezoid in white; the capitate is green; the hamate is purple; the triquetrum is yellow and the pisiform is red. 
 The bones have complex geometry to allow them to remain in contact when the hand is moved in three dimensions. Yet this complex geometry offers little bony congruity and in turn less inherent stability of the joints (contrasted to what is seen, for example, in the hip). As such, a network of ligaments is needed to secure the bone-to-bone connections.
 The ligaments of the carpus are categorized as “intrinsic” (for those connecting carpal bone to carpal bone) or “extrinsic” (if they connect either the radius or the ulna to an individual carpal bone). The nomenclature is simple: a compound word naming the two connecting bones is used, e.g., “scapho-lunate” ligament.
 When a carpal ligament is injured, the bones will tend to separate and the normal contact points are disrupted. This can lead to focal load bearing and articular cartilage breakdown. In turn, arthritis may develop, leading to painful and limited motion and radiographic changes.
 The carpal bones are said to be “intercalated.” That term technically means “layered,” but the key concept is that the bones are linked to each other via ligaments, and as such, when a ligament is injured the bones do not move in concert, as they should. Two patterns of disruption are common enough to warrant their own name:
 	“dorsal intercalated segmental instability” (DISI), in which the scapholunate ligament is injured, and
 	“volar intercalated segment instability” (VISI) caused by rupture of the lunotriquetral ligament and dorsal radiocarpal ligament.
 
 (The names refer to the abnormal position assumed by the carpal bones because they are not tethered appropriately.)
 A third pattern of ligamentous injury, perilunate dislocation, is one of the most severe forms of carpal instability. This is seen when multiple intrinsic and extrinsic ligaments are torn, and the lunate completely dissociates from rest of the carpal bones. Because of the high energy associated with this injury, vascularity and neurologic function may be compromised as well.
  
 Patient presentation
 The most common injury mechanism is from a fall on an outstretched hand with wrist extended. Violent trauma such as a motorcycle accident or a contact sports injury is also a frequent cause of carpal instability. Accordingly, the chief complaint of patients with a carpal ligament injury is pain, and their primary findings are swelling and tenderness.
 In severe cases of carpal instability, the lunate can be completely displaced  (Figure 2) and therefore might be palpable in the palm.
 Often, the patient’s pain and tenderness will to be too great to allow stress testing of the affected structures and therefore radiographic diagnosis is key.
 In many cases, carpal ligament injuries are associated with fractures of the adjacent bones. For instance, distal radius fractures are commonly seen with scapholunate ligament injury. Therefore, it is important to survey the entire overall spacial relationship of the carpal bones, in addition to assessing the more obvious fracture(s).
 Unfortunately, there are no pathognomonic clinical features that are diagnostic of carpal instability. The symptoms are often subtle and unimpressive. Generalized pain especially with wrist motion and axial compression without any obvious deformity or radiographic findings can steer the clinicians to suspect carpal instability.
 Astute examiners can localize tender spots over the scapholunate and lunotriquetral ligaments based on anatomic landmarks.
 Provocative maneuvers such as the Watson test and scaphoid ballottement test are helpful. The Watson test (also known as the scaphoid shift test) is perhaps the most important exam maneuver when there is suspicion for carpal instability. The Watson test is used to identify scapholunate ligament tears.
 In order to perform this test, the clinician’s thumb presses on the scaphoid tuberosity. As the examiner passively deviates the wrist from ulnar to radial direction, pain and clunking signifies a positive test. This “clunk” results from subluxation of the proximal scaphoid over the dorsal lip of the radius. Although the Watson test is sensitive for the detection of scapholunate ligament tears, its specificity is low.
 [image: ]Figure 2: In this lateral view of a CT of the wrist, a volar dislocation of the lunate is demonstrated (credit: Radiopaedia. http://bit.ly/1nwVadv)  
 objective evidence
 After a thorough history and physical examination, posteroanterior, oblique and lateral radiographs of the wrist (the so-called “three-views”) should be obtained.
 Full thickness tears or chronic injuries to the scapholunate and lunotriquetral ligaments are often detected due to widened intervals of the proximal carpal bones.
 Carpal instability can be demonstrated on imaging studies, either by detecting the carpal bones out of their normal place (Figures 3 and 4), suggesting laxity, or by demonstrating arthritic damage to the articular surfaces.
 When assessing for carpal instability, the bone worthy of particular attention on imaging studies is the lunate. The lunate is tethered to scaphoid and triquetrum.
 The key point to recall is that if the carpal bones were not connected, the scaphoid would flex (move in a volar direction) and the triquetrum would extend (move in a dorsal direction). The lunate, connected to both the scaphoid and the triquetrum, stabilizes these bones accordingly. Critically, the position of the lunate can therefore indicate the status of the ligaments:
 	when scapholunate ligament is injured, the uninjured lunotriquetral ligament drags the lunate into extension; and
 	when the lunotriquetral ligament is injured, the intact scapholunate ligament pulls the lunate into flexion.
 
 With a complete tear of the scapholunate ligament (Figure 5), abnormal extension of the lunate is visible on the lateral view of the wrist. This, as noted above, is known as
 dorsal intercalated segment instability or DISI.
 A complete tear of the lunotriquetral ligament will allow the scaphoid to drag the lunate into flexion, indicating volar intercalated segment instability (VISI)
 Partial tears of the scapholunate and lunotriquetral ligaments are more challenging to identify on static radiographs, which tend to appear normal.
 Stress views (for example the “clenched fist” view) can reveal carpal instability.
 In cases where multiple views including stress radiographs do not show any abnormality, MRI may prove to be helpful. However, the sensitivity of MRI for scapholunate ligament tear is only approximately 60-70%.
 The current gold standard for diagnosing carpal instability is wrist arthroscopy. The direct visualization of the carpal ligaments with the use of a camera and blunt probing instruments, can definitively diagnose or rule out subtle or radiographically negative ligament tears.
 [image: ]Figure 3: Normal scapholunate interval (modified from wikipedia). [image: ]Figure 4: The scapholunate interval is wide (modified from wikiradiography). [image: ]Figure 5: Lateral view of the wrist on MRI, showing the lunate extended, i.e. tilted towards the dorsal surface. (Some have suggested that this looks like a tea cup that has been tipped over.) This “tilted tea cup” is indicative of complete disruption of the scapholunate ligament.  
 Epidemiology
 Carpal instability is an injury of young and middle-aged populations. The exact incidence of carpal instability is unknown, as the diagnosis is not often apparent.
 Instability can be subtle: severe symptoms can be found in the setting of fairly benign-appearing radiographs. It has been shown that carpal instability can be detected (if sought) in approximately 30% of patients with displaced intra-articular distal radius or scaphoid fractures.
  
 Differential diagnosis
 Major carpal instabilities and frank dislocations are readily visualized on radiographs. Clinical findings of partial tears or attenuation of scapholunate and lunotriquetral ligaments are subtle and symptoms are nonspecific. More common clinical entities should be entertained prior to diagnosing carpal instability.
 Conditions that may present with complaints similar to those of mild carpal instability include:
 	DeQuervain’s tenosynovitis
 	Extensor tendonitis
 	Carpal tunnel syndrome
 	Distal radioulnar joint instability
 	Triangular fibrocartilage complex injury
 	Wartenberg syndrome (radial sensory neuritis)
 	Intersection syndrome (inflammation at the point where the abductor pollicis longus and extensor pollicis brevis “intersect” the extensor carpi radialis longus and the extensor carpi radialis brevis in the forearm
 	Nondisplaced scaphoid fractures
 
  
 Red flags
 	A history of high energy trauma. Due to complex geometry of the bones and their overlap on lateral views, the radiographs of carpal bones are very difficult to evaluate. As such the best means to detecting ligament injuries and carpal instability is to maintain vigilance, especially with higher-energy trauma. Loss of the normal symmetrical spaces normal seen radiographs can be a clue that ligament injury is present.
 	Presence of a displaced, intra-articular distal radius fracture. Scapholunate ligament tears are commonly associated with distal radius fractures. Persistent wrist pain despite fracture fixation suggests a diagnosis of a ligament injury.
 	Sudden onset of neurologic symptoms such as numbness, tingling, and radiating pain along the thumb, index and middle finger distribution suggest median nerve compression (an acute carpal tunnel syndrome) and may require urgent decompression.
 
  
 Treatment options and outcomes
 Partial tears of scapholunate and lunotriquetral ligaments without positive radiographic findings are initially treated nonoperatively with a short course of immobilization, followed by therapy. In persistently symptomatic cases, wrist arthroscopy is the next phase of treatment. Partial tears can be confirmed, and the ligament remnant may be debrided. Arthroscopically-assisted and percutaneous pinning of the injured interval can provide further stabilization to promote healing.
 Complete tears of scapholunate and lunotriquetral ligaments (and with that, loss of ligament integrity) allow the carpal intervals to widen. The goal of treatment for this condition is to restore and maintain carpal alignment. Many operative techniques have been described; no single technique has proved superior to the others. An open approach (contrasted to arthroscopy) allows for better visualization of the wrist bones at the cost of more surgical trauma.
 Regardless of the operative approach, screws and pins are ultimately used to hold the proximal carpal in an anatomic position as seen in Figure 6.
 Primary repair is feasible in certain cases, but more frequently wrist capsule and other ligaments are “borrowed” to augment the injured interval.
 [image: ]Figure 6: Fixation can be attained with screws, pins or suture anchors- or all three! In cases of perilunate dislocation, closed reduction with sedation can be attempted in the emergency department, but it is often unsuccessful as a long-term solution. These injuries are treated surgically with nerve decompression (i.e. carpal tunnel release) and open reduction of the lunate.
 High level medical evidence (ie prospective trials) regarding treatment outcome does not exist, and case reports may be misleading because of bias. Still, in general it can be observed that an injury severe enough to be easily detected is severe enough to lead to a less than desirable outcome, regardless of how it was treated. Similarly, mild ligament injuries treated with the immobilization often do well though some loss of motion may be expected. In severe or chronic cases, post-traumatic arthritis is expected.
  
 Risk factors and prevention
 Any activity that increases the risk of falls or high energy trauma theoretically increases the risk of carpal instability. In general, there are no specific preventative steps to avoid this condition.
  
 Miscellany
 One of the most common injuries in orthopaedics is a distal radius fracture. When describing a distal radius fracture, make it a habit to mentally assess the scapholunate interval to detect concomitant injuries there.
  
 Key terms
 carpal instability, scapholunate ligament, lunotriquetral ligament, perilunate dislocation, dorsal intercalated segment instability (DISI), volar intercalated segment instability (VISI)
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		Carpal Tunnel Syndrome

								

	
				Carpal Tunnel Syndrome is a compression neuropathy of the median nerve as it passes though the carpal tunnel at the wrist. Patients with Carpal Tunnel Syndrome typically present with numbness and tingling in the thumb, index finger and long fingers, as well as nocturnal wrist or hand pain. Prolonged compression of the median nerve (Figure 1) may also lead to thenar muscle weakness and fine motor difficulty. Carpal Tunnel Syndrome is common and costly: its economic costs in the USA alone are estimated to exceed $2 billion per year, where approximately 500,000 carpal tunnel releases are performed per year.
 [image: ]Figure 1: Carpal Tunnel Anatomy: the median nerve accompanies the flexor tendons as they pass though the carpal tunnel at the wrist. (Credit Wikipedia. http://bit.ly/1Q7JcxZ)  
 Structure and function
 The median nerve originates from the lateral and medial cords of the brachial plexus with contributions from the C6, C7, C8, T1, and sometimes C5 nerve roots.
 The median nerve enters the forearm between the heads of the pronator teres muscle and within the forearm, it innervates the pronator teres, flexor carpi radialis, palmaris longus, and flexor digitorum superficialis muscles.
 The anterior interosseous nerve branches off the median nerve and innervates the flexor digitorum profundus muscle to the index and long fingers, flexor pollicis longus, and pronator quadratus.
 The palmar cutaneous sensory branch of the median nerve originates proximal to the carpal tunnel and provides sensation to the thenar eminence.
 The recurrent motor branch of the median nerve, which innervates the lumbricals to the index and long fingers and the opponens pollicis, abductor pollicis brevis, and flexor pollicis brevis muscles, originates as the median nerve exits the carpal tunnel. However anatomic variants exist, and the nerve may branch more proximally within the tunnel or may course through the transverse carpal ligament as it travels toward the thenar musculature.
 The median nerve supplies sensory innervation to the palmar aspect of the thumb, index finger, long finger, and the radial one-half of the ring finger as well as the radial aspect of the palm.
 The floor of the carpal tunnel consists of the carpal bones. The transverse carpal ligament forms the roof of the carpal tunnel and extends from the hamate and pisiform ulnarly to the trapezium and scaphoid radially.
 The following 10 structures pass through the carpal tunnel: median nerve, flexor digitorum superficialis tendons (4 total), flexor digitorum profundus tendons (4 total), and flexor pollicis longus tendon.
 Normal pressure measurements within the carpal tunnel average around 2.5 mmHg. A decrease in epineural blood flow may be seen at pressures greater than 20 mmHg. Hand position can also affect the pressure: wrist extension, wrist flexion, and digit flexion also lead to elevated carpal tunnel pressure.
 Acute Carpal Tunnel Syndrome is the result of sudden, sustained compression of the median nerve secondary to local trauma, fracture, or hematoma.
 Carpal Tunnel Syndrome more commonly occurs as the result of chronic compression of the median nerve. Most patients present with no identifiable cause and are considered idiopathic cases. Histologic evaluation reveals proliferation of edematous and fibrous tissue within the carpal tunnel.
 Anatomic causes of Carpal Tunnel Syndrome include osteophytes, ganglion cysts, tumor, proliferative tenosynovitis, hematoma, infection, and a persistent median artery.
 Multiple systemic illnesses are associated with the presence of Carpal Tunnel Syndrome. The most common of these include obesity, diabetes mellitus, and hypothyroidism.
 Rheumatoid arthritis may cause chronic compression of the median nerve at the wrist as a result of local pannus formation (synovial proliferation).
 Carpal Tunnel Syndrome may occur during pregnancy, usually during the third trimester (perhaps from fluid retention); these cases typically resolve following delivery.
 Carpal tunnel syndrome has not been shown to be caused by office work such as typing or using a computer mouse. The NIH website stated explicitly, “There is little clinical data to prove whether repetitive and forceful movements of the hand and wrist during work or leisure activities can cause carpal tunnel syndrome.”  Nonetheless, it is of course possible that patients with carpal tunnel syndrome may experience symptoms of their disease when engaged in such activities. (By analogy, a patient with coronary artery disease may experience angina when running up the stairs. But just as stair climbing does not cause coronary artery disease, typing does not cause Carpal Tunnel Syndrome. Rather, both activities may simply provoke symptoms.)
  
 Patient presentation
 Carpal Tunnel Syndrome presents clinically as numbness, tingling, and paresthesias of the thumb and radial digits.
 Patients may also experience distal forearm, wrist or hand pain. Pain at night is a common complaint, and many patients report relief with “shaking out” their hands.
 In addition to sensory disturbances, chronic median nerve compression may lead to hand weakness, loss of dexterity and fatigability as a result of decreased motor nerve conduction and muscle atrophy.
 A thorough upper extremity evaluation including strength and neurologic testing may reveal any of the following:
 	Atrophy or flattening of the thenar eminence.
 	Reported decreased sensation to light touch and pin prick in the median nerve distribution (and a related finding: two-point discrimination >5mm).
 	Weakness with palmar abduction of the thumb as a result of the near muscle weakness.
 
 Tinel’s test is performed by percussing the course of the median nerve as it crosses the carpal tunnel into the palm. A positive test elicits shock-like sensations in one or more of the radial digits.
 Phalen’s test involves having the patient flex the wrist for a period of 60 seconds to see if that provokes numbness and tingling in the median nerve distribution.
 The examiner performs Durkan’s compression test by applying direct pressure to the wrist in the region of the median nerve at the carpal tunnel for 30 seconds. Like Phalen’s test, Durkan’s test is considered positive if numbness and tingling in the median nerve distribution is elicited.
  
 Objective evidence
 Baseline wrist radiographs should be obtained to rule out fracture, bone spurs, dislocation, or other anatomic sources of median nerve compression. Radiographs, however, are generally of low yield. MRI or ultrasound have been described as adjuncts in the evaluation of tumors or cysts suspected of causing Carpal Tunnel Syndrome, however, these are not commonly performed, and more sensitive and specific tests exist to confirm the diagnosis.
 While specific blood tests may be useful in diagnosing systemic conditions predisposed to developing Carpal Tunnel Syndrome, such as hypothyroidism or diabetes mellitus, there are no known serologic studies or markers for compression neuropathies.
 Nerve conduction tests and electromyography are commonly performed for evaluation of patients with suspected Carpal Tunnel Syndrome. Nerve conduction tests determine the velocity with which impulses are conducted across specific nerves. Electromyography (EMG) directly measures muscle response to electrical stimulation. The decision to order nerve conduction tests/EMG is a so-called “clinical judgment,” meaning that this threshold is not defined precisely.
 When a nerve is compressed the velocity with which impulses are conducted will be decreased. Hence, the finding of decreased median nerve conduction velocity as the nerve passes in the carpal tunnel (with normal velocity elsewhere) can be considered as objective evidence of compression. Some patients, however, have Carpal Tunnel Syndrome despite borderline normal nerve conduction testing. (Pre-operative nerve conduction testing is particularly useful in case there is recurrence or failure to improve with treatment.)
 Sensory testing is based on the reports of patients’ subjective responses and therefore should not be considered objective evidence.
  
 Epidemiology
 The incidence of Carpal Tunnel Syndrome is 1 to 3 per 1000 persons per year. The prevalence is 50 cases per 1000 persons. It is more common among women than men and more common with older age. Bilateral involvement is also common.
  
 Differential diagnosis
 Carpal Tunnel Syndrome is a compression neuropathy of the median nerve at the wrist, and therefore, by definition, affects only structures in the median nerve distribution distal to the wrist (with referred pain in the forearm, occasionally).
 Patients with cervical radiculopathy may present with complaints suggestive of Carpal Tunnel Syndrome.
 Local pathology within the hand (arthritis, tendinitis), too, may mimic some of the symptoms associated with Carpal Tunnel Syndrome.
 Last, systemic neurological conditions can produce disturbances observed in Carpal Tunnel Syndrome (e.g. pernicious anemia and folate deficiency).
  
 Red flags
 Acute Carpal Tunnel Syndrome as a result of trauma (e.g. radius fracture) requires urgent surgical decompression.
  
 Treatment options and outcomes
 Non-operative 
 Treatment for Carpal Tunnel Syndrome should begin with non-operative treatment. The most commonly prescribed conservative intervention is wrist splint immobilization (especially for night-time symptoms); such splinting minimizes pressure in the canal.
 Non-steroidal anti-inflammatory medications may provide symptomatic relief, however the benefit has not been clearly demonstrated in the literature.
 For patients with potential occupational risk factors, ergonomic considerations such as workspace modifications may provide some relief; such an approach is justified empirically.
 Corticosteroid injection into the carpal tunnel serves not only a therapeutic role but also aids in confirming the diagnosis of Carpal Tunnel Syndrome: symptomatic relief after injection helps confirm the diagnosis. Approximately 1 in 5 individuals remain symptom free at 1 year following injection. Patients with mild disease and those with symptoms for less than 1 year are more likely to experience longer-term relief.
 Operative 
 Surgical decompression of the median nerve at the carpal tunnel involves release of the transverse carpal ligament. A number of surgical techniques (including open (Figure 2), mini-open, and endoscopic) have been described. In each, care is taken to avoid injury to the recurrent motor branch.
 [image: ]Figure 2: Open carpal tunnel involves release. (Credit: flickr.com http://bit.ly/1RVTzuJ) Surgical decompression is the most reliable intervention available to treat Carpal Tunnel Syndrome. Recurrence following surgical release ranges from 5% to 20%. Sensory and motor recovery is variable and difficult to predict, however, the pain associated with chronic nerve compression typically resolves. Nerves that have been chronically compressed and thus subjected to longer durations of epineural ischemia are less likely to demonstrate full recovery. This highlights the importance of early diagnosis and therapeutic intervention when Carpal Tunnel Syndrome is present.
  
 Miscellany
 A systematic review of conservative treatment of carpal tunnel syndrome (PMID: 17613571) found that vitamin B6 and exercise therapy are ineffective. There is limited or conflicting evidence whether yoga, laser and ultrasound are effective treatments.
 A positive Tinel’s test has been referred to as “Tinel’s sign,” however this is a misnomer: the perceived and reported response is a subjective symptom, not an objective sign. It has been proposed that specific subjective responses to focused tests be labeled as “wigns,” spelled like “sign” but pronounced “whine,” to emphasize the blending of the subjective and objective realms.
  
 Key terms
 Carpal Tunnel Syndrome; median nerve; compression neuropathy, anterior interosseous nerve
  
 Skills
 Identify and effectively evaluate persons presenting with symptoms of Carpal Tunnel Syndrome. Recognize clinical signs consistent with median nerve compressive neuropathy. Perform provocative examination maneuvers specific to Carpal Tunnel Syndrome as part of the physical exam. Recognize adjunctive tests that aid in the evaluation and diagnosis of Carpal Tunnel Syndrome. Understand potential interventions to treat the disease.
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		Compression Neuropathies of the Arm

								

	
				Pressure on peripheral nerves can cause numbness, weakness or pain — compression neuropathy — in the areas the nerves supply. Pressure on the median nerve at the wrist (i.e., carpal tunnel syndrome) is the most common compression neuropathy of the upper extremity but compression of the ulnar, radial, posterior interosseous and anterior interosseous nerves is also seen. Among these, compression of the ulnar nerve in the cubital tunnel at the elbow is the more common. The diagnosis of compression neuropathy is made by clinical correlation of the patient’s complaints with the anatomic distribution of the nerve, and may be confirmed by electro-diagnostic studies.
  
 Structure and function
 Within a peripheral nerve, axons are surrounded by endoneurium (shown in black in Figure 1). A group of such axons are then surrounded by perineurium (shown in blue); these groups are called a fascicle. A collection of fascicles may be in turn bundled together with blood vessels (red) within yet another sheath known as the epineurium (shown in green). The blood vessels then penetrate into the perineurium.
 [image: ]Figure 1: The anatomy of a nerve, showing endoneurium (black) around the axons composing the fascicle, in turn surrounded by perineurium (shown in blue) and then epineurium (shown in green). (Modified from wikipedia. http://bit.ly/1Sydsqv) Mild nerve compression produces a reduction in epineural blood flow. Prolonged compression can then reduce endoneural blood flow and produce ischemia. Ischemia leads to breakdown of the blood–nerve barrier. Antigens released within the perineurial space then can incite an inflammatory response.
 Eventually, scar tissue may form, and in turn irreversible damage to the nerve may result.
 When patients with compression neuropathy undergo surgical decompression, the compressed nerve often is indented at the point of compression. Synovitis, sclerosis, fibrous hypertrophy, and edema of the synovium are also seen.
 The individual nerves each have their own so-called “sensory domain”, that is, area of skin whose sensation is provided (exclusively) by that peripheral nerve (Figures 2-4). As such, a sensory examination (or related complaints) can help hone the diagnosis.
 [image: ]Figure 2: The sensory domain of the radial nerve shown in yellow. Modified from wikipedia [image: ]Figure 3: The sensory domain of the median nerve shown in green. Modified from wikipedia [image: ]Figure 4: The sensory domains of the ulnar nerve shown in red. Modified from wikipedia The nerves to the hand also have unique motor function. For example, the radial nerve supplies the muscles that extend the wrist; thus, radial nerve dysfunction leads to a wrist drop. (Other examples are detailed below.)
 Cubital tunnel syndrome (ulnar nerve compression near the elbow) may be caused by the presence of an accessory muscle, the anconeous epitrochlearis. This muscle, present in about 1/4 of the population, can become edematous and press on the nerve.
 Cubital tunnel syndrome may be aggravated by or associated with prolonged periods of flexing the elbow, such as during sleep or holding a phone while working at a desk.
 Radial nerve compression may arise from prolonged pressure on the nerve from the surrounding muscles in the proximal forearm area, or from direct pressure to the posterior aspect of the arm. This direct pressure mechanism is seen in patients who fall sleep on their arms; when it is another person’s body that exerted the pressure, the condition is known as “honeymoon palsy.”
 Compression of the ulnar nerve in Guyon’s canal (Figure 5) can be found with a fracture of the hamate bone or aneurysmal swelling of the ulnar artery. Compression of the ulnar nerve at the wrist is also seen in avid bicyclists, who may rest their wrists against their handlebars. The most common cause of ulnar nerve compression at Guyon’s canal is a ganglion.
 [image: ]Figure 5: The approximate surface landmarks of Guyon’s canal are shown in red, through which the ulnar nerve (black) passes.  
 Patient presentation
 Compression neuropathy presents as numbness, weakness, pain, or a mixture thereof. The symptoms produced depend on which nerve is involved, where along the nerve it is being compressed, and the severity of the condition.
 Ulnar nerve
 Common symptoms of cubital tunnel syndrome, a compression neuropathy of the ulnar nerve at the elbow, are numbness of the small finger, and ulnar half of the ring finger. There may be associated complaints of hand weakness or muscle wasting (causing visible deformity of the hand).
 When compression of the ulnar nerve occurs more distally around the wrist and hand (i.e. within Guyon’s canal), patients report altered sensation on the palmar surfaces of the small and ring fingers but have normal sensation on the dorsum of the hand. There may also be weakness of the intrinsic muscles of the hand. Ulnar nerve dysfunction may produce a so called Wartenberg’s sign (Figure 6); more subtle weakness will be seen only with provocative testing (Figure 7).
 [image: ]Figure 6: Wartenberg’s sign is found when a patient’s small finger remains Abducted despite an instruction “bring all of your fingers together.” The finger may even rest in this position because the extensor tendons pass slightly ulnar to the midpoint of the finger and thus exert a slight abduction force. If the ulnar nerve is dysfunctional, the extensors (which are innervated by the radial nerve) will overpower the intrinsic adductor muscle innervated by the ulnar nerve and the finger will “escape” as shown. [image: ]Figure 7: Ulnar nerve dysfunction leading to subtle weakness. More subtle weakness of adduction can be demonstrated by asking the patient to hold a piece of paper between the ring and small fingers (by adducting them, as shown by the red arrows in the top photo. If the ulnar nerve is dysfunctional, the force of adduction, though sufficient to bring the fingers closer together than what is seen with frank paralysis, will not be able to hold on to the paper. Radial nerve
 The radial nerve runs along the humerus, and compression in the posterior aspect of the upper arm may produce weakness in wrist extension (causing a so-called ‘wrist drop’ (Figure 8)), weakness in finger extension (including the thumb), and decreased sensation along the dorsum of the hand. If the pressure on the nerve is more distal in the proximal forearm, there may be soreness in the mobile wad area of the proximal forearm and the posterior interosseous nerve alone is affected. The main weakness is of finger and thumb extension; wrist extension will be relatively spared and there are no sensory changes.
 [image: ]Figure 8: Radial nerve dysfunction can produce a “wrist drop.” Anterior interosseous nerve
 When compression involves the anterior interosseous nerve (running in the forearm opposite the posterior interosseous nerve), there is paralysis or weakness of the flexor pollicis longus, the flexor digitorum profundus to the index and long fingers and the and pronator quadratus. Compression of the anterior interosseous nerve produces no sensory loss. An affected patient attempting to make an “OK” sign would instead form a triangle, as shown in Figures 9 and 10.
 [image: ]Figure 9: This figure shows intact anterior interosseous nerve function. When the patient is asked to make an “OK sign”, there is flexion present at the thumb IP joint and index finger DIP joint. [image: ]Figure 10: Anterior interosseous nerve dysfunction. When the anterior interosseous nerve does not work normally, there is weakness of flexor pollicis longus and flexor digitorum profundus to the index and long fingers producing an absence of flexion at the thumb IP joint and index finger DIP joint when trying to make an “OK sign.”  
 Objective evidence
 Plain x-rays may be used to detect underlying anatomic abnormalities such as bony spurs or fracture fragments that may be a source of compression.
 Magnetic resonance imaging may identify tumors or cysts that can compress nearby nerves. MRI is frequently indicated to evaluate for a mass in ulnar nerve compression at Guyon’s canal.
 Electrodiagnostic tests — nerve conduction studies and electromyography — can test the function of specific nerves. Because there is a fairly high prevalence of abnormal results on nerve conduction studies and electromyography (both false positives and false negatives), these tests are best considered as tools as an adjunct to physical examination, but not for screening purposes.
  
 Epidemiology
 The incidence of cubital tunnel has been measured in one study to about one in 5,000 (PMID: 15993135). The incidence for the other peripheral neuropathies is known to be lower, but albeit imprecisely so. Note that mild forms of compression neuropathy will not be reported, as such patients will not present for care.
  
 Differential diagnosis
 The differential diagnosis of compression neuropathy can be categorized into three main areas:
 	Diseases with dysfunction of the peripheral nerve, but not because of compression. Amyotrophic lateral sclerosis, multiple sclerosis, leprosy (Hansen’s disease is the eponym for infection of the nerves by mycobacterium leprae), Parsonage-Turner syndrome (viral infectious neuritis), and brachial neuritis — all fairly rare conditions — can cause peripheral nerve dysfunction.
 	Cervical radiculopathy. Note that single level compression of one root often produces no gross weakness, and the symptoms would respect the dermatomal border of that nerve root, and not that of the peripheral nerve.
 	Local musculoskeletal pathology. For instance, arthritis of the base of the thumb can cause localized pain on the radial side of the hand, or bony spurs arising from the edge of joints may cause mechanical rupture of adjacent tendons. (Note: local musculoskeletal conditions that mimic neuropathies should have no associated sensory deficit.)
 
 Distinguishing a cervical radiculopathy from a compression neuropathy may be difficult. As shown, the differences between sensory areas are subtle (Figure 11). The main distinction is that the sensory symptoms of a compression neuropathy typically are located more distally, in the hand only. Also, the weakness tends to be less severe in cases of cervical radiculopathy, as the affected muscle has input from other cervical levels. (This of course gets confusing when multiple cervical levels are involved, as may be the case.) Focal neck complaints may be the main distinguishing feature of cervical rather than extremity disease.
 [image: ]Figure 11: The close resemblance between the sensory distribution of the C8 nerve root and that of the ulnar nerve. The “textbook” distinction, namely, that the ulnar nerve supplies only the ulnar side of the ring finger, is not reliable enough for clinical use.  
 Red flags
 Generalized complaints, involvement of multiple extremities and central or cranial nerve disturbances are all worrisome and suggest a diagnosis beyond a compression neuropathy. Tongue fasciculations, visual changes, altered gait and a sense of imbalance in particular suggest neurologic disease.
  
 Treatment options and outcomes
 Logically, the treatment of a compression neuropathy should be the decompression of the nerve. Nonetheless, a non-operative approach centering on modification of activity may be sufficient, as the compression may have indeed been produced from overuse. Also, some patients may improve spontaneously or learn to tolerate their symptoms (if mild).
 At times, splinting the wrist or elbow can minimize the pressure on the nerve. Better still, offending activities should be stopped. For example, avoiding riding a bicycle or hyperflexing the elbow may completely relieve compression of the ulnar nerve at the wrist and elbow respectively.
 When the symptoms of compression do not abate with non-operative treatment, surgical decompression may be indicated. Surgical decompression is effective when there is ischemia caused by pressure (i.e. when the diagnosis is correct) and the nerve has not been irreversibly damaged (and the diagnosis is timely).
  
 Risk factors and prevention
 Mechanical risk factors for compression of the ulnar nerve at the elbow include a supracondylar (distal humerus) fracture in childhood, causing a so called “tardy” (or late-appearing) ulnar nerve palsy and chronic valgus stress, as from pitching in baseball.
  
 Miscellany
 Because many patients with a compression neuropathy are apt to get better spontaneously, there are probably many patients who, having tried a non-traditional approach to treatment, will credit this treatment for their (truly spontaneous) recovery. Even “traditional treatments” may benefit from this line of thinking: e.g., the beneficial effect of local injections may be on the basis of a placebo effect. In general, any treatment that “amuses the patient while nature takes its course,” as Voltaire put it, may be reasonable as long as it does not put the patient at risk. In that regard, patients with nerve ischemia may progress from a state of reversible neuropathy to one of permanent damage; and thus, not always is a “watch-and-wait” approach risk-free.
 The use of poor-fitted crutches can lead to a compression neuropathy of the axillary nerve: crutches that are too long can press into the axilla.
 As noted, the term “honeymoon palsy” refers to a compression neuropathy (typically of the radial nerve) that results from excessive pressure on the arm from one’s bed mate. Cheiralgia paresthetica is the name for sensory abnormalities in the radial nerve distribution from tight handcuffs or other causes.
  
 Key terms
 Ulnar nerve, Electromyography (EMG), Cubital tunnel syndrome; wrist drop; Guyon’s canal
  
 Skills
 Recognize the findings on history that are particular to lesions of the radial, median and ulnar nerves versus generalized conditions that may be neurologic or rheumatologic in nature but may mimic upper extremity compression syndromes. Perform physical examination maneuvers that assess the radial, median and ulnar nerves.
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		De Quervains Disease

								

	
				De Quervain’s disease is a common cause of pain at the base of the thumb and the radial side of the wrist. This condition is characterized by irritation of the extensor pollicis brevis and abductor pollicis longus, as they pass through their sheaths in the so-called “first compartment” on the dorsum of the wrist. The cause of de Quervain’s disease is often unknown, but repetitive grasping tasks and rheumatoid arthritis are associated with increased incidence. The use of a splint usually leads to relief, but injection with steroids, or failing that, surgical release of the tendon sheath may be needed.
  
 Structure and function
 There are six compartments on the dorsal side of the wrist (as shown in Figure 1).
 [image: ]Figure 1: The six compartments on the dorsal side of the wrist (modified from wikipedia. http://bit.ly/1PQbUcw) 

 	The first compartment (and the one involved in de Quervain’s disease) houses the extensor pollicis brevis and abductor pollicis longus. This compartment lies over the radial styloid
 
 The other compartments are as follows:
 	The second compartment holds the extensor carpi radialis longus and extensor carpi radialis brevis
 	The third compartment holds the extensor pollicis longus
 	The extensor indicis proprius and the extensor digitorum communis (to 4 fingers) are in the fourth compartment
 	The fifth compartment has the extensor to the fifth finger, the extensor digiti minimi
 	The extensor carpi ulnaris is in the sixth compartment.
 
 All of these extensor tendons emanate from the forearm and cross the wrist. They are secured by the extensor retinaculum above and by the bones below. All have synovial tendon sheaths to keep them in place and to reduce friction.
 Because these tendons are in an enclosed space, any process that makes the tendon larger or the surrounding tissue more confining will impede normal motion of the affected tendon.
 De Quervain’s disease is frequently associated with attrition and degeneration of the affected tendons. Reactive swelling may be seen as well. In turn, there is resistance to gliding and pain.
 The histopathology of de Quervain’s disease was studied by Clarke et al (PMID: 9888670). They reported that “the condition was not characterized by inflammation, but by thickening of the tendon sheath and most notably by the accumulation of mucopolysaccharide, an indicator of myxoid degeneration. These changes are pathognomonic of the condition and are not seen in control tendon sheaths.” They further stated “de Quervain’s disease is a result of intrinsic, degenerative mechanisms rather than extrinsic, inflammatory ones.”
 Overuse, a direct blow to radial side of the wrist and repetitive grasping are all thought to cause de Quervain’s disease, but clearly not always does de Quervain’s disease follow these “inciting events.” In addition, there are cases with de Quervain’s disease with no known cause. In sum, the question of causality has not been answered definitively.
 Pregnancy and rheumatoid arthritis are associated with increased incidence of clinically significant de Quervain’s disease.
 It is possible that anatomic abnormalities, causing the tendon to take a less direct course or perhaps to be caught by a septum within the compartment, may be causal in a minority of cases.
  
 Patient presentation
 The chief complaint of de Quervain’s disease is pain on the thumb side of the wrist, worsened with grasping.
 Swelling may be seen; if so, it is likely caused by an associated retinacular (ganglion) cyst.
 Some patients notice a catching sensation as the tendons to the thumb are momentarily caught within their sheath.
 De Quervain’s disease can be confirmed clinically with Finkelstein’s test: in this test, the thumb is brought toward the ulnar side of the hand by the examiner, as shown below in Figure 2. A positive test is characterized by reproduction of pain at the distal radius.
 Another variation is for and the patient to place the thumb under the other 4 (flexed) fingers. Then, with the thumb so stabilized, the examiner ulnar-deviates the hand, thereby stretching the extensor pollicis brevis and abductor pollicis longus tendons attached to the thumb.
 (The extensor pollicis brevis and abductor pollicis longus are muscles that cause radial abduction of the thumb away from the other fingers, in the plane of the palm. The provocative movement in Finkelstein’s test can be thought of as forced ulnar adduction with the tendons under tension.)
 [image: ]Figure 2: Finkelstein’s test (from Wikipedia. http://bit.ly/23Emwzo)  
 Objective evidence
 Plain radiographs are generally not needed in diagnosing de Quervain’s disease, but can help rule out other processes including fractures (of the radial styloid or carpus) and arthritis.
 Lab studies are likewise not part of the diagnostic work-up.
  
 Epidemiology
 Like most conditions that are diagnosed clinically, are self-limited and may have mild forms, de Quervain’s disease resists precise epidemiological measurement.
 De Quervain’s disease is more common among women.
 De Quervain’s disease is seen in pregnant women, and even more so in the immediate post-partum period.
  
 Differential diagnosis
 Thumb pain can be caused by osteoarthritis of the basal joints. (Note: arthritis and de Quervain’s disease frequently co-exist.)
 Carpal tunnel could cause pain in the thumb, but would not be provoked by Finkelstein’s test and would typically involve other fingers.
 So-called “intersection syndrome” i.e. pain at the intersection of the abductor pollicis longus and extensor pollicis brevis with the extensor carpi radialis longus and brevis, can cause similar symptoms, though more proximal in the forearm.
 Compression of the superficial branch of the radial nerve may cause symptoms in the area characteristic of de Quervain’s disease, but would not be affected by Finkelstein’s test.
  
 Red flags
 De Quervain’s disease has no red flags per se, but treatment with injections can lead to infection which must be detected promptly.
  
 Treatment options and outcomes
 The first line treatment includes rest, thumb splinting and NSAIDs. Splinting should keep the wrist neutral and the thumb slightly abducted.
 If splinting does not work (adequately), then injection into the first compartment with steroid may help (Figure 3 and 4). One mL of dexamethasone and 1 mL of lidocaine is a reasonable combination. The addition of the local anesthetic (lidocaine) can allow both the physician and patient to get an immediate sense if the medicine was placed correctly (anatomic variance may make it hard to be sure that an injection hit its target) and whether the treatment is apt to work.
 [image: ]Figure 3: The first compartment is identified by palpation, and “marked” by gentle pressure of the examiner’s thumb nails (courtesy of Stuart Myers, MD) [image: ]Figure 4: After outlining the compartment (the indentation made by the examiner’s thumb nails is shown in green), the site is injected (courtesy of Stuart Myers, MD) Surgical release is reserved for those who fail all other modes of treatment. The goals of surgery include complete decompression (including multiple subcompartments within the “first compartment”) and avoidance of the radial sensory nerve.
 [image: ]Figure 5: De Quervain’s disease surgical release (courtesy of Gene Deune, MD) Richie and Briner (PMID: 12665175) report “an 83% cure rate with injection alone.” Patients were eligible for inclusion if they had pain at the radial wrist, tenderness at the first dorsal wrist extensor compartment, and a positive Finkelstein test. Patients were considered cured if all three signs were obliterated.
 Richie and Briner further report that the cure rate with injection alone “was much higher than any other therapeutic modality” including injection plus splinting (a manifestation of the healthful effects of stress, the authors posit). Interestingly, they found a 0% cure rate for rest or nonsteroidal anti-inflammatory drugs.
 Aside: this latter finding – which does not match common clinical experience — shows how difficult it is to assess a case series reporting on conditions that are diagnosed clinically. First, it may well be that rest will eliminate pain and tenderness, but not obliterate the Finkelstein test response. That “two out of three” outcome is probably not a clinical failure, though it is by these authors’ standard. Also, complete obliteration of signs and symptoms may not be needed for clinical success either. (The inventor of a non-invasive method to reduce back pain by 80% without complications will have a large fortune in no time.) Last, patients who were not given any affirmative treatment, but rather rest alone, will not benefit from any placebo effect either.
  
 Risk factors and prevention
 De Quervain’s disease seems to be caused by processes that cannot be avoided. As such, there is no meaningful program for prevention. That said, if a particular inciting event seems to increase symptoms, common sense would dictate trying to minimize that activity.
  
 Miscellany
 This condition is named after a Fritz Quervain, a Swiss physician perhaps more famous for his description of Giant Cell Thyroiditis. His name is pronounced something like “Care Van.”
  
 Key terms
 de Quervain’s, Finkelstein’s test, tendinitis
  
 Skills
 Able to perform Finkelstein’s test.
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		Disorders of the Nail

								

	
				The fingernail serves multiple functions. In addition to protecting the fingertip, it provides tactile sensation, aids in thermoregulation, and assists in picking up small objects; it also has dense lymphatics in the hyponychium that help resist infection. The fingernail is the most frequently injured portion of the finger secondary to its prominent location. The nail is also susceptible to infection and may be the site of tumors, both benign and malignant. Last, the nail may display signs of underlying systemic disease.
  
 Structure and function
 The nail is a plate of keratin that covers the dorsal aspect of the distal phalanges of the fingers and toes (Figure 1).
 The nail plate (which, in layman’s terms, is the “nail” itself) is a hard sheet of translucent keratin in which lie several layers of dead, compacted cells.
 The nail bed is the tissue that lies beneath the nail plate. The nail bed contains nerves, lymphatics and capillaries. (The function of these blood vessels can be assessed by compressing the nail to momentarily occlude them, and then releasing the pressure. So-called “capillary refill” indicates good flow.)
 Within the nail bed is the germinal matrix, the source of cells that become the nail plate. As these cells are produced, older cells are pushed forward and compressed, giving rise to the typical growing pattern of the nail.
 The eponychium is a small band of epithelium that covers the proximal aspect of the nail; the paronychium is a similar border tissue around the medial and lateral borders.
 The cuticle is a layer of epidermis that folds back over the surface of the nail plate at its base.
 [image: ]Figure 1: Nail anatomy. A is the nail plate; B is the lunula; C is the nail bed; and D is the germinal matrix. (modified from Wikipedia. http://bit.ly/1nZphdS)  
 Trauma
 Trauma to the nails is common, with the middle finger being most commonly affected due to its length and greater exposure compared to adjacent shorter digits. There are often associated fractures of the distal phalanx.
 Trauma may result in a painful subungual hematoma (Figure 2), a collection of blood compressed between the nail plate and the nail bed on the distal phalanx.
 [image: ]Figure 2: Subungual hematoma. Treatment involves placing a hole in the nail plate to relieve the pressure. If the subungual hematoma involves more than 50% of the nail, the nail plate is generally removed and the nail bed repaired with fine absorbable sutures (Figure 3).
 [image: ]Figure 3: Nail bed repair. Nailbed lacerations
 Nailbed lacerations are often the result of crush injuries, producing a stellate laceration pattern. These injures require repair. Without adequate repair (and sometimes despite best efforts) the nailbed will not heal smoothly.
 Because nailbed lacerations are typically crush injuries, x-rays should always be obtained to exclude a fracture.
 In children, it may be possible to repair the nailbed with a cyanoacrylate adhesive (e.g., “Dermabond”). The cosmetic outcome with this approach is comparable to that of suture repair. This option is advantageous in the pediatric population specifically because it avoids keeping the child motionless and is relatively pain-free.
  Hook nail deformity
 A hook nail deformity is a condition that can appear after a traumatic amputation of the distal aspect of the fingertip (that is, soft tissues and the tuft of the distal phalanx). When the nail bed loses its distal support, the nail can grow downward around the tip of the finger.
 [image: ]Figure 4: Hook nail. The nail is shown growing around the tip of the finger.  
 Infection
 The nail is a site for both acute and chronic infections. Acute infections often result from a minor event, such as a superficial laceration or pulling a hangnail, with bacteria — typically Staphylococcus and Streptococcus — being the most common etiology. Chronic infections are typically fungal and may result from multiple acute infections treated with antibiotics or chronic moisture, with Candida being the most common etiology. Less commonly, atypical organisms, such as Mycobacterium, are the source of infection.
 Paronychia
 Paronychia (a collection of pus between the nail plate and the nail fold) and felons (a purulent collection forms on the palmar surface of the distal phalanx) are discussed in detail in the chapter on hand infections.
 Herpetic whitlow
 Herpetic whitlow is a viral lesion caused by the Herpes simplex virus and involves the paronychium (Figure 5). Prior to use of gloves by dental and medical professionals, this was seen in workers around oral secretions. It is currently more commonly seen in children who suck their thumb or fingers or in adults following contact with infected genitals. Initially, this has the appearance of an acute bacterial infection, but clear vesicles will eventually develop, helping differentiate this from an acute infection. The process is self-limiting, and incision and drainage should be avoided as a subsequent bacterial infection may occur, prolonging the time for resolution and often requiring additional treatment.
 [image: ]Figure 5: Herpetic whitlow. (From Wikipedia. http://bit.ly/1Pam5TB) 
 Onychomycosis
 Onychomycosis (i.e., fungal infection of the nail- Figure 6) occurs more in toenails than in fingernails, but can be found in the latter. Diabetes, vascular problems or immunocompromised states are risk factors. Nail fungus can cause three problems (in order of frequency): cosmetic deformity, pain and systemic spread. Onychomycosis is difficult to treat; recurrences are common. Oral medications such as terbinafine do not uniformly clear the infection, and significant side effects (e.g. liver damage) may result. Antifungal lacquers can help clear up some nail fungal infections but require diligent application, frequent debridement and use for up to one year. (That is to say, the efficacy of antifungal lacquers may be limited by issues of compliance.) Ablation of the nail may also be chosen.
 [image: ]Figure 6: Onychomycosis. (courtesy of Gene Deune, MD)  
 Benign tumors
 Tumors of the nail bed are relatively rare, but the physician must keep them in mind when a patient presents with pain or a change in the appearance of the nail. The most common benign tumors associated with the nail complex are mucous cysts (ganglion cysts), pyogenic granuloma, verucca, glomus tumors, and benign melonychia.
 Ganglion cysts
 Ganglion cysts, more commonly referred to as mucous cysts in this location, are the most common tumor affecting the nail bed (Figure 7). These cysts result from an arthritic spur (osteophyte) of the distal interphalangeal joint (DIP) of the fingers (or interphalangeal (IP) joint of the thumbs). Depending on the location of the cyst, the nail nearby may be deformed. The cyst may involve the eponychial fold. Treatment should be directed at removal of the stalk of the cyst and the underlying spurs of the joint. Nail deformities often improve following removal of the cyst. Because the cyst originates in the joint (and communicates with it) rupture of the cyst through the skin may introduce bacteria into the joint space.
 [image: ]Figure 7: Ganglion (mucous) cyst at the base of the nail. Pyogenic granuloma
 Pyogenic granuloma is a raised lesion that is a proliferation of granulation tissue; it is frequently traumatized and bleeds (Figure 8). These lesions often develop when a wound has failed to heal and persistent bleeding prompts presentation to the physician. Like the Holy Roman Empire (which was said to be not Holy, Roman or imperial) pyogenic granuloma may be completely misnamed: “pyogenic” suggests infection, incorrectly; and there is no granuloma here either. Accordingly, the term Eruptive Hemangioma has been suggested. Most pyogenic granulomata resolve spontaneously. Those that do not can be removed with surgical excision or thermal ablation (e.g. electrocautery or freezing).
 [image: ]Figure 8: Pyogenic granuloma. (From wikipedia.http://bit.ly/1KSCeet) Verruca vulgaris
 Verruca vulgaris, or the common wart, may present around the perionychium. Multiple treatment methods are available, without any proving to be superior. When the eponychial fold is involved, permanent scarring may result.
 Glomus tumor 
 Glomus tumor is a neoplasm of the smooth muscle cells of the glomus body, which regulate blood flow and temperature in the finger (Figure 9). Half of these tumors occur in the subungual area (and give rise to nail deformities). As might be expected with any mass, glomus tumors can present with severe pain and point tenderness; the more specific finding is focal cold sensitivity. MRI with gadolinium is helpful for diagnosis; treatment involves excision of the mass.
 [image: ]Figure 9: Glomus tumor. (image courtesy of Peter Murray, MD)  
 Malignant tumors
 Squamous cell carcinoma and melanoma are the most common malignancies of the nail complex. Radiographs of the finger should be obtained to evaluate for osseous changes of the distal phalanx.
 Squamous cell carcinoma
 Squamous cell carcinoma is responsible for approximately 20% of all cutaneous malignancies but is less common than melanoma in the subungual region. It may present with early skin changes or more advanced lesions (Figure 10). Treatment typically involves amputation at the DIP joint of the finger (IP joint of the thumb).
 [image: ]Figure 10: Squamous cell carcinoma of the thumb. Malignant melanoma
 Malignant melanoma (Figure 11) accounts for 4% of cutaneous malignancies but is responsible for 80% of the deaths from cutaneous malignancies. Approximately 2% occur in the hand, and half of these are subungual. They may present as a pigmented lesion (Figure 1: Nail anatomy) in the nail bed or in the surrounding eponychium Figure 2: Subungual Hematoma). A full-thickness biopsy is necessary. Prognosis depends on the depth of invasion and the status of sentinel lymph nodes. Lesions greater than 1 mm in thickness or involving the entire depth of the nail bed should have sentinel lymph node biopsy to evaluate for metastatic disease. Surgical treatment of the finger typically involves amputation proximal to the adjacent joint. Although Moh’s micrographic surgery has been performed in some cases, reconstruction is challenging and often results in a worse functional outcome than amputation.
 [image: ]Figure 11: Malignant melanoma of the finger. Metastatic disease
 Metastatic disease can present in the fingertip, with lung cancers being the most common primary source. In approximately 30% of cases, fingertip metastases are the first presentation of the underlying primary tumor, and may be mistaken at first for an infection.
  
 Nail manifestations of systemic disease
 Clubbing is an increased curvature of the nail and nail fold in a proximal to distal direction, often with the appearance of a bulbous fingertip. The nail plate often has a shiny appearance. This is frequently a manifestation of systemic disease, with cardiac, pulmonary, and gastrointestinal conditions being the most common, although it can occur without underlying etiology. The mechanism by which this occurs has not been clearly elucidated.
 [image: ]Figure 12: Clubbing of the fingers. (From Wikipedia. http://bit.ly/1m8sQNu)  
 Red flags
 Trauma
 	crush injuries to the nailbed are associated with distal phalanx fractures
 	subungual hematomas greater than 50% of the nail should be evacuated to relieve pressure
 
 Infection 
 	fingernail infection with fungus may be a sign of diabetes, circulatory disorders, a weakened immune system dysfunction
 	ruptured mucous cysts communicate with the joint space
 
 Tumor
 	Beware of melanoma!
 
  
 Miscellany
 Patients of most vocations and avocations can perform functionally well following injury or amputation of a fingertip. In fact, an article entitled Less than ten – surgeons with amputated fingers in the Journal of Hand Surgery describes multiple physicians and surgeons who continue to practice following amputations of a digit.
 Fingernails grow approximately 2 inches per year.
 Fingernails do NOT grow after death; rather, the surrounding skin retracts, giving that illusion.
 Illicit drugs can be identified in nail clippings up to 8 months after use (and unlike hair test, which can be subverted by head-shaving, nail testing is much less likely to be undermined by completely removing the nail).
 The first syllable in the word “hangnail” does not refer to the nail “hanging” from the finger; rather, it’s root is ang, meaning pain (similar to the word “anguish”).
  
 Key terms
 Fingernail, fingertip, perionychium, nail bed, subungual, mucous cyst, glomus tumor
  
 Skills
 Recognize both traumatic and acquired conditions affecting the nail and perionychium and have an understanding of treatment principles.
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		Dupuytren's Disease

								

	
				Dupuytren’s Disease (or simply “Dupuytren’s”) is a progressive disorder characterized by fibrosis of the palmar fascia. Dupuytren’s is associated with the formation of palpable nodules and cords in the palm and fingers. In its later stages Dupuytren’s causes fixed digital flexion contractures. Although the disease process spares the tendons deep to the fascia because the contractures place the finger in flexion (as shown in Figure X ) the tendons cannot function normally. Dupuytren’s Disease usually involves the 4th finger but may include others (the 5th finger is next-most likely to be involved; the thumb is least likely). Dupuytren’s is rarely a painful condition.
  
 Structure and function
 Dupuytren’s disease is due to abnormal thickening and contracture of the palmar fascia (also known as the palmar aponeurosis (Figure 1)).
 [image: ]Figure 1: Anatomy of palmar fascia. (Modified from wikimedia.org http://bit.ly/1NMrgal) The palmar fascia is a fibrous structure that lies below the dermis and above the flexor tendons and muscles of the hand. It anchors the palmar skin and protects deeper neurovascular structures. The palmar fascia extends from the wrist across the palm (where it is continuous with the transverse carpal ligament); the tendon of the palmaris longus, if present, attaches to it. Distally, it courses into the fingers to become the digital fascia. The fibers of the fascia are architecturally complex, with transverse, longitudinal, or vertical orientations.
 In Dupuytren’s disease, these fibers contract to form nodules and then cords. The fascia becomes focally adherent to the overlying skin, causing pitting, and the cords contract, causing fixed flexion deformities of the digits.
 The abnormal proliferation of myofibroblasts (specialized fibroblast-like cells that are vital for wound healing) is critical to the pathogenesis of Dupuytren’s disease.
 Myofibroblasts, unlike regular fibroblasts, are capable of contracting, and they are responsible for the fascial contraction that is seen in Dupuytren’s Disease. The fascia in Dupuytren’s is characterized by increased numbers of myofibroblasts and inflammatory cells and disorderly collagen deposition. There is increased expression of growth factors within the fascia and an increase in the ratio of type III to type I collagen.
 The increased numbers of myofibroblasts, disorderly collagen deposition and increased expression of growth factors seen in Dupuytren’s disease are found in penile fibromatosis (Peyronie’s disease), suggesting a common underlying condition.
 The underlying cause of Dupuytren’s remains obscure, but ischemic, autoimmune, and inflammatory mechanisms have all been suggested. Certain environmental factors are thought to play a role, including smoking, alcohol use, and diabetes. It has been suggested but not proven that the use of vibrating machinery may lead to Dupuytren’s.
 In addition to environmental factors, there seems to be a genetic basis to at least some cases of Dupuytren’s. This is supported by the large number of patients with a family history of the disorder and by the high prevalence of Dupuytren’s in patients of Northern European descent. An autosomal dominant mode of inheritance with incomplete penetrance has been postulated, but a single gene responsible for the disease has yet to be identified.
  
 Patient presentation
 The initial manifestations of Dupuytren’s Disease include thickening of the skin of the hand, and loss of normal skin mobility.
 The skin changes are followed by the development of palpable nodules and cords in the palm and fingers. The nodules are usually located near the distal palmar crease, near the base of the finger, or adjacent to the PIP joint.
 As the disease progresses, often over a period of several years, flexion contractures of the MCP and PIP joints can develop. These contractures most commonly affect the ring and small fingers (Figure 2).
 [image: ]Figure 2: A flexion contracture of the MCP of the 4th finger, with an obvious cord. The “tabletop test” can determine if the patient has a flexion contracture. As shown in Figure 3, the patient here is attempting to lay the hand palm side down, flat on a surface. This test is more sensitive than specific; that is, patients who can lay their hands down do not have a contracture, whereas an inability to do so may have other causes.
 [image: ]Figure 3: The “tabletop test”. In most cases, both hands are involved, although one is often more advanced than the other. Patients may also experience ectopic manifestations, such as fibrosis on the dorsum of the PIP joints (Garrod’s knuckle pads), plantar fibromatosis (Ledderhose disease), penile fibromatosis (Peyronie’s disease), and frozen shoulder.
  
 Objective evidence
 In general, Dupuytren’s disease is a clinical diagnosis. Hand x-rays will demonstrate flexion contractures and can be used to rule out other causes of deformity. Nodules and cords will not be seen, as they are radiolucent. While hand x-rays should be obtained at the time of initial evaluation, there is no role for routinely obtaining any other imaging or laboratory studies.
  
 Epidemiology
 Typical patients are of Northern European descent, with fair skin and blonde hair. Dark skinned people are not usually affected. It has been suggested that the disease is of Viking origin, although this has not been substantiated. Onset is usually in middle to late life. Dupuytren’s disease is much more common in men than women; and when it is found in women, the onset is later and the disease is less severe.
 The prevalence of Dupuytren’s disease varies dramatically by region. It is highest in northern Scotland, Ireland, Norway, and Australia, where as many as 40% of elderly men may be affected. In the United States the prevalence is less than 5%.
  
 Differential diagnosis
 While Dupuytren’s disease causes flexion contractures of the digits, a number of other disorders can present in a similar fashion, including stenosing tenosynovitis (or “trigger finger”), ulnar nerve palsy, and camptodactyly.
 The thickened skin, nodules, and cords may be confused with scars, calluses, tophi, ganglion cysts, prolapsed flexor tendons (as can be seen in rheumatoid arthritis), or soft tissue tumors such as giant cell tumors or even (rarely) epithelioid sarcomas.
 Plantar fibromatosis (Ledderhose disease) and penile fibromatosis (Peyronie’s disease) are sometimes seen in conjunction with Dupuytren’s disease, making thorough history-taking important.
  
 Red flags
 Although the signs of early Dupuytren’s can be subtle, pitting of the palmar skin can be one of the first findings and is a relatively specific marker of the disease.
 Males with early onset, a family history of Dupuytren’s, ectopic involvement, and bilateral disease have the worst prognosis.
 Intervention should be considered when there is a MCP joint contracture of thirty degrees or more or for any degree of PIP joint contracture.
  
 Treatment options and outcomes
 Patients with minimal impairment can be educated regarding the diagnosis and observed over time. When symptoms become more severe, intervention is warranted.
 Indications for intervention and possible surgical treatment include metacarpophalangeal flexion contractures of more than thirty degrees or any proximal interphalangeal flexion contracture. Once this degree of contracture is present, treatment involves removing or breaking apart the cords that pull the fingers into flexion.
 One method for removing or breaking apart the cords that pull the fingers into flexion is to cut them with a scalpel or percutaneously with a needle. This latter technique is called “needle aponeurotomy” or “needling.” The scalpel or needle disrupts or “breaks” the cord of tissue that is contracting the finger. The advantages of this technique are that there is a small or no incision, it can be performed on multiple fingers at the same setting, and usually requires little therapy after the procedure. The primary risk is accidental injury to nerves or tendons.
 Another treatment option for breaking apart the cords is the injection of collagenase clostridium histolyticum, an enzyme that weakens the Dupuytren’s cord (Figure 4). This injection is performed in the office. On the day following the injection, the physician manipulates the contracted finger in an attempt to break the cord and straighten the finger. Currently, the collagenase injection can be used on only one joint (in one finger) at a time and additional injections must be spaced at least one month apart. Otherwise, the risks and benefits are similar to those for needling.
 [image: ]Figure 4: Injection for Dupuytren’s Disease. (Source: Flickr http://bit.ly/20jDYd5) Limited fasciectomy (fascial excision) may be performed for more advanced cases. The principle advantage to fasciectomy is a more complete and reliable joint release than that with the needle or enzyme techniques. Disadvantages include the need for hand therapy postoperatively and longer recovery time.
 [image: ]Figure 5: Post-operative appearance of Dupuytren’s release. (source: Flickr http://bit.ly/1UDrKoO) For the most severe and for recurrent cases, the overlying skin must be excised as well and the area skin grafted (a so-called dermo-fasciectomy). Patients are often especially stiff after dermo-fasciectomy. To assist in regaining range of motion, patients are prescribed hand therapy and often thermoplast splints. For more severe stiffness, temporary placement of skeletal traction devices, surgical release of joint contractures, or even joint fusions can be utilized.
 Unfortunately, recurrence rates after surgery are high, ranging from 2% to 60% (average 33%). Recurrence may be due to the formation of new nodules at the surgical site or extension of those outside that area.
 Potential complications of surgery include skin necrosis, infection, nerve or vascular injury, reflex sympathetic dystrophy, loss of the involved digit, and stiffness.
 The outcomes of collagenase injections have been less well-studied. They seem to be effective in the short term and appear relatively safe, although some cases of iatrogenic tendon ruptures have been observed and long-term follow-up is not yet available.
  
 Risk factors and prevention
 Risk factors include a family history, male sex, smoking, alcohol intake, and diabetes. Epilepsy, anticonvulsant use, hand trauma, and the use of vibrating machinery may also put patients at higher risk, although this is controversial.
  
 Miscellany
 Among bagpipe players, Dupuytren’s Disease is known as the “Curse of the MacCrimmons,” after a family of preeminent bagpipe players in 16th century Scotland. When affected by the Curse, a player’s small finger becomes bent, making bagpipe playing impossible.
 Famous sufferers of Dupuytren’s disease include Ronald Reagan, Bob Dole, and Samuel Beckett.
 According to Stigler’s (tongue in cheek) Law of Eponymy, “No scientific discovery is named after its original discoverer” (a phenomenon first described by Merton, Stigler points out). Dupuytren’s Disease is no exception: Baron Guillaume Dupuytren’s 1831 lecture associated his name with a condition Henry Cline characterized in 1808.
  
 Key terms
 Dupuytren’s disease, palmar fascia, Dupuytren’s diathesis
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		Finger and Hand Infections

								

	
				The hand is susceptible to infection by virtue of its intimate contact with the outside world, its great surface area and its propensity for injury. That is, the hand is exposed frequently to infectious organisms, and these organisms are frequently given a point of entry.
 The specialized anatomy of the hand, particularly the tendon sheaths and deep fascial spaces, create distinct pathways for infection to spread. In addition, even fully cleared infections of the hand can result in significant morbidity, including stiffness and weakness. For these reasons, early and aggressive treatment of hand infections is imperative.
 In this section, specific hand infections will be considered:
 	paronychia: infection of the folds of skin surrounding a fingernail
 	felon: a purulent collection on the palmar surface of the distal phalanx
 	flexor tenosynovitis: purulent material resides within the flexor tendon sheath.
 	septic arthritis: infection in the joint space, often related to bite wounds
 
  
 Paronychia
 The paronychium is a small band of epithelium that covers the medial and lateral borders of the nail. The eponychium is a small band of epithelium that covers the proximal aspect of the nail.
 A paronychia (Figure 1) is an infection of the paronychium or eponychium. It is caused by minor trauma such as nail biting, aggressive manicuring, hangnail picking or applying artificial nails. Immunodeficiency, poor glycemic control, and occupations involving repeated hand exposure to water (e.g. dishwasher) are risk factors for the development of paronychia.
 Tenderness and erythema of the nail fold at the site of infection will become evident within a few days of the inciting trauma. Progression to abscess formation is common.
 Turkman et al described the “digital pressure test for paronychia”: A paronychia will appear as a blanched area when light pressure is applied to the volar aspect of the affected digit.
 [image: ]Figure 1: Paronychia. (From Wikipedia. http://bit.ly/203fe3w) If left untreated, the paronychia can spread along the nail fold from one side of the finger to the other, or to beneath the nail plate.
 Treatment for early cases includes warm water soaks and antibiotics. However, once a purulent collection has formed, treatment requires opening the junction of the paronychial fold and the nail plate (Figure 2). This is normally done with the bevel of an 18 gauge needle.
 [image: ]Figure 2: Drainage of Paronychia. The bevel of an 18 gauge needle is passed between the nail plate below and the nail fold above to allow for drainage of the pus. Acute paronychiae are usually caused by Staphylococcus aureus and are treated with a first-generation cephalosporin or anti-staphylococcal penicillin. Broader coverage is indicated if other pathogens are suspected. Chronic paronychiae may be caused by Candida albicans or by exposure to irritants and allergens.
 Paronychiae may be prevented by avoiding behaviors such as nail biting, finger sucking, and cuticle trimming. Patients with chronic paronychia should be advised to keep their nails short and to use gloves when exposed to known irritants.
 Felon
 A felon is an abscess on the palmar surface of the fingertip. Bacteria are normally introduced via minimal penetrating trauma, such as a splinter.
 The palmar aspect of the fingertip contains many osteocutaneous ligaments that connect the palmar skin of the fingertip to the distal phalanx. These ligaments prevent excessive mobility of the skin during pinch; they also maintain position of the cutaneous sensory endings and receptors to allow for identification of objects during grasp. The organization of these osteocutaneous ligaments form a relatively non-compliant compartment in the distal phalanx; thus, rather than expanding when pus is introduced, the compartment will simply increase in pressure.
 Elevated compartment pressure results in significant pain relative to the (small) amount of pus. In addition, the gradient between capillary pressure and tissue pressure is decreased; the resulting decrease in perfusion can lead to tissue necrosis. Furthermore, because the osteocutaneous ligaments attach to the distal phalanx itself, osteomyelitis (infection of the bone) can occur.
 Treatment involves surgical drainage and antibiotics. Incision and drainage is performed at the most fluctuant point. The incision should not cross the distal interphalangeal joint flexion crease (to prevent formation of a flexion contracture from scar formation) or penetrate too deeply (to prevent spread of infection from violating the flexor tendon sheath). Potential complications of excessive dissection to drain a felon include an anesthetic fingertip or unstable finger pad.
 Antibiotic treatment should cover staphylococcal and streptococcal organisms. X-rays may be helpful to ensure that there is no retained foreign body.
 Flexor tenosynovitis
 In the fingers, a series of pulleys hold the tendons in close apposition to the bone, preventing bowstringing during flexion. There are a total of 8 pulleys overlying the finger flexor tendons and 3 pulleys overlying the thumb flexor tendon; these pulleys together are called the flexor tendon sheath.
 In flexor tenosynovitis (Figure 3), the infection is within the flexor tendon sheath. This infection is particularly harmful because bacterial exotoxins can destroy the paratenon (fatty tissue within the tendon sheath) and in turn damage the gliding surface of the tendon. In addition, inflammation can lead to adhesions and scarring, and infection can lead to overt necrosis of the tendon or the sheath.
 Although patients may not recall a specific history of trauma, flexor tenosynovitis is usually the product of penetrating trauma. Flexor tenosynovitis may be caused by inoculation and introduction of native skin flora (e.g., Staphylococcus and Streptococcus) or by more unusual organisms (e.g., Pasteurella and Eikenella) when there is a bite wound.
 Flexor tenosynovitis can also have noninfectious causes such as chronic inflammation from diabetes mellitus, rheumatoid arthritis or other rheumatic conditions (e.g., psoriatic arthritis, systemic lupus erythematosus, and sarcoidosis).
 Kanavel described four classic signs of flexor tenosynovitis, as follows:
 	Flexed posture of the digit.
 	Fusiform (sausage-shaped, or tapering) swelling.
 	Tenderness to palpation over the flexor tendon sheath.
 	Pain over the flexor tendon sheath with passive extension of the finger
 
 [image: ]Figure 3: Flexor tenosynovitis. This patient’s fourth digit exhibits erythema, fusiform swelling, and mild flexion compared to the adjacent digits. Anatomic relationships of flexor sheaths to deep fasical spaces should be kept in mind. Contiguous spread can result in a “horseshoe abscess”: from small finger flexor sheath to the thumb flexor sheath via connection between the radial and ulnar bursae.
 If the diagnosis of flexor tenosynovitis is not clear, the patient may be admitted to the hospital for antibiotics, elevation of the affected hand, and serial examination. Non-operative treatment should be reserved for normal hosts. In patients with diabetes or any disease that may compromise the immune system, early surgical drainage is indicated even for suspected cases.
 If the diagnosis of flexor tenosynovitis is established definitively, or if a suspected case in a normal host does not respond to antibiotics, surgical drainage is indicated (Figure 4). During this surgery, it is important to open the flexor sheath proximally and distally to adequately flush out the infection with saline irrigation. The distal incision is made very close to the digital nerve and artery as well as the underlying distal interphalangeal joint; it is important to avoid damage to these structures during surgery. Some surgeons will leave a small indwelling catheter in the flexor sheath to allow for continuous irrigation after surgery, but there is no conclusive evidence that this ultimately improves results.
 [image: ]Figure 4: Drainage of flexor tenosynovitis. Proximal and distal incisions have been made, allowing adequate drainage of the flexor tendon sheath. Post-operative active and passive ROM exercises are recommended. Intravenous antibiotics should continue for an additional two or three days. (The duration of IV antibiotic administration as well as the need for oral antibiotics thereafter is determined by the intraoperative cultures and clinical response.)
 Post-operative adhesions damage gliding surfaces and decrease active range of motion, and thus require tenolysis. Soft tissue necrosis and flexor tendon rupture are other relatively common complications.
 Joint infection
 The metacarpophalangeal and interphalangeal joints are closed, relatively avascular spaces. Infection can reach the joint space via direct penetration or hematogenous spread.
 Small (and ring) finger metacarpophalangeal joint infections in particular may result from a “fight bite,” where the patient strikes and an opponent in the mouth with a closed fist and the opponent’s tooth penetrates the joint and seeds it with oral flora. As with flexor tenosynovitis, a major risk of joint space infection is destruction of the gliding surface by bacterial exotoxins, which can compromise recovery of motion after the infection resolves.
 A fight bite is at particularly high risk for complications, for the following reasons:
 	the puncher may underestimate the severity of the wound
 	the puncher may have been intoxicated (and sufficiently “medicated” to not feel pain)
 	the puncher may attribute initial symptoms to bone pain from punch and not present for care until cellulitis is rampant
 	the initial examiner may underestimate the severity of the wound, as it is usually small (the size of an incisor tooth or smaller, e.g. 3mm) with clean edges
 	the human mouth has a high concentration of nearly 200 species of bacteria, many “unusual” anaerobes
 	motion of the MCP joint to “shake off the pain” may drive saliva deeper into the tissue
 	the extensor tendon and joint capsule are fairly superficial and may be violated with seemingly shallow wounds
 	the extensor tendon and joint capsule are fairly avascular and thus unable to fight infection
 
 Fight bites (Figure 5) should be meticulously irrigated, preferably with a formal debridement by a hand surgeon in the operating room. The laceration must not be closed in the ED.
 [image: ]Figure 5: Fight bite. A punch to the tooth may inadvertently lacerate the skin over the MCP joint and introduce oral flora into the joint. Diagnosis of an established joint infection is often made by clinical examination. Patients will have swelling and erythema centered on the affected joint. Motion or axial loading of the joint will increase pain. Assessment of joint fluid for cell count, gram stain, and crystals (acute crystalline arthropathy such as gout can mimic a joint infection) can aid in the diagnosis, but it is often quite difficult to pass a needle into the narrow joint space and obtain an adequate sample. Serum markers of inflammation (such as white blood cell count, erythrocyte sedimentation rate, and C – reactive protein) are not typically elevated with an infection of a small joint of the hand. X-rays should be obtained to ensure that there is no fracture or retained tooth fragment.
 Treatment consists of incision and drainage of the joint space. For the metacarpophalangeal joints of the fingers, the approach is normally dorsal through the long extensor tendon. In “fight bite” situations, there may be an indentation of the head of the metacarpal where it struck the tooth. For the interphalangeal joint, the approach is normally dorsolateral between the extensor mechanism dorsally and the collateral ligament laterally. Arthroscopic approaches have been described for the wrist and even the metacarpophalangeal joint, but an open approach is more commonly used.
  
 General principles
 	Open wounds must be irrigated to remove debris
 	Closed abscesses must be incised and drained
 	Devitalized tissue should be debrided
 	Penetrating wounds require consideration of tetanus status
 	Splinting the hand may enhance healing
 	Patients with diabetes mellitus have more gram-negative infections and require broader antibiotic coverage
 	Patients in an immunocompromised state may develop a hand infection from hematogenous spread from another site
 	Unusual exposures lead to unusual bacteria: e.g. tropical fish aquarium workers, butchers, farmers.
 
  
 Imaging
 Patients suspected of having a hand infection will often undergo plain x-rays. The bony structures will typically appear normal except in very advanced infections involving the bone. Ultrasound can show loculated fluid collections, but is heavily dependent on the skill of the person performing the study. Magnetic resonance imaging, with or without gadolinium contrast, may show occult deep space infections if the clinical picture is not clear. Use of MRI is limited by cost as well as availability depending on when and where the patient is being evaluated.
 For most cases, the diagnosis of infection is made by history and physical exam. X-rays are a rapid and cost effective way to identify bony changes and radiopaque foreign bodies. More complex imaging studies should be reserved for situations where the diagnosis remains unclear despite adequate examination and initial treatment, or if the patient does not respond to appropriate management.
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		Ganglion Cysts of the Hand and Wrist

								

	
				Ganglion cysts are benign, fluid filled, soft-tissue masses found near the joints of the wrist and fingers (Figure 1). Ganglions usually grow out of the tissues surrounding a joint or a tendon sheath. The most common location for a hand ganglion — accounting for more than 75% of all cases — is on the dorsum of the wrist, emanating from the scapholunate joint. Cysts found at the DIP joint or IP joint of the thumb are denoted as “mucous cysts” and are associated with osteoarthritis. The ganglion cyst of the flexor tendon sheath is known as a “retinacular cyst.”
 [image: ]Figure 1: Ganglion cyst of the wrist. (From Wikipedia. http://bit.ly/1miD7H5)  
 
 Structure and function
 The exact etiology of ganglion formation is unclear, although the prevailing theory is that the cyst forms when there is a herniation of a weakened portion of the joint capsule or tendon sheath. Accordingly, it is though that repeated mechanical stress, which would weaken the joint capsule, may be to blame.
 So-called “myxoid” (meaning “resembling mucus”) degeneration of periarticular fibrous tissues apparently stimulates the production of hyaluronic acid by fibroblasts and proliferation of mesenchymal cells.
 Mucous cysts are typically associated with arthritis in the finger joint.
 The cysts themselves are thin-walled sacs. The wall is composed of collagen. Although cysts usually emanate from the joint (and remain connected to it via a “stalk” or pedicle) they lack a synovial lining and therefore are not, technically speaking, “synovial cysts.” (Along those lines, note that the fluid in the cyst is not true synovial fluid either: in cysts, the concentrations of hyaluronic acid, glucosamine, albumin, among others, is higher.)
 Microscopic examination may show evidence of a mild, chronic inflammatory cellular reaction in the myxoid wall.
  
 Patient presentation
 Ganglion cysts are usually oval and vary in both firmness and size. They usually form a visible bump, although some can be “occult.” Occult cysts are neither apparent to the naked eye nor to palpation and are visible only with imaging studies.
 The average diameter of a ganglion cyst is about 2.0 cm, but cysts more than double this size have been observed. The size of the cyst may vary over time and may increase after activity and decrease with rest.
 Although most ganglions are asymptomatic, if pressure is placed on the nerves that pass by the joint, patients may present with tingling and muscle weakness.
 Pain is a feature of ganglion cysts, particularly retinacular cysts which are located in the tendon sheath. This pain is typically provoked with gripping motions.
 The most common location for a ganglion is on the dorsum of the wrist, emanating from the scapholunate joint. This joint accounts for more than 75% of all cases. Small occult dorsal wrist ganglia may present as a dull ache in the wrist, with tenderness over the scapholunate ligament and pain with hyperextension of the wrist.
 Mucous (also known as “mucinous”) cysts (Figure 2) are ganglion cysts specifically located in the dorsal region of the IP joints of the fingers. Mucous cysts are often associated with underling arthritis and bone spurs (osteophytes).
 [image: ]Figure 2: Mucous cyst of the thumb IP joint. Mucous cysts may ulcerate or may cause deformity of the nail.
 Some patients with painless cysts may present to the physician simply to make sure “It’s not cancer.” For these patients, it may be worthwhile to assess for trans-illumination (that is, the passage of light through the cysts). To do this, the examiner dims the room lights and places a small flashlight directly on the mass. The absence of trans-illumination is not necessarily worrisome (for one thing, the cyst may be too small to manifest this phenomenon) but a positive test may be all the patient needs to see.
  
 objective evidence
 Plain radiographs are generally not useful in diagnosing ganglion cysts, but can help rule out other pathologic processes.
 Lab studies are generally not part of the diagnostic work-up for ganglions, as all values are expected be within normal limits.
 Advanced imaging studies may be useful in the evaluation of a mass when clinical diagnosis of a ganglion cyst is uncertain. Ultrasound of the wrist can also be used to evaluate ganglia. However, because ultrasound may not be uniformly available, is operator-dependent, and does not provide maximal anatomic information (e.g. underlying bone quality), MRI may be a better choice. Alternatively, some may recommend ultrasound over MRI because it is less expensive. Ultrasound, moreover, is less likely to find “incidentalomas,” that is, findings that are truly there but also truly irrelevant.
 MRI findings of ganglia (Figure 3) include defined margins, a multi-loculated appearance, and wall enhancement. Ganglia are bright on T2 and dull on T1. After contrast administration and fat suppression, diffuse contrast enhancement is seen within the lesion. MRI may be particularly useful for the differentiation of a cyst versus a tumor. MRI is particularly helpful for volar (palmar) wrist ganglia, especially if surgery is planned, as the palmar side has more anatomic structures with which the cyst could interact.
 [image: ]Figure 3: MRI of volar wrist ganglion.  
 Epidemiology
 The true incidence of ganglion cysts is unknown; however, a recent study found that MRI scans of healthy asymptomatic volunteers identified wrist ganglia in about half of the study participants.
 Ganglia are three times more prevalent in females than in males.
 May occur in children and the elderly, but occur most commonly in the second to fourth decades of life.
  
 Differential diagnosis
 The differential diagnosis of ganglions, including retinacular or mucoid cysts, may include a true synovial cyst, extensor tenosynovitis, synovial sarcoma, extra-skeletal chondrosarcoma, venous aneurysm, or xanthoma. A cyst that looks like ganglion cyst probably is a ganglion cyst; those that are atypical can be studied further with MRI or ultrasound, or sent to a hand specialist.
  
 Red flags
 Pain associated with fever, chills, and erythema about the mass may be due to underlying infection requiring urgent diagnosis and treatment.
 Multiple joint pain and swelling may suggest a systemic inflammatory arthritis rather than a localized process such as a ganglion cyst.
  
 Treatment options and outcomes
 Many ganglion cysts resolve spontaneously. Consequently, some advocate that the best treatment is no treatment.
 Ganglion cysts may shrink in size and later recur. In this situation patients may require nothing more than reassurance (as waxing and waning is not a worrisome sign).
 For those patients in whom repetitive motion is a suspected cause (or for those whose personalities insist that some affirmative steps be taken) splints or braces are reasonable treatment options.
 Aspiration of the cyst in the office (or variations, including attempts to tear the cyst wall with a needle or puncture the cyst in multiple locations) may be used to remove the fluid and thereby decompress the cyst. Because the stalk remains intact, recurrence of the cyst is not uncommon.
 Augmenting the aspiration with injection of methylprednisolone does not seem to decrease the recurrence rate and does introduce the risk (albeit small) of complications. As such, steroids are not recommended. Indications for more aggressive treatment include pain, interference with activity, nerve compression, and imminent ulceration (as may be seen in mucous cysts).
 Surgery involves removing the cyst along with a portion of the joint capsule or tendon sheath. In the case of wrist ganglion cysts, both traditional open and arthroscopic techniques are good options. Surgical treatment is generally successful as long as the “stalk” of the cyst is excised.
 Osteophyte excision with capsulectomy is the mainstay of treatment for mucous cyst with underlying arthritis of the distal interphalangeal joint or interphalangeal joint of the thumb. Surgeons can excise the osteophyte alone with capsulectomy or the osteophyte as well as the cyst.
 Cyst excision alone is not recommended because without capsulectomy there is a high rate of recurrence. Osteophyte excision can sometimes lead to DIP joint instability.
 IP joint arthrodesis prevents recurrence of mucous cysts and is a good option if the pain is thought to be secondary to underlying arthritis.
 The recurrence rate after cyst puncture and aspiration is greater than 50% for cysts in most locations, but is less than 30% for cysts in the flexor tendon sheath. The recurrence rate after aspiration is higher than the rate after excision of the cyst. The reported incidence of recurrence following cyst excision has varied from ~1% to 50%, presumably due to variations in cyst size, configuration, location, surgical technique, and postoperative immobilization. Stalk resection has been advocated as an important measure to decrease potential recurrence.
 In a large prospective trial comparing reassurance alone to aspiration or surgical excision, the resolution of symptoms (wrist pain, weakness, and stiffness) was similar between the 3 groups. However, 58% of patients in both the reassurance and aspiration groups had persistence of the lesion, whereas 39% of the surgical excision group had recurrence. Up to 80% of those who had aspiration or excision were satisfied, compared with only 53% of patients who were solely reassured—though this may represent a psychological action bias.
 In a study of palmar wrist ganglions, there was no difference in symptoms regardless of whether they were treated by excision, aspiration, or observation.
 Aspiration of palmar wrist ganglions is not recommended due to the proximity to the radial artery.
 Retinacular ganglions often resolve spontaneously, with estimates greater than 50% resolution. In a study of children less than 10 years old with untreated retinacular ganglions, 100% of them resolved. However, many patients with retinacular cysts are symptomatic if they do not resolve.
 Mucous cyst excision with osteophyte debridement does not always provide complete pain relief in the context of an underlying arthritic joint because the pain is often caused by the underlying arthritis and not the cyst (or osteophyte).
 Cyst excision alone is not recommended, as without osteophyte excision, there is a recurrence rate of 10-27%. Cyst excision with DIPJ osteophyte excision results in a 0% to 3% recurrence rate, with many but not all patients having resolution of nail ridging as well. Surgical complication rate is roughly 8% and may include wrist stiffness, pain, keloid formation, weakness, scar tenderness, infection, decreased motion, damage to the scapholunate interosseous ligament, tendon injury, and neurovascular injury.
  
 Risk factors and prevention
 Ganglion cysts can develop in anyone but are more commonly observed in women. Joints or tendons that have been injured in the past are more likely to develop ganglion cysts in the future. Arthritis is a predisposing factor for mucous cysts.
 There are no commonly accepted preventive measures.
  
 Miscellany
 The term “Bible cyst” is sometimes used to describe ganglion cysts of the hand. This name is derived from the practice of striking (or should we say “smiting”?) cysts with a Bible to rupture them and drain into the surrounding tissues. This is not a currently recommended treatment.
 Although physicians may be dismissive of ganglion cysts, given the benign natural history of this condition, patients can have substantial concerns. Indeed, in one report, a majority of patients seeking medical attention for their ganglion cysts came because of concerns beyond symptoms, including alarm about the cyst’s appearance or malignant potential.
  
 Key terms
 wrist, ganglion, cyst, mucus cyst, retinacular cyst, tendon sheath ganglion
  
 Skills
 Recognize the clinical appearance of hand and wrist ganglion cysts. Know how to perform trans-illumination. Recognize ultrasound and MRI images of hand and wrist ganglion cysts. Know how to indulge your patients’ “action bias” without ruining the placebo effect all the while engaging in a fair and accurate informed consent discussion (good luck!). Describe the rationale for various treatment options to patients with this disorder including most especially not treating.
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		Kienbock's Disease

								

	
				Kienböck’s disease is the eponym for avascular necrosis of the lunate (Figure 1), the bone between the scaphoid and triquetrum in the center of the proximal row of the carpus. Left untreated, this disorder results in fragmentation with progressive collapse of the lunate and subsequent wrist arthritis.
 [image: ]Figure 1: The lunate (shown in red).  
 
 Structure and function
 Histopathologic studies of involved bone demonstrate reactive new bone and granulation tissue surrounding necrotic areas with empty lacunae, fatty necrosis, and absent osteoid. The osteonecrosis is thought to occur as a result of disrupted lunate vascularity. The lunate blood supply is tenuous as most of the lunate is covered with articular cartilage. Hyperextension or hyperflexion of the wrist may compress these vessels against the rim of the distal radius, damaging them and leading to decreased blood supply to the lunate resulting in avascular necrosis or death of the bone tissue. The small veins may also be injured and occluded leading to increased venous congestion and pressure in the bone, which may contribute to the development of nonviable bone.
 Kienböck’s disease results from an infarction in the bone. Owing to ischemia, the bone dies – a process known as avascular necrosis or osteonecrosis. Dead bone cannot remodel (i.e., the process by which osteoclasts remove damaged bone and osteoblasts synthesize new bone). Accordingly, microscopic damage accumulates, and over time, the structural properties deteriorate and the bone begins to collapse, fracture, and fragment. In the lunate, osteonecrosis results in proximal migration of the capitate and loss of carpal height, altering wrist mechanics and increasing forces on the adjacent joints predisposing them to degenerative arthritic changes.
 The exact etiology of Kienböck’s disease is unknown. Interruption of the blood supply to the lunate may occur at the level of the extraosseous vessels or small intraosseous branching vessels. Additionally, venous congestion or obstructed outflow has been shown to increase the pressure within the lunate and may contribute to the process.
 Mechanical factors have also been postulated to be involved in the development of Kienböck’s disease. Negative ulnar variance (Figure 2), in which the ulna is short relative to the radius, is believed to be a risk factor.
 [image: ]Figure 2: Negative ulnar variance. This patient has negative ulnar variance, that is, the ulna does not reach as far distally as the radius. Here, the entire articulation is given by the red lines. The blue lines represent the articular area not used because the ulna is too proximal. In this anatomic configuration the carpus articulates with the radius alone, thereby creating a smaller contact area for the lunate, with resultant greater pressure on it. (Pressure, is of course, force/area; and a smaller area for a given force leads to increased pressure.) In turn, the bone is more apt to fail mechanically. Repetitive microtrauma may also play a role in the disease given the clinical observation that young male laborers are most commonly affected.
 A combination of both intrinsic and extrinsic factors related to the patient’s anatomy as well as the forces the wrist is exposed to likely play a role in the disease.
  
 Patient presentation
 Kienböck’s disease presents as wrist swelling and pain with resultant weakness of grip and limited wrist range of motion. Kienböck’s disease typically affects the dominant hand of male laborers aged 20 to 40 years. Progressive pain, without a clear history of acute trauma, is the primary presenting complaint. Patients usually localize the pain centrally over the dorsum of the wrist at the radiocarpal joint, which may be aggravated by gripping activities and wrist extension. Pain is initially just activity related, but as the disease progresses it may persist even at rest. Characteristic pain may be reproduced with passive extension of the long finger.
  
 objective evidence
 Plain radiographs are the initial diagnostic test of choice (Figure 3) but may be normal at the onset of the disease. A subtle linear fracture without sclerosis or collapse may be seen on radiographs early in the disease.
 As the disease progresses, the lunate becomes increasingly sclerotic, often with one or multiple fracture lines. The lunate then begins to fragment and collapse leading to proximal migration of the capitate and hyperflexion of the scaphoid.
 [image: ]Figure 3: X-ray of wrist with Kienbock’s. (From radiopaedia.org) The end stage radiographic changes include joint space narrowing and arthritis of the radiocarpal and midcarpal joints.
 Advanced imaging studies are also useful in the evaluation and diagnosis of Kienböck’s disease. Magnetic resonance imaging (Figure 4) is the most sensitive test for detecting early Kienböck’s. Uniformly decreased T1 signal throughout the lunate is highly suggestive of Kienböck’s disease.
 [image: ]Figure 4: MRI of wrist with Kienbock’s. (from Radiopaedia.org http://bit.ly/1nAaNkq) Computed tomography (CT) best demonstrates the degree of bony destruction and structural collapse once there is radiographic evidence of sclerosis, fracture, or fragmentation of the lunate.
 Laboratory studies are not generally necessary or useful in evaluating or diagnosing Kienböck’s disease. Inflammatory and rheumatologic markers are not elevated in contrast to infectious or inflammatory conditions.
  
 Epidemiology
 The true incidence of Kienböck’s disease is not known or reported, as patients in the early stages may not present for medical evaluation or may elude diagnosis. This disorder most commonly affects males aged 20 to 40 years old. Affected women tend to be older, with less predilection for the dominant hand being affected. There is a higher incidence of Kienböck’s disease in patients with negative ulnar variance, thought to be related to increased forces transmitted across the radiolunate joint.
  
 Differential diagnosis
 The differential diagnosis of wrist pain is of course extensive. Soft tissue injuries such as tears of the scapholunate ligament, lunotriquetral ligament, or triangular fibrocartilage complex can lead to chronic pain and/or instability of the wrist. Occult or missed carpal fractures, most commonly of the scaphoid, resulting in a nonunion, can also lead to persistent wrist pain and weakness. These soft tissue and bony injuries can be differentiated from Kienböck’s disease based on the location of tenderness on physical exam and, ultimately, on the radiographic findings.
 Additionally, numerous conditions not associated with trauma can present similarly. Inflammatory or degenerative wrist arthritis results in chronic wrist pain but typically affects older patients or involves other joints in addition to the wrist. Dorsal ganglions can produce wrist pain with an insidious onset, but are associated with a palpable soft tissue mass that is not present in Kienböck’s. Ulnar abutment may also present with wrist pain and radiographic changes in the lunate, but it is differentiated with magnetic resonance imaging (MRI). Finally, avascular necrosis of the scaphoid (Preiser’s disease) or proximal capitate may present similarly to Kienböck’s but can be differentiated from it based on radiographic and advanced imaging findings.
  
 Red flags
 Wrist pain associated with fever, chills, and erythema about the wrist may be due to underlying infection requiring urgent diagnosis and treatment. Night pain awakening the patient from sleep may be due to occult malignancy requiring accurate diagnosis to guide treatment. Pain with ulnar deviation of the wrist may be due to ulnar impaction, a diagnosis frequently confused with Kienböck’s disease. Finally, multiple joint pain and swelling may suggest a systemic inflammatory arthritis rather than a localized process like Kienböck’s disease.
  
 Treatment options and outcomes
 Numerous treatment options have been described with variable results. The earliest stage of the disease is initially treated conservatively with splint or cast immobilization. If symptoms persist despite conservative treatment, surgery is considered. Surgical intervention, in early stages, includes revascularization procedures or joint unloading treatments to decrease the load on the lunate.
 In patients with neutral or ulnar positive variance and preservation of lunate height, revascularization procedures can be considered. Implantation of a vascular pedicle as well as several different pedicled vascularized grafts have been described including the fourth extracompartmental artery, second dorsal metacarpal artery, a pedicled vascular pisiform, the pronator quadratus bone flap, dorsal distal radius pedicled grafts, and nonvascularized bone grafting. Each of these procedures requires an intact cartilage shell with no degenerative changes.
 In patients with ulnar minus variance with no degenerative changes, joint leveling procedures such as radial shortening or, less commonly, ulnar lengthening, to produce 1-mm ulnar positive variance can be considered to offload pressure on the radiolunate joint. Capitate shortening to decrease the forces across the lunate has also been described (for ulnar neutral or positive variant patients).
 If carpal collapse or degenerative changes are present, then proximal row carpectomy or limited fusion of the scaphoid, trapezium, and trapezoid or the scaphoid and capitate is preferable to correct and maintain carpal alignment. For patients with advanced pancarpal arthritis, total wrist fusion is the most reliable means of achieving durable pain relief.
 Given the relative rarity of the disorder, current literature reporting treatment outcomes in Kienböck’s disease is limited to small retrospective studies. Non-operative treatment has demonstrated limited success, with most patients worsening or experiencing no significant change in their symptoms.
 Vascularized bone grafting procedures have demonstrated successful outcomes. Several studies have demonstrated subjective pain improvement in greater than 90% of patients, improvement in grip strength to nearly 90% of the contralateral hand, and arrest of lunate collapse or evidence of revascularization in approximately 60-70% of patients. Joint leveling procedures such as radial shortening osteotomy have yielded similar results with well over 90% of patients noting improvement in their pain; however, fewer patients demonstrate evidence of lunate revascularization. While patients treated with revascularization or joint leveling procedures may have radiographic evidence of progression of arthritic changes, these do not generally correlate with subjective symptoms.
  
 Risk factors and prevention
 Several anatomical variations may predispose an individual to developing Kienböck’s disease. Negative ulnar variance is thought to make Kienböck’s disease more likely, as noted above. Likewise, radial inclination flattening, decreased extraosseous supply to the lunate, and diminished intraosseous arterial branching may increase the risk of the disorder. Additionally, several systemic conditions — including sickle cell anemia, gout, systemic corticosteroid use, and cerebral palsy — have been reported to have an association with Kienböck’s, although a clear increased risk warranting screening studies in these patients has not been shown.
 Repetitive microtrauma may also increase the risk of Kienböck’s, as it has been noted that the condition commonly affects the dominant hand of laborers. This is likely the only modifiable risk factor; however, the exact offending activity has not been elucidated. As with many other musculoskeletal complaints, activity modification and avoidance of aggravating activities is a reasonable first step in preventing further injury.
  
 Miscellany
 Kienböck’s disease is named for the Austrian radiologist, Dr. Robert Kienböck who described the disorder in 1910.
  
 Key terms
 lunate, avascular necrosis, Kienböck’s disease, lunatomalacia, vascularized bone grafts
  
 Skills
 Recognize radiographic and MRI images of lunate avascular necrosis. Relate surface anatomy of the wrist to underlying carpal anatomy to facilitate accurate palpation and localization of the point of maximum tenderness. Describe the rationale for various treatment options to patients with the disorder.
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		Triangular Fibrocartilage Complex (TFCC) Injury

								

	
				The triangular fibrocartilage complex (TFCC) is a soft tissue structure covering the distal ulna at the wrist, which serves to help stabilize the wrist and transmit load across the wrist joint. Because of its anatomic complexity and the forces that it experiences, the TFCC is at risk for both direct injury and degenerative damage. As such, TFCC pathology is a common cause of ulnar sided wrist pain.
  
 Structure and function
 The TFCC is located at the ulnar wrist, articulating with the head of the ulna proximally and the lunate and triquetrum distally.
 The TFCC can be divided into three components (Figure 1):
 	the triangular fibrocartilage disc itself;
 	the radio-ulnar ligaments; and
 	the ulnocarpal ligament complex.
 
 [image: ]Figure 1: Drawing from Gray’s Anatomy, showing the normal TFCC in situ: the triangular fibrocartilage disc is shown in red; the ulnocarpal ligament complex is in green and the radio-ulnar ligament in blue. (modified from wikipedia http://bit.ly/1Q7URwP) The triangular fibrocartilage disc receives and distributes loads to the ulna from the carpus, much like the way the meniscus of the knee receives and distributes force from the femur. Without a TFCC, the ulna is only able to absorb half the force it usually receives from the hand. The loss of the TFCC results in a greater load placed on the radius.
 The radio-ulnar ligaments are the primary stabilizers of the distal radioulnar joint.
 The ulnocarpal ligament complex prevents dorsal migration of the distal ulna relative to the lunate and triquetrum, to which it attaches.
 The vascular supply of the TFCC is limited to the peripheral 10-40% of the volar, ulnar, and dorsal TFCC only. The relative hypovascular nature of the central portion of the TFCC precludes healing of injury in this region, and may necessitate surgical excision.
  
 Patient presentation
 Acute injuries of the TFCC result from axial and torsional forces applied to the extended wrist: in short, most often from falling on an outstretched hand. (Falling On an OutStretched Hand is a common mechanism for a variety of injuries and goes by the acronym FOOSH.)
 Failure of the TFCC may be found in association with a distal radius fracture (which also comes about from force applied to the extended wrist).
 Patients with TFCC injuries may present with chronic complaints of ulnar-sided wrist pain. Often, symptoms are aggravated with axial loading, particularly with the wrist in extension, or torsional activities against resistance such as wringing out a washcloth or turning a screwdriver. With progression, even simple activities such as pouring water from a pitcher may cause pain.
 Pain or tenderness is localized to the ulnocarpal joint and may be provoked with ulnar impaction testing, or loading through an extended wrist such as with pushing oneself up from a chair. Patients can also complain of pain in the ulnar wrist in supinated and/or pronated positions.
 While the majority of TFCC injuries do not involve instability of the wrist, failure of the distal radioulnar ligaments may cause instability of the distal radioulnar joint (DRUJ). This instability may cause pain and mechanical symptoms of “popping” or subtle signs of “giving way.” There may be visible signs of instability with prominence of the ulnar head relative to the distal radius – often, it is useful to compare the appearance of both the injured and non-injured wrists for evidence of asymmetry.
 Gross instability of the DRUJ may be recognized with stress testing of the DRUJ in positions of maximal pronation and supination.
  
 objective evidence
 For patients with a suspected TFCC injury, advanced imaging studies may be useful in assessment of the ulnar wrist.
 Plain radiographs can show the congruity of the DRUJ and allow measurement of the ulnar variance (Figure 2). (See “risk factors,” below.)
 [image: ]Figure 2: X-ray showing positive ulnar variance. (from radiopaedia http://bit.ly/1Q7URwP) Arthrography, or, better still, an MRI (or MR-arthrogram) may help detect ulnar wrist pathology. The sensitivity and specificity for detecting a full-thickness TFCC tear are approximately 85% and 95%, respectively, for MR-arthrography.
 
 The gold standard for assessing the integrity of the TFCC is arthroscopy. This is an invasive test requiring anesthesia.
 Injuries of the TFCC were broadly classified by Palmer as traumatic and degenerative, with traumatic lesions further sub-classified by their location and degenerative lesions sub-classified by the degree of associated conditions (for example, ulnar chondromalacia or ulnocarpal arthritis).
  
 Epidemiology
 Attritional tears or degenerative pathology involving the TFCC are common, with a reported incidence of tears in greater than 50% of those over the age of 60 years. (Such chronic alterations in TFCC may become symptomatic after minor wrist trauma. On the other hand, the high prevalence of asymptomatic morphological change within the TFCC makes it unwise to necessarily attribute ulnar-sided wrist pain to a structural abnormality seen on an imaging study.)
 It is estimated that TFCC injury occurs in up to 80% of displaced distal radius fractures.
  
 Differential diagnosis
 It is important to determine whether the symptoms are intrinsic to the wrist, or whether they might be referred to the wrist from other structures.
 Intrinsic causes of ulnar wrist pain which might mimic symptoms associated with a TFCC include:
 	Arthritis 	DRUJ
 	ulnocarpal joint
 	pisotriquetral joint
 
 
 	Chondral injury (e.g., acute, ulnar impaction)
 	Fracture: 	hook of hamate
 	pisiform
 	distal radius
 	distal ulna
 	triquetrum
 
 
 	Ganglion cyst
 	Kienböck’s disease (avascular necrosis of the lunate)
 	Inter-carpal ligament injury
 	Extensor carpi ulnaris tendonitis/pathology
 
 Extrinsic causes include cervical radiculopathy, ulnar neuropathy at the elbow, tendinopathy of either the extensor or flexor carpi ulnaris. Rarely, a nerve tumor (schwannoma) or ulnar artery thrombosis is the cause.
 The correct inference from the extensive lists above is that TFCC pathology overlaps with many other conditions and therefore may be blamed when other conditions are responsible.
  
 Red flags
 Acute traumatic injury to the wrist requires a full evaluation, including the elbow. Although chronic ulnar-sided wrist pain does not have any “red flags” per se, the failure to examine and image “one joint above and one joint below” the focal area of complaints can lead to a misdiagnosis.
  
 Treatment options and outcomes
 Management of TFCC pathology should be guided primarily by the severity of symptoms. Other important considerations include the acuity and the location of the injury, and the response to initial treatment.
 Most injuries of the TFCC may be treated non-operatively: activity modification, immobilization, and analgesics are the first lines of treatment. Immobilization is typically done above the elbow with limitation of pronation/supination of the wrist, i.e., long arm removable splint or Munster cast.
 For persistent symptoms, corticosteroid injection of the ulnocarpal joint or therapeutic modalities may be considered.
 The potential and indications for TFCC repair are influenced by the vascular anatomy of the TFCC. Acute or sub-acute injuries to the peripheral TFCC may be amenable to arthroscopic debridement and repair (arthroscopic +/- limited open repair) whereas central TFCC injuries may be treated with arthroscopic debridement when conservative management has failed to relieve symptoms.
 Occasionally, when arthroscopic debridement does not provide adequate resolution of symptoms, an ulnar shortening osteotomy (to create negative ulnar variance and in turn decrease ulnar load) may be needed.
 In cases with continued pain and disability despite appropriate treatments, various salvage procedures may be considered, such as joint stabilization, joint unloading or decompression, distal ulna resection, arthrodesis, and arthroplasty.
 In a case series report examining open repair to treat triangular fibrocartilage injury, excellent or good results were seen in 26 of 33 patients.
 In another report, among 28 patients with TFCC tears who were debrided (and not repaired), excellent results in 13, good in 8, fair in 2, and poor in 5 were reported in one study. The authors there concluded that arthroscopic debridement of TFCC tears is “warranted.”
  
 Risk factors and prevention
 Ulnar variance is determining by comparing the lengths of the distal radius and ulna on a standard PA x-ray (Figure 3). Neutral variance is found when the distal ulnar and radial articular surfaces are at the same level. In positive variance, the ulna projects more distally and in negative variance, the ulna projects more proximally.
 [image: ]Figure 3: Schematic of ulnar variance: neural (left); positive (center) and negative (right). The significance of positive ulnar variance is that the distal ulna and TFCC are subjected to greater loading. Hence, positive ulnar variance is a risk factor for TFCC injury. (By contrast, negative variance loads the radio-carpal joint more, and in turn is a risk factor for avascular necrosis of the lunate (Kienböck’s disease).
  
 Miscellany
 The term “conservative treatment” should not be used synonymously with “non-operative treatment.” There is nothing conservative about deferring surgery for a repairable TFCC tear, especially when such a delay facilitates the transformation of that repairable tear into an irreparable tear.
 Some people similarly refer to the “TFCC complex.” This is an instance of the “RAS Syndrome,” a (self-referential) acronym for the Redundant Acronym Syndrome syndrome in which the word denoted by the last letter of an acronym is repeated unnecessarily. Other examples include “ATM machine” or “HIV virus.”
  
 Key terms
 TFCC, triangular fibrocartilage complex, ulnocarpal joint, ulnar wrist
  
 Skills
 Create a comprehensive differential diagnosis of ulnar sided wrist pain and perform physical examinations to diagnose TFCC.
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		Trigger Finger

								

	
				Stenosing tenosynovitis, also known as “trigger finger,” is a condition in which the flexor tendons of the fingers may get caught within their sheaths thereby limiting movement and causing pain. When the tendons are caught, the finger can get stuck temporarily in a flexed position. When the finger is then forced into full extension, a painful snap or click is felt, hence the name trigger finger. This condition is sometimes known as “stenosing tenosynovitis,” as the common lesion seen in all forms of triggering is a relative narrowing (stenosis) of the space for the tendon relative to the size of the tendon itself.
  
 Structure and function
 Finger flexion is powered by the flexor digitorum profundus (for the distal interphalangeal, or DIP, joint) and the flexor digitorum superficialis for the proximal interphalangeal (PIP) joint. These tendons travel together in the palm and ascend the fingers through a fibro-osseous canal along each digit (Figure 1). This canal is formed by the metacarpals/phalanges, and by a pulley system and tendon sheath. The pulley system keeps the flexor tendons snug to the bone, preventing “bowstringing” during active flexion and converting a linear force into rotation and torque at the finger joints.
 When this canal is abnormally tight (that is, “stenotic”) the tendons may get stuck. Stenosis may result from either thickening of the tendon (with or without nodule formation) or by thickening of the tendon sheath, thereby reducing the relative volume of the canal.
 [image: ]Figure 1: Drawing of the flexor tendons in profile. The tendons are held close to the bone by a system of pulleys (only one of which is shown here in green). If there is a nodule (shown here in red) within the flexor tendon, it might be unable to pass through the pulley. Thus, the finger can get stuck in flexion. Flexion of the proximal phalanx, particularly with power grip, results in high loads at the distal edge of the most proximal (A1) pulley. The pulleys respond to this load with growth and become hypertrophic. A nodule may develop on the flexor tendon, likely in response to abrasion with the tendon sheath. Hypertrophy or module formation may cause a mismatch between the size of the tendon and the tendon sheath through which the tendon must slide. The mechanical impingement of the flexor tendons as they pass through a narrowed A1 pulley results in the phenomenon of trigger finger. The flexor mechanism in the hand is usually strong enough to overcome the narrowed tendon sheath, but the extensor mechanism generally is not as strong. Hence, the affected finger may become locked in flexion rather than extension.
 The term “stenosing tenosynovitis,” in particular the –itis suffix, may not accurately reflect the pathophysiology of the condition. There is stenosis, but stenosing tenosynovitis is not an inflammatory condition per se. Inflammation, when seen, is part of the body’s correct (but perhaps too exuberant) response to a stimulus.
 The most common etiology of trigger finger is idiopathic – that is, for no known reason. Secondary trigger finger can be seen in patients with collagen vascular disorders and inflammatory disorders including rheumatoid arthritis, amyloidosis, gout, diabetes, hypothyroidism, and sarcoidosis. Secondary trigger finger is associated with a worse prognosis.
  
 Patient presentation
 Trigger finger can present as an acquired condition in adulthood or as a congenital condition in children.
 In children (<2 years of age), triggering most commonly occurs in the thumb and is then known as “trigger thumb.” Congenital trigger thumb typically presents with the thumb interphalangeal joint locked in some flexion and a palpable nodule at the metacarpophalangeal (MCP) flexion crease.
 In adults, mild cases of trigger finger can present with a sense of finger stiffness, particularly in the morning. With more advanced cases, patients will commonly present with an initial complaint of painless clicking with finger movement. This can progress to painful locking of the finger in flexion and may require passive manipulation of the digit into extension. Often a painful nodule can be palpated in the palmar MCP area.
  
 objective evidence
 Patients with stenosing flexor tenosynovitis without a history of injury or inflammatory arthritis do not need routine radiographs.
 Similarly, no laboratory tests are needed to make the diagnosis, but such tests may be helpful for detecting an underlying cause. Test for diabetes, thyroid disorders, and rheumatoid arthritis may be clinically indicated.
  
 Epidemiology
 This condition occurs most commonly in the fifth and sixth decades of life and has been reported to be up to six times more common in women than in men. Lifetime risk of trigger finger has been shown to be 2-3% but increases up to 10% in diabetics. The ring finger and thumb are the most commonly affected digits followed by the long, index, and then small. The dominant hand is most commonly affected.
  
 Differential diagnosis
 The classic presentation of a painful click with forced extension of the fingers, with a palpable nodule probably does not have a true “differential diagnosis.” That is, when a tender nodule impeding passive extension is palpated by the examiner, there is no mistaking this condition for something else.
 If the presentation is not classic, other conditions may be considered. Dupuytren’s disease can present with fixed contracture of the finger, as can a contracture of the joint capsule itself. A loose body in the MCP joint or an articular irregularity may cause a mechanical blockage. Failure of the extensor mechanism will also cause the finger to be held in flexion (as the flexors are unopposed). Extensor failure is distinguished from trigger finger, as in that case gentle passive correction is unimpeded. Irritation of the sesamoid bones (e.g., sesamoiditis) can mimic the painful sensation of trigger thumb.
 It is also possible that reported triggering is a manifestation of psychiatric disease.
  
 Red flags
 Secondary trigger finger can be seen in patients with collagen vascular disorders and inflammatory disorders including rheumatoid arthritis, amyloidosis, gout, diabetes, hypothyroidism, and sarcoidosis and is associated with a worse prognosis after treatment.
  
 Treatment options and outcomes
 Non-operative treatment modalities include activity modification, NSAIDs, PIP joint immobilization and corticosteroid injections. NSAIDS and corticosteroid injections both work to reduce inflammation.
 [image: ]Figure 2: Trigger finger injection. Corticosteroid injections (Figure 2) are placed into the tendon sheath at the level of the A1 pulley. If an injection does not cure the problem, a second or even third injection may be tried before deeming this approach a failure. Possible side effects include fat necrosis, skin hypopigmentation and, rarely, tendon rupture.
 Most patients do well with non-operative measures. For those who do not, surgery can be performed to release the A1 pulley. An alternative, and less invasive, method is percutaneous release of the pulley with the use of a needle. This needle method, though, has a higher risk of digital nerve injury in the thumb and is thought to have a higher risk of incomplete release of the pulley.
 The success rates of open surgical release has been shown to be greater than 90%. The complication rates are low (3% in some studies). Possible complications include nerve injury, bowstringing, scar formation, and continued pain.
 In children less than 6 months old, 30% of trigger thumbs will resolve spontaneously. After 6 months of age, spontaneous resolution is decreased to nearly 10% and surgical intervention with release of the A1 pulley may be indicated.
  
 Risk factors and prevention
 There is a higher risk of development of trigger finger in patients with diabetes, hypothyroidism, gout, sarcoidosis, rheumatoid arthritis, and amyloidosis. There are no data on prevention methods in general, or those steps that could prevent a nascent case from worsening. (The latter, especially, would be particularly helpful.)
  
 Miscellany
 A cross-sectional study of 665 workers at a meat-packing plant found that the person-year incidence rate of trigger finger was more than five-fold higher among those workers with repetitive tool use compared to non-tool use workers. This suggests that trigger finger may indeed be a work-related condition.
 In guitar players, standard release of the A1 pulley for trigger finger may interfere with the fine control of the fingertip when the finger is held in extreme flexion.
  
 Key terms
 stenosing tenosynovitis, trigger finger, trigger thumb
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		Pediatric Injuries of the Upper Extremities

								

	
				Sternoclavicular Dislocation
 Sternoclavicular (SC) injuries in skeletally immature patients can occur as a result of either a true sternoclavicular dislocation or a medial clavicular physeal separation. The medial clavicular physis is the last to ossify and can fuse as late as 25 years old, so physeal separations can occur in young adults as well. SC injuries are relatively uncommon and account for <1% of pediatric fractures. The clavicle more commonly displaces anteriorly to the sternum, but posterior displacement is more dangerous, as the posteriorly displaced clavicle can cause injury or compression to vital mediastinal structures (Figure 1).
 [image: ]Figure 1: Consecutive axial CT scan images of the chest demonstrating posterior displacement of the left medial clavicle relative to the sternum (S=Sternum, RMC=Right medial clavicle, LMC= Left medial clavicle). Anterior SC injuries can be felt as a bump near the SC joint with visible deformity. Posterior SC injuries are more subtle and can be easily missed unless clinical vigilance is maintained. Red flags that may help to identify patients requiring more urgent treatment for posterior dislocation include dyspnea, dysphagia, stridor, pulse changes from the contralateral arm, venous congestion of the arm, and paresthesias.
 SC injuries can be identified with AP and serendipity (40 degree cephalic tilt) radiographs of the bilateral clavicles in order to detect subtle differences between the injured and un-injured SC joints. Often an axial CT scan will show the diagnosis more definitively, including the direction of dislocation and potential mediastinal compression.
 Patients with asymptomatic anterior injuries may be treated non-operatively. Anterior SC injuries can be treated with an attempt at closed reduction, with open reduction and suture fixation reserved for patients with symptomatic instability. Patients with posterior injuries can be treated with open reduction and suture fixation of the SC joint or physeal injury.
  
 Supracondylar Humerus Fractures
 Supracondylar (distal humeral metaphysis) fractures of the humerus are the most common elbow injury in children. They usually occur in children between 4 and 8 years old after a fall on an outstretched hand.
 Supracondylar fractures can be described as either a flexion or extension injury type, meaning that the distal humerus fragment is flexed or extended relative to the proximal humeral shaft on a lateral radiograph. Extension-type fractures are far more common.
 Children with supracondylar fractures present with elbow pain and swelling; deformity and ecchymosis might be present with a more severe injury. The neurovascular exam at presentation is critical in children with supracondylar humerus injuries. The anterior interosseus nerve is most commonly injured in extension-type injuries, and the ulnar nerve is most commonly injured in flexion type injuries. The brachial artery can have decreased flow (owing to stretch or spasm) when it is tented over the distal humeral metaphysis. Examination of radial pulses and perfusion of the hand (including skin color and capillary refill) is required.
 Plain radiographs are sufficient to diagnose supracondylar injuries. Occasionally, non-displaced fractures might not be easily visible. These so-called “occult fracture” can be identified by the presence of a “posterior fat pad sign.”  This sign is created when bleeding into the joint elevates the posterior fat pad off the bone (as seen in Figure 2). Radiographs will also demonstrate the direction and degree of displacement in the other injury types.
 A line drawn down the anterior humerus can also help to determine the severity of these injuries. Typically the line will intersect the middle third of the capitellum distally, but will cross more anteriorly, or not at all, in the setting of extension type fractures (Figure 2). Fractures can be classified as non-displaced, hinged and completely displaced (separation of both the anterior and posterior cortices).
 [image: ]Figure 2: Lateral radiograph of a Type 2 supracondylar humerus fracture with a sail sign (outlined in yellow on the right) indicating an elbow effusion. The anterior humeral line (in red on the right) does not intersect with the capitellum (in blue). The differential diagnosis that should be considered includes a distal humerus transphyseal separation, which is a variant of supracondylar fractures that occurs in very young children (neonate to 2 years of age) and is very suspicious for non-accidental trauma. Other diagnoses to consider include lateral condyle fractures, medial epicondyle fractures, and radial neck fractures (discussed below).
 A red flag in children with supracondylar fractures is an ipsilateral forearm fracture, as this injury, termed a “floating elbow,” may place patients at a higher risk of compartment syndrome. The three A’s — anxiety, agitation, and increasing analgesia requirements — are clues of an impending compartment syndrome.
 Pulseless supracondylar injuries with a warm, well perfused hand can often be treated with reduction and fixation of the fracture and close monitoring postoperatively, but patients who present with a white, pulseless hand require urgent treatment, often with operative exploration of the anterior neurovascular bundle.
 Treatment of supracondylar injuries depends on the pattern of the fracture. Non-displaced injuries can be treated non-operatively with a long arm cast for three weeks. Most incomplete, hinged fractures are treated with closed reduction and percutaneous pinning, but casting might be tried. Completely displaced fractures should all be treated with closed reduction and pinning (Figure 3). Open, rather than percutaneous, pining is reserved for injuries that cannot be anatomically reduced or exploration of the neurovascular bundle is required for pulseless injuries.
 [image: ]Figure 3: Lateral radiograph at injury (A), lateral (B), and AP (C) radiographs after closed reduction and lateral percutaneous pinning of a displaced and rotated Gartland Type 3 fracture. Children typically regain full elbow range of motion after resuming their daily activities, and they usually do not require physical therapy. The most common complications of surgical treatment include pin migration and pin site infection. Compartment syndrome can occur as a result of the injury itself or with hyperflexion of the elbow during treatment. Compartment syndrome should be treated urgently with forearm fasciotomies in order to prevent long term ischemic contractures of the forearm and hand. Cubitus varus (an angular malalignment of the elbow, also known as a “Gunstock deformity”) can occur with inadequate reduction of the fracture. It usually does not cause significant functional deficits, but can be treated with a distal humerus valgus osteotomy if severe.
  
 Medial Epicondyle Fractures
 Medial epicondyle fractures are common injuries of children typically between 9 and 14 years old. These injuries can occur in isolation but 60% are associated with elbow dislocations.
 The medial epicondyle is an apophysis (a second growth center) of the distal humerus and begins to ossify between 5-7 years of age. It is the origin site of the flexor-pronator mass of the forearm, as well as the ulnar collateral ligament (the most important valgus stabilizer of the elbow). It is the last physis of the distal humerus to undergo fusion (around age 15) and is at risk of fracture during high valgus stresses to the elbow.
 Patients with medial epicondyle fractures will present with medial elbow pain. It is important to obtain any history of instability or self-reduced dislocation at the time of injury, and range of motion and a complete neurovascular exam are important. AP, lateral, and oblique radiographs of the elbow are necessary to evaluate a medial epicondyle fracture, although they can often underestimate the true displacement of the fragment. In cases of elbow dislocation, it is possible for the epicondyle fragment to become trapped in the joint. The joint should be carefully evaluated on lateral radiographs to ensure that the fragment is not trapped and that the joint is congruous (Figure 4). CT scan can help to better estimate the displacement and location of the fragment when treatment is controversial. Differential diagnoses include concurrent elbow dislocation, ulnar collateral ligament injury, and other fractures around the elbow.
 [image: ]Figure 4: Lateral (A) and AP (B) radiographs and sagittal (C) CT scan images demonstrating a medial epicondyle fracture with the fragment incarcerated in the elbow joint. Intraoperative AP (D) and lateral (E) radiographs show reduction and fixation of the fragment with a screw, with restoration of elbow joint congruity. Chronic valgus stress to the elbow, e.g. with baseball pitching, can also lead to stress fractures or fibrous unions of the medial epicondyle physis and should be considered. Red flags include instability of the elbow and crepitus or a mechanical block during range of motion. These should alert the examiner to the possibility of a prior dislocation and/or an incarcerated fragment.
 Treatment of medial epicondyle fractures has traditionally been non-operative in a long arm cast. Absolute indications for surgical treatment are open fractures and fractures with the medial epicondyle incarcerated in the joint. Citing the high valgus stresses that athletes like gymnasts and throwers place on their medial elbow, some surgeons have advocated operative treatment for this population. Surgical treatment typically consists of open reduction and screw fixation into the medial column, with careful protection of the ulnar nerve. Suture of the ulnar collateral ligament and flexor pronator insertion can augment the fixation of the medial epicondyle.
 Loss of motion and bony non-union are two of the most common complications of both surgical and non-surgical treatment of medial epicondyle fractures. Patients tend to have more difficulty regaining full motion after these fractures compared to other pediatric fractures of the elbow, which is why stable fixation to allow early motion is important. While some studies have reported 15-30% non-union rates for medial epicondyle fractures, most patients obtain asymptomatic fibrous unions and do not require further treatment.
  
 Lateral Condyle Fractures
 Lateral condyle fractures of the elbow are intra-articular fractures that start in the lateral distal humeral metaphysis and extend into the joint. The forearm extensor muscles originate on the lateral epicondyle and tend to displace fractures posteriorly and laterally.
 Lateral condyle fractures are the second most common pediatric elbow fracture. Because most of the lateral condyle fragment is cartilage and not easily visible on radiographs, these fractures are commonly missed on initial imaging. Therefore, a high index of suspicion is needed.
 Patients with lateral condyle fractures of the elbow present with elbow pain after a fall, and physical exam typically reveals lateral elbow tenderness and pain with active wrist flexion and extension. AP and lateral radiographs can help to make the diagnosis, but an internal oblique radiograph of the elbow is the most critical view for both diagnosis and determining the degree of displacement. The differential diagnosis for lateral condyle fractures includes supracondylar humerus fractures and radial neck fractures, which can present similarly in pediatric patients and can be difficult to distinguish when they are non-displaced.
 Treatment of lateral condyle fractures depends on the degree of displacement. Fractures that are truly non-displaced on all views can be treated non-operatively in a long arm cast for four to six weeks. Any lateral condyle with displacement is typically treated operatively because of their decreased healing potential. Minimally displaced fractures are treated with closed reduction and percutaneous lateral pinning, particularly if the articular cartilage appears to be hinged and remains intact. Closed reduction and percutaneous pinning can be supplemented with a post-reduction arthrogram in order to confirm the reduction and joint congruity (Figure 5).
 [image: ]Figure 5: Intraoperative fluoroscopy demonstrating lateral (A) and AP (B) views of a lateral condyle fracture after reduction and percutaneous pinning with two lateral pins. Figure C is the AP view after administration of intra-articular dye (arthrogram), that demonstrates the outline of the cartilaginous portion of the distal humerus. Significantly displaced fractures, or fractures in which an anatomic reduction cannot be obtained through closed means, are treated with open reduction through a lateral approach to the elbow and percutaneous pinning. Lateral condyle fractures are associated with complications to a greater extent than other pediatric elbow fractures. Possible complications include stiffness, delayed union and non-union, osteonecrosis and deformity. Stiffness is most common and usually resolves with time. Deformity can present as cubitus valgus with or without an ulnar nerve palsy.
  
 Radial Neck Fractures
 Radial neck fractures tend to occur in children between 8-11 years old, slightly older than the typical supracondylar humerus fracture. Radial neck fractures can occur in isolation or in combination with other elbow injuries, such as olecranon fractures or elbow dislocations. The ossification center of the radial head begins to ossify between 3 and 5 years old, and fuses with the radial shaft between 16 and 18 years old.
 Radial neck fractures often occur after a fall onto an outstretched hand, often when the elbow is extended and undergoes a valgus force. Patients present with elbow pain, tenderness over the radial head, and pain with elbow motion, particularly pronation and supination. Radial neck fractures are described by their degree of angulation relative to the radial shaft. Older children and adolescents who present with tenderness over the radial head but no fracture seen on radiographs can be assumed to have an occult radial head fracture.
 The differential diagnosis includes supracondylar and lateral condyle elbow fractures, as well as a nursemaid’s elbow (see below).
 Red flags include signs and symptoms of compartment syndrome, which should be considered after higher energy injuries, especially those associated with other elbow injuries like elbow dislocation.
 Non-displaced fractures, occult fractures and those with less than 30 degrees of angulation can also be treated non-operatively. Fractures with more than 30 degrees of angulation should be treated with an attempt at closed reduction either in the emergency department or in the operating room. When performed in the operating room, a percutaneous k-wire can also be used to help obtain and maintain the reduction. For more severely displaced fractures that cannot be reduced with closed techniques, an open reduction and percutaneous pinning can be used to fix the fractures.
 Loss of pronation and/or supination is the most commonly reported complication of radial neck fractures.
  
 Nursemaid’s Elbow
 Nursemaid’s elbow is a common injury in very young children, and it occurs when the annular ligament subluxes and becomes trapped between the radial head and the capitellum. Most nursemaid’s elbows occur in children between 2 and 3 years old; and it is very uncommon after the age of 5. Nursemaid’s elbow occurs after a longitudinal force is applied to the forearm while it is pronated with the elbow in extension, like when a parent pulls on the child’s hand or forearm. The child usually presents with pain and refusal to move the elbow, with the elbow held in flexion and forearm pronation.
 Radiographs should be obtained in any children with elbow deformity or a presentation that is not completely consistent with nursemaid’s elbow. (Radiographs are not required to make the diagnosis if the history and exam are classic.) Radiographs, if obtained, are often normal or will show a slight subluxation of the radial head.
 The differential diagnosis includes supracondylar or transphyseal humerus fractures, radial neck fractures, and congenital conditions like radioulnar synostosis. Red flags include elbow deformity, unknown mechanism of injury, and children over 5 years old.
 Nursemaid’s elbow is easily treated with closed reduction maneuvers. The two most commonly used techniques are: 1- hyperpronation with the elbow in 90 degrees of flexion; 2- supination of the forearm followed by flexion at the elbow. A click is usually felt in the elbow when the annular ligament reduces, and children often feel immediate relief and will start to fully range the elbow again. No further immobilization or treatment is required after reduction, and children typically have good outcomes without any further sequelae related to the elbow. Recurrence of nursemaid’s elbow is sometimes seen in younger children, but usually does not happen again after the age of 5.
  
 Both Bone Forearm Fractures
 The radius and ulna form a ring in the forearm that transmits forces from the wrist to the elbow during a fall. Both bone forearm fractures are typically described based on their location (i.e. middle third), direction of angulation, and whether the fractures are complete or incomplete (i.e. greenstick) fractures. The radius and ulna each have a proximal and distal physis, but the distal physis in both of the bones account for the vast majority of growth in the forearm. Thus, fractures closer to the distal physis have greater potential for remodeling after they heal.
 Patients with a both bone forearm fracture present with forearm pain and deformity after a fall. The wrist and elbow must be examined for any findings that may signify anything more than a straightforward both bone forearm fracture. The differential diagnoses for this injury include isolated distal radius fracture, a so-called Galeazzi fracture (radial shaft fracture with associated distal radioulnar joint dislocation), or a Monteggia fracture (ulna fracture with associated radial head dislocation). The presence of elbow pain in a patient with a forearm fracture may signify a concomitant supracondylar fracture, creating a “floating elbow” (as discussed above). Other red flags include persistently oozing wounds, which typically indicate an open fracture that requires irrigation and antibiotics.
 AP and lateral radiographs of the forearm will demonstrate the fracture pattern. Additional radiographs of the elbow and wrist are necessary to rule out associated injuries of these joints.
 Although both bone forearm fractures in adults are often treated surgically, both bone forearm fractures in children are often more stable because the thick periosteum usually remains intact and can usually be treated non-operatively with closed reduction and casting (Figure 6).
 [image: ]Figure 6: Both bone forearm fracture AP and lateral radiographs before (A and B) and after (C and D) closed reduction and long arm cast placement. Surgical treatment is reserved for fractures with unacceptable alignment after reduction, as well as for both bone fractures in adolescents who have nearly finished growth.
 Outcomes after treatment are all typically satisfactory, with at most a mild loss of motion (particularly pronation or supination) but no functional deficits.
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		Arthritis of the Hip

								

	
				Arthritis of the hip is a progressive, degenerative condition in which the normal, smooth surface of the ball-and-socket joint connecting the femur to the pelvis breaks down, causing pain and impeding function. Osteoarthritis of the hip is associated with age, obesity, prior trauma and structural abnormalities of the joint, such as hip dysplasia or a slipped epiphysis. The joint may also be damaged by osteonecrosis or inflammatory conditions such as rheumatoid arthritis. Early arthritis can be treated with pain medications, physical therapy, and injections. A cane in the contralateral hand (opposite of the affected hip) may help limit joint reactive forces and thus help relieve symptoms as well. Severe arthritis of the hip can be effectively treated with a total hip replacement.
  
 Structure and Function
 The articulating surfaces of the hip joint are the acetabulum (socket) of the pelvis and the head of the femur (Figure 1). These surfaces are covered with a layer of articular (hyaline) cartilage which serves as a shock absorber. Articular cartilage also helps to create smooth and frictionless movement throughout the entire range of motion of the hip.
 [image: ]Figure 1: X-ray of a normal hip joint (left), annotated to the right showing the femur (red), pelvis (purple). (Modified from Wikipedia) In osteoarthritis, the articular cartilage breaks down, frequently without an identifiable cause. Structural abnormalities leading to disturbances of joint mechanics, such as developmental dysplasia or a slipped epiphysis, may accelerate wear and tear. Less commonly, osteoarthritis of the hip joint can occur following a fracture in which the joint is damaged directly or through dislocation, causing damage to the blood supply and osteonecrosis. In contrast, rheumatoid arthritis is caused by an autoimmune reaction against the synovium and articular cartilage. (Rheumatoid arthritis is discussed in the knee arthritis chapter a bit more extensively.) Arthritis of the hip is associated with obesity, which may be related to mechanical issues of loading, a circulating systemic factor, or other unknown confounder.
 While mechanical abnormalities may initiate the process of osteoarthritis, inflammatory mediators have been implicated in disease progression. These include cytokines and proteolytic enzymes. As such, hip osteoarthritis is often accompanied by local synovitis. Synovitis is also a primary feature of rheumatoid arthritis.
 Over time, hip osteoarthritis will progress from destruction of the cartilage surface to damage involving the bone as well. Once there is extensive cartilage loss, the articulating bones may take on a smooth appearance from repetitive friction, a process called eburnation. Thickening of the bone underneath the cartilage, subchondral sclerosis, also occurs. This subchondral sclerosis represents new bone formation in response to new (abnormal) mechanical loads. Similarly, osteophytes, or bone spurs, form at the periphery of joints due to irregular bone deposition (see Figure 2).
 [image: ]Figure 2: Osteoarthritis of the hip. As highlighted in the annotation (below), there is joint space narrowing (the blue box shows the normal joint space, with an arrow highlighting the narrow one), subchondral sclerosis (black arrow), osteophyte formation (red circle) and a subchondral cyst (green box). (Case courtesy of Assoc Prof Frank Gaillard, Radiopaedia.org, rID: 7389)  
 Patient Presentation
 Patients with hip osteoarthritis present with stiffness, pain, and limited active and passive range of motion, and will often report a diffuse and dull aching pain. These symptoms most commonly occur in the groin area but can also involve the buttock, thigh or even the knee. The pain is often worse with activities that require weightbearing through the hip joint, such as walking or climbing stairs.
 Pain at the lateral hip is less commonly from the hip joint itself and more commonly from a greater trochanteric bursitis. Pain that radiates into the buttocks might be from lumbar disk disease or spinal stenosis, rather than because of hip osteoarthritis.
 A characteristic description of stiffness is an inability to reach and tie one’s shoes.
 Physical exam may be significant for obesity, a limp, lost motion, and, if there is overt joint collapse, a shortening of the affected limb.
 A characteristic limp seen with hip arthritis is a rocking stride pattern, similar to the “Trendelenburg Gait” that is classically associated with weakness of the gluteus medius and gluteus minimus muscles. With hip arthritis, the muscles are functionally “weak”: the patient (often without awareness) will be reluctant to use these muscles, as their action would load the joint and cause hip pain. Instead, they have a lurch, rocking over the affected hip, just as if there were weakness of these abductor muscles. This is termed an “antalgic gait,” namely, an alteration to the normal pattern of walking is response to (“ant”) pain (“algia”). In brief, when a person is standing on one leg, the body’s center of gravity tends to force rotation around the hip of the leg on the ground (pelvic tilt). To combat this tilt, the abductor muscles generate a powerful, countervailing force to keep the pelvis level. The net force on the hip is the sum of the body weight force and the abductor-muscle-generated force (adjusted for their “lever arm,” the distance from the center of the joint). If the patient, instead of trying to stand with a level pelvis, overshoots the straight point and lurches toward the affected side, they do not have to fire the abductor muscles; instead, the body simply takes advantage of the extra time to allow the unaffected foot to make it back to the ground. In this manner, the diseased hip is spared loads that it would normally experience (see Figure 3).
 [image: ]Figure 3: The antalgic gait associated with hip arthritis. In the figure at left, a person standing on one leg must generate a powerful force with the abductor muscles (orange arrow) to balance the force of body weight (shown as a red arrow), in order to keep the pelvis level (yellow line) around the fulcrum of the hip joint (pink triangle). The hip thus experiences the sum of these forces, adjusted for their distance from the hip – well in excess of body weight! A person might “elect” (subconsciously, of course) to not fire the abductors and simply lurch toward the affected side, keep the pelvis level on average (that is, tilted to one side and then the other during the gait cycle) as shown in the right panel.  
 Objective Evidence
 A weight-bearing anterior-posterior view of the pelvis, along with a lateral view of the hip, can confirm the diagnosis of hip osteoarthritis (as shown above in Figure 2).
 Hip osteoarthritis is categorized based on the severity or stage of the disease. The stages are defined by the degree of joint space narrowing, sclerosis, and osteophyte formation.
 When diagnosing hip osteoarthritis, it is useful to obtain radiographs of both hips as the disease often occurs on both sides. Of note, not all patients with significant radiographic findings will present with significant hip pain. Likewise, patients can have severe hip pain without much arthritis on imaging, though in that case the diagnosis is much less likely to be arthritis!
 Usually, there is no role for MRI or CT scans. MRI can be used to look for other conditions if the diagnosis of arthritis is not certain. CT scanning may be helpful for pre-operative planning in some instances.
 There are no laboratory tests for osteoarthritis, but testing may be performed to exclude other diagnoses. Laboratory findings that may be helpful for suspected rheumatoid arthritis include an elevated rheumatoid factor or antibodies against cyclic citrullinated peptides. Elevated values for c-reactive protein and erythrocyte sedimentation rate are common but not specific.
  
 Epidemiology
 Hip osteoarthritis is very common; Approximately 0.1% of the American population has symptomatic disease, though of varying severity. The hip is the most common location for osteoarthritis after the knee and hand, respectively.
 Of note, the prevalence of hip osteoarthritis is higher in Western countries, perhaps due to higher rates of obesity. Osteoarthritis is likewise more prevalent among females.
 The prevalence of osteoarthritis increases with age, as would be expected with a degenerative condition.
  
 Differential Diagnosis
 Hip arthritis is easily and reliably detected on radiographs. The question, however, is whether the radiographic finding is responsible for the symptoms.
 A key element on the differential diagnosis list for hip-area pain is lumbar stenosis or degenerative disc disease. In general, lumbar disease does not produce groin pain and hip disease does not cause pain above the belt line; nonetheless, that rule is not reliable enough to be applied universally.
 Hip pain in the setting of mild radiographic changes may be due to femoroacetabular impingement or labral tears (discussed in other chapters).
 Osteonecrosis without a history of trauma should prompt a search for its cause or for other joints that may be involved, though often no such cause will be found, and no other joints will be diseased.
 Pain coming from the sacro-iliac joint can be detected with the FABER test. This test is named according to the position of the hip, namely Flexion, ABduction and External Rotation. As shown in Figure 4, the patient’s hip is flexed, abducted and external rotated while the leg is pressed toward pelvis. The test is positive if pain is reported, but the location of the pain is important: anterior groin pain suggests hip arthritis; posterior groin pain on the contralateral side suggests sacro-iliac arthrosis. Therefore, this test should be performed bilaterally, as the FABER tests the left hip but the right sacro-iliac joint, and vice versa.
 [image: ]Figure 4: The FABER test. The patient’s hip is placed in flexed and abducted position, with the ankle resting on the contralateral leg, placing the hip in external rotation as well. The examiner uses the upper hand to stabilize the pelvis and then gently presses the affected leg toward pelvis with a force on the knee.  
 Red Flags
 Knee pain suggesting knee arthritis without evidence on imaging may represent hip arthritis that is radiating to the knee joint.
 Rheumatoid arthritis is a systemic disease, and thus discovering it in one joint should prompt a complete exam (with hopes of mitigating disease in other joints or non-musculoskeletal organ systems).
  
 Treatment Options and Outcomes
 Therapy to strengthen both hip and core (abdominal) muscles can be helpful for pain control and to increase function. Pain medications such non-steroidals (NSAIDs) and Tylenol can also relieve symptoms.
 A cane in the contralateral hip can reduce reactive forces on the joint (see Figure 5).
 [image: ]Figure 5: The role of a cane in hip arthritis. When standing on both legs (left), body weight generates a downward force, experienced 50% by each hip. When a person stands on one leg (which must occur during gait), the force of body weight tends to tilt the pelvis downward to the side of the leg off the ground. This is balanced by the abductor muscles, such that the total force on the hip is many times the body weight (center). If a cane is used (right), the pelvis is kept level by the cane, sparing the hip of all the abductor-generated force. Weight loss can reduce the forces on the hip joint, relieve symptoms and perhaps delay disease progression. Enduring weight loss is easy to recommend, but difficult to achieve.
 Cortisone injections can be administered into the hip joint to reduce inflammation and pain. The joint is not reliably accessed by surface anatomic landmarks alone and thus fluoroscopy (see Figure 6) or ultrasonography can be used for guidance.
 [image: ]Figure 6: Fluoroscopic guidance for a hip injection (the contrast medium is highlighted). (Image modified from Image-Guided Injections of the Hip. J Nov Physiother Phys Rehabil 1(1): 039-048. DOI: 10.17352/2455-5487.000008) Operative Treatment
 Operative treatment for hip arthritis is most often considered when patients have disabling symptoms that cannot be adequately addressed with non-operative management.
 The most common procedure used to treat end-stage hip arthritis is a total hip arthroplasty (Figure 7). In a total hip arthroplasty, both the acetabulum and femoral head are replaced with prosthetic implants. This is a highly effective procedure but is associated with significant perioperative complications in about 1% of cases, and is, subject to mechanical wear and ultimate failure in the long term. Given how well patients do with this operation, older procedures such joint fusion (arthrodesis) are very rarely performed, even in younger patients who hope to be active.
 [image: ]Figure 7: Radiograph and schematic of a total hip arthroplasty. As shown in the drawing to the right, the prosthetic device consists of a femoral stem (red), neck (gray) and head (orange), as well as a metal socket for the acetabulum (purple) in which a plastic line (blue) is placed. (Modified from https://en.wikipedia.org/wiki/Hip_replacement) Visco-supplementation injections, hip resurfacing surgery, arthroscopic debridement, and treatment for femoroacetabular impingement are controversial to varying degrees. These topics may be addressed in future editions of Orthopaedia if and when the controversies subside.
  
 Risk Factors and Prevention
 Risk factors for developing hip osteoarthritis include obesity, advanced age, genetic predisposition, developmental hip dysplasia, and hip trauma.
  
 Miscellany
 A patient with arthritis of the right hip would use a cane in the left hand, as described above. Perhaps counter to intuition, for the same reason, that person should prefer to carry a heavy load (i.e., a suitcase) in the right hand. If carried in the left, there would be even more tilting force (body weight and the load) that would have to be balanced by the abductors.
  
 Key Terms
 Hip osteoarthritis, degenerative joint disease, total hip replacement, hip arthroplasty
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		Labral Tears of the Hip and Femoroacetabular Impingement

								

	
				The acetabular labrum is a rim of cartilage surrounding the socket of the hip joint. Damage to the labrum can result from various causes, including trauma and degeneration. Labral tears can be painful, but also may be found incidentally on imaging studies. Femoroacetabular impingement is a clinical syndrome associated with labral tears. This syndrome is characterized by bony overgrowth of either the femur, the pelvis or both (Figure 1). These morphological abnormalities are thought to produce (or at least reflect) abnormal contact between the proximal femur and acetabulum during hip flexion and rotation. It has been proposed that this contact damages the labrum as well as the articular cartilage of the hip joint itself.
 [image: ]Figure 1: Schematic tracing of the bones of the hip joint, showing the normal femur and pelvis in red. The bony overgrowth impingement is shown in black. (The green arrow points to so-called “cam impingement” and the blue arrow to “pincer impingement” [see text]).  
 Structure and Function
 The labrum is a fibrocartilaginous structure surrounding the rim of the acetabulum (Figure 2). In cross section, the labrum is triangular with an articular and capsular surface. The labrum rim functions to deepen the acetabulum, increasing the contact area of the hip joint and thereby reducing cartilage contact pressure and increasing hip stability.
 [image: ]Figure 2: The labrum, outlined in red, serves to deepen the socket of the acetabulum. Trauma is a common cause of labral tears. Usually, this involves a mechanism which results in forceful resistance of hip flexion (e.g. tackled while kicking or running).
 Hip dysplasia and capsular laxity are associated with labral tears, likely by exposing the labrum to abnormal forces.
 Femoroacetabular impingement anatomy is also associated with labral tears. It is important to distinguish between “femoroacetabular impingement anatomy” –that is, the anatomic morphological deviance from normal– and the clinical syndrome of femoroacetabular impingement, which is the combination of the characteristic anatomy and clinical symptoms. Many people have femoroacetabular impingement anatomy without symptoms.
 Femoroacetabular impingement anatomy is broadly defined by bony overgrowth of the femur at the femoral head-neck junction, termed “Cam impingement” (Figure 3), or overgrowth of the acetabular rim, termed “Pincer impingement” (Figure 4). Both Cam and Pincer impingement may be found concurrently.
 [image: ]Figure 3a: An x-ray of cam impingement. [image: ]In Figure 3b, the x-ray of Figure 3 is annotated. The normal contour of the femur shown in Figure 3a is shaded in purple. The red arrow points to the excess bone causing cam impingement. (Case courtesy of Dr. Kenny Sim, Radiopaedia.org, rID: 30914) [image: ]Figure 4: Pincer impingement. The outline of a normal pelvis is shaded in red. The yellow arrow points to the excess acetabular bone seen in pincer impingement. (Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org, rID: 2738) Cam impingement is characterized by a non-spherical femoral head and decreased head-neck offset. During hip flexion, the aspherical femoral head can make contact that shears the acetabular cartilage and the labrum. Labral damage in Cam deformity most often occurs anterosuperiorly, at the transition zone where the labrum blends into the hyaline cartilage.
 Pincer impingement is due to acetabular overgrowth and “over-coverage” of the femur. Abnormal contact between the overgrown acetabular rim and femoral head-neck junction leads to tears within the substance of the labrum. Pincer-associated labral tears are also most often in the anterosuperior quadrant of the labrum, though a so-called contrecoup cartilage lesion in the posteroinferior acetabulum may be found as well.
  
 Patient Presentation
 Patients with labral tears may present with hip pain and may note clicking, locking, and popping as well. In almost all patients, the pain is located in the anterior hip or groin.
 Patients may make a “C sign” – grasping the affected hip with their hand indicating both anterior and posterior hip pain (Figure 5).
 [image: ]Figure 5: Demonstration of the “C sign.” Patients with labral tears, when asked to “point” to the area of pain will not point but rather grasp the hip, as shown. On physical exam, flexion, adduction, and internal rotation (Figure 6) can provoke the symptoms of an anterior-superior tear whereas abduction and external rotation (Figure 7) tend to elicit pain in those with posterior labral tears.
 	[image: ]Figure 6: Patients with an anterior-superior labral tear will report pain if the examiner passively flexes (red arrow), slightly adducts (white arrow) and internally rotates (green arrow) the hip.  	[image: ]Figure 7: Patients with posterior labral tears will report pain if the examiner abducts (white arrow) and externally rotates (green arrow) the hip.  
  
 These tests are performed when the patient is supine and the hip and knee are flexed to 90 degrees.
 Hip range of motion may be limited, especially in rotation, but this is not a specific finding.
  
 Objective Evidence
 MRI is the most sensitive method of imaging and study of choice to evaluate for chondral or labral damage (Figure 8).
 [image: ]Figure 8: A labral tear seen on hip MRI. (Case courtesy of Dr Roberto Schubert, Radiopaedia.org, rID: 13826) Nonetheless, MRI may miss clinically significant findings. MRI arthrogram (MRI with contrast material injected into the joint), is the study of choice to identify labral tears.
 CT scans help better characterize the bony deformities in femoroacetabular impingement and assist in surgical planning.
 Most patients with labral tears (85% or more) have some radiographic abnormality. That is to say, labral tears are rarely found in hips with normal bony anatomy. Thus, while normalcy does not exclude the diagnosis, it makes it less likely.
 (Note that the finding that most patients with labral tears have some radiographic abnormality does not mean that these abnormalities cause the tear. For one thing, there may be many people with these abnormalities that do not have a tear. The other possibility is that the radiographic abnormality, e.g. bone overgrowth, is caused by the labral tear, and not the other way around.)
 Initial radiographic evaluation of patients with symptoms concerning for femoroacetabular impingement or labral pathology should be an anterior posterior pelvis and lateral hip film. Frog leg or cross table lateral may also be used. However, a 45 degrees Dunn lateral (hip flexed to 45 degrees and abducted 20 degrees) provides the most revealing view of a potential femoroacetabular impingement deformity.
 Multiple studies focusing on prevalence data in femoroacetabular impingement have shown that 24-50% of asymptomatic patients have radiographic signs of femoroacetabular impingement. These data highlight the importance of clinically correlating imaging when assessing a patient who might have femoroacetabular impingement.
 In Cam impingement, alpha angle is a commonly used quantitative measure of the deformity. This angle is determined by placing a circle over the femoral head with a line from the center of the circle to the center of the femoral neck and another line from the center of the circle to the first point of the superior head-neck junction (Figures 9 and 10).
 [image: ]Figure 9: The alpha angle is formed by two lines emanating from the center of the femoral head: one bisecting the femoral neck and second drawn to the point where the neck meets the head. Normal anatomy is shown here. [image: ]Figure 10: In this drawing, there is bony overgrowth from a cam lesion (green) which changes the point where the neck meets the head, leading to a larger alpha angle. The higher the angle between these two lines, the larger and more severe the Cam lesion. However, there is no precise criterion value for alpha angle that defines pathological abnormality and (interestingly) the original paper in Clinical Orthopaedics and Related Research describing femoroacetabular impingement did not mention the alpha angle.
 Alpha angles are most accurate when obtained from special MRI scans which control for hip rotation.
 Radiographs in Pincer type impingement reveal acetabular over coverage on the AP pelvis plain film. There may also be retroversion of the femoral neck.
 A classic finding of Pincer impingement due to acetabular retroversion is the crossover sign, in which the anterior rim of the acetabulum crosses the line of the posterior aspect of the rim prior to the lateral aspect of acetabulum
 Center edge angle is another measurement used to assess for acetabular over coverage leading to Pincer type impingement.
  
 Epidemiology
 Labral tears have the highest incidence in patients with acetabular dysplasia.
 Cam impingement anatomy is more commonly seen in young males. Pincer lesions are more frequently seen in middle-aged females.
 The most common subtype of femoroacetabular impingement is combined, or a component of both Cam and Pincer impingement.
 Needless to say, all anatomic measures, including the roundness of the proximal femur and amount of anterior acetabular coverage lie on a continuum, with no perfect criterion separating normal from abnormal. With a sufficiently lax definition, nearly all people have some degree of femoroacetabular impingement anatomy.
  
 Differential Diagnosis
 There are numerous pathologies that can lead to pain at the hip or groin. Extra-articular injury of muscles and tendons are the most common source of hip and groin pain in young active adults. Thus, one must consider muscle strains and tendinopathies.
 Snapping hip may produce symptoms resembling mechanical hip pain seen in femoroacetabular impingement or labral tear. Bursitis, particularly iliopectineal bursitis, produces groin pain and increased pain with hip flexion.
 Neuropathies should also be included in the differential for hip/groin pain. While obturator or ilioinguinal nerve entrapments may cause discomfort in the groin, these conditions often are associated with paresthesias or neurologic symptoms.
 Stress fractures of the femoral neck and pubic rami must also be considered in patients presenting with hip/groin pain especially in thin long-distance runners.
 Osteitis pubis (inflammation of the pubic symphysis) and groin muscle strains (also known as athletic pubalgia or “sports hernia”) may cause hip pain similar to that of labral tears.
 Hip osteoarthritis can cause groin pain, especially in older patients.
  
 Red Flags
 A stress fracture of the femoral neck may be the source of the presenting complaints and should not be missed. Pain that is related to activity and not changed by position of the hip joint should increase the suspicion of this diagnosis, especially in patients at risk for stress fractures.
  
 Treatment Options and Outcomes
 Nonoperative treatment, centering on rest, anti-inflammatory pain medications and physical therapy, should be the initial treatment for most patients with labral tears. While no universal physical therapy regiment has been defined, plans of rehabilitation focusing on hip strength and mobility in conjunction with posture and core strength have intuitive appeal.
 Intra-articular hip injections can be considered but their efficacy has not been proven. A lack of a response to a preoperative injection is predictive of poor short term surgical outcomes.
 Operative treatment of labral tears can involve labral resection, re-fixation, or reconstruction of soft tissue. However, studies have shown labral re-fixation results in better outcomes and decreased cartilage degeneration in comparison to resection.
 Because of the high prevalence of femoroacetabular impingement morphology in asymptomatic patients, it is speculative at best to suggest that any treatment should be employed in the name of altering the risk of arthritis later in life. It may be more reasonable to address femoroacetabular impingement bony deformities when surgery is undertaken to repair the labrum: osteoplasty of the Cam deformity or resection of the Pincer lesion may be chosen.
  
 Risk Factors and Prevention
 Hip dysplasia is the most common cause/risk factor for developing a labral tear.
 According to the classic report on femoroacetabular impingement, “patients with otherwise normal or near-normal anatomic structure of the hip [can] experience impingement as a result of subjecting the hip to excessive and supraphysiologic ROM.”
 A history of a slipped epiphysis can lead to femoral neck retroversion and place patients at a risk for Cam impingement. Likewise, acetabular protrusion and coxa profunda predispose patients to Pincer impingement.
  
 Key Terms
 Femoroacetabular impingement, cam lesion, pincer lesion, hip labrum
  
 Skills
 Perform physical examination to suggest or exclude the diagnosis of labral disease.
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		Tendon Disorders of the Hip and Thigh

								

	
				The hip is surrounded by powerful muscles; disorders of these muscles and their associated tendons and bursas are frequently seen in athletes. The muscles usually affected include the hamstrings posteriorly; the adductor muscles of the medial thigh; the muscles that cross the anterior aspect of the hip and flex it, notably, the iliopsoas; and on the lateral side, the gluteus medius and minimus (with its associated trochanteric bursa) and tensor fascia lata (and its broad expansion into the iliotibial band). These muscles are important not only for moving the hip but also for stabilizing the pelvis, and thus, once injured, can produce symptoms even with minimal activity. Happily, most disorders of the muscles, tendons and bursas around the hip are self-limited and resolve with rest and other mild treatments.
 In this section, the following tendon-related disorders will be considered:
 		Hamstring injury,
 	Adductor strain,
 
 
 
 	Snapping hip syndrome,
 	Greater trochanteric pain syndrome,
 	Iliotibial band syndrome.
 
  
 Hamstring injury
 The hamstrings (Figure 1) comprise three muscles, originating, for the most part, from the ischial tuberosity. (The exception is the short head of the biceps, which originates from the posterior aspect of the proximal femur.) Two of the hamstrings are medial, the semitendinosus and semimembranosus, and insert on the tibia; the biceps femoris is lateral and inserts on the fibula. The hamstrings extend the hip and flex the knee. They also a have small rotatory effect on the lower leg. The hamstrings also decelerate knee extension and assist the anterior cruciate ligament to help prevent anterior tibial subluxation.
 [image: ]Figure 1: The hamstrings: the semimembranosus (blue line), semitendinosus (black line) and biceps femoris (orange line). (Modified from https://en.wikipedia.org/wiki/Hamstring#/media/File:Pulled_Hamstring.png) Injuries of the hamstring range from strains of the muscle (also known as a “pulled hamstring”) to complete tears within the muscle or avulsion of the tendon from its origin on the ischium.
 The hamstring muscle-tendon unit is injured when it is exposed to forces beyond the tolerance of the tissue. Often this force is applied during so-called “eccentric contraction”. The term “eccentric” acknowledges that the muscle is actually being elongated, despite its attempt to “contract”. (Weightlifters call this “negative work.”) Eccentric contraction of the hamstrings is seen during running. With each step, the quadriceps swings the leg forward, by flexing the hip and extending the knee. This motion passively stretches the hamstrings. Yet as the leg swings forward, the hamstrings contract eccentrically to decelerate the hip flexion and knee extension. Indeed, the greatest force is applied when the hamstrings are at their maximal length. At this point, the muscle-tendon unit is particularly susceptible to injury.
 The hamstrings are the most commonly injured hip/thigh muscle group. People with less flexibility or excessively strong quadriceps muscles (creating imbalance) are more vulnerable to injury.
 Acute hamstring injuries are characterized by a sudden, sharp pain in the thigh, with swelling and/or ecchymosis (bluish discoloration of the skin from extravasation of blood) appearing over the next few hours (Figure 2).
 [image: ]Figure 2: Clinical photograph, 4 days after a left hamstring injury. Because of pain or actual tissue failure, there will be weakness that may cause the injured athlete to fall or stumble when the injury is sustained.
 The mainstay of the physical examination is tenderness over the affected area, with a characteristic short arc gait (to minimize tension on the hamstrings). If there is a myotendinous rupture, a mass may be palpable in the middle third of the posterior thigh.
 X-rays may be obtained routinely, but are specifically indicated if there is a suspected tendon avulsion. Magnetic Resonance Imaging may be helpful to determine the extent of the injury.
 Most hamstring strains heal with rest, followed by a course of physical therapy to restore range of motion and strength. Surgery is reserved for bony avulsion injuries or large tears when the tendon has retracted more than 2 cm.
 Note that lumbar spondylolisthesis (in which a vertebra slips forward relative to an adjacent one) could present with hamstring pain and tightness.
 
 Adductor Strain
 There are three named adductor muscles (adductor longus, adductor magnus and adductor brevis) and three other muscles (gracilis, obturator externus and pectineus) that adduct the hip. Of these, the adductor longus (Figure 3) is the most commonly injured muscle.
 [image: ]Figure 3: The adductor longus. (courtesy of https://www.hindawi.com/journals/crior/2015/840540/fig1/) Strains of the adductor muscle group, also known as a “pulled groin,” are caused by forceful abduction or external rotation of the leg while the adductors are firing (as may be seen when kicking or swinging the leg, and colliding with another player or stationary object). Strains of the adductor muscle group are more commonly seen in soccer and hockey players where this type of motion is more frequently encountered. The adductor muscle group is the second most commonly injured muscle group.
 Patients with adductor strains present with immediate and severe groin pain, with tenderness often extending above and below the site of injury. There will be pain with passive abduction, and decreased strength on adduction compared to the other leg.
 In general, strains of the adductor muscle are acute events. Sub-acute or chronic complaints may suggest a non-musculoskeletal cause for the groin pain including hernias and disorders of the urogenital system.
 AP pelvis x-rays may show a fleck of bone, but in general, imaging is used not so much to confirm this diagnosis, but to rule out other causes of groin pain such as osteitis pubis, avulsion fractures or stress fractures.
 Rest, followed by a course of physical therapy to restore range of motion and strength, is the preferred treatment; there are no indications for surgery. Unfortunately, groin strains may recur; patients should be counseled against returning to sports too quickly and encouraged to warm up and stretch adequately before activities.
 
 Greater Trochanteric Pain Syndrome
 The gluteus medius and minimus originate in the ileum and insert on the greater trochanter of the femur. Their primary function is hip abduction, notably resisting hip adduction when standing on one leg. (When standing on one leg, the body’s center of gravity is medial to the hip joint, such that without resistance, the hip joint would passively adduct, causing the pelvis to tilt. Isometric hip abduction force by the glutei keep the pelvis level. Indeed, dysfunction of the glutei is the basis of so-called Trendelenburg gait, in which a patient lurches to the weakened side to maintain a level pelvis, on average, throughout the gait cycle.)
 Tendinopathy of the gluteus medius and minimus, along with inflammation of the bursa near their insertion on the trochanter, is a common source of lateral hip pain (Figure 4).
 [image: ]Figure 4: The classic location of greater trochanteric pain. (courtesy of https://www.physio-pedia.com/Gluteal_Tendinopathy) Because tendinopathy and bursitis coexist, the term “greater trochanteric pain syndrome” may be preferable.
 Among people age 50 to 70 years, greater trochanteric pain syndrome is found in ~15% of females and ~5% of males.
 The most common examination finding is tenderness to palpation of the greater trochanter; there is no objective criterion for the diagnosis.
 The treatment of greater trochanteric pain syndrome is non-operative. Pain relief medication (including NSAIDs, on the assumption that chronic tendinopathy contributes to the symptoms) along with physical therapy and corticosteroid injection have been used. Yet because many patients will have resolution of their symptoms even without treatment, it is unclear what is most effective. Conditions that do not resolve may be treated with low-energy extracorporeal shock wave therapy. Platelet-rich plasma injections have been proposed to treat tendinopathies, however reliable evidence of efficacy is not yet in hand.
 Trochanteric bursectomy with or without tendon lengthening may also be tried for patients who do not respond to non-operative management.
 
 Snapping Hip Syndrome
 The iliopsoas is the confluence of psoas and the iliacus muscles. These have separate origins in the abdomen but attach as one on the lesser trochanter (Figure 5). It is the strongest flexor of the hip.
 [image: ]Figure 5: The course of the iliopsoas over the hip joint. (modified from https://en.wikipedia.org/wiki/Iliacus_muscle) The tensor fascia lata originates from anterior superior iliac spine and attaches into the iliotibial band in the upper thigh. The iliotibial band then inserts on Gerdy’s tubercle on the proximal lateral tibia (Figure 6).
 [image: ]Figure 6: The course of the tensor fascia lata (TFL) and iliotibial band (ITB) on the lateral thigh. (modified from https://www.physio-pedia.com/File:Itbs.png) The tensor fasciae lata can actively move the hip and knee joints, but its main function is to resist the forces of other muscles and thereby stabilize the lower extremity during gait.
 Snapping hip syndrome is the term applied to the snapping sensation a patient may perceive when the hip is flexed and extended. This sensation may be perceived via either a sound or mechanical pop.
 The snap usually has an extra-articular (muscular) cause. When the sensation is perceived laterally, snapping hip syndrome is caused by the tensor fasciae lata, or gluteus medius tendon sliding across the greater trochanter of the femur. When the snapping is medial, the cause is likely to be the iliopsoas tendon catching on a process of the pelvis or the lesser trochanter of the femur.
 Snapping hip syndrome of an extra-articular cause is usually painless, though friction may lead to a local bursitis.
 Snapping of the hip could be due to intra-articular pathology, such as a labral tear. This version is more often symptomatic and the “snap” is more of a “click”. Here, pain is more common.
 Snapping hip is most common in athletes and dancers in their teens.
 On exam, snapping of the hip due to the iliopsoas tendon sliding over the femoral head can be reproduced by passively extending and internally rotating the hip from a flexed and externally rotated position.
 Dynamic ultrasound can demonstrate tendon subluxation. MRI can be used to identify intra-articular pathology. The “danger” of MRI is the detection of incidental intra-articular pathology, with the snapping indeed caused by the tendon (and not by other, incidental findings).
 Painless snapping should be treated with reassurance only. Pain from bursitis may be treated with a short course of rest and stretching. Should that not work, injections may help. In the most refractory cases, surgical release of the contracted tissue may be indicated.
  
 Iliotibial Band Syndrome
 As noted, the tensor fascia lata originates from the pelvis but inserts in the tibia. It may be the source of distal thigh or knee pain accordingly. The function of the tensor fasciae lata at the knee is unusual in that depending on the position of the knee, it is either a flexor or extensor. If the knee is flexed already, the iliotibial band is behind the center of rotation and thus helps flex the knee even more, but in a position close to terminal knee extension, its line of pull is anterior and thus extends the knee. Because the iliotibial band contacts the distal lateral femur when the knee is in motion, it is subject to irritation and inflammation. This is termed iliotibial band syndrome.
 Patients with iliotibial band syndrome present with activity-related lateral knee pain of insidious onset, localized to the contact point of the lateral femoral epicondyle and the iliotibial band as it courses distally to the knee. To confirm on physical exam, the patient is placed in a lateral decubitus position (affected side up) with the hip slightly flexed and the examiner passively flexes the knee. If pain is produced only with compression of the iliotibial band, this test is considered positive.
 Because Iliotibial band syndrome may be present in 10-25% of runners, and is essentially not found among those who do not run, it is considered a classic overuse syndrome. The logical treatment is thus under-use, that is, relative rest.
 Iliotibial band dysfunction is thought to be caused primarily by a “naturally” tight iliotibial band, but the observed association with excessive running in the same direction on an indoor (curved) track suggests that running on a gradient may be a cause too. The tight iliotibial band may be addressed with stretching exercises.
 Lateral knee joint line tenderness, distal to the femur, suggests meniscal injury or arthritis rather than iliotibial band syndrome.
  
 Miscellany
 	Filet mignon is a beef steak cut of the psoas muscle.
 	Genesis 32:32 refers to “the tendon attached to the socket of the hip” though no tendon literally attaches to the socket.
 	Snapping hip is also known as coxa saltans. The word “saltans” refers to dancing or jumping. The former meaning is probably intended with the hip condition (as it is found in dancers); the latter meaning is seen with the medical term “saltatory conduction”, that is the propagation of action potentials along myelinated axons jumping from one node of Ranvier to the next. It is also used in the named Italian dish, veal saltimbocca – food so good it is said to jump into your mouth.
 
  
 Key Terms
 adductor longus, biceps femoris, gluteus medius, greater trochanter, iliopsoas, iliotibial band, lesser trochanter, semimembranosus, semitendinosus, tensor fascia lata
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		Pelvic and Acetabular Fractures

								

	
				Pelvic fractures include disruption of the superior and inferior pubic rami, the acetabulum (hip socket), the iliac wing, and the sacrum. It is also possible to have a serious pelvic injury without fractured bone, as might be seen with a rupture of the ligaments that connect the two pubic rami or the ligaments stabilizing the sacroiliac joint.
 Fractures of the pelvis can be caused by high-energy trauma, such as a motor vehicle collision, or in the setting of frailty, a simple fall may be responsible. When a fracture is due to a high-energy mechanism, damage to the internal organs and major blood vessels is common and must be addressed first. The focus of treatment is “life before limb,” using the approach of Advanced Trauma Life Support (ATLS) guidelines. Thereafter, surgical reduction and fixation is often needed. Notably, the initial medical response to hemorrhagic shock in patients with pelvic fractures can include musculoskeletal treatments: emergency pelvic stabilization can compress damaged vessels and stem the bleeding, for example.
 Even in the absence of pelvic instability, high energy pelvic fractures can be lethal. Death may result from associated injuries or from internal hemorrhage. Morbidity among survivors is also high as residual pain, neurological loss, and functional disabilities are commonly seen. Fractures of the acetabulum pose a specific risk for hip arthritis.
 Low energy fractures, typically involving the pubic rami or sacrum, are usually seen in older or frail patients who fall. Most low energy fractures are stable injuries and can be managed with pain medication and early physical therapy. Particular attention to geriatric management is needed to prevent delirium in the short term and to prevent further falls and fragility fractures after initial recovery.
 Last, the pelvis is susceptible to avulsion fractures. Sudden and forcible movements – usually in sports activities – can pull off, or “avulse,” small fragments of bone at the point of ligament and tendon attachments. These injuries often, but not always, need no treatment beyond supportive care.
  
 Structure and Function
 The pelvis is a ring of bones that has two main functions: to provide a mechanically stable connection between the axial skeletal and lower limbs, and to protect the neurovascular, reproductive, and digestive structures within it.
 The ring is formed by three bones, the left and right innominate bones [see Miscellany, below] and the sacrum (Figure 1) connected by three joints: the left and right sacroiliac joints posteriorly, and pubic symphysis anteriorly. The joints are reinforced by posterior and anterior ligament complexes, and the pelvic floor (Figure 2).
 The posterior ligament complex includes the very strong posterior sacroiliac ligament, the anterior sacroiliac ligament, and the iliolumbar ligament. The anterior complex includes the symphyseal ligaments. The pelvic floor includes ligaments connecting the sacrum to the ischial spine and the ischial tuberosity (sacrospinous and sacrotuberous ligaments).
 The innominate bone is a fusion of the ilium, ischium, and pubis. These bones come together at the level of the acetabulum, creating an inverted cup with anterior and posterior walls (Figure 3). The acetabulum articulates with the femoral head to make the hip joint. The acetabulum has anterior and posterior columns as well. The anterior column contains the anterior iliac wing, the superior pubic ramus, and anterior acetabular articular surface. The posterior column spans the greater sciatic notch to the ischial tuberosity. The superior aspect of the acetabulum is the main weightbearing surface and the posterior acetabulum is a key stabilizer of the hip joint – fractures in these areas are at high risk for post-traumatic arthritis.
 The sacrum is a fusion of five sacral vertebrae and articulates with the spine via L5 vertebral body proximally, the iliac wings bilaterally, and the coccyx distally. The sacrum is intimately related to the L5 nerve root above it and the S1-S4 nerve roots that traverse its foramina.
 The coccyx (tailbone) comprises three to five separate or fused coccygeal vertebrae attached via the fibrocartilaginous sacrococcygeal symphysis.
 [image: ]Figure 1: Annotated pelvic x-ray (x-ray from https://radiopaedia.org/cases/pelvic-radiograph-normal-1). 1) Iliac crest; 2) sacro-iliac joint; 3) posterior-inferior iliac spine; 4) roof of acetabulum; 5) inferior pubic ramus; 6) superior pubic ramus; 7) pubic symphysis; 8) sacrum; 9) obturator foramen; 10) ischial tuberosity; 11) anterior inferior iliac spine; 12) anterior superior iliac spine. [image: ]Figure 2: Ligaments of the pelvis (modified from Wikipedia, https://commons.wikimedia.org/wiki/Category:Pelvis#/media/File:Sobo_1909_211.png). A) pubic symphysis; B) inguinal ligaments; C) anterior sacroiliac ligaments; D) Iliolumbar ligaments; E) sacrospinous and sacrotuberous ligaments. (Shown but not labeled are the anterior longitudinal ligament of the spine and sacrococcygeal ligaments, among others.) [image: ]Figure 3: AP x-ray of the pelvis including the articulation between the proximal femur and acetabulum (hip joint) with annotated anatomic landmarks. 1) Anterior acetabular wall; 2) posterior acetabular wall; 3) acetabular roof; 4) iliopectineal line; 5) ilioischial line; and 6) radiographic “tear drop,” representing the thickness between the external and internal aspects of the acetabular walls. 
 
 
 
  
 Patient Presentation
 Patients with a pelvic fracture present with groin, lower back, and hip pain which is exacerbated by movement. Weight-bearing is usually not possible with high energy fractures.
 High energy pelvic fractures often present with additional serious injuries. There are three basic injury patterns (Figure 4): lateral compression fractures; anteroposterior compression fractures (seen in an “open book” or “sprung” pelvis fractures); and vertical shear fractures. Each of these has its own predictable pattern of associated injuries. These basic patterns can also be seen in combination such as the so-called “windswept pelvis,” in which there is compression on the side of impact and opening on the other side.
 [image: ]Figure 4: Patterns of pelvic fractures. Shown in the top row are the three grades of lateral compression: I) an oblique pubic ramus fracture and ipsilateral anterior compression fracture of the sacrum; II) fracture of pubic rami with posterior fracture of the ipsilateral iliac wing; and III) an ipsilateral lateral compression fracture with a contralateral anteroposterior compression fracture. In the middle row are the anteroposterior compression patterns: I) a small, 2.5 cm with disruption and diastasis of the anterior part of the sacroiliac joint, with intact posterior sacroiliac joint ligaments; and III) pubic diastasis >2.5 cm along with disruption of both anterior and posterior sacroiliac joint ligaments with dislocation. In the bottom row, an example of a vertical shear fracture is shown, with vertical displacement of hemipelvis, and pubic and sacroiliac joint fractures. This is the most severe and unstable type and is highly associated with visceral injuries. (Note that other patterns of vertical shear – bilateral, for example – are possible.) (Reproduced from https://radiopaedia.org/articles/young-and-burgess-classification-of-pelvic-ring-fractures, Dr. Matt Skalski rID:2037824) Patients may be hypotensive due to external bleeding or from internal blood vessel and visceral injuries. A tension pneumothorax or injuries to the brain or spinal cord may also be the cause of hypotension. It is also very important to be aware of and prevent iatrogenic hypothermia as a cause of hypotension. A completely exposed and undressed patient in the Emergency Room can get cold fast and develop a coagulopathy that compounds the bleeding problems.
 Evidence of the pelvic fracture and commonly associated injuries includes pelvic deformity, unequal limb lengths, scrotal or labial swelling, and hematomas. A detailed perineal exam is mandatory. Blood at the urethral meatus suggests urethral disruption – and thus bladder catheterization must not be attempted if blood is seen. On rectal examination, a high-riding prostate implies genitourinary disruption. Abnormalities of anal tone, perianal sensation, or ano-cutaneous reflexes are suggestive of sacral nerve injury. Blood on rectal or vaginal examination is suggestive of an open fracture.
 A serious pelvic injury, with instability and severe blood loss, can be present without obvious deformity on physical examination.
 Elderly people with osteoporosis are also at risk of pelvic fractures from low energy mechanisms such as a fall from a standing height. Low impact pelvic fractures tend to be stable and are compatible with walking. Clues suggesting a fracture include bruising to the pelvic region, scrotum and labia; numbness in thighs or legs; rectal or vaginal bleeding; or more rarely, leg-length inequality.
 Acetabular fractures usually result from impact of the femoral head into the acetabulum from a fall, or a blow to the flexed knee by a dashboard injury. The fracture pattern depends on the position of the femoral head at the moment of impact. Dislocations of the femoral head can occur anteriorly, posteriorly, or centrally through the acetabulum into the pelvis. Fractures may involve either the anterior or posterior walls, the anterior and posterior columns, or some combination thereof.
 It’s also possible to have an avulsion fracture of the pelvis which may occur in the skeletally immature population as well as adults. In a pelvic avulsion fracture, usually a small piece of bone at the site of an apophysis (a secondary growth center that is attached to a tendon or ligament) gets pulled away from the main mass of the bone. Avulsion fracture tends to happen with a sudden muscle contraction. There are five characteristic regions of pelvic avulsion (Figure 5): the ischial tuberosity, by the pull of the hamstring muscles; the inferior pubic ramus by pull of the adductor muscles; the anterior superior iliac spine, caused by pull of the tensor fascia lata; the iliac crest, by the pull of abdominal muscles; and the anterior inferior iliac spine, by the pull of the rectus femoris.
 [image: ]Figure 5: Regions of pelvic avulsion: A) the ischial tuberosity, by the pull of the hamstring muscles; B) the inferior pubic ramus by pull of the adductor muscles; C) the anterior superior iliac spine, caused by pull of the tensor fascia lata; D) the iliac crest, by the pull of abdominal muscles; and E) the anterior inferior iliac spine, by the pull of the rectus femoris. (Annotation of a Gray’s Anatomy original)  
 Objective Evidence
 Advanced Trauma Life Support guidelines must be followed for patients with high-energy mechanism of injuries. Serological examination includes complete blood counts, electrolytes and creatinine, glucose, coagulation studies, and group and cross-match. Serial arterial blood gases with pH and lactate levels to monitor tissue oxygenation, circulatory status, and response to resuscitation may be indicated.
 Pelvic injuries are diagnosed on radiographic studies, beginning with plain films. Plain films must be examined not only for fractures, but also for disruption of the normal relationship between pelvic components (see Figure 6).
 [image: ]Figure 6: Tracing the following “lines of the pelvis” can help detect injuries. Top panel (purple): the main pelvic ring and two obturator foramina should be uninterrupted ovals. Middle panel (green): the sacroiliac joints and the symphysis pubis. Bottom panel (red): the acetabulum and the so-called Shenton’s line coursing from the inferior border of the superior pubic ramus along the inferior femoral neck. (modified from Radiopaedia.org, ID: 28928) If a pelvic injury is found, a CT scan is indicated. The CT scan will help determine the stability of the pelvis as well as help identify all fracture lines. CT of pelvis and abdomen can provide critical information regarding source of bleeding and to delineate associated injuries. Sagittal, coronal and 3D reconstructions can provide highly detailed representations of fracture patterns and help with operative planning (Figure 7).
 [image: ]Figure 7: A plain radiograph (A) and a 3D bone model produced by reconstructing the axial, sagittal, and coronal two-dimensional CT images (B) of a pelvic fracture. (Reproduced from Yoon, et al, Asian Journal of Surgery Volume 44, Issue 1, January 2021) Angiography is a highly sensitive method to identify (and embolize) arterial bleeding associated with pelvic fractures.
 Magnetic resonance imaging (MRI) is usually not required but may be used to assess avulsions or insufficiency fractures.
  
 Epidemiology
 Pelvic fractures are generally uncommon, only accounting for about 3% of all adult fractures. The most significant pelvic and acetabular fractures occur due to major trauma often due to car crashes, crush injuries, or falls from height. Motorcycle accidents are the most common cause for pelvic fractures.
 It is common to see less severe, stable fractures in the elderly population, particularly those who may suffer from osteoporosis and frailty. Oftentimes these fractures take place due to a fall from standing and tend to result in an isolated pubic ramus fracture.
 Teenagers who play high speed sports are particularly susceptible to avulsion fractures, typically involving the hamstrings and the ischium.
 Sacral fractures are seen in conjunction with pelvic ring injuries in about 40% of cases; about one quarter of these are associated with neurologic injury, with the risk increasing with more medial fracture lines.
 Acetabular fractures occur in both the young from high energy mechanisms and the elderly from low energy mechanisms. About 30% of patients with acetabular fractures develop post-traumatic hip arthritis.
  
 Differential Diagnosis
 Pelvic fractures are diagnosed definitively on imaging studies. Thus, there is no “differential diagnosis list” per se, but rather there are associated conditions that must be considered and excluded.
 	High energy fractures are associated with chest and visceral injuries, long bone fractures, and spinal fractures.
 	Acetabular fractures may have an associated femur fracture or hip dislocation.
 	Psychiatric disease may be present. Pelvic fractures can also be seen with suicide attempts (jumping from great heights). Drugs and alcohol are also commonly involved with fractures from motor vehicle collisions.
 	Low energy injuries are associated with frailty and osteoporosis.
 
  
 Red Flags
 A high-energy pelvic fracture is itself a red flag for visceral, skeletal, and vascular injury.
 A low-energy pelvic fracture is itself a red flag for osteoporosis and underlying medical or neurological conditions that lead to falls.
  
 Treatment Options and Outcomes
 Management steps with pelvic fractures are dictated by the energy of the injury, mechanic stability of the pelvic ring, hemodynamic stability, and associated injuries.
 High Energy Fracture
 The management of high energy pelvic fracture centers on maintaining adequate blood pressure to preserve vital organ perfusion until bleeding can be controlled. Resuscitation uses saline, packed red blood cells, platelets, and fresh frozen plasma. Warmed fluids and thermal blankets can help prevent hypothermia.
 If the pelvis is unstable, emergency stabilization is required as part of hemorrhage control; however, one should not assume that the pelvic fracture is the only source of hypotension. Simple measures such as a pelvic binder or a sheet tied between the level of the iliac crest and greater trochanter are often very effective to control bleeding by compressing bleeding bone surfaces and reducing pelvic volume to create a tamponade effect. Angiography and embolization are potentially lifesaving but may lead to necrosis of the skin or other organs.
 Open fractures require early broad-spectrum IV antibiotics, tetanus vaccine or booster, irrigation, and dressing followed by surgical debridement and wound management.
 Once life threatening injuries have been addressed, treatment of a high energy pelvic fracture simply depends on whether the fracture pattern is stable or unstable. Stable fractures of the pelvis can be treated with pain medication and physical therapy alone. Weightbearing status depends on the patient’s overall conditioning and risk of falling.
 Unstable fractures are treated with surgical intervention (Figure 8) followed by physical therapy. Surgical intervention is tailored to the specific injury pattern and may utilize plates, screws, or external fixation. The choice among surgical methods will be influenced by fracture patterns, soft tissue injuries, and the need for subsequent procedures. (Operations such as laparotomy, colostomy, and genitourinary repair must not be impeded by poorly chosen placement of incisions or fixation hardware.)
 [image: ]Figure 8: A plain radiograph (A), 3D CT images (B), and surgical treatment (C) of a pelvic ring injury involving the pubis and left sacroiliac joint. (Reproduced from Yoon, et al, Asian Journal of Surgery Volume 44, Issue 1, January 2021) Further reconstructive options such as acetabular fixation or hip arthroplasty are often best delayed until the patient’s medical condition and the state of their soft tissues have been optimized.
 Acetabular fractures occurring in the setting of an unstable pelvic ring injury require stabilization of the ring first. Acetabular fractures that involve the weightbearing portion of the acetabulum or those associated with an unstable hip joint are treated surgically, in hopes of reconstructing the articular surface. If the reconstructed joint will not allow early hip joint range of motion, total hip arthroplasty will be required. Total hip arthroplasty can be performed either at the time of pelvic ring fixation or as a delayed procedure. Note that even with anatomic reduction there is a sizeable risk of post-traumatic hip arthritis.
 The outcomes of a pelvic fracture depend largely on the severity of the fracture itself as well as any associated hemorrhagic, neurologic, or urogenital injury. Musculoskeletal complications include nonunion, malunion, hardware failure, wound and deep infection, and arthritis. Even with optimal management, many pelvic fractures lead to significant long-term pain and functional restrictions.
 Thromboembolic complications are of particular concern due to local pelvic injury, coagulopathy associated with major injury and bleeding, and prolonged hospital immobility. Chemical (e.g., anticoagulants), mechanical (e.g., foot pumps), and barrier methods (e.g., vena cava filters) can be used to prevent such complications.
 Pelvic fractures are unfortunately associated with sexual, bowel, and bladder disturbances. These conditions must be actively explored and managed by the medical team as patients are often too embarrassed to voluntarily disclose them.
 Low Energy Fractures
 Low energy injuries usually result in isolated stable fractures of the pelvic ring but in older populations, other concomitant fractures are common and must be anticipated and excluded. Treatment of low energy, stable ring fractures is usually non-operative.
 Initial hospitalization (or “hospital at home”) care must address age-appropriate pain control (avoiding medications that can cause falls or mental status changes), mobilization with weightbearing as tolerated, and physical therapy. The patient’s social and physical environments should be assessed. For patients that are unable to mobilize, operative management may be considered and balanced against the risks of prolonged pain and immobility. Outcomes are governed by the patient’s other medical conditions, especially frailty, but full recovery is an achievable goal.
 Avulsion Fractures
 For younger patients with an avulsion fracture, weightbearing with crutches for a few weeks is often sufficient. In the rare occasion that the bone fragments are displaced too much that healing is precluded, surgery is recommended.
  
 Risk Factors and Prevention
 Injuries to the pelvis are commonly seen in high energy trauma, often involving motor vehicle collision, which accounts for over half of pelvic injuries. Driving without a smartphone in hand is probably the best way to prevent motor vehicle collision.
 Preventing osteoporosis and preventing falls can help prevent low energy pelvic fractures.
  
 Miscellany
 The pioneering work on pelvic and acetabular fractures is attributable to Emile Letournel and Robert Judet, two French surgeons from Paris, whose work in the 1960’s laid the foundations for assessment, classification, and surgical treatment in today’s practice.
 Corona mortis means “crown of death” and is the name given to an anatomical variant artery present in 25-35% of patients. It is an anastomosis between the obturator and external iliac arteries. This anastomosis lies close to the pubic bone near the symphysis. It is at risk of damage in pelvic fractures and surgical exposures near the inguinal canal (pelvic fixation and hernia repairs).
 The coccyx is formed from the fusion of vestigial vertebrae. It serves no known function, and the various muscles, tendons and ligaments of the pelvic floor that attach to the coccyx also attach to adjacent structures. The coccyx is thus easily forgotten (and relegated, as here, to the “Miscellany” section). Nonetheless, a coccygeal fracture can be very painful, and produce a condition known as coccydynia. Treatment may require strong analgesics, pressure-relieving devices such as “donut cushions,” or even surgical excision (coccygectomy).
 The designation of bone formed by the fusion of the ilium, ischium, and pubis as “innominate” is a bit of an oxymoron, as the word “innominate” means “nameless” in Latin.
  
 Key Terms
 Pelvis, Pelvic Ring Injury, Acetabulum, Sacrum, Pelvic Fracture
  
 Skills
 Assess patients for pelvic fractures and associated injuries/comorbidities. Follow ATLS guidelines and communicate/collaborate with the trauma team. Assess for pelvic ring stability. Assess hemodynamic stability. Apply simple emergency pelvic ring stabilization measures. Evaluate imaging studies including x-rays and CT scans to help determine the severity of the injuries.
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		Hip Fractures

								

	
				Although the hip joint comprises the acetabulum, the femoral head, the femoral neck, the greater and lesser trochanters, and the proximal femoral shaft, the term “hip fracture” typically connotes an injury to the femoral neck or the region between the greater and lesser trochanters, so-called inter-trochanteric fractures.
 Hip fractures may be seen in younger patients with high energy mechanisms of injury (a motor vehicle collision, for instance), but most cases are seen in older patients after a low energy mechanism of injury such as a fall from a standing height. Many of these fractures are associated with osteoporosis, other medical conditions that cause falls, and generalized frailty. These fractures impose great burdens on patients, their families and society.
 Consistent with the old saying, “we come into the world under the brim of the pelvis and go out through the neck of the femur,” hip fractures are indeed associated with a high mortality risk. About one third of elderly patients with a low energy hip fracture are apt to die within a year of the injury. Hip fractures from falls are a marker for senescence and decline, though the added biological stress of the fracture and its treatment no doubt contributes to this mortality risk. On the other hand, many hip fracture patients have excellent rehabilitation potential and must be astutely assessed and adeptly managed to optimize post-injury function.
  
 Structure and Function
 The proximal femur comprises the femoral head, the femoral neck, the greater and lesser trochanters, and the proximal femoral shaft (Figure 1).
 [image: ]Figure 1: Normal left hip with regions annotated by color: green = femoral head; red = femoral neck; blue = greater trochanter; pink = lesser trochanter; yellow = inter-trochanteric region; gold = sub trochanteric region. (x-ray from Radiopedia) The hip capsule attaches at the base of the femoral neck. The femoral head and neck are thus designated “intracapsular” and the remainder of the proximal femur defined as “extracapsular.”
 Intracapsular femoral neck fractures (Figure 2) can be further classified by their specific location in the neck: subcapital (under the head), transcervical (across the neck), and basi-cervical (base of neck).
 [image: ]Figure 2: Fracture of the right femoral neck, denoted by the arrow. The normal left side is shown as well. (Courtesy of Radiopedia) Extracapsular fractures (Figure 3) occur in the area between and within the greater and lesser trochanters and are called “intertrochanteric” fractures. Fractures that occur in the proximal femur just distal to the lesser trochanter are called “subtrochanteric” fractures.
 [image: ]Figure 3: An intertrochanteric hip fracture. Fracture line highlighted in pink. (Courtesy of Radiopedia) The blood supply to the hip varies by region, and thus the region in which a fracture occurs strongly influences the fracture’s healing potential and appropriate treatment.
 The blood supply to the proximal femur is primarily from the medial and lateral femoral circumflex arteries. Together, they form an extracapsular vascular ring at the base of the femoral neck. Ascending cervical arteries branch off this ring and run parallel to the femoral neck to feed the femoral head, see Figure 4.
 [image: ]Figure 4: The blood supply to the hip. As shown, perfusion of the femoral head relies in vessels that ascend the femoral neck, which are at risk when the femoral neck has been fractured. (Figure courtesy of Mr Peter Smitham PhD FRCS (Tr & Orth), FRACS, University of Adelaide.) Healing of femoral neck fractures can be compromised by the lack of blood supply. Moreover, disruption of the blood supply running along the neck can deprive the femoral head of necessary perfusion. Thus, avascular necrosis (osteonecrosis) of the femoral head can result even if the neck fracture itself heals.
 By contrast to the femoral neck, the intertrochanteric region of the femur is well-lined with periosteum and has relatively dense cancellous bone and robust blood supply. All of these features enhance fracture healing potential. When an intertrochanteric fracture is restored to normal alignment (“reduced anatomically”) and held in place with a suitable fixation device, the fracture usually unites uneventfully.
 Hip fractures can be displaced by gravity and the pull of various muscles attached to the fracture fragments. For instance, the gluteus medius and minimus can abduct the greater trochanter. The piriformis, superior and inferior gemelli, obturator internus, and quadratus femoris (the so-called short external rotators) can externally rotate the proximal fragment. Lastly, the iliopsoas, which inserts on the lesser trochanter, can flex the proximal fragment of a subtrochanteric fracture.
  
 Patient Presentation
 Both young and old people with a hip fracture usually present with groin pain and, in the case of displacement, a shortened and externally-rotated leg.
 The most commonly encountered scenario is an older patient presenting after a low-energy trauma, such as a simple fall from standing height. In some cases, the “trauma” may be nothing more than simply twisting while lying in bed or standing erect. Here, the fracture is heralded by severe, persistent groin pain.
 Less commonly, younger patients will present with an acute hip fracture after a high-energy trauma such as a motor vehicle collision. They typically will be unable to bear weight and report severe hip or groin pain.
 Needless to say, care of the patient must be directed to the whole patient, and not just the bony injury. In the case of high energy trauma in young people, a full trauma evaluation and resuscitation is indicated. In the case of an elderly person, the cause of the fall must be discovered. Was there a stroke or heart attack? Recall that if there were a brief moment of unconsciousness, patients might not remember how or why they collapsed. (In the absence of a good description of the actual fall from the patient directly, assume until proven otherwise that a medical event precipitated the injury.) Next, the patient must be examined closely for other, perhaps less painful or obvious injuries. Last, especially in the case of a patient who fell and could not get up for a prolonged period, hypothermia and dehydration may be present and must be treated.
  
 Objective Evidence
 Obtaining a complete history and performing a thorough examination looking for bruising, deformity (e.g., shortened and externally rotated), tenderness, and motion at the fracture site is key. Initial imaging for suspected hip fractures should include x-rays of an AP pelvis and AP and lateral views of the affected hip.
 Minimally-displaced or non-displaced hip fractures may present with subtle disruption of the trabecular lines. In some cases, there will be no discernible x-ray findings. A fracture in that case is termed “occult” – present, but not seen on radiographs. The only clue to the presence of an occult hip fracture is pain and an unwillingness/inability to bear weight. The presence of an occult hip fracture can be suggested by a positive response on the log-roll test, where the affected leg is internally and externally rotation to isolate the source of pain as originating from the hip joint (Figure 5). This maneuver is done gently, to avoid displacement of a non-displaced fracture.
 [image: ]Figure 5: The Log-roll test. The examiner gentle rotates the hip internally (left) and externally (right). The production of hip or groin pain is a positive test result. If an occult hip fracture is suspected, an MRI of the hip should be obtained. In settings where MRI is contraindicated or not readily available, a CT scan or bone scan could be utilized. CT is very sensitive for demonstrating breaches in bone continuity but is associated with high radiation exposure. Bone scans typically use technetium labeled diphosphonate, a molecule that attaches to the hydroxyapatite matrix deposited at the site of bone formation. Because the bone scan assesses a metabolic response (and not static anatomy), positive findings may not be apparent for up to 72 hours after the administration of the labelling compound.
 The hip radiographs should be closely examined for absence of the normal bone trabeculae. These trabeculae are lines that form in response to either compressive and tensile forces (Figure 6). The Singh index is a radiographic metric based on the progressive loss of trabeculae. The Singh index can be used to determine cancellous bone density, specifically for assessing whether the bone will be sufficiently dense to support screws or other fixation devices within the femoral neck without coming loose. The Singh Index is particularly useful in pre-injury assessment of femoral bone quality as well.
 [image: ]Figure 6: Radiograph and drawing of trabeculae of proximal femur: principal compressive (PC); secondary compressive (SC); principal tensile (PT); secondary tensile (ST), and greater trochanteric (GT). There is a triangular void in the femoral neck outlined by the PC, SC and PT trabeculae, known as “Ward’s triangle” (WT). This triangle becomes increasingly prominent with advancing stages of osteoporosis, as the trabecular density is reduced. This produces a weak spot through which fractures are more likely to occur. The Singh Index ranges from grade 6, in which all trabeculae are normal, to grade 1, where only thin principal compression trabeculae are visible. (Drawing modified from A Radiological Study on the Trabecular Pattern in the Upper End of the Femur in Post-Menopausal Women https://www.jcdr.net/ReadXMLFile.aspx?id=2658) While there is no laboratory test that can detect a hip fracture, once a hip fracture is diagnosed, pre-operative blood tests and all other pre-operative tests (e.g. EKG and CXR) should be performed expeditiously. A delay to surgery and unnecessary immobilization must be avoided because a delay of more than 48 hours likely imposes additional mortality risk. Patients should not undergo extensive “pre-operative clearance” testing, especially if the test results will not affect the immediate treatment plan.
 Blood tests to assess for malnutrition and treatable causes of metabolic bone disease should be obtained in all elderly patients and in young patients with stress fractures. These tests include serum calcium and 25(OH)D, magnesium, phosphate, creatinine and electrolytes, albumin, alkaline phosphate (ALP), in addition to vitamin B12, thiamine, calcitonin, testosterone and parathyroid hormone (PTH) as indicated.
 Further investigations to prevent complications and additional future fractures should be conducted as indicated (see “APGAR SCORE” below), but not at the expense of treatment delay.
  
 Epidemiology
 In the United States, there are approximately 250,000 hip fractures seen each year. The global incidence of hip fractures varies widely by country, ranging from nearly 600 per 100,000 person-years in Scandinavian countries to fewer than 75 in countries such as Tunisia and Ecuador. This variation likely reflects genetics, but also proximity to the equator, as sunlight exposure and vitamin D levels are protective.
 Although age-standardized rates may have stabilized and possibly started to fall in some regions since the year 2000, the overall numbers continue to rise, owing to population growth among the aged. This effect is expected to be greatest in Asia, where the aged population effect will peak latest.
  
 Differential Diagnosis
 In the setting of high-energy trauma, a patient presenting with groin pain could have a pelvic fracture or a hip dislocation. These diagnoses can be excluded by either an AP pelvis radiograph or a CT scan of the pelvis.
 The differential diagnosis of gradual, atraumatic hip pain includes labral tears, osteoarthritis, inflammatory arthritis, avascular necrosis, septic arthritis, trochanteric bursitis, tendinopathy, primary or metastatic bone tumors, hernia, genitourinary causes, vascular claudication, or lumbar radiculopathy. While even this partial differential diagnosis is extensive, a thorough history and physical exam coupled with screening radiographs of the hip and pelvis will often quickly narrow it to a more manageable list.
  
 Red Flags
 Unstable Vital Signs
 It is unusual for an isolated hip fracture, even in the setting of a high-energy trauma, to produce hemodynamic instability. If a patient presents with marked hypotension, an immediate evaluation for other sources of blood loss with chest, pelvis, and/or femur radiographs is called for. An elderly patient with a hip fracture who was alone on the floor for a prolonged period may be dehydrated or hypothermic. In addition, a myocardial infarction or stroke may have precipitated the fall. These conditions, too, may present with unstable vital signs or altered mental status.
 Cancer
 If a patient with a history of cancer reports antecedent pelvic, groin, or thigh pain, or presents with an isolated lesser trochanteric fracture, an oncologic work-up should be considered. This oncological assessment is one of the very few situations for which a delay to surgery might be warranted. (The management of metastatic disease is discussed in, Metastatic Bone Disease and Pathological Fractures)
 Abuse
 The possible diagnosis of elder abuse is suggested by a delayed presentation for treatment, a mechanism of injury reported by a caregiver that is implausible or inconsistent, or objective signs of neglect or abuse outside the hip injury itself.
  
 Treatment Options and Outcomes
 Perioperative Management
 Hip fractures are nearly always managed operatively. Ideally, a patient is taken to surgery within 24-48 hours after injury, as bed rest and immobilization can be lethal. Common clinical care pathways for the management of fragility hip fractures will include monitoring vital signs; obtaining an EKG and chest radiograph; establishing IV access and giving fluid resuscitation; collecting pre-operative testing samples; assessing nutrition, pain, bowel and bladder issues; and examining and protecting the skin.
 While awaiting surgery, patients should be in bed with appropriate cushioning and padding to ensure comfort and protection from pressure injuries. The heels, sacrum and (both) hips are particularly vulnerable areas. Pre-operative traction is generally not recommended.
 At some centers, femoral nerve blocks are given on presentation. These blocks can markedly reduce the need for opiate pain medications and reduces the risk of delirium and respiratory complications in the elderly.
 Surgical Options
 Femoral Neck Fractures
 For femoral neck fractures that are not displaced (or only minimally displaced and stable), treatment with fixation offers a high chance of success. Displaced fractures, however, are at a high risk of non-union, malunion and osteonecrosis. Because of the potentially poor functional outcomes with attempted fixation, displaced femoral neck fractures, especially in older patients, are treated with joint replacement (arthroplasty).
 One of the most commonly used devices for fixing non-displaced femoral neck fractures is a series of parallel screws or pins (Figure 7). These screws are designed to be firmly fixed in the head but are able to slide. This sliding allows the fracture fragments to compress with weight bearing. Surgical fixation does not always lead to appropriate fracture healing. This poor outcome may be caused the severity of the patient’s injury.  Alternatively, non-union or mal-union may also be caused by a failure  to  adequately address  fracture displacement, instability or poor bone quality at the time of surgery. In recent years, there has been a trend away from fixing femoral neck fractures when any of these parameters are questionable. (Notably, in younger patients, it may be reasonable to err on the side of attempted fixation even if healing is not assured. These patients stand to gain more if surgery is successful and can better tolerate a second operation if it is not.)
 [image: ]Figure 7: AP (left) and lateral (right) radiographs showing parallel screws were inserted into the femoral head to hold a femoral neck fracture. (Reproduced from Management of femoral neck fractures in young adults. Indian journal of orthopaedics. 42. 3-12. 10.4103/0019-5413.38574.) Options for arthroplasty include either a partial hip replacement, known as a “hemiarthroplasty” or total hip replacement (see Figure 8). In both operations, the femoral head is removed, the edges of the neck fracture are smoothed, and a metallic stem is inserted into the femur which holds a prosthetic femoral head. For hemiarthroplasty, the head inserted is the same size as the one removed, and is left to articulate with the pelvis directly. With a total hip replacement, cartilage is removed from the acetabulum, and a prosthetic cup is inserted. This cup then articulates with the (smaller) head on the femoral stem.
 [image: ]Figure 8: Schematic and x-rays showing the joint replacement options for a femoral neck fracture. In the drawing at the top, a femoral neck fracture is shown; all bone within the red box, the head and proximal neck, is removed. After the fracture line is smoothed, a stem is inserted in the femur, for both operations. In a total hip replacement, shown at left, a small head is placed atop the stem, and a prosthetic cup is inserted in the acetabulum. (X-ray courtesy of Radiopaedia.org, rID: 30124). In a hemi-arthroplasty, a partial joint replacement, shown at right, a large head is used and this head articulates directly with the native (untouched) acetabulum. (X-ray courtesy of World J Orthop. Nov 18, 2018; 9(11): 235-244DOI: 10.5312/wjo.v9.i11.235]) Because hemiarthroplasty is only a partial joint replacement, the operation is less expensive than a total hip arthroplasty, and is faster and easier to perform. Because a large head is used, the joint is also more stable. On the other hand, because a total hip replacement replaces both sides of the hip joint, it tends to last longer and is associated with less activity-related hip pain. With those considerations in mind, the choice between the two should be based on life expectancy and functional demands. That is, a total hip arthroplasty should be reserved for a patient apt to live long enough and be active enough to reap the specific benefits of the procedure.
 The presence of an artificial metal head articulating with native hyaline cartilage is well-tolerated if the cartilage is in good condition. If there is cartilage damage, motion of the head will further damage the cartilage and produce accelerated arthritis and pain. It is therefore critical to assess for any evidence of pre-existing arthritis on the preoperative imaging or in the patient’s medical history. The more arthritis that is present, the lower the threshold for employing total hip arthroplasty should be. Note also that because many patients present with dehydration and hypothermia (among other metabolic derangements), it is easy to over estimate patients’ frailty and in turn ascribe a shorter life expectancy and functionality to them. Prognosis and likely functional demands should be assessed critically.
 Extracapsular Fractures
 Patients with extracapsular (intertrochanteric) fractures can be treated with either dynamic hip screws (Figure 9), proximal femur plates and screws, or intramedullary nails. The choice will depend on the fracture morphology, the cost and availability of implants, and the surgeon’s expertise and preference. In almost all instances, extracapsular hip fractures will unite, with the final outcome dictated not by the status of the bone, but the patient’s overall response to the injury, treatment and rehabilitation.
 [image: ]Figure 9: A compression screw into the femoral head attached to a side plate along the femoral shaft holds an intertrochanteric fracture. Three cortical screws affix the side plate to the femur. (Image courtesy of Wikipedia) Non Operative Care
 In circumstances where a patient has multiple life-threatening co-morbidities or very low functional demands (e.g., was not able to walk before fracture either), operative intervention may only hasten the patient’s demise and fail to offer benefits that offset the necessary biological and financial costs. Palliative care and pain management should be considered for patients with limited life expectancy and low functional expectations, after appropriate discussions with the patient or designated decision maker.
 Complications
 Geriatric hip fractures can be devastating injuries. The 1-year mortality rate among patients 65 and older is approximately 20%-30%, with higher rates seen among the especially old or the especially frail. Even a previously well and independent women with an otherwise normal life expectancy faces a 10-15% 1-year mortality risk attributable to the fracture.
 Of those who survive the first 12 months, fewer than half recover to their preinjury level of independence.
 Beyond the usual medical and anaesthetic related conditions, early surgical complications specific to the fracture care include nerve or vascular injury, implant fracture, and loss of reduction or fixation.
 In the fixation group, longer term complications include non-union of the fracture, infection, hardware failure, and avascular necrosis (AVN) of the femoral head. (AVN is usually manifested within 2 years, but may appear as late as 4 years, after surgery.)
 Possible late complications of arthroplasty include dislocation of the prosthesis, loosening of the prosthetic components (from infection or simple wear and tear) and periprosthetic fractures. These usually lead to revision arthroplasty if the patient is fit enough.
  
 Risk Factors and Prevention
 Common risk factors for hip fractures in the geriatric population include osteoporosis, frailty and sarcopenia, prior fragility fractures, and medical conditions associated with an elevated risk for falling, such as neurologic disease, use of sedating medications and visual impairment.
 There are several useful fracture risk assessment tools such as the “FRAX” risk calculator (available at https://www.sheffield.ac.uk/FRAX/tool.aspx), that utilize patient-specific factors such as age, weight, sex, smoking history, alcohol use and fracture history to help predict fracture risk.
 While bisphosphonates decrease the risk of hip fracture among patients with osteoporosis, these drugs do not appear to prevent fracture in those with normal bone mineral density.
 Environmental risks should also be considered: frayed carpet rugs, slippery floors, and poor lighting can increase the risk of falls. Reducing the risk of falls and the fragility fractures they cause requires medical, physical, and environmental optimization with coordination across all care providers. Educational programs for the public addressing fall prevention might also reduce hip fracture risk.
 One of the most predictive factors for a future fragility fracture is a prior fragility fracture. Many older hip fracture patients will have previously suffered a prior fragility fracture of the wrist, thoracic spine or proximal humerus. As such, a low energy wrist fracture or spinal compression fracture should be a red flag, prompting vigorous intervention to prevent a future (and more lethal) hip fracture. Indeed, intervention is indicated even after a hip fracture – to prevent a second one.
  
 Miscellany
 Other Hip Fractures
 The discussion above centered on the typical, low-energy geriatric hip fractures. There are other hip fractures of note, beyond the scope of this chapter:
 	Patients who are taking bisphosphonates for osteoporosis can suffer an “atypical femoral fracture” in the subtrochanteric region or more distally in the femoral shaft. This fracture starts as an incomplete break on the lateral cortex and propagates medially. The majority of patients report a history of pain in the thigh or groin region in the weeks of months prior to the fracture which may occur simply while they are walking and in the absence of any overt trauma, though the pain from this event may cause patients to lose their balance and fall.
 	A stress fracture of the superior femoral neck can, if not treated, propagate across the neck. This propagation can produce an overtly displaced fracture (see https://orthopaedia.com/page/Stress-Fractures-Female-Athletic-Triad).
 	Isolated fracture of the greater or lesser trochanter are rare injuries, likely caused by muscular avulsion. Fracture of the lesser trochanter may be caused by avulsion force of the iliopsoas muscle; fracture of the greater trochanter may be caused by the pull of the gluteus medius and gluteus minimus muscles. Isolated trochanter fractures are usually treated non-operatively.
 
  Medical Care Beyond Urgent Fracture Treatment
 For geriatric patients with hip fractures, the bony injury is only part of the burden of diagnosis. Indeed, it may be more helpful to consider the patient suffering from “geriatric hip fracture syndrome” or a “hip attack,” as there are many associated medical, social, psychological and other problems to which attention must be paid. Echoing the aphorism cited above, that “we come into the world under the brim of the pelvis and go out through the neck of the femur” an “APGAR SCORE” checklist has been proposed to remind providers of other steps besides direct fracture care that should be undertaken for all patients with geriatric hip fracture (see Figure 10).
 Figure 10: The APGAR SCORE mnemonic  	Alimentation & Nutrition – Assess albumin, vitamin D, and calcium, and consult a nutritionist. Patients with dysphagia should also have a speech and swallow assessment.
 Polypharmacy – Make sure that only necessary medications are being taken.
 Gait – Screen patients with the Get Up and Go test post-operatively and prescribe physical therapy to enhance and maintain function.
 Advance Care Planning – Clarify and document patient’s preferences and goals. Geriatric hip fracture may herald the beginning of the end of life.
 Reversible Cognitive Impairment – Prevent delirium by providing hearing and visual aids if needed, promote sleep hygiene, provide good pain control, and reduce polypharmacy and risk factors for infection.
 Social Support – Screen for depression and optimize social support systems.
 Cataracts and Other Visual Impairments – Refer patients for a thorough ophthalmological consultation: the rate of hip fracture in those who are visually impaired can be 3x higher compared to people who can see well.
 Osteoporosis – “Own the bone” by providing bone mineral density testing and treatment of osteoporosis if found.
 Referrals – Communicate with a hip fracture patient’s primary care physician to provide post-operative care; send the patient to an expert for osteoporosis treatment if needed.
 Environmental Safety – Recommend a social worker’s evaluation for home-hazard interventions. A house can be “elder-proofed” by removing frayed floor rugs that invite a fall, among others.
 
  
  
  
 Key Terms
 Trabeculae, osteoporosis, fragility fractures, geriatric, frailty, low-energy trauma in the elderly, same-level falls, co-management services, DEXA scan, bisphosphonates, falls risk assessment, vision screening, high-energy trauma in the young, metabolic deficiency, vitamin D, calcium
  
 Skills
 Be able to take a thorough history and perform a comprehensive physical to detect hip fractures. Perform a secondary exam to detect injuries that might be missed initially. Identify modifiable risk factors predisposing to a fall.
 An effective clinician must be able to perform a thorough history and physical exam and disseminate critical information regarding indications for surgery and post-operative expectations, while demonstrating empathy and establishing trust in an initial consultation. Students should observe the different bedside manners of physicians and surgeons who interact with hip fracture patients and their families and emulate the best of them. Rarely does one wake up thinking today is the day they or their loved one will suffer a hip fracture and need to undergo a major surgery and rehabilitation process. Oftentimes, patients and their families present at a vulnerable time when trust must be rapidly established, and time-sensitive decisions made. As noted by Dr Fred Kaplan, “Caring is part of the cure.”
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		Fractures of the Femoral Shaft and Distal Femur

								

	
				Fractures of the femoral shaft are often the result of high energy trauma such as a motor vehicle crash, a fall from a height, or a gunshot wound. Most femoral shaft fractures require surgical treatment. Fractures in the diaphysis (i.e., the mid shaft) are typically treated with the insertion of a metal rod (also known as an intramedullary nail) into the canal of the femur. Fractures located closer to the hip or knee, whose angulation might disrupt joint mechanics and function, require more precise restoration of anatomical alignment that can be offered by an intramedullary nail. Such fractures are therefore usually treated with a surgical plate. The outcomes after femur fractures are usually good, but can be marred by blood loss, infection, delayed union, non-union, mal-union, or problems from associated injuries. Rarely but consequentially, fat from the medullary canal, exposed by the fracture, can travel through the vascular system to the lungs. This can produce a so-called fat embolism syndrome, a serious condition characterized by pulmonary dysfunction and mental status changes related to the resultant hypoxia.
   
 Structure and Function
 The femur is the largest bone in the body. Proximally, the femoral head articulates with the acetabulum of the pelvis in the ball-in-socket hip joint. Distal to the hip, the shaft courses toward the knee. Just above the knee joint, the femur widens to form the medial and lateral condyles, whose cartilage-lined surfaces allow articulation with the proximal tibia and patella (Figure 1).
 [image: ]Figure 1: The right and left femurs are outlined in red. (courtesy Wikipedia) Muscular Anatomy and Deforming Forces
 The femur is surrounded by a thick layer of muscles on all sides. Grossly, the muscles around the femur form groups. The forces produced by these muscles can deform a fractured femur in characteristic patterns.
 The anterior compartment of the thigh contains the quadriceps femoris muscles. The muscles of the quadriceps (with one small exception, noted below) originate from the shaft of the femur and insert on the proximal tibia via the patella tendon. The four muscles of the quadriceps, the vastus medialis, vastus intermedius, vastus lateralis, and rectus femoris, extend the knee. The rectus femoris, however also can flex the hip, owing to its “long head” which originates from the anterior inferior iliac spine and crosses the hip joint. In general, axial pull from the quadriceps after fracture tends to shorten the leg. The sartorius also lies in the anterior compartment, but is relatively weak and has only a scant impact on fracture deformity.
 The posterior compartment of the thigh contains the hamstrings muscles: the short and long heads of the biceps femoris laterally, and semimembranosis and semitendinosis medially. These posterior compartment muscles originate on the pelvis and proximal femoral shaft and insert distal to the knee on the proximal tibia and head of the fibula. Following a fracture, these muscles also cause shortening of the femur.
 The medial compartment of the thigh contains the adductor brevis, adductor longus, and adductor magnus, along with the grascilis. All of these muscles originate on the pelvis; the adductors insert along the medial femur and the gracilis inserts on the medial tibia just past the knee. These muscles primarily shorten the leg after fracture but also can introduce a varus (bowing) deformity of a fracture.
 The hip abductors, the hip flexors and the short external rotators are muscle groups that originate from the pelvis and insert proximally on the femur. The hip abductors insert on the greater trochanter, the hip flexors insert on the lesser trochanter, and the short external rotators insert on the intertrochanteric ridge of the femur. These muscles, as their name implies, can abduct, flex, or externally rotate the proximal fragment after femur fracture, respectively.
 Finally, the two heads of the gastrocnemius muscle of the posterior calf are also attached to the posterior femur, just proximal to the medial and lateral condyles. Following a fracture of the femoral shaft, these two muscle heads can hyperextend the distal fracture fragment creating an anterior angulation deformity.
  
 Patient Presentation
 Femoral fractures are seen primarily in younger or older patients, with the middle-aged population relatively spared. Young patients tend to sustain femoral shaft fractures because of their participation in riskier activities. Their fractures are usually from high energy trauma, such as motor vehicle accidents, falls from extreme heights, or gunshot wounds.
 Femoral fractures in the elderly are typically caused by falls. Most commonly, low energy falls in the elderly cause hip fractures, however, the subtrochanteric region of the femoral shaft or the distal femoral metaphysis can be fractured as well. Geriatric femoral fractures are potentiated by conditions causing bone fragility, more frequent falls, or a decreased capacity to catch oneself after a fall and minimize the energy applied to the bone.
 Young Patient, High Energy Trauma
 This patient is most commonly a young male who has sustained severe trauma. This patient will have severe pain in their leg with shortening of the extremity.
 About 10% of femur fractures are seen in companion with other fractures or with severe visceral injury. Patients with polytrauma can have a systemic inflammatory response which can lead to possible multi-organ failure.
 Physicians must make all efforts to detect additional injuries at the time of presentation and to prevent complications associated with these injuries. Special attention should also be paid to the spine and pelvis in this group.
 Frail Elderly Patient, Low Energy or Absent Trauma
 This patient is most commonly an elderly female who fell from standing or had a sudden pain without overt trauma. Elderly patients with a fracture may have cognitive dysfunction from a pre-existing dementia or from acute delirium brought on by pain, dehydration, and adverse effects of medications, among other causes. These patients thus cannot articulate a detailed history of injury.
 Elderly patients should be assessed for concomitant fragility fractures such as those of the thoracolumbar spine, proximal humerus, and distal radius. Providers should have a high index of suspicion for associated non-musculoskeletal diagnoses, such as subdural hemorrhage and myocardial infarction.
  
 Objective Evidence
 In the diagnosis of femur fractures below the lesser trochanter, x-ray evaluation is sensitive and specific, and the fracture is usually obvious (Figure 2).
 [image: ]Figure 2: Fracture of the femur. As shown, the fracture is displaced and shortened. (Image courtesy of Kim, et al, https://doi.org/10.12671/jkfs.2015.28.1.71) In addition to shaft fractures, the femur may be broken more distally. These fractures can extend into the knee joint (see Figure 3).
 [image: ]Figure 3: An x-ray of the distal femur, showing fracture of the medial and lateral femoral shaft, at the junction of the diaphysis and metaphysis (blue arrows). The fracture line continues distally and reaches the joint at the intercondylar notch (yellow arrow). (Figure courtesy of Christopher M. Domes, MD) There are, however, some specific types of fractures which may need additional imaging to be fully characterized. These include femoral neck fractures associated with femoral shaft fractures, and fractures of the distal femur potentially involving the knee joint.
 An ipsilateral fracture of the femoral neck (Figure 4) is seen in association with ~10% of femoral shaft fractures, many of which (20% to 50%) are initially missed! In the setting of a femoral shaft fracture, the femoral neck should be evaluated for concomitant fracture. In the case of equivocal x-ray evaluation, the addition of internal rotation and lateral views or a fine cut CT through the femoral head and neck has been shown to significantly reduce the chance of missing this second fracture. Early diagnosis is critical as it may prevent a relatively easily-fixed minimally or non-displaced fracture (amenable to pinning) from becoming a displaced fracture at high risk of avascular necrosis (and requiring a hip arthroplasty).
 [image: ]Figure 4: Shown at left is an x-ray of a femur with two concomitant fractures: the more obvious fracture of the shaft and a more subtle but visible fracture of the neck. These fracture lines may be easier to appreciate on the schematic to the right, in which the fragments are shown distinctly. (X-ray courtesy of Ipsilateral femoral neck and shaft fractures fixation with proximal femoral nail antirotation II (PFNA II): technical note and cases series. J Orthop Surg Res 15, 20 (2020)) A Hoffa Fracture (Figure 5) is a fracture of the posterior aspect of the medial or lateral femoral condyle that needs to be considered in the setting of distal femoral fractures. The fracture lies in the coronal plane and may be difficult to detect on plain x-rays alone. Cross-sectional imaging with CT should therefore be considered in the assessment of distal femur fractures.
 [image: ]Figure 5: A Hoffa fracture of the medial femoral condyle, as seen on radiographs (left) and coronal CT imaging (right). (Image courtesy of Samba Kone et al. Hoffa fracture of medial unicondylar and bilateral in a man: a rare case. Pan African Medical Journal. 2015;20:382. [doi: 10.11604/pamj.2015.20.382.6092])  
 Epidemiology
 Fractures of the femoral shaft and distal femur comprise less than 1% of all fractures. As noted, the incidence of femur fractures demonstrates a bimodal age distribution.
 Globally, the annual incidence of femoral fracture is between 15 and 45 per 100,000 population with the risk in low- and middle-income countries almost double that of wealthier countries, owing to poverty, poor road safety standards and more frequent violence.
 Below the hip, femoral shaft fractures are five times as common as distal femur fractures and 2.5 times more common than subtrochanteric femur fractures.
  
 Differential Diagnosis
 Femur fractures are rarely subtle: patients present with a clear history of injury, obvious deformity, pain, and inability to bear weight on the injured limb. Nonetheless, there are important differential diagnosis considerations, emphasizing two questions: Why did the femur fracture? and Are there other, concurrent diagnoses present?
 Malignancy may initially present as subacute hip, thigh, or knee pain. Pain with no preceding trauma and x-rays showing changes in bone appearance warrant further investigation, as metastatic disease is the most common bone tumor of the femur. (See chapter, Metastatic Bone Disease and Pathological Fractures)
 Pain around the femoral component of a total hip replacement can be from a peri-prosthetic fracture or from septic or aseptic loosening and stress fractures.
  
 Red Flags
 A high energy femoral shaft fracture should be a red flag alerting to the possible presence of an ipsilateral femoral neck fracture.
 Pain in the thigh region, especially pain that is severe, worsening, and associated with bearing weight is a red flag for stress fracture or malignancy.
 Respiratory distress (especially with a petechial rash and mental status changes) after a femur fracture is a red flag for “fat embolism syndrome.”
   
 Treatment Options and Outcomes
 Patients with high energy trauma causing a femur fracture should have the injured leg immobilized expeditiously. Placing the extremity in traction may assist resuscitation, by decreasing the volume of the thigh and slowing blood loss from the fracture. Traction also assists in pain control by providing counter tension to thigh muscles that might be in spasm and by limiting the movement of the fractured bone fragments.
 Early stabilization of the fracture and restoration of functional movement are essential. Rapid treatment is particularly critical in the frail elderly patient, for whom any extended period of bed rest is poorly tolerated and may be fatal. Muscle wasting and deconditioning occur rapidly with bed rest and their effects are very difficult to reverse. Pressure injuries over the bony prominences of the sacrum and heels can occur within hours, as can deep vein thromboses with subsequent pulmonary emboli. Opiate pain medications used while awaiting surgery can lead to delirium and should be kept to a minimum. Care must be taken to manage chest secretions to avoid pneumonia.
 In many low-income countries, access to advanced orthopaedic care is limited and non-operative management of femoral fractures is common. Traction is the most common non-operative method used in these circumstances and generally leads to union within ~50 days. Traction can be applied either via bandages wrapped around the foot or leg (skin traction) or through pins inserted percutaneously through the bone of the distal femur of proximal tibia (skeletal traction). As might be expected, there is a high rate of complications (up to 50%) with prolonged treatment with traction, including malunion, non-union, venous thromboembolism, pressure sores and lung infection.
 In developed countries, fractures of the femur are generally managed operatively. Non-operative management of femur fractures is usually only reserved for patients for whom surgery is not feasible or desirable, that is, those with a short life expectancy or bed ridden with very low baseline function.
 Treatment options include intramedullary nail (IM) fixation (Figure 6) or plate and screw constructs. IM nails are generally mechanically stronger than plates and are usually the first choice for treating shaft fractures, where gross restoration of length and alignment is more essential than perfect anatomical alignment.
 Treatment begins with mechanical alignment of the fracture on a trauma operating table before making any incisions (a so-called closed reduction). Once the fracture is reduced, the IM nail is inserted from either the proximal end of the femur (antegrade nailing) or the intracondylar area of the distal femur (retrograde nailing). This maneuver ensures that the soft tissues near the fracture itself are not disturbed. Keeping the soft tissue envelope intact minimizes the risk of infection and promotes healing. Most fractures treated with IM nailing heal uneventfully (Figure 7).
 [image: ]Figure 6: A femoral IM nail. The nail is inserted via a hole drilled in the proximal femur (green arrow) such that the soft tissue around the fracture site (red circle) is not disturbed. Locking screws (orange stars) are then inserted to control the length and rotation of the femur. [image: ]Figure 7: Preoperative (A), immediate postoperative (B), and 15-month postoperative (C) images of a 19-year-old man with a comminuted fracture of the right femur from a motorcycle accident. (Images courtesy of Role of open cerclage wiring in patients with comminuted fractures of the femoral shaft treated with intramedullary nails. J Orthop Surg Res 16, 480 (2021)) Fractures close to the articular surfaces require rigid anatomical fixation to maintain joint congruency and biomechanical function of the joint. Restoration of joint alignment helps prevent the development of early arthritis. Thus, fractures near the joints often require an open surgical procedure, in which the fracture is directly visualized, reduced and then stabilized with rigid plates and screws (Figure 8). Immediate knee range of motion is usually prescribed after internal fixation to avoid stiffness, though weight bearing may be more limited post-operatively, as plate fixation is usually not as strong as IM nailing.
 In some patients, their femur fracture is part of a severe “multi-trauma” requiring intensive resuscitation measures and for whom early prolonged surgical procedures are deemed to be unsafe. The femur fracture is instead initially managed with temporary emergency stabilization with external fixation or traction. This approach is termed “damage control orthopaedics. Most patients with femur fractures however are amenable to “early total care,” namely appropriate resuscitation and early (within 24 hours) definitive management of fractures, with the advantage that it improves pain control and facilitates the care of associated non-skeletal conditions.
 [image: ]Figure 8: Initial AP radiograph of a distal femur fracture (A), a preoperative three-dimensional CT scan (B), and postoperative radiograph after internal fixation using a plate. (Reproduced from Treatment of Distal Femoral Fractures Using Polyaxial Locking Plate. J Korean Fract Soc. 2011 Oct;24(4):321-327 https://doi.org/10.12671/jkfs.2011.24.4.321)  
 Risk Factors and Prevention
 The risk of high energy femur fractures can be reduced by primary, secondary and tertiary prevention strategies.
 	A primary prevention strategy is one that minimizes the likelihood of events that may lead to fracture: maintenance of the roads and adequate lighting, for example.
 	Secondary prevention strategies are those that mitigate physical damage after a possibly injurious event has occurred, e.g., automobile side airbags.
 	Tertiary prevention is the provision of optimal care to minimize the chances of complications once an injury has taken place.
 
 Monitoring and treating patients with osteoporosis or osteopenia can reduce the incidence of fragility fractures. The use of bisphosphonate is cost-effective in people whose risk of sustaining a fragility fracture is greater than ~10% over a 5-year period.
 Calcium and vitamin D supplementation has been determined to be extremely cost effective in patients with poor bone health. It is estimated that anywhere from 15-50% of a reduction in fragility fracture risk can be achieved with the utilization of these supplements alone in individuals with osteopenia and osteoporosis.
 Patients who are taking bisphosphonate medication to treat osteoporosis can be at risk for developing an atypical subtrochanteric hip fracture. The absolute risk of these fractures in patients on bisphosphonates is low, ranging from 3.2 to 50 cases per 100,000 person-years. These atypical fractures have also been observed in patients who have undergone gastric sleeve or gastric bypass procedures and are thought to be due to the resulting nutritional deficiencies following these procedures.
  
 Miscellany
 Prior to the introduction of the Thomas splint (Figure 9) in 1916, during the first world war, the mortality from fractures of the femur was about 80%. By 1918 the mortality was reduced to 20%. The splint was originally designed by Hugh Owen Thomas, considered the father of orthopaedic surgery in Britain, but it was not fully appreciated until his nephew, Robert Jones, introduced it for use in the war. Even today, femoral splints remain a critical part of the initial management of femoral fractures.
 [image: ]Figure 9: The Thomas splint. (Image from Gray HMW. The early treatment of war wounds. London: Henry Frowde and Hodder and Stoughton, 1919. https://openlibrary.org/books/OL25923287M/The_early_treatment_of_war_wounds In many low-income countries, the management of femoral fractures is undertaken by traditional bone setters with no medical training. Traditional bone setters use a variety of handed-down techniques in addition to, or in place of, traction. These techniques, such as tight bandages and skin creams are associated with high complication rates. (See, for example Complications of traditional bone setters treatment of musculoskeletal injuries: experience in a private setting in Warri, South-South Nigeria. Pan Afr Med J. 2018;30:189. Published 2018 Jul 2. doi:10.11604/pamj.2018.30.189.15730)
   
 Key Terms
 Femur, Fracture, Trauma, Fragility, Osteoporosis, Long-bone Fracture, Damage Control Orthopaedics, Early Total Care, Fat Embolism Syndrome, Bisphosphonates
   
 Skills
 Trauma Assessment, Pulmonary Exam, Resuscitation of a traumatized patient.
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		Arthritis of the Knee

								

	
				Arthritis of the knee is a family of disorders characterized by pain, loss of function, progressive deterioration of the articular surface, and pathological change in the bones and nearby soft tissues. The most common form of knee arthritis is osteoarthritis, a wear and tear condition, which usually appears without any specific known cause beyond aging. Osteoarthritis can also appear (especially in relatively younger patients) following fractures near the joint line or tears of ligaments and menisci that can alter the normal biomechanics. Less frequently, damage of the knee joint is caused by rheumatoid arthritis or a systemic disease. Osteoarthritis cannot be cured, only palliated; the progression of rheumatoid arthritis can be slowed with medication.
  
 Structure and Function
 The knee comprises two separate articulations within one synovial compartment. First, there is a modified hinge joint between the distal femur and the proximal tibia. (It is called a ‘modified hinge’ because it allows for a small amount of rotation in addition to its bending, hinge-like movement.) The knee joint has medial and lateral articulations, with a greater share of the load borne medially. It is a “modified hinge” in that there is a small amount of rotation as well. The second articulation is between the patella and the femur’s trochlear groove.
 The knee is surrounded by a synovial membrane, which produces a fluid that nourishes and lubricates the cartilage to reduce friction. Each knee has two menisci that stabilize the knee, absorb shock and distribute load-bearing forces. The articulation of the femur with the tibia has been likened to “two match sticks (the femur and tibia) held together by rubber bands (the ligaments).” Unlike the hip, the knee joint has little inherent bony stability.
 There are four main ligaments in the knee: the anterior and posterior cruciate ligaments (to prevent anterior and posterior displacement of the tibia relative to the femur) and the medial and lateral collateral ligaments (to provide side to side stability). The joint surfaces are lined with articular cartilage, a specialized structure whose top layer is particularly smooth, with layers below that constructed to absorb load.
 A more detailed discussion of the patellofemoral joint, menisci, collateral and cruciate ligaments, and the chondral surface of the knee are presented in chapters dedicated to each.
 Arthritis of the knee is typically osteoarthritis, a disease of “wear and tear” or trauma that produces a deterioration of the articular cartilage and causes reactive changes in the bone. Often, osteoarthritis of the knee is asymmetric, affecting the medical compartment preferentially. As noted, people tend to bear more weight on the medial compartment of the knee and thus the cartilage there wears out first. Rheumatoid arthritis, by contrast, is manifested by an autoimmune inflammatory reaction against the synovium that leads to the body’s destruction of its own articular cartilage. Among other differences, rheumatoid arthritis symmetrically damages the joint. (The basic differences in pathophysiology between rheumatoid arthritis and osteoarthritis produce important differences in clinical presentation, as discussed below.)
 As osteoarthritis advances, the articular cartilage loses proteoglycans (e.g., chondroitin sulfate) and its collagen becomes disorganized. There can be inflammatory changes in the synovium, though these are an effect of the disease, not a cause. The bone attempts to compensate, one might say, with the only trick it has: proliferation. This leads to subchondral sclerosis (bone grown below the articular cartilage) and osteophyte formation (bone growth extending out of the edges of the bone, into the soft tissue nearby or within spaces inside the joint itself).
 The characteristic pathology of rheumatoid arthritis is synovial infiltration by leukocytes and the initiation of an inflammatory cascade. This inflammation produces hyperplastic synovium, cartilage damage, and chondrocyte cell death. This inflammation also stimulates osteoclasts and suppresses osteoblasts, leading to periarticular bone loss, especially at the points where the synovial membrane inserts into the bone’s periosteum.
  
 Patient Presentation
 Patients with osteoarthritis of the knee present with pain that is worse after prolonged activity and improves with rest. Stiffness and mechanical symptoms such as locking and a sensation of catching are common. In rheumatoid arthritis, stiffness is reported to be worse after rest (e.g., upon wakening) but improves with activity.
 Abnormalities on examination might include a limp, malalignment, atrophy, effusions and restricted motion. There may be a flexion contracture (an inability to fully extend the knee) which effectively shortens the length of the leg (i.e., the effective limb length is the hypotenuse of a triangle whose other limbs are the femur and tibia). This effective shortening of the leg may, in turn, produce a limp and hip or back pain.
 The history should determine if any other joints are symptomatic and whether there was a history of prior injury. Rheumatoid arthritis usually affects the hands and feet; the neck, elbows, ankles, and shoulders are often involved too.
 The physical examination should note any abnormalities in the following domains:
 	Inspection to assess for erythema, scarring, atrophy, and deformity.
 	Palpation to assess for tenderness and effusion. Important points to look for tenderness are the medial and lateral joint lines, the patella and its tendons, the prepatellar bursa, and the pes anserine bursa (just medial and proximal to the tibial tubercle).
 	Stability test to assess the integrity of the cruciate and collateral ligaments. Note that patients with knee arthritis can have a pseudo-laxity of the medical collateral ligament, and that loss of cartilage in the medial compartment may create more room for the tibia to move when the knee is stressed, falsely suggesting that the MCL is damaged.
 
  
 Objective Evidence
 Weight-bearing radiographs are routine. Antero-posterior, lateral and a sunrise view of the patellofemoral joint should be obtained. In patients with rheumatoid arthritis, there is symmetric joint space loss, with osteopenia (see Figure 1).
 [image: ]Figure 1: Bilateral rheumatoid arthritis of the knee, showing symmetric joint space narrowing, medially and laterally. The bones are osteopenic. Osteophyte proliferation, as would be seen in osteoarthritis, is absent. (Courtesy of Radiopaedia.org, rID: 76577) Osteoarthritis has four characteristic radiographic findings, known as ‘cardinal signs’ (see Figure 2) as follows:
 	Asymmetric joint space narrowing, representing the loss of cartilage. The medial side is often more severely affected than the lateral (leading to the characteristic varus, or bow-legged, deformity).
 	Subchondral sclerosis, which manifests as a white line under the surface of the tibial plateau. Areas are excessively stimulated to form bone, whose density produces this sign.
 	Osteophytes/bone spurs growing adjacent to the joint (as contrasted with subchondral sclerosis, where the growth is directly under the area that is loaded.)
 	Subchondral cysts, which form when synovial fluid in a joint affected by osteoarthritis seeps through cracks in the cartilage and into the bone.
 
 [image: ]Figure 2: Knee radiograph, center, showing the four cardinal signs of osteoarthritis: joint space narrowing (orange box), subchondral sclerosis (the dense bone, appearing white on x-ray, denoted by the red arrow), osteophyte formation (bone spurring from the medial tibia, yellow bracket) and a subchondral cyst (blue circle). (Case courtesy of Dr Ian Bickle, Radiopaedia.org, rID: 51665) There is only a very limited role for MRI once the diagnosis of osteoarthritis is established. A meniscal tear seen on MRI in the setting of arthritis is almost certainly part and parcel of the overall degenerative condition (and not a distinct diagnostic entity). Indeed, a meniscal tear can be assumed to be present when there is significant joint space narrowing. An MRI might be useful to exclude osteonecrosis, to characterize loose bodies seen on radiographs, or, if x-rays are mildly abnormal at most, to determine if marrow edema or other intraosseous processes are responsible for the reported pain (see Figure 3). In short, because an MRI is unlikely to affect management of the arthritic knee, it should be omitted unless specifically indicated.
 [image: ]Figure 3: Two MRI images of the same 55-year-old female patient with normal x-rays, taken four months apart. The image at the left was obtained after presentation with knee pain, showing diffuse bone marrow edema of the medial tibial plateau (red arrow). The image at the ight, taken after symptom resolution, shows resolution of the edema (white arrow). (Images courtesy of https://www.cureus.com/articles/30083-lower-limb-pain-attributed-to-bone-marrow-edema-syndrome-a-commonly-ignored-pathology) There are no laboratory tests for osteoarthritis, but testing may be performed to exclude other diagnoses.
 Laboratory studies may be helpful for suspected rheumatoid arthritis, but the diagnosis of rheumatoid arthritis is not made conclusively on the basis of any single laboratory test. Blood test abnormalities associated with rheumatoid arthritis include an elevated rheumatoid factor or antibodies against cyclic citrullinated peptides. Abnormalities of the inflammatory markers, c-reactive protein and erythrocyte sedimentation rate are common but not specific.
 Perhaps the single most useful laboratory test in rheumatoid arthritis is the aspiration of the joint fluid and its examination. This is done to exclude the two other conditions which may mimic rheumatoid arthritis: infectious arthritis or gout. In those cases, one would see either bacteria or urate crystals, respectively.
  
 Epidemiology
 Knee osteoarthritis, the most common type of arthritis, is more prevalent in women than in men, as well as people over the age of 50. The incidence rate is 240 per 100,000 people every year and is rising due to both an aging population and an increase in incidence of obesity. More than 250 million people are affected worldwide.
 The prevalence of rheumatoid arthritis in the United States is estimated to be 0.5 to 1%. Rheumatoid arthritis is twice as likely to affect women.
  
 Differential Diagnosis
 Pain in the knee can also be caused by spinal stenosis or radiculopathy.
 Gout/pseudogout, Lyme disease, and septic arthritis can co-exist with other types of arthritis.
 A patient may have medial knee pain from pes bursitis, or lateral pain from iliotibial band syndrome. These are highly amenable to non-operative treatment and should be excluded on exam.
  
 Red Flags
 Acute worsening of symptoms, especially associated with an effusion and painful passive motion, is worrisome for infection.
  
 Treatment Options and Outcomes
 The first line treatment for osteoarthritis is non-operative. Non-operative treatment includes patient education about the natural history of the condition (which may improve coping), physical therapy (for range of motion and strengthening), and mild analgesics. Opioids are not indicated. Weight loss should be advised for patients with an elevated body mass index, but enduring weight reduction is very difficult to achieve.Intra-articular injections with corticosteroids may reduce pain, albeit temporarily, in some patients. Intra-articular injections of hyaluronic acid may be tried, though this treatment is a bit controversial, primarily owing to its cost. The underlying theory is that because people with osteoarthritis have a deficiency of hyaluronic acid – a natural lubricant found in normal synovial fluid – an injection to replenish it will reduce symptoms.
 Surgical treatment should be considered when non-surgical measures have failed and symptoms are severe and disabling. It is important to note that a failure to respond to non-operative treatment is not in and of itself a reason to have surgery. (“Some pain is likely to persist in many patients regardless of what we do with the meniscus or the articular cartilage, but with good coaching from an empathic surgeon, many of those patients can accommodate to their condition.” – Seth S. Leopold, MD [doi: 10.1097/CORR.0000000000002068])
 For many years, arthroscopic lavage/debridement was a popular surgical option for arthritis. In 2002, Moseley and colleagues published a paper in The New England Journal of Medicine (see Figure 4) reporting a “controlled trial involving patients with osteoarthritis of the knee [whose] outcomes after arthroscopic lavage or arthroscopic débridement were no better than those after a placebo procedure.” https://www.nejm.org/doi/full/10.1056/nejmoa013259.
 [image: ]Figure 4: The appearance of the paper, “A Controlled Trial of Arthroscopic Surgery for Osteoarthritis of the Knee” in the New England Journal of Medicine in 2002 was big news, as evidenced by the placement of a related story “above the fold” on the front page of the New York Times. In the years that followed, arthroscopic lavage/debridement has remained a popular surgical option for arthritis, for reasons that can only be surmised. Arthroscopic lavage/debridement of course does nothing to the bone outside the joint (subchondral sclerosis, for example), and trimming the edges of the damaged articular cartilage does not normalize the remaining tissue (see Figure 5). Arthroscopy can be useful for treating mechanical symptoms such as locking and for removing symptomatic loose bodies.
 [image: ]Figure 5: Histological section of articular cartilage, showing that the surface zone, shown by the black bracket, is clearly distinct from the middle zone below it. As such, “smoothing” an articular lesion does not merely leave behind less cartilage, but cartilage that is qualitatively different and abnormal. (Courtesy of Tsai, et al doi.org/10.1371/journal.pone.0076658) If the arthritis is limited to a single compartment (usually the medial side), high tibial osteotomy may be helpful. In this operation, the tibia is cut and realigned, allowing more weight to be carried by the healthier side of the joint. Alternatively, partial (uni-compartmental) knee replacement can be tried (see Figure 6).
 [image: ]Figure 6: Preoperative x-ray, left, showing severe arthritis of the medial compartment and postoperative x-ray, right, showing uni-compartmental knee replacement. (Image courtesy of Kurien et al, The Knee Journal, doi.org/10.1016/j.knee.2022.04.008) The mainstay treatment of end-stage arthritis is total knee arthroplasty (see Figure 7). In this procedure, the ends of the femur and tibia are removed and are then prepared to accept metal components. A plastic spacer is inserted between the femoral and tibial components to create a gliding surface. The undersurface of the patella can also be resurfaced, though many surgeons elect not to.
 [image: ]Figure 7: Postoperative x-rays of a total knee replacement (with skin staples still in place). The polyethylene surface atop the tibial component is outlined in pink. Note that the patellar surface was not replaced. (Image courtesy of Mikael Häggström, wikimedia.org) Total knee arthroplasty is an effective operation, but approximately 20% of patients will be disappointed with their results. In addition, about 1% will suffer a severe complication (such as infection, blood clot or cardiovascular event), and approximately 0.1% will die in the peri-operative period. Even with an ideal operation, a perfect result will not endure forever, as the prosthetic device is subject to mechanical failure and loosening over time. Taken together, total knee arthroplasty should be reserved for older patients with end-stage arthritis, realistic expectations, and a willingness to assume the risks inherent in the operation.
 The treatment of rheumatoid arthritis is beyond the scope of this volume and the interested reader is directed to the 2021 American College of Rheumatology Guideline for the Treatment of Rheumatoid Arthritis [https://doi.org/10.1002/acr.24596]. In brief, there are many effective medications for rheumatoid arthritis, and patients who are treated early in their course have fewer systematic complications and less joint damage. Beyond the traditional use of NSAID and corticosteroids, so-called disease-modifying antirheumatic drugs (DMARDs) can markedly suppress the disease. The knee arthritis itself can be treated with local injection, topical medicines, and physical therapy.
  
 Risk Factors and Prevention
 Risk factors for knee osteoarthritis include trauma, obesity and genetics. In general, these are not modifiable. Activity is not a risk factor, except to the extent that activity overall might be construed as a risk factor for trauma, which in turn can lead to arthritis. (Aging is a risk factor for arthritis, but dying before aging is usually worse.)
 Exercises to increase flexibility and strength can help foster a sense of wellbeing, even when irreversible damage to the articular surface is present.
  
 Miscellany
 The use of circulating rheumatoid factor to screen for rheumatoid arthritis in the general population is not justified, despite a relatively high sensitivity and specificity. This is because of the low overall prevalence of disease. Assume that sensitivity is 80% and a specificity of 90%. In a population in which rheumatoid arthritis has a 1% prevalence, Bayes theorem tells us that a positive test will raise the post-test probability of rheumatoid arthritis to only 13%.
  
 Key Terms
 Osteoarthrosis, knee, degenerative joint disease, knee osteotomy, knee replacement
  
 Skills
 Obtain a comprehensive medical history. Perform a skillful physical examination. Interpret radiographs. Formulate a treatment plan based on patient preferences in the context of their own natural history of disease and the strengths and limitations of the various interventions.
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		Bursitis of the Knee

								

	
				A bursa is a sac-like structure found near joints that allows soft tissues to glide across bony prominences. Bursitis is an inflammation of the bursa. Near the knee, there are three clinically important bursas: the prepatellar (in front of the patella itself), infrapatellar (just distal to the patella) and anserine (on the proximal – medial tibia). Bursitis may result from local injury, infection or systemic diseases such as rheumatoid arthritis or gout. Bursitis due to infection is known as septic bursitis.
  
 Structure and Function
 The word bursa (similar to the English word “purse”) means sack, though in the healthy state, the sack is mostly empty: that is, the bursa is a double layer of a synovial membrane with a very small amount of synovial fluid between the layers. This anatomical arrangement promotes low friction gliding, and indeed the function of a bursa is to facilitate the gliding of a tendon or ligament around a bony process.
 In the knee, there are three bursas (the plural is also spelled “bursae”): the pre-patellar bursa, the infrapatellar bursa and the anserine bursa (Figure 1). As their name implies, the first two bursas are designated by their position relative to the patella. The anserine bursa got its name by its association with the so-called pes anserinus, meaning “foot of the goose”, namely, the three tendons that insert onto the anteromedial tibia. (The three tendons are the sartorius, gracilis and semitendinosus.) The pes bursa is typically about 5 cm below the joint line, and therefore symptoms there may be mistaken for articular pathology.
 [image: ]Figure 1: The areas of the pre-patellar (red), infra-patellar (purple) and pes anserine (yellow) bursas are shown. The prepatellar bursa is located superficial to the patella. It decreases friction as the soft tissues glide over the patella during knee flexion and extension. Because of the location of the prepatellar bursa, it is susceptible to repetitive microtrauma, especially when kneeling. Its location also makes it susceptible to blunt and penetrating trauma. Septic prepatellar bursitis can occur following local inoculation due to trauma. The prepatellar bursa has three layers. The subcutaneous layer is located just below the deep dermis and is the one most commonly implicated.
 There are two infrapatellar bursae, superficial and deep. The superficial bursa is located between the tibial tubercle and the subcutaneous fascia, while the deep bursa is located between the patellar tendon and the upper tibia.
 Infrapatellar bursitis develops in a similar fashion to prepatellar bursitis. Chronic microtrauma secondary to kneeling can lead to superficial bursa wall thickening and inflammation. Chronic overuse and irritation of the patellar tendon can lead to deep infrapatellar bursitis. Its location also makes it susceptible to traumatic causes of bursitis, and septic bursitis.
 After injury, synovial cells in the bursa thicken and may undergo villous hyperplasia. Over time, granulation tissue and fibrous tissue may develop. If an inflammatory reaction occurs, the bursa becomes filled with fluid.
  
 Patient Presentation
 Patients with prepatellar or infrapatellar bursitis typically report a history of chronic kneeling, or a recent increase in time spent kneeling. They may also report difficulty walking and pain that is exacerbated by kneeling. Abrasion of the skin with marked swelling (Figure 2) suggests an infectious etiology.
 [image: ]Figure 2: A clinical photograph of knee bursitis with a skin abrasion and erythema. (from https://upload.wikimedia.org/wikipedia/commons/e/e1/Bursitispraepatellaris.jpg) Chronic prepatellar bursitis can present with a soft, non-tender boggy mass on the anterior aspect of the patella, while acute bursitis can present as an erythematous, warm and tender mass. Patients with infrapatellar bursitis exhibit tenderness and edema over the patella tendon. Strength and range of motion are often unaffected but may be limited secondary to pain.
 Patients with pes anserine bursitis commonly report medial knee pain that is exacerbated by arising from a seated position or ascending stairs. Patients often do not localize the pes anserine as the source of pain. On exam, patients typically have tenderness near the pes anserine extending to the joint line. The pes anserine is typically 5-7 centimeters below the joint line and 3-4 centimeters medial to the tibial tubercle. Flexion of the knee with the patient supine can help identify the pes anserine. While in this position, if the patient pushes their heels into the table, the gracilis and semitendinosus tendon become more prominent. Resisted knee flexion with the patient lying prone can reproduce symptoms. Hamstring tightness should also be assessed to determine its potential contribution to bursa pain.
  
 Objective Evidence
 Patients presenting with anterior or medial knee pain should be evaluated with plain radiographs to assess for fractures and presence of osteoarthritis.
 Given the soft tissue nature of knee bursitis, radiographs are not helpful in confirming the diagnosis but may reveal a bony prominence that irritates the bursa.
 MRI and ultrasound can be useful in localizing soft tissue edema and ruling out other injuries such as MCL or meniscal tears; however, they are not typically required for diagnosis, but if bursitis is present, MRI will detect it (Figure 3).
 [image: ]Figure 3: An MRI of the knee illustrating pre-patellar bursitis (red arrow). (modified from https://radiopaedia.org/articles/prepatellar-bursitis?lang=us) Musculoskeletal ultrasound is emerging as a viable imaging modality to assess the knee joint. Advantages include its ease of availability, economic savings compared to MRI, ability to easily compare abnormalities to the contralateral side, demonstration of fibrillar microanatomy of tendons, ligaments, and muscles, and the ability to compress and dynamically assess structures. Musculoskeletal ultrasound can be utilized to distinguish difficult cases of joint effusion from that of bursal swelling.
 Aspiration of an acutely inflamed bursa can help determine if the bursitis is septic in nature.
 Non-infectious (aseptic) bursitis is characterized by cell counts lower than 2000/µL. The presence of a predominance of polymorphonuclear leukocytes or a count greater than 5000/µL should be considered indicative of infection.
 The fluid should also be examined for monosodium urate crystals (as seen in gout) or calcium pyrophosphate crystals (as seen in pseudogout).
 If infection is suspected, the fluid should be sent for Gram stain and culture. Staphylococcus aureus is responsible for about 80% of cases of septic bursitis of the knee.
 Varying degrees of inflammation occur in bursitis. The fluid is usually rich in fibrin, but can be hemorrhagic.
 A complete blood cell count and blood cultures should be collected if there is concern for systemic infection.
  
 Epidemiology
 Bursitis is common: this diagnosis accounts for 0.4% of primary care clinic visits.
 The epidemiology of prepatellar bursitis and infrapatellar bursitis are similar. Males have a greater prevalence of prepatellar and infrapatellar bursitis and may be four times more likely to experience bursitis. There is increased prevalence among workers or clergy that spend a significant amount of time kneeling. The prevalence of prepatellar or infrapatellar bursitis is highest amongst construction workers and skilled blue collar workers (painters, plumbers, etc.), approximately 2%. Prepatellar bursitis is also common among wrestlers for the same reason.
 Pes anserine bursitis accounts for approximately 2.5% of symptomatic knee evaluations. Pes anserine bursitis affects both young, athletic patients and older patients with knee osteoarthritis. There is also an increased incidence in obese patients, especially females. Interestingly, pes anserine bursitis occurs more frequently in the right knee than in the left knee. Bilateral bursitis occurs in approximately one third of patients.
  
 Differential Diagnosis
 Knee bursitis is one of the many causes of knee pain. Once it is established that there is apparent enlargement of the bursa, the differential diagnosis must separate septic bursitis from noninfectious conditions, and distinguish between bursal inflammation and other soft tissue masses. Septic prepatellar bursitis presents with an acute onset of pain, erythema and focal tenderness. This may follow a history of trauma or cellulitis. Notably, a long-standing bursa can be, acutely infected. A soft tissue mass, such as a lipoma, can present as a firm non-tender, non-erythematous mass on the anterior aspect of the knee. Cellulitis can present with erythema and pain. Often, there is a known history of trauma to the skin. This may be confused with acute septic bursitis. Cellulitis has limited edema and typically spreads, while bursitis remains limited to the bursa.
 It is important to recall that many patients with pes bursitis will also have medial compartment arthritis, and therefore it becomes important to distinguish between bursal pain and true joint pain. Bursal pain may be most amenable to physical therapy and medication; detecting the bursa as a source of the pain may prevent overtreatment of the underlying arthritis.
 Infrapatellar bursitis may present with symptoms that are indistinguishable from those caused by patellar tendinitis. Fortunately, the treatment of the two is roughly the same and therefore they may not need to be precisely differentiated.
  
 Red Flags
 Patients with fever, severe knee pain, inability to bear weight and significantly limited range of motion should be evaluated for a septic joint or septic prepatellar bursitis. Patients with systemic symptoms such as fevers, chills, night sweats, and tachycardia should be evaluated for a systemic infection (sepsis).
  
 Treatment Options and Outcomes
 Treatment options for knee bursitis include benign neglect (“observation”), weight loss, non-steroidal anti-inflammatory medication (NSAIDs), physical therapy, aspiration with or without corticosteroid injections, immobilization and in rare instances operative treatment.
 Extracorporeal shock wave therapy and kinesio-taping have also been investigated as potential treatments but are not commonly utilized.
 Generally, non-septic bursitis is a self-limited condition. Treatment is best focused on addressing the inciting condition to prevent recurrence.
 In the case of pes anserine bursitis, observation alone is usually not an effective approach. That is because bursitis in this location is commonly due to an underlying condition such as obesity or muscular tightness. Until the underlying cause is addressed, the bursitis will persist. Weight loss can help alleviate the symptoms of pes anserine bursitis. NSAIDs are used when tolerated to decrease bursa inflammation and pain. Physical therapy can decrease pes anserine symptoms by stretching the hamstring muscles, thus relieving pressure on the bursa. Physical therapy also focuses on strengthening the quadriceps and other knee stabilizing muscles.
 Corticosteroid injected directly into the bursa can relieve symptoms by decreasing the inflammatory response. Like NSAIDs, corticosteroids can be used in conjunction with other treatment to increase efficacy.
 Unlike pes anserine bursitis, prepatellar and infrapatellar bursitis can be treated with lifestyle modification and the use of knee pads. NSAIDs can be used to decrease inflammation; however, corticosteroid injections are generally avoided due to the risk of infection in prepatellar and infrapatellar bursitis. In the case of chronic prepatellar bursitis, corticosteroid injection can be used if other treatment modalities have failed.
 Patients with septic bursitis are treated with antibiotics, splint immobilization, and urgent bursal aspiration. Aspiration may be repeated if the fluid re-accumulates. These patients may require surgical debridement if antibiotic treatment and aspiration of the bursa is not successful.
 Operative bursectomy may be utilized also for cases of intractable non-infectious bursitis.
 There is limited published data about the outcomes of knee bursitis treatments. Most patients treated with oral or topical NSAID experience significant symptom relief. Both physical therapy and corticosteroid injection significantly improve pain and symptoms secondary to pes anserine bursitis. Approximately 70% of patients treated with steroid injections will experience significant improvement, and 30-91% will experience resolution of symptoms.
 Extracorporeal shock wave therapy is more effective than placebo for pes anserine bursitis symptom relief. Kinesio-taping for pes anserine bursitis may be superior to naproxen combined with physical therapy for both pain and tissue swelling relief.
 Surgical bursectomy is an effective treatment for persistent bursitis; up to 80% of patients will have complete resolution of symptoms and return to pre-injury work and activities. However, patients with jobs that require significant kneeling or with chronic prepatellar bursitis may continue to be symptomatic.
  
 Risk Factors and Prevention
 Valgus knee deformity, obesity, diabetes, and female sex are risk factors for pes anserine bursitis. The risk for pes anserine bursitis can be decreased by stretching the hamstring muscles as well as strengthening the quadriceps and secondary knee stabilizing muscles. Maintenance of a healthy weight can also decrease the risk of pes anserine bursitis.
 Blue collar employment, significant kneeling, and male sex are risk factors for prepatellar and infrapatellar bursitis. The risk of prepatellar and infrapatellar bursitis can be reduced by the use of knee pads when kneeling for an extended period of time and activity modification when possible.
  
 Miscellany
 Prepatellar bursitis is commonly known as housemaid’s knee. Housemaids would injure this bursa due to frequent kneeling when cleaning.
 Infrapatellar bursitis is commonly known as clergyman’s knee. Clergyman injured this bursa by commonly kneeling on hard surfaces while in prayer.
 The university financial officer is called “bursar”, for in the old days, he (and it always was a “he”) carried the college’s sack of coins.
  
 Key Terms
 Knee bursitis, pes anserine, patella, inflammation
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		Chondral Injuries of the Knee

								

	
				Chondral injuries of the knee are lesions of the articular cartilage of the knee joint. (The colloquial expression “cartilage damage” might also include meniscal tears, which is an altogether separate category of disease.) Chondral injuries include both single focal defects and diffuse damage more characteristic of degenerative joint disease. Acute focal defects can accompany injuries such as an ACL tear and patellar dislocation. Articular cartilage damage can be seen with or without changes in the underlying bone. When bone pathology is absent, repair of the surface cartilage may be very helpful clinically, whereas when bone changes are present, the cartilage damage is merely the surface manifestation of the disease, and treating it alone is often futile.
  
 Structure and Function
 The knee is a hinged synovial joint and consists of two articulations– the tibiofemoral and patellofemoral. The medial and lateral condyles of the femur rest on the tibial plateau to form the tibiofemoral articulation. The anterior aspect of the distal femur (trochlea) meets the patella to form the patellofemoral articulation. These joints are covered by articular cartilage.
 In brief, articular (hyaline) cartilage decreases friction and distributes loads. The key to both properties is water: articular cartilage contains chondrocytes, proteoglycan and collagen molecules (almost all Type II), but at least 2/3rd of its mass is water. Articular cartilage has characteristic zones, in which the more superficial zone aspects have the collagen oriented parallel to the joint (for gliding) and the deep layer has its collagen oriented perpendicular to the joint (for compressibility). The deepest layer, the tidemark, is calcified and attaches to the subchondral bone (Figure 1). This organization distinguishes articular cartilage from the fibrocartilage that appears in some healing response. Fibrocartilage lacks this organization and thus lacks the normal mechanical properties and the durability of articular cartilage.
 [image: ]Figure 1: Schematic representation of articular cartilage resting on bone (B). The top layer (the lamina splendans) has horizontally aligned collagen molecules, to allow for sliding; the middle zone is oriented vertically, to resist compression. (Modified from https://www.intechopen.com/books/cartilage-tissue-engineering-and-regeneration-techniques/therapeutic-potential-of-articular-cartilage-regeneration-using-tissue-engineering-based-on-multipha) Another important biological principle regarding articular cartilage is that mild repetitive loading stimulates proteoglycan production whereas both immobilization and excessive repetitive loading leads to proteoglycan loss. That is to say, the health of the joint demands that the cartilage must be loaded within its physiological envelope of function: too much loading will cause damage, but too little loading will cause wasting.
 The tibiofemoral articulation carries most of the body’s weight across the knee (medial more than lateral). Because of leverage effects the patellofemoral joint is also exposed to high compressive forces. Both articulations are susceptible to articular cartilage injury.
  
 Patient Presentation
 It is important to recall that patients do not present complaining of chondral injuries, per se.  Rather they present complaining of a recent injury or subacute pain, and it is the examiner’s task to determine whether a chondral lesion contributes to the presentation.
 Chondral lesions commonly accompany injuries such as ACL tear and patellar dislocation. The cartilage is damaged by impact: in the case of an ACL tear, the tibia damages the lateral femoral condyle in a characteristic spot of contact (a so-called kissing lesion). Patellar dislocation can cause cartilage damage either as the bone goes out of place or when it is reduced (returns to the trochlea).
 Defects can also be found incidentally on MRI or arthroscopy.
 If there is no history of acute trauma, the pain usually is described as dull and aching. Patellofemoral lesions are usually associated with pain or discomfort after sitting for long periods of time. (This is known as the “theater sign”.) Activity-related pain involves weight-bearing activities and are more common with tibiofemoral lesions. Other symptoms include effusion, catching, locking, and instability.
 Other contributing factors may be noted on either history or physical exam, including prior patellar subluxation or dislocation, malalignment, or joint laxity due to ligamentous insufficiency.
 The physical exam should assess patellar position and varus/valgus alignment. While sitting, assess quadriceps angle, tibial torsion, quadriceps atrophy (especially of the vastus medialis) and knee range of motion.
 The supine exam should focus on effusion, decreased quadriceps or gastrocnemius flexibility, and patellar abnormalities. Tenderness to palpation over the joint line or directly over the femoral condyle would be expected with femoral condyle lesions. Pain with patellar compression would be expected with patellofemoral lesions.
  
 Objective Evidence
 X-rays are mainly used to rule out arthritis and assess for malalignment. Large osteochondral lesions, if present, will be apparent (Figure 2).
 [image: ]Figure 2: The arrow points at an osteochondral defect of the medial femoral condyle. (from https://radiopaedia.org/cases/osteochondral-defect-2?lang=us) CT scanning is helpful when assessing patellar lesions, as it can more precisely measure the distance between the tibial tuberosity and the trochlear groove. Greater distances signify worse tracking of the patella and may prompt a need for surgical realignment.
 MRI is the imaging of choice and most sensitive available for evaluating focal lesions (Figure 3). It also is the most essential for determining surgical vs. non-surgical management as it has the highest sensitivity and specificity for detecting osteochondral fragmentation.
 [image: ]Figure 3: The arrow points at an osteochondral defect of the medial femoral condyle. (from https://radiopaedia.org/articles/osteochondritis-dissecans?lang=us) Lab findings are not usually helpful for evaluation of mechanical injuries such as chondral defects. However, inflammatory markers and disease-specific tests can be used to rule out inflammatory disease that may contribute to accelerated disease processes in the joints. Examples include systemic lupus erythematous and rheumatoid arthritis.
  
 Epidemiology
 Chondral injuries are more common in the adult and elderly population, likely a result of both degeneration and traumatic damage over time. About 10% of the population older than 40 years old have chondral defects. Traumatic knee injury can result in chondral defects in young patients.
  
 Differential Diagnosis
 Concomitant osteoarthritis and meniscus tears of the knee can present similarly to chondral lesions with pain, swelling, and mechanical issues such as catching.
 An articular defect may also be due to osteochondritis dissecans. This is almost always present in the posterolateral aspect of the medial femoral condyle in skeletally immature patients. Recurrent effusions of the knee are commonly seen. This lesion is often amenable to treatment, and therefore it should not be missed. A child presenting with knee pain but without a significant history of trauma should raise appropriate clinical suspicion.
  
 Red Flags
 Chondral defects are usually associated with an effusion, and an effusion can of course suggest either septic or inflammatory arthritis. Aspiration and laboratory analysis of the fluid can be performed under the appropriate conditions to exclude these.
  
 Treatment Options and Outcomes
 Treatment of a chondral lesion in the context of diffuse degenerative joint disease is dictated by the treatment needed for the arthritis.
 For focal lesions, non-surgical management is the preferred initial treatment modality for most presenting cases and is the best route for those without significant symptoms. Common non-operative orthopedic management methods are used here, including activity modification, physical therapy, weight loss, exercise, NSAIDs and possibly corticosteroid injection.
 Surgical management is considered in the young patient (<50 years old) who has attempted non-operative treatment with continued long-standing and functionally limiting symptoms, especially those related to a loose chondral fragment. Factors such as lesion size, depth, location, and status of the underlying chondral bone are all considered.  At times, arthroscopy is needed to characterize the size and depth of the lesion (Figure 4).
 [image: ]Figure 4: The arrow points to a focal femoral condyle lesion seen at arthroscopy. (from https://ars.els-cdn.com/content/image/1-s2.0-S2212628719300490-gr3_lrg.jpg) The classic surgical candidate is a young, active patient presenting with acute osteochondral fracture and full-thickness loss of cartilage. Strong contraindications to surgery include inflammatory disease and obesity. Relative contraindications include mechanical issues such as joint laxity, mal-alignment and ligamentous laxity.
 The best form of surgical treatment leads to healing. Unfortunately, many articular lesions are not amenable to true healing. Fixation of a cartilage flap and drilling of the underlying bone is reliable only in patients with open growth plates, though this may be attempted in others.
 Debridement, typically through arthroscopy, of course can clear debris and minimize mechanical symptoms, but given that the remaining articular cartilage is not normal, long-term positive results are hardly assured. Recall that the top layer is structurally and functionally different than the bottom layers, so damage to and loss of the superficial layer produces not only thinner articular cartilage but qualitatively worse articular cartilage: if there is surface abrasion, the top layer (the lamina splendans) is simply missing. This top layer helps protect the cartilage from damage, and its loss leaves it susceptible to further erosion.
 There are a few techniques for filling defects: so-called marrow stimulation, in which fibrocartilage formation is induced; grafting; and chondrocyte implantation.
 Marrow stimulation (also known as micro-fracture, abrasion chondroplasty and osteochondral drilling, depending on the specific method) aims to allow access of mesenchymal stem cells of the marrow into the articular defect to stimulate the formation of repair tissue, i.e. fibrocartilage. This technique is most effective in small lesions on the femur; it is less favored on the patella, in larger lesions, and in younger patients.
 Grafting can be in the form of an autograft or an allograft. Osteochondral autografting fills a cartilage defect located in a critical area with plugs of normal autologous cartilage (with bone underneath) harvested from a less critical area. Ideally, the chondrocytes in the plug remain viable, and the bone heals into the subchondral bed in which it is placed (Figure 5).
 [image: ]Figure 5: The bone-and-cartilage plugs filling an articular defect are shown in this mini-arthrotomy. (from https://www.oatext.com/cartilage-damage-a-review-of-surgical-repair-options-and-outcomes.php) The “plug” technique is limited by the fact that articular cartilage will appear during early growth and development only in response to loadbearing. It is accordingly impossible to harvest cartilage from a non-weight-bearing part of a joint; at best one can hope to harvest from an area that is used sparingly. Accordingly, there may be some donor site morbidity when plugs are harvested. Also, the radius of curvature of the cartilage defect unlikely matches the radius of curvature of the harvested plug precisely.
 Larger defects can be filled with cadaveric donor cartilage and bone. This technique of course brings with it the risk of infection, and chondrocyte viability may be lower.
 Autologous chondrocyte implantation (ACI) attempts to foster regeneration of cartilage. The technique begins by harvesting a piece of native cartilage from the edge of the weight-bearing surface, usually from the intercondylar notch or periphery of the trochlea. Then, this is sent to a commercial laboratory where chondrocytes are isolated and encouraged to proliferate. This larger volume of cartilage cells are then re-implanted under a soft-tissue flap during a second procedure. This is the most expensive approach but does offer potential benefits that other operations lack.
 If a defect arises from malalignment and uneven loading, then a realignment procedure may be indicted. In the patellofemoral joint, a tibial tubercle osteotomy may improve patellar tracking. In the tibiofemoral joint, a high tibial osteotomy or distal femoral osteotomy can help.
 To date, the literature analyzing the long-term surgical outcomes of osteochondral defects is limited. A randomized controlled trial of adequate numbers of patients for the various operations (including a placebo), assessing not only short term function but long term avoidance of arthritis–the true measures of success–is highly infeasible.
  
 Risk Factors and Prevention
 Risk factors include an unstable knee joint, malalignment and excessive repetitive activity. Addressing instability when it occurs should theoretically protect the joint surface, but it is unclear whether our methods of ligament reconstruction are sufficiently physiologic to truly protect the joint surface.
  
 Miscellany
 It is probably best to avoid the initials “OCD” to describe articular lesions, as these three letters may suggest both “osteochondral defect” as well as “osteochondritis dissecans”. There is some overlap between the two: however, there are important distinctions that should be preserved. Osteochondritis dissecans may be associated with a defect, but certainly not all defects represent osteochondritis dissecans. The treatment and prognosis of osteochondritis dissecans (especially in young patients) is altogether different than that of osteochondral defects in general.
  
 Key Terms
 Femoral condyle defect, patellofemoral defect, osteochondritis dissecans, microfracture, osteochondral autograft transfer, autologous chondrocyte implantation, transtibial-trochlear groove distance
  
 Skills
 Recognize and identify a chondral defect on imaging. Perform a physical exam to detect related instability or malalignment. Analyze imaging to characterize articular lesions.
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		Collateral Ligament Injuries of the Knee

								

	
				There are two collateral ligaments of the knee: the medial collateral ligament (MCL) and the lateral collateral ligament (LCL). Injuries of the MCL are much more common, owing to its exposure to damage from a blow to the outside of the knee, creating a so-called valgus force. Collateral ligament injuries can occur in isolation but also commonly occur in association with anterior cruciate ligament (ACL) and/or posterior cruciate ligament (PCL) injuries.
  
 Structure and Function
 The knee has very little inherent bony stability: it has been described as two matchsticks held together by rubber bands. These “rubber bands” are the four main ligaments: the two cruciates, anterior and posterior; and the two collateral ligaments, medial and lateral (Figure 1 and Figure 2). These ligaments work in tandem to stabilize the knee. Other soft tissue structures, including the capsule, and the menisci also help provide stability. In general, the cruciates prevent anterior and posterior displacement of the tibia relative to the femur, and the collaterals provide side to side stability.
 [image: ]Figure 1: Schematic AP drawing of the medial (red) and lateral (green) collateral ligaments. [image: ]Figure 2: Schematic lateral drawing of the medial (red) and lateral (green) collateral ligaments. The main function of the medial collateral ligament, the MCL, is to resist valgus (knock-knee) deforming forces such as those generated by a blow to the outside of the knee with the foot planted.
 The MCL consists of two bundles: a superficial bundle (the primary restraint), and a deep bundle, also known as the coronary ligaments (the secondary restraint). Additionally, the MCL works in concert with the ACL to resist axial rotation of the knee. The MCL originates from the medial femoral epicondyle and inserts on the medial proximal tibia extending down several centimeters. The deep bundle of the MCL attaches to the medial meniscus and is separated from the superficial bundle by a bursa. Posterior fibers of the deep MCL blend with the posteromedial capsule and posterior oblique ligaments. The MCL can accept up to 4000N of force without tearing.
 The main function of the lateral collateral ligament, the LCL, is to resist varus displacement.
 (A word on terminology: a valgus deformity is one in which the distal part is angled away from the midline; varus is in one in which the distal part angles towards the midline. At the knee, where these terms are most frequently used, it may be easier to simply memorize that valgus is “knock knee” and varus is “bow legged”. These are shown in Figure 3.)
 [image: ]Figure 3: A normal alignment of the knee to the left; valgus in the middle; and varus to the right. The LCL itself is much smaller than the medial collateral ligament. It originates from the lateral femoral epicondyle, posterior, superior, and superficial to the insertion of the popliteus. The LCL inserts on the fibula anterior to the popliteofibular ligament (PFL) on the fibula. The strength of the LCL has been measured at 750N vs. a varus stress. Stability on the lateral side is provided by the popliteus muscle and tendon as well as a collection of ligaments known as the “posterior lateral corner”.
  
 Patient Presentation
 Patients presenting with MCL Injuries usually describe being hit on the outside of their knee.  There may be pain on the medial side where the ligament tears; there may be pain on the lateral side where the blow was sustained or where the femur and tibia contuse each other; and in the cases of a complete rupture of the ligament, there may be, surprisingly, little focal pain at all – just a general sense of difficulty ambulating and instability of the knee.
 On physical exam, there can be tenderness to palpation along the medial joint line and more proximal. Ecchymosis may be present as well. A knee effusion may or may not be present. An effusion might be absent with a complete rupture of the medial collateral ligament as the torn tissue will let the joint fluid escape.
 To isolate the medial collateral ligament on examination, stability is assessed with a valgus stress test at 30 degrees of knee flexion (Figure 4). In full extension, there is additional stability from the capsule that may mask a less severe MCL injury. If there is gapping in full extension, a combined injury is suspected.
 [image: ]Figure 4: The valgus stress test. The patient’s knee is slightly flexed (off the edge of the table, as shown); a medially-directed force is applied to the knee by the examiner’s hand closest to the patient’s head, and a lateral force is applied the ankle. The grading of medial collateral ligament sprains is by the usual I, II and III classification, in which a Grade I sprain has little or no gapping on examination and a Grade III sprain, representing a complete tear, is defined by more than 10 mm of gapping or more than 10 degrees of increased valgus angulation. A Grade II sprain, characterized by plastic deformation of the ligament, will show some gapping but less than 10 mm.
 An important aspect of the physical exam in these injuries is to evaluate the neurovascular structures of the knee. Evaluation of the saphenous nerve by checking sensation along the medial portion of the lower leg as well as palpation of the popliteal artery and distal vessels of the foot is necessary.
 Injuries to the lateral collateral ligament are often in combination with other injuries, and the history and physical examination findings will be dominated by the other injuries. Stability against varus forces is assessed by analogous means, namely attempting to reproduce gapping with the knee in 30 degrees of flexion (Figure 5).
 [image: ]Figure 5: Varus stress test. The knee is slightly flexed and a lateral force is applied to the knee and a medial force on the ankle. A thorough neurovascular exam should be performed to evaluate for injury to the common peroneal nerve when an LCL injury is suspected. A varus deforming force will apply traction to the nerve; because the nerve is tethered to the fibula, not much traction can be tolerated without injury.
 High velocity mechanisms such as automobile accidents are apt to tear more than one ligament. A thorough physical exam is extremely important in these patients, including a thorough vascular exam. If there are multiple ligament injuries present, the knee joint may dislocate or subluxate. The incidence of an injury to the popliteal artery is approximately 50% in the setting of a knee dislocation.
 After a thorough vascular exam, sensation should be assessed distinctly in the tibial, deep peroneal and superficial peroneal distributions. Motor examination should include flexor and extensor hallucis longus, tibialis anterior and gastrocnemius to establish baseline. The incidence of nerve injury ranges from 4.5% to 40%. The most commonly affected nerve is the common peroneal nerve, however isolated tibial nerve palsy has been reported.
 Patients with some arthritis can present with a slight laxity on valgus stress testing with an intact medial collateral ligament. This is known as pseudo-laxity. The phenomenon is produced by the loss of articular cartilage causing narrowing of the medial joint space, which can then be corrected by the application of an external force.
  
 Objective Evidence
 For a patient presenting with a knee injury and possible ligamentous damage, radiographs with anteroposterior and lateral views are indicated.
 Medial or lateral widening suggests possible ligament disruption. Considering that stress x-rays could worsen a partial ligament injury, they are not advised – especially since they are not apt to change the acute care management, and MRI can provide the same information, if not more.
 For acute knee injuries, an MRI is extremely helpful. An MRI can provide information about severity (complete vs. partial rupture) and location (avulsion vs. mid-substance tear). Of course, an MRI will also pick up associated injuries. For chronic conditions, it may be helpful to employ an MRI if and only if the anticipated results of the test will dictate management (Figure 6).
 [image: ]Figure 6: An MRI showing a high grade MCL tear proximally (red arrow). The yellow arrow points to intact ligament distally. (Case courtesy of Dr. Tim Luijkx, Radiopaedia.org, rID: 48378) With chronic MCL injuries, calcification at the medial femoral insertion site may be seen. This is known as a Pellegrini-Stieda lesion (Figure 7).
 [image: ]Figure 7: A Pellegrini-Stieda lesion. A sliver of calcification is shown by the arrow. (Case courtesy of Dr. Charlie Chia-Tsong Hsu, Radiopaedia.org, rID: 18248)  
 Epidemiology
 Collateral ligament and multi-ligamentous injuries can occur in a variety of mechanisms thus leading to a very diverse patient population who suffer from these injuries. The most commonly injured ligament of the knee is the MCL.
 Isolated injuries to the LCL are very rare. Injuries to the LCL are almost always found in combination with injuries to other ligaments, particularly posterolateral corner (PLC) injury.
 Multi-ligamentous knee injuries most often occur as a result of high energy trauma, and perhaps due to gender differences in activities and risk seeking behaviors, are predominantly found in males. Low energy injuries that lead to multi-ligamentous knee injuries are almost exclusively limited to the obese population.
  
 Differential Diagnosis
 In addition to the collateral ligaments, the cruciates, the menisci, the extensor mechanism and the articular surfaces might be damaged by a sports injury. It is especially important here to remember the veterinary maxim ‘a dog can have both lice and fleas’, meaning the discovery of one injury does not signify the end of the examination as combined injuries are commonly seen.
 In pediatric patients with open growth plates (physes), it is important to note that the MCL is typically more robust than the distal femoral physis, and thus, more resistant to injury.  A suspected MCL tear in a patient with an open distal femoral growth plate, therefore, is more likely to have a physeal injury (fracture) than an MCL sprain and this may warrant a different treatment strategy.
  
 Red Flags
 Injury to more than one ligament suggests the possibility of injury to the popliteal artery or common peroneal nerve.
 A loss of passive range of motion suggests interposed tissue (such as a piece of meniscus or articular cartilage). Another possible cause of blocked motion is “button holing” of the femoral condyle through the capsule. This finding is a clue to a more severe injury.
  
 Treatment Options and Outcomes
 Because it is extra articular, the medial collateral ligament has good healing potential. Placing the patient in a brace can stabilize the knee and allow the ligament to heal at the appropriate length. Indeed, even if surgery is needed for other ligament injuries, it may be reasonable to allow the MCL to heal first.
 Once some healing has taken place, physical therapy for quadriceps and hip adductor strengthening is indicated.
 Operative repair may be considered for complete (Grade III) tears especially in the setting of multi-ligament knee injury. Another indication for surgery is if there is a displaced distal avulsion present–that is, if the MCL pulls off its tibial attachment. Surgery is needed because if the distal MCL retracts proximally, the pes anserine tendons will block healing.
 For chronic injuries, or when there is loss of adequate tissue for repair, a reconstruction with either allograft or autograft is performed.
 Treatment of LCL injuries is usually dictated by the presence of any associated injuries.
 Most people with injuries to the medial collateral ligament will make a good functional recovery, but may require three months to get there.
 Outcomes of LCL injuries are usually dictated by the response to treatment for the associated injuries.
  
 Risk Factors
 Risk factors for ligament injuries of the knee include participation in sports and obesity.
 In high performance athletes who were unwilling to not play, the risk of MCL injuries (or worsening of an already present mild injury) may be mitigated by functional bracing.
  
 Miscellany
 Although the terms MCL, LCL, ACL and PCL are commonly used (and used above, as you see) all four sound sufficiently alike, especially to a lay person, that it may be better to avoid these shibboleths and sound out the words: “medial collateral”, “anterior cruciate”, etc.
  
 Key Terms
 medial collateral ligament, lateral collateral ligament, posterior-lateral corner
  
 Skills
 Detect MCL injury on exam. Detect associated injuries once collateral ligament injury is identified. Detect collateral ligament pathology on MRI.
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		Cruciate Ligament Injuries of the Knee

								

	
				The anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL) connect the femur to the tibia and stabilize the knee joint, primarily in the sagittal plane (i.e., resisting anterior and posterior displacement, respectively). Of the two, it is the anterior cruciate ligament that is more frequently injured, either in isolation or with associated injuries to the meniscus, articular cartilage or collateral ligaments. Tears of the ACL typically occur when a person abruptly changes direction or decelerates with the foot planted. The less common PCL injury usually occurs when the tibia is forced poseriorly when the knee is flexed. The classic mechanism is an automobile accident in which the flexed knee strikes the dashboard after collision. The anterior cruciate ligament has very little healing potential, whereas the posterior cruciate ligament can occasionally repair itself.
  
 Structure and Function
 The cruciate ligaments are named according to their attachment on the tibia: the anterior cruciate ligament courses from the posterior aspect of the intercondylar notch on the femur and inserts on the anterior tibial plateau. Similarly, the posterior cruciate ligament courses from a more anterior position in the notch to the posterior aspect of the proximal tibia. The term “cruciate” refers to the fact that these ligaments cross each other (Figures 1, 2 and 3).
 [image: ]Figure 1: The anterior (green) and posterior (red) cruciate ligament seen in the intrercondylar notch. The ACL courses from the lateral femur in a medial direction to insert on the tibia. [image: ]Figure 2: A lateral view showing the anterior (green) and posterior (red) cruciate ligaments. Note that ligaments are mostly vertical. This mostly-vertical orientation is suboptimal for resisting anterior/posterior translation but allows the knee to flex and extend more freely than a purely horizontal orientation would allow. Note also that the ACL inserts on the top of the tibia (the plateau) whereas the PCL inserts about 1 cm below the joint line. [image: ]Figure 3: An MRI sagittal slice within the notch showing the anterior cruciate (green) and a small piece of the posterior cruciate (red). Because the ACL courses lateral (femur) to medial (tibia) and the PCL medial to lateral, it is rare to see both ligaments simultaneously on one single MRI image (from https://radiopaedia.org/images/20228493) The ACL has been described having two bundles: the anteromedial bundle and the posterolateral bundle. This distinction is somewhat arbitrary as the boundary between bundles is not stark. A better way to think about it, perhaps, is that there are different regions of the ligament, with the anteromedial aspect more taut in flexion and the posterolateral aspect more taut during extension.
 Injury to the ACL is usually caused by excessive force moving the tibia anterior relative to the femur, sometimes in combination with internal rotation of the tibia at the knee. This rotation increases the distance between the origin and insertion of the ligament, such that the ligament is under greater tension for a given degree of anterior displacement.
 Varus or valgus (clipping) forces at the knee can also injure the ACL but only after the affected collateral ligament is injured first.
 So-called cutting maneuvers (rapid changes in direction while running) are very common mechanisms for ACL injuries. When the foot is planted the tibia is anchored in space, whereas the body’s center of gravity may pull the femur in a different direction.
 Mechanoreceptor nerve fibers are found within the ACL and provide proprioception. Thus, an injury can create a sense of instability not only because of the loss of passive restraint but because of the loss of proprioception.
 The PCL also lies within the intercondylar notch. It originates from the inner aspect of the medial femoral condyle and attaches to the posterior aspect of the proximal tibia, slightly below the joint line.
 Like the ACL, the PCL also has two bundles, called the anterolateral bundle and the posteromedial bundle. The anterolateral bundle is tightest in knee flexion and prevents posterior translation of the tibia relative to the femur. The posteromedial bundle is tightest in extension of the knee and prevents hyperextension of the knee.
 A posterior-directed force that pushes the tibia backwards while the knee is flexed can tear the PCL. Alternatively, a force that causes sufficient hyperextension of the knee can also cause a PCL injury, but this is less commonly seen.
 The PCL is at least 25% stronger than the ACL, being able to resist forces up to 3000 N.
  
 Patient Presentation
 Patients with a torn ACL will typically present with immediate swelling and pain.
 Patients will commonly report hearing a popping sound or perceiving a popping sensation at the time of the injury.
 The classic mechanism of injury for an ACL tear is a non-contact injury after a sudden pivot with the leg planted – think of a skier whose ski is fixed on the snow and twists his or her torso.
 The knee may fill with blood (forming a so-called hemarthrosis). This fluid collection may make motion painful, but also may stabilize the knee. This false stability is enough to mask the tear on examination.
 The most sensitive physical exam maneuver for detecting a torn ACL is the Lachman test, where the femur is stabilized while the tibia is pulled forward (Figure 4). A positive test is signified by excessive forward translation without a firm endpoint, indicating disruption to the ACL. Because the Lachman test is assessed by the perceived firmness of the endpoint – an intact ACL will stop anterior translation more suddenly – experienced examiners will perform the test more accurately.
 [image: ]Figure 4: Lachman Test: The examiner stands next to the supine patient and grasps the lateral thigh just above the knee with the upper (contralateral) hand to exert resistance (blue line). The examiner holds the tibia medially with the lower (ipsilateral) hand, flexes the knee to 30 degrees and then applies a jerking force to the tibia, in an attempt to subluxate it in an anterior direction (blue arrow). As shown, this will place tension on the ACL (drawn in red). The anterior drawer test (simply assessing whether there is an abnormal amount of anterior displacement when a force is applied to the flexed knee) is another physical exam maneuver that is similar to the Lachman test but is less accurate. That is because a varying degree of anterior translation is normal, and whether what the examiner is perceiving represents an abnormal amount may be difficult to tell.
 Another specific test to assess for ACL instability is the pivot shift test. This test is a diagnostic maneuver that moves the tibia in and out of its normal anatomical position, if and only if the ACL is damaged. The test is performed with the examiner grasping the leg and holding the knee in extension (with a slight internal rotation torque to the tibia). In this position, the tibia will subluxate anteriorly relative to the femur if the ACL is torn. The knee is then flexed. In flexion, the knee is in its normal position, even if the ACL is torn. Thus, if the knee is noted to clunk back into position during flexion, the test is positive (for a torn ACL). This test may be difficult to perform in the apprehensive patient, but is a critical component of the physical examination when performed under anesthesia.
 Tests for ACL tears can be falsely negative if there is a displaced fragment of either bone or cartilage in the knee or if the hamstrings are resisting the examiner. Also, as noted, the fluid in the knee may stabilize it somewhat and therefore if there is a tense effusion the Lachman test may be falsely negative as well.
 It may be diagnostically and therapeutically helpful to aspirate the knee. Removing the volume of fluid will make the patient more comfortable. Also, merely assessing the color of the fluid helps with diagnosis (red, meaning blood, signifies a clinically important injury in approximately 90% of cases). In addition, by draining the knee, a more reliable physical examination can be performed.
 Patients with chronic deficiency of the anterior cruciate ligament present with a “trick knee”, that is a sense of instability. They may also present with the stigmata of arthritis, as the loss of the ACL leads to abnormal biomechanics which in turn can cause articular damage.
 The classic presentation of a patient with a PCL injury is generalized knee pain, a limp, and mild to moderate knee swelling.
 Patients with injuries to the PCL do not typically describe a popping sensation, but they may report a direct blow to the knee.
 The most accurate physical exam maneuver for PCL tears is the posterior drawer test, where the knee is flexed at 90 degrees and a posterior force is applied to the anterior proximal tibia, driving it backwards. A positive sign is excessive posterior translation of the tibia relative to the femur, as compared to the uninjured side and the lack of a firm endpoint.
 Patients with chronic PCL deficiency do not complain of instability but rather anterior knee pain. That is because patients have learned to stabilize their knee by “holding on” to their tibia with active quadriceps force. This quadriceps force loads the patellofemoral joint causing articular degeneration.
  
 Objective Evidence
 While x-rays can and should be obtained to rule out concomitant fracture or avulsion injury to the bones of the knee (i.e., Segond fracture – a fleck of bone off the anterolateral tibia that is pathognomonic for ACL injury), the gold standard imaging modality for definitive diagnosis of both ACL and PCL injuries is an MRI of the knee (Figure 5).
 [image: ]Figure 5: An MRI showing a torn ACL (red arrow) (from https://radiopaedia.org/articles/anterior-cruciate-ligament-tear) On sagittal view, absence or discontinuity of ACL fibers would indicate an ACL injury.
 The classic finding for an ACL tear on MRI is a so-called kissing contusion on both the tibia and femur: this is a bone bruise caused by the impact of the lateral tibial plateau into the middle of the femoral condyle, a region known as the sulcus terminalis.
  
 Epidemiology
 ACL injury is common in athletes, especially in the high school age group. Female athletes are particularly prone to ACL injury. However, ACL injury is still common in college and professional athletes, as well as the general population. The estimated incidence of ACL injuries per year is about 200,000 in the United States. Approximately half of all ACL tears are isolated injuries; the other half are associated with either damage to the meniscus or collateral ligaments.
 PCL injuries are less common, owing to the ligament’s greater strength but also because pivoting while running is not apt to tear it. The most common mechanism of PCL injury involves motor vehicle accidents, with contact from the dashboard against the flexed knee pushing the tibia in a posterior direction.
  
 Differential Diagnosis
 In the acute setting, the goal is to identify all of the injured structures. Concomitant injuries are common.
 Assuming radiographs do not show a fracture, the other structures that might be injured include the collateral ligaments, the menisci and the articular surfaces.
 Patella dislocations may occur with a history that suggest a cruciate ligament injury: namely, a twisting mechanism, a sense of a “pop” and bleeding into the knee.
 The PCL in particular is usually associated with other ligamentous injury, especially injuries to the posterolateral corner of the knee, which tends to make it relatively more difficult to diagnose compared to ACL injury.
 Bony contusions, fractures, and knee dislocation are also generally included in the differential diagnosis for PCL injuries.
  
 Red Flags
 A patient’s inability to fully extend the knee may be due to a displaced tear of the meniscus. This requires urgent arthroscopic surgery not only to remove the mechanical block and restore the range-of-motion of the knee but to possibly preserve the tissue for repair.
 A young male patient may present with both an effusion and a history of knee pain after playing sports but the two may not be related. Rather, the joint fluid in this case may actually be caused by gonorrhea. This can be assessed by a short question about urethral symptoms.
  
 Treatment Options and Outcomes
 Patients with less severe ACL injury or willingness to modify their activities may be successfully treated with physical therapy and some degree of immobilization (e.g. use of a brace while playing sports).
 There is a school of thought (more so in Europe than in the United States) that perhaps all patients should be treated non-operatively at first, as many will do fine with therapy alone. The downside to this approach is that those patients who are unstable enough to ultimately need surgery often inflict greater damage on the knee in the interval between the initial injury and the surgical treatment.
 Younger patients, athletes, and those with severe instability of the knee are more likely to require operative reconstruction in order to return to their desired activity level. ACL tears should be evaluated by an orthopedic surgeon to determine if surgery is indicated.
 The first consideration when contemplating surgical repair of PCL injuries is the degree of injury. If not torn completely, the PCL has particularly high potential to heal with immobilization and then therapy. These exercises can assist with stability of the knee, particularly by strengthening the quadriceps muscles (which have an anterior-directed vector in their normal action).
 PCL surgery is most commonly indicated when there is another injury (e.g., the posterior-lateral corner ligaments) when patients continue to have persistent feelings of posterior tibial instability or, more commonly, they develop anterior knee pain. That pain reflects overuse of the quadriceps to stabilize the knee, which then produces overload to the patellofemoral joint.
 In both ACL and PCL injury, surgical repair involves replacement of the injured ligament with a graft (Figure 6). This may be from the patient’s own patellar or hamstring tendons or from a cadaver. The damaged ligament itself is removed and discarded. The repair is typically done arthroscopically.
 [image: ]Figure 6: Arthroscopic view of ACL reconstruction graft (arrow) in the notch. The white fibers of the PCL are seen to the right of the graft (“P”) (from commons.wikimedia.org/wiki/File:Anterior_cruciate_ligament_repair_2.jpg) Autografts are generally favored over allografts in patients 25 years old or younger, given the lower rate of re-tears as compared to allografts in this population.
 The surgery for ACL and PCL reconstruction typically involves creating tunnels in the bone of the tibia and femur through which the grafted tendon will be inserted and fixed. These are then fixed into the tunnels, typically with screws. Other techniques can be used as well, but they all generally involve fixation of the graft on either end onto the bone of the femur and tibia.
 Both ACL and PCL surgical repairs require postoperative rehabilitation. Rehabilitation exercises focus on regaining normal range of motion and strengthening the quadriceps and hamstring muscles. Care must be taken not to overload or overstress the graft during the initial phases of healing.
 The outcomes for ACL reconstruction are generally very good at least in the medium term. In the past, ACL tears in particular would end careers for professional athletes, but improvements in surgical reconstruction have allowed athletes to essentially regain full functional stability. It is common to see patients return to their high-level performance. The long term risk of arthritis does loom, as even the best surgical reconstruction is not as good the native ligament, and the articular surface may have been irreparably damaged by the impact at the time of injury.
 The outcomes of PCL reconstruction are typically very good to excellent, but because the surgery is reserved for only severe injuries, usually, the knee is not perfect post-operatively.
 With both ACL and PCL injuries, outcomes are worse if there is a concomitant articular or meniscal injury.
  
 Risk Factors and Prevention
 For ACL injury, risk factors include high school age, female gender, and playing soccer or basketball. For PCL injury, athletes such as American football linemen may be at increased risk.
 Prevention of either injury relies upon strengthening of the muscles that stabilize the knee joint and promote endurance. It is not uncommon to see ACL tears later in the day on the ski slopes, which may reflect the loss of hamstring stabilization due to muscle fatigue. That is, if the hamstrings are tired and weak, they may not be able to hold on to the tibia, which then exposes the ACL to greater forces. Teaching proper landing technique may also reduce risk of ACL injury.
  
 Key Terms
 Arthroscopy, anterior cruciate ligament, posterior cruciate ligament, knee, tibial plateau
  
 Skills
 Examination of cruciate ligament injuries to the knee.
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		Disorders of the Extensor Mechanism of the Knee

								

	
				The extensor mechanism of the knee comprises the quadriceps muscle and tendon, the patella, and the patellar tendon (also known as the infra-patellar ligament). Disruption of any of these components impedes a person’s ability to actively extend the knee or resist passive flexion. Such injuries are therefore incompatible with normal walking and standing. Failure of the quadriceps or patellar tendon is often, but not always, preceded by painful tendinopathy.
  
 Structure and Function
 The quadriceps muscle, as its name implies, is composed of four muscles: the vastus lateralis, vastus intermedius, vastus medialis and rectus femoris (see Figure 1). All but part of the rectus femoris originate on the femur itself. These muscles converge at a point approximately 5 cm proximal to the patella to form the quadriceps tendon. The quadriceps tendon has multiple layers, with the rectus femoris as the most superficial layer, the vastus medialis and lateralis as the middle layer, and the vastus intermedius as the deepest layer. The superficial layer is well vascularized; however, there is a hypovascular zone in the middle and deep layers approximately 1-2 cm proximal to the patella. This is the most common site of rupture.
 The patellar tendon originates at the distal end of the anterior aspect of the patella and inserts on the anterior aspect of the tibia at the tibial tuberosity. The tendon most commonly tears at its origination on the patella.
 [image: ]Figure 1: Anatomy of the extensor mechanism. The quadriceps muscles are outlined in red, and their common tendon and the infrapatellar ligament are in yellow. Both attach to the patella, outlined in gray. (Original x-rays from https://radiopaedia.org/cases/normal-knees-x-rays) The function of the patella is to increase the distance between the extensor mechanism and the center of rotation of the knee as seen in the sagittal plane. This distance creates a so-called moment arm; the greater the distance, the greater the moment arm and, in turn, the greater the leverage (see Figure 2). Without a patella, the effective strength of knee extension is at least 30% decreased.
 [image: ]Figure 2: As shown by this drawing, extension of the knee is essentially a rotation around the center of the knee in the sagittal plane, powered by the pull of the quads. The greater the distance between the quads and the center of the knee, the longer the lever arm [shown in blue] and thus the greater the torque (rotation force). Without a patella, the pull of the quad is closer to the center of the knee and thus the lever arm is shorter and the force of extension weaker.  
 Patient Presentation
 Tendinopathy
 The chief complaint of quadriceps or patellar tendinopathy is pain, localizing to the damaged structure. Because these tendons are directly under the skin there is often little ambiguity if the pain is focal: patients can point and say, “it hurts right there”. Tendinopathy can coexist with patellofemoral disorders or bursitis, which sometimes leads to a more nonspecific presentation.
 A thorough patient history and physical examination are critical components in diagnosing disorders of the extensor mechanism. Documenting patients’ athletic participation as well as whether pain increases with activity are important.
 Patients with tendonitis commonly report an insidious onset of sharp anterior knee pain. Patients typically report an increase in pain with activity. Patients may also complain of pain when seated for long periods of time.
 Both patellar tendonitis and infrapatellar bursitis are painful to the touch. Patellar tendonitis can be differentiated from infrapatellar bursitis in that the latter condition is painful with side to side pinching of the skin as well (Figure 3A and 3B).
 [image: ]Figure 3A: Direct palpation of the inferior pole of the patella. This is painful if either patellar tendonitis or infrapatellar bursitis is present. [image: ]Figure 3B: Pinching the bursa, as shown, will be painful if bursitis is present and not painful if the underlying pathology is deep to that, e.g., in the tendon. If palpation is painful but pinching is not, the diagnosis of tendonitis is likely. Tendon Rupture
 Patients with patellar tendon rupture may report direct trauma (fall) or injury while jumping with the knee bent and the foot planted. Patients will report feeling a tearing or popping sensation at the time of the event.
 Quadriceps tendon rupture due to degenerative changes classically presents with a report of a popping or tearing sensation after falling backwards with the foot caught on the ground. Patients may report a history of anterior knee pain before tendon rupture, likely due to tendinopathy. Rupture in athletes typically occurs during eccentric quadriceps contractions, which occur when landing from a jump or changing running directions at high speeds.
 Physical exam performed acutely after quadriceps or patellar tendon rupture will reveal swelling and tenderness proximal or distal to the patella, respectively. A palpable defect can often be palpated within the torn tendon.
 When either tendon is completely torn patients are unable to extend the knee, perform a straight leg raise, and often cannot bear weight on the injured leg. (That is because in stance phase, the center of gravity of the body is behind the center of rotation of the knee joint and tends therefore to flex it. In ordinary circumstances, the knee does not buckle, and the patient is able to stand upright only because of the resistance to flexion provided by the extensor mechanism.)
 When the tendons are partially torn (or if there is sufficient retinacular tissue still intact), patients might still be able to hold the knee in full extension.
  
 Objective Evidence
 Plain radiographs should be obtained to rule out fractures if the mechanism suggests that one may be present. Radiography can also help identify a soft tissue injury, as a lateral view x-ray will confirm displacement of the patella. A distally displaced patella (patella baja) and a proximally displaced patella (patella alta (see Figure 4) are signs of quadriceps and patellar tendon rupture, respectively.
 [image: ]Figure 4: “Patella alta”, that is, a proximally displaced patella, indicates disruption of the infrapatellar ligament. The normal position of the patella is outlined in red. (from https://en.wikipedia.org/wiki/Patellar_tendon_rupture#/media/File:Patellar_tendon_rupture.JPG) If there is any question whether a disruption is present, an MRI may be helpful. MRI cannot only differentiate between a partial and complete tear, it can localize the injury and provide information about the quality of the surrounding tissue (Figure 5). This latter information may be useful for surgical planning.
 [image: ]Figure 5: MRI showing a quadriceps disruption. (Case courtesy of Dr Ahmed Abdrabou, Radiopaedia.org, rID: 22644)  
 Epidemiology
 While quadriceps and patellar tendonitis are common, both quadriceps tendon and patellar tendon ruptures are rare.
 Quadriceps tendon rupture occurs predominately in males. Over 80% of tendon ruptures occur in adults over the age of 40 due to degenerative changes; however, younger athletes are also susceptible to tendon rupture due to direct trauma or excessive eccentric joint loading.
 Injuries to the patellar tendon are more common in patients under 40 years old. This condition occurs more in jumping athletes, particularly basketball and volleyball players; however, soccer players commonly experience this injury due to the repetitive forces placed on the extensor mechanism. While bilateral rupture for both is possible, patients typically present with unilateral injury, commonly in the dominant leg. Quadriceps ruptures can be seen more commonly in patients with chronic renal disease, patients with diabetes mellitus, or in patients taking steroids for the management of other medical conditions.
  
 Differential Diagnosis
 The differential diagnosis for focal anterior knee pain includes not only tendinopathy but patellofemoral pain syndrome (with or without patellofemoral arthrosis) and bursitis. Of course, these can coexist. A detailed physical examination with imaging can usually differentiate between these diagnoses.
 The differential diagnosis for an inability to extend broadly divides into failure of the extensor mechanism or mechanical blockage within the knee joint. These usually can be defined easily by assessing passive motion. A displaced meniscus tear, for example, will impede both active and passive motion, whereas a torn quadriceps will have only limitations on active motion.  Incomplete tears, however, may be sufficiently painful that it is difficult to assess passive motion in all instances.
 Once it is determined that the extensor mechanism is disrupted, the differential narrows to injuries of the quadriceps tendon, the patella itself and the patellar tendon. Bony injuries in the absence of a direct blow can be assumed absent, though at times patients fall after they tear their tendon making the history a little less clear. X-rays are therefore helpful. Films obtained with the knee in flexion can also indirectly document a soft tissue injury as the patella will be in an abnormal position. Noting the patient’s age (again, age over 40 is likely to implicate the quadriceps, and age under 40, the patellar tendon) in addition to performing a physical examination may pinpoint the problem more exactly.
  
 Red Flags
 In general, tendon injuries do not herald other problems, though the presence of one tendon injury may foreshadow another, and of course tendinopathy itself may suggest an impending rupture.
  
 Treatment Options and Outcomes
 Tendinopathy
 Because tendinopathy is often an overuse injury, a good first line treatment is relative underuse. Dialing back on activity may allow the body to heal the tendon lesion.
 Complete immobilization is not recommended, as this may produce stiffness and atrophy. Physical therapy is intuitively appealing, but there remains no consensus on the best exercises nor the duration of treatment. Nonsteroidal anti-inflammatory drugs (NSAIDs) may also be prescribed; however, these should be reserved for the first 7-14 days after injury as long-term NSAID use has not been proven to be beneficial and may negatively affect tendon healing.
 Platelet-rich plasma (PRP) injections have been touted as a promising therapy but as of 2019 have to be labeled as unproven. Steroid injections are not recommended, as they may increase the risk for tendon rupture.
 Ice friction massage and isometric flexion stretching may be helpful for patellar tendonitis. (If the knee joint is passively flexed while the patient isometrically contracts the quadriceps, any stretching will be within the patellar tendon itself.)
 At times, patellar tendinopathy does not resolve clinically and surgical debridement is indicated.
 Non-operative treatment is successful in most patients with tendonitis; however, a small fraction of patients do not respond to non-operative treatment and require surgical debridement. This procedure is successful in more than 75% of cases.
 Rupture
 For patients with complete rupture of either the quad tendon or patellar tendon, operative repair is indicated to restore normal knee function. That is because even if the tissue were to heal otherwise, the soft tissue will be elongated, and an extensor lag (an inability to fully extend) may result. Also, at the time of operation poor quality tissue can be excised.
 In general, surgical repair (Figure 6) uses a midline incision over the knee, and the torn tendon is identified, debrided and secured to bone. (This may use suture anchors or sutures passed through holes drilled within the patella.) Post-operatively, the patient can weight bear with the leg immobilized in extension. Early range of motion exercises are performed, and after 6 weeks the brace is removed and physical therapy is begun. Therapy to strengthen the knee and improve range of motion is continued usually for 3-4 months post-operatively. Full recovery is typically 4-6 months after surgical treatment.
 [image: ]Figure 6: An operative photo showing an open quadriceps repair surgery. The sutures have been passed through tunnel in the patella. (reproduced from PLOS ONE: http://dx.plos.org/10.1371/journal.pone.0194376) Non-operative management might be reasonable for partial tears of either tendon. Initially patients may be immobilized with the leg in extension for three to six weeks, with weekly follow-up. Immobilization is gradually discontinued when the patient is able to comfortably perform a supine straight leg raise. Physical therapist-guided rehabilitation is instituted to further recovery. Patients should be counseled on the risk of re-injury.
 The outcomes following surgical repair for quadriceps and patellar tendon ruptures are good, though often imperfect. Some patients report persistent pain, decreased range of motion and weakness. Nevertheless, by any fair measure, these patients are still markedly better than they would have been without the treatment. (Indeed, the net benefit from surgical treatment of a complete extensor mechanism disruption is among the highest of any orthopedic procedure.)
 Delayed operative treatment often leads to worse outcomes.
  
 Risk Factors and Prevention
 Risk factors for patellar tendon injury include a high body mass index (BMI), a large abdominal circumference, limb-length discrepancy, and flatfoot arch. Weak quadriceps muscles and low flexibility of the quadriceps and hamstring muscles are other factors that may contribute to patellar tendon injury. Additionally, sports involving a lot of jumping, particularly basketball and volleyball, have an increased incidence of patellar tendon injury compared to non-jumping sports.
 There are numerous risk factors for degenerative quadriceps tendon rupture including increased age, increased BMI, diabetes mellitus, metabolic syndromes, hyperparathyroidism, polyneuropathy, anabolic steroid abuse, chronic or acute corticosteroid use, and fluoroquinolone use.
  
 Miscellany
 The patella is a sesamoid bone within the distal tendinous expansion of the extensor mechanism, however it is convenient to think of the quadriceps inserting onto the patella and then the patella itself connecting to the tibia. On this basis, some may consider the patellar tendon to actually be a ligament – soft tissue connecting bone to bone – giving rise to the alternative name for this structure: the infrapatellar ligament.
  
 Key Terms
 Extensor mechanism, quadriceps muscle, rectus femoris, vastus medialis, vastus lateralis, vastus intermedius, quadriceps tendon, patella and patellar tendon
  
 Skills
 Recognize the cause of extensor mechanism disruption on plain radiographs. Differentiate between active and passive loss of extension on physical examination, and localize disorders of the extensor mechanism.
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		Meniscus Tears

								

	
				The medial and lateral meniscus (plural: menisci) are crescent-shaped pieces of fibrocartilage that lie atop the tibia to cushion its contact with the femur and help stabilize the knee. Because these functions subject the menisci to high forces, the menisci are subject to tearing. Both acute traumatic events and simple degeneration can be responsible for tearing. Many patients with degenerative tears of the meniscus have no symptoms, though some have focal joint line pain or a sense of catching. The menisci themselves have very little intrinsic capacity for healing, and thus persistently symptomatic tears are treated with partial meniscectomy (removal), though tears near the capsule can be repaired.
  
 Structure and Function
 The medial and lateral menisci are thin pieces of fibrocartilage that sit atop the tibial plateau (Figure 1). The menisci are C-shaped when viewed in profile, tapering from about 5mm in height near the capsule to a central edge.
 [image: ]Figure 1: An axial view of the medial (red) and lateral (blue) meniscus atop the tibial plateau. The articular cartilage that is not covered by the menisci is shown in yellow, and the (cut) cruciate ligaments are shown in purple. (Modified from Gray’s Anatomy, https://en.wikipedia.org/wiki/Meniscus_(anatomy)#/media/File:Gray349.png) The menisci also help lubricate the knee joint. Beyond that, the meniscus is thought to have three mechanical functions. First, it allows the rounded femoral condyle to make broader contact with the tibia, thereby dissipating pressure. (Because pressure is equal to force/area, greater area leads to lower pressure for a given force) (Figure 2).
 [image: ]Figure 2: As shown on the left, in this lateral view schematic, the rounded femoral condyle has only a small area of contact with the flatter tibial plateau. With the triangular menisci in place, the area of contact is greatly increased, leading to lower contact pressures, as the force is dissipated over a broader surface. In addition, because the menisci are more elastic than articular cartilage, they also function as shock absorbers.
 Last, the menisci (especially on the medial side) help stabilize the knee, by a so-called chock block effect (Figure 3).
 [image: ]Figure 3: As shown in the x-ray to the left, the femoral condyle (black curved line) abuts the posterior horn of the meniscus (orange). As such, the meniscus can stabilize the knee in the same way a wheel chock next to a tire can prevent a vehicle from rolling, as shown in the figure to the right. There are some important differences between the medial and lateral meniscus. The medial meniscus is more firmly attached to the tibial condyle by the deep medial collateral ligament (MCL); the lateral meniscus is relatively mobile. Thus, the medial meniscus is a more important stabilizer. Because the medial meniscus is tethered, it is also more susceptible to injury and is torn approximately three times more often than the lateral meniscus.
 The lateral meniscus is separated from the capsule at the popliteal hiatus, an aperture through which the popliteus tendon courses into the joint.
 Only the most peripheral part (about 3 mm) of the menisci have blood vessels and thus meniscal tears have little inherent capacity to heal. Because the blood supply enters from the capsule at the periphery (the so-called red zone), some tears there might heal; central tears (called “white zone” tears owing to the lack of blood supply) are thought to have no healing potential.
 The menisci also have no pain sensors within them. Thus, to the extent that meniscal tears are painful (and many are) it is due to irritation of the nearby synovium or capsule.
  
 Patient Presentation
 Traumatic tears of a healthy meniscus normally occur in active young adults who present with pain and swelling after an acute event. A classic report is a twisting injury with the foot planted and the knee flexed, though this is certainly not required.
 There may be an effusion of variable size. Pain typically localizes to the joint line. Incomplete range of passive motion suggests a displaced tear. A displaced tear usually blocks the final 20 degrees of terminal extension, with reasonably free motion in the flexion arc beyond that. Although some motion is possible, this condition is termed “locking” – though “blocking” may be a more apt word.
 Meniscal tears can be seen in conjunction with other injuries (such as a tear of the anterior cruciate ligament) and the presentation may be dominated by that other condition.
 Degenerative tears normally are found in adults over the age of 40. The presentation is similar to that of arthritis, but the pain from the meniscus is more likely to be focally on the joint line, with or without mechanical symptoms such as catching.
 The physical exam must note the pattern of gait, alignment, range of motion and the presence of an effusion. Integrity of the ligaments must also be assessed.
 There are specific tests for diagnosing a meniscal tear on examination, but all are based on subjective responses. The best test is assessing for joint line tenderness (Figure 4). This too is subjective, but it is simple. Tenderness above or below the joint line suggests that a meniscal tear is not responsible for symptoms.
 [image: ]Figure 4: Tenderness precisely on the joint line is more specific for meniscal pathology. The tenderness associated with arthritis often extends to the bone above or below.  The joint line can be found by tracing the contours of the bones with gentle finger pressure while flexing/extending the knee passively and sensing the movement of the tibia relative to the femur. (The medial joint line is shown here.)  
 Objective Evidence
 MRI is the gold standard in terms of accurately diagnosing a meniscus tear. A meniscal tear will manifest as increased signal within the meniscus that extends to the tibial or femoral articular surface (Figures 5 and 6). Signal change confined within the meniscus itself (that is, the signal change that does not cross the triangular borders of the meniscal surfaces) represents internal degenerative change.
 [image: ]Figure 5:  The MRI appearance of a medial meniscal tear is shown here. (Case courtesy of A. Prof Frank Gaillard, Radiopaedia.org, rID: 6361) [image: ]Figure 6: An arthroscopy photo of a medial meniscal tear. A metal probe (seen coursing from roughly the 7 O’clock position towards 1 O’clock) is placed in the tear and pulled forward (red arrow). As shown here, the probe is able to displace the free edge of the torn meniscus into the joint space. This displacement, which can occur during normal knee motion, is thought to be the source of symptoms. The displaced fragment can cause a catching sensation, but also by tugging on the remaining meniscus, can irritate the (very sensitive) capsule to which the meniscus is attached at the periphery. 
 The use of MRI is perhaps best understood by reminding oneself that it is a diagnostic test, and like all such tests, should be used if and only if the results could affect the treatment of the patient. Contrary to popular belief, MRI is not particularly expensive (it is perhaps double the cost of x-rays, but not much more), it is painless and non-invasive and has no known biological risks. Given that, it should be used frequently, or at least more frequently than expensive, painful, invasive and risky tests. The main downside of an MRI is the discovery of an incidental and irrelevant finding, one that will provoke unnecessary care or unnecessary worry. Simply: all patients for whom MRI is indicated should have one – but only them.
 Because degenerative tears are so common, MRI should be avoided in a patient with a suspected degenerative meniscal tear – unless the test will affect management. At the least, weight-bearing x-rays should be obtained first to check for arthritis. Also, the patient should confirm interest in treatment should the test come back positive. In the setting of degenerative joint disease, a practitioner should have a high threshold for obtaining an MRI.
 In the setting of an acute injury sustained by a young athlete, a practitioner should have a very low threshold for obtaining an MRI. Swelling and pain may limit the accuracy of the exam, and because it would be tragic to not detect a repairable injury before it progresses to an irreparable one (for example, a displaced but otherwise intact meniscal fragment that gets pulverized by the femoral condyle in its displaced position).
 Meniscal tears are described by their configuration (Figure 7).
 	A radial tear starts on the interior free margin of the meniscus and propagates peripherally,
 	A horizontal cleavage tear lies within the meniscal tissue, parallel to the tibial plateau,
 	A longitudinal tear is a top-to-bottom tear in the meniscus, the courses parallel to the capsule, perpendicular to the plateau.
 
 
 [image: ]Figure 7: A radial tear is highlighted in red; a horizontal cleavage tear is highlighted in blue; and a longitudinal tear is highlighted in green. (Modified drawing courtesy of Dr. Matt Skalski, Radiopaedia.org, rID: 55569.) A bucket handle tear (Figure 8) is a specific form of a large longitudinal tear in which a large fragment is still tethered anteriorly and posteriorly, with the central piece flipped (like a bucket handle) into the intercondylar notch.
 
 [image: ]Figure 8: A bucket handle tear of the meniscus. The displaced fragment, tethered to the anterior and posterior aspects of the intact meniscus, is said to resemble the “bail handle” of a bucket—a loop that moves freely within two fixed mounts on the rim. (Drawing courtesy of Dr. Matt Skalski, Radiopaedia.org, rID: 55569. Photo courtesy Wikipedia)  
 Epidemiology
 Individuals who participate in sports are at the greatest risk for acute meniscal tears. Those who participate in sports where sudden change of movement is a critical component of the game (i.e. football, soccer, basketball) are at the most risk.
 Degenerative tears are extremely common in older patients and often asymptomatic. The presence of a tear on MRI should not be assumed to be the source of symptoms.
  
 Differential Diagnosis
 Patients suspected to have an acute meniscus tear may have instead, or in addition, a collateral or cruciate sprain; an osteochondral injury; a loose body; or a disorder of the patello-femoral joint.
 Patients suspected to have a chronic meniscus tear may have instead, or in addition, degenerative joint disease. Indeed, the presence of some degenerative joint disease can be assumed and the differential diagnosis pays attention to the relative contribution of each.
  
 Red Flags
 When evaluating the knee joint for a suspected meniscus tear, pay specific attention to detect associated injuries: a mechanism of injury that could tear the meniscus is a red flag for cruciate and collateral sprains, and vice versa.
 A large effusion in young, active males may be a sign of gonorrhea. A detailed history is helpful here.
 A locked knee suggests displacement of the meniscus into the notch, a so-called bucket handle tear.
 A medial meniscal tear in a patient with a stable knee despite a known history of an anterior cruciate ligament deficiency is at high risk of developing symptomatic instability because of the meniscal tear. As such, a meniscal tear in this setting is a harbinger of impending problems and may provoke a need for anterior cruciate ligament treatment as well.
  
 Treatment Options and Outcomes
 Displaced tears that prevent full motion should be considered for urgent surgery. The recommended procedure is an arthroscopy, with either a repair or removal of the tear, based on the intra-operative findings (Figures 9).
 [image: ]Figure 9: Arthroscopic view of a medial meniscus repair. If the patient has full range of motion, urgent surgery is not indicated, unless imaging and the clinical scenario suggests a potentially repairable tear. (Tears in the outer 25% of the meniscus, in the red-red zone, have healing potential.) It is important to not miss the chance to treat a repairable tear while it is still repairable.
 If the patient is planning surgery but deferring it (as may be done for a student waiting for an academic break in the calendar), protective bracing may be helpful.
 Some meniscus tears, even acute ones, might become asymptomatic without surgery. Thus, it is reasonable for a patient to choose a trial of rest and anti-inflammatory medications, especially if the tear does not appear amenable to repair. The need for an arthroscopic meniscectomy will declare itself by a failure for symptoms to resolve.
 In older patients, a course of physical therapy, working on strength and the maintenance of full motion, is reasonable. In one study from England, many patients on a waiting list for meniscal surgery cancelled their procedure before being called, as symptoms resolved spontaneously.
 If the entire meniscus is torn and has to be removed, a meniscal transplant may be indicated in young patients with normal alignment and no arthritis.
 The overall success rate of meniscal repair depends on the status of the ACL. If the ACL is intact, the meniscal tear will heal 60% of the time. If the ACL is injured, the meniscal tear will heal in 90% of cases if the ACL is reconstructed but in only 30% of cases if not. After removal of a large part of a meniscus, some patients have continued pain, likely due to the loss of the shock absorber effect. In rare cases, menisucs allograft transplantation can be performed, preparing a size-matched meniscus from a cadaver and securing it within the knee. Ideally, this operation is performed before any arthritic changes are found.
  
 Risk Factors and Prevention
 The general risk factor for a meniscus tear is participation in sports, especially events that require high intensity shifting and change of direction.
 A more focal risk factor is knee instability, especially a history of anterior cruciate ligament injury. With an ACL deficiency, the medial meniscus is called upon to help stabilize the knee, and is thus subjected to greater than normal forces.
 There are no proven methods of prevention.
  
 Miscellany
 For many years, the menisci were thought to be vestigial, serving no specific function. Thus, surgeons routinely removed them. In 1948, Thomas John Fairbank published a paper, “Knee Joint Changes After Meniscectomy” in the Journal of Bone and Joint Surgery reporting that total meniscectomy produced squaring of the femoral condyles, peaking of the tibial spines ridging, and joint space narrowing. These are now known as Fairbank’s changes.
 The word meniscus comes from the Greek, mene, meaning moon. This is the same root that gives us the medical term “menstrual”.
  
 Key Terms
 Medial and lateral menisci, meniscal tear, bucket handle tear
  
 Skills
 Identify locking, joint line tenderness and effusion on examination. Recognize meniscal tears on MRI. Recognize when MRI is indicated to detect meniscal tears.
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		Patellofemoral Disorders

								

	
				Anterior knee pain may be found with patellar instability (subluxation or complete dislocation of the patella out of the trochlear groove) or patellofemoral arthrosis. It may also have no objectively defined cause, in which case the label “patellofemoral pain syndrome” is applied. Many patients with patellofemoral pain syndrome improve with no treatment. Patellar instability may be treated with muscle strengthening therapy or braces; at times, however, surgery is needed.
  
 Structure and Function
 The patellofemoral joint is formed by the patella and the anterior surface of the distal femur, an area called the trochlear groove.
 The patella is a sesamoid bone that is embedded within the quadriceps tendon and serves to increase the mechanical advantage of the quadriceps muscle. The undersurface of the patella is composed of two main facets, lateral and medial. The lateral facet is longer and less steep, matching the geometry of the lateral aspect of the trochlea.
 [image: ]Figure 1: A sunrise view of the patella, showing the patella sitting within the trochlear groove of the femur. (from http://www.wikiradiography.net/page/the+skyline+patella+projection) Stability of the patella in the patellofemoral joint relies on normal trochlear morphology of the femur. The trochlear groove must be sufficiently deep to hold the patella, especially in flexion. Stability also depends on the alignment of the tibia relative to the femur. A so-called valgus or “knock-knee” alignment of the knee joint increases the lateral vector of the quadriceps. If the lateral vector is too great, the quadriceps can pull the patella out of the trochlear groove, especially as the knee nears terminal extension. This can be assessed by two measurements: the angle between the quadriceps and the infrapatellar ligament, so-called Q angle and the tibial tubercle to trochlear groove (TT-TG) distance (Figure 2).
 [image: ]Figure 2: Q-angle: The Q angle is defined by a line from the anterior-superior iliac spine through the midpoint of the patella and another line from the tibial tuberosity through the midpoint of the patella. The line from the anterior-superior iliac spine through the midpoint of the patella represents the pull of the quadriceps. This force vector, shown by the green line in the enlarged view, can be resolved into a superior force (red line) and laterally-directed force (blue line). Thus, the greater the Q angle, the greater force pulling the patella laterally, out of its healthy position in the trochlea. [image: ]Figure 3: The tibial tubercle to trochlear groove distance is defined by 2 slices of a CT scan. First, the base of the trochlea is defined, and line is drawn through it, down to the bottom on the scan. The position of this (red) line is identified by the star on a line denoting medial-to-lateral distance (shown in blue). On a more distal slice, the tibial tubercle is identified, and a line is drawn through it down to the bottom of the scan as well, shown here in green, and the position is also identified. The distance between these two lines is the tibial tubercle to trochlear groove distance. (Redrawn from a case courtesy of Dr. Ayush Goel, Radiopaedia.org, rID: 28749) Additional static stability is provided by the lateral retinaculum, medial retinaculum, medial patellofemoral ligament, and medial patella-tibial ligament.
 The vastus medialis obliquus provides dynamic stability, actively pulling the patella medially, to keep it located within the joint (Figure 4).
 [image: ]Figure 4: As shown, the pull of the vastus medialis obliquus (red line) has a medially-directed component (white arrow), which tends to stabilize the patella. Weakness or atrophy of this muscle is thus associated with patellofemoral disorders. During initial knee flexion (<30 degrees), the major restraints to lateral translation and dislocation are the soft tissue structures; beyond 30 degrees, the bony structures are the primary determinants of stability.
 The medial patellofemoral ligament is the primary soft tissue restraint against lateral translation of the patella. This ligament is torn when there is excessive lateral translation of the patella.
 In cases of so-called patella alta, a longer than normal patellar tendon allows the patella to rest more proximally. As a result, the patella does not enter the trochlear groove until higher-than-normal levels of knee flexion have occurred. In patients with recurrent instability, trochlear dysplasia has been noted to be present in up to 96% of patients.
  
 Patient Presentation
 A thorough patient history and physical examination are critical components in diagnosing patellofemoral pain syndrome and patellar instability. Patients will report pain and possibly swelling in their knee with increasing intensity such as climbing or descending stairs, squatting, running, jumping, or “cutting” during sports activities.
 In some cases of patellofemoral pain syndrome, patients will commonly report feeling pain “behind,” “underneath,” or “around” the patella. Many patients will not experience swelling with patellofemoral pain syndrome; however, patients will note stiffness, particularly when the knee is flexed, as well as potentially “popping” or “catching” sensations.
 Patients may also note overall weakness in their leg as well as a feeling that their knee might “give way” again in cases of patellar instability. Discoloration medially and pain along the medial aspect of the knee are commonly seen. The number of prior identifiable dislocations and subluxation episodes for the patient as well as any history of ligamentous laxity or dislocation of family members must be noted.
 Physical examination should note alignment and range of motion; the presence or absence of tenderness should be noted as well.
 Examination maneuvers are shown in the figures 5-8.
 [image: ]Figure 5: The Patellar glide and tilt test: With the patient lying in the supine position and the knee extended, the patella is grasped and first translated medially (green arrow), and displacement is measured in quadrants. Displacement of less than one quadrant medially indicates tightness of the lateral structures,  whereas hypermobility is indicated by displacement of more than three quadrants. The examiner next uses the thumb, touching the lateral side of the patella, in an attempt to tilt the patella from its resting position  (red arrow). The patella should “tilt” back to at least the neutral (equatorial) position, i.e., the medial and lateral facets are parallel to the exam table. (Note that these maneuvers are performed in sequence, not simultaneously. For the two tests, the position of the patient and the examiner are the same, with the only difference being the motion of the examiner’s thumb, hence a single photo is shown. These test do address a unified issue: namely, can the patella be moved passively a “normal” amount?)
 [image: ]Figure 6: Patellar inhibition: in the presence of arthrosis, a patient will not want to load the damaged area, and will actually shut off (“inhibit”) the quadriceps if that muscle is forcing the contact. This can be elicited by asking the patient to kick out (purple curved arrow) against resistance (red arrow). Subtle relative weakness suggests inhibition and in turn arthrosis of the patellofemoral joint. (Because a different point of the patella articulates in different degrees of flexion, the best way to assess patellar inhibition is to have the patient actively extend the knee against resistance at 30, 45, 60 and 90 degrees of flexion.) [image: ]Figure 7: Patellar apprehension: the examiner tries to push the patella out of the trochlea with the knee extended. A reported sense of impending dislocation (“apprehension”) is a positive test. 	[image: ] 	Figure 8: Patellar tracking (J-sign): The examiners scrutinizes the position of the patella when the knee moves from full flexion (top panel) to mid-flexion (middle panel) and then extension (bottom panel). In full flexion, the patella, outlined in red, will be located in the trochlea groove even if the soft tissues are lax; but in the setting of laxity, the patella will move to a lateral position in extension. Thus, if the soft tissues are lax, the patella will follow a “J” or “L” course when the knee moves from flexion to extension, or vice versa (left vs right). In the figure, the model is normal, and no “J” sign is demonstrated: the patella remains central. 
  
 Most patella dislocations occur laterally; therefore, the lateral patellar apprehension test represents the best test for determining patellar instability.
 The quadriceps and patellar tendons should be palpated to detect tendinosis.
 Additionally, a Lachman’s test, pivot shift, anterior and posterior drawer test, dial test, and varus/valgus stress test should be performed to rule out other injuries.
  
 Objective Evidence
 Patellofemoral pain syndrome is primarily a clinical diagnosis and can be made without radiographic imaging. Nevertheless, x-rays will commonly be ordered to rule out structural abnormalities.
 In cases of suspected patella instability, anteroposterior and posteroanterior 45° weight bearing views should be obtained to examine any abnormal anatomy, particularly current presence of dislocation. Lateral radiographs should be ordered to examine patella height, trochlear dysplasia and patellar tilt.
 The sunrise view (Figure 9) can evaluate for lateral subluxation and patellar tilt.
 [image: ]Figure 9: In this sunrise view, the normal patellofemoral joint is shown on the x-ray, with the red line outlining patellar tilt (rotation of medial side up) as well as lateral subluxation. Both contribute to excess compression laterally. CT scans provide valuable axial information allowing evaluation of the anterior tubercle to trochlear groove distance. The mean tibial tubercle to trochlear groove distance has been noted to be 9 mm while a tibial tubercle to trochlear groove distance of 20 mm or more has a 90% association with patellar instability. CT is more reliable than MRI for this assessment.
 MRI is valuable in assessing for cartilage/osteochondral injury as well as soft tissue structures of the knee. MRI will help evaluate any articular cartilage damage on the medial facet of the patella and bone bruising of the lateral femoral condyle.
 [image: ]Figure 10: MRI of an acute patellar dislocation. Edema is seen in both the patella and the lateral condyle, reflecting the impact (“kissing contusion”) between these bones when the patella dislocated laterally. The red lightning bolt points to the disrupted medial patellofemoral ligament, whereas the lateral ligament is intact (blue star). (Case courtesy of Dr. Hector RiveraMelo, Radiopaedia.org, rID: 27014)  
 Epidemiology
 Anterior knee pain is the most common knee diagnosis in sports medicine centers and among runners. Up to 11% of musculoskeletal complaints in the outpatient setting are caused by anterior knee pain, most commonly patellofemoral pain syndrome, and the incidence of patellofemoral pain syndrome in runners is between 16% and 25%.
 The majority of patellar instability occurs in young, active individuals with an incidence of 1 per 1000 people. Overall, patellar dislocations represent approximately 3% of all knee injuries. Females are more likely to have patellar dislocations than men and the most commonly affected age group is individual’s ages 10 to 16 years old. Patellar instability is commonly traumatic in nature due to either contact or non-contact mechanisms; however, patients with patellar malalignment may experience frequent low-energy patellar dislocations.
  
 Differential Diagnosis
 Anterior knee pain may be due to instability (with or without an overt history of dislocation); it may be due to patellofemoral arthrosis (with or without radiographic confirmation); it may be due to tendinosis on either side of the patella; or it may have no known causes.
 At times, patellar dislocations reduce spontaneously, such that the patient may not be aware that the patella dislocated other than feeling a shift in their knee.
 Patients may report buckling due to patellar inhibition, but of course true ligamentous laxity must be excluded before that diagnosis is credited.
  
 Red Flags
 Gross laxity of the patellofemoral stabilizers may suggest a connective tissue disorder, such as Ehlers-Danlos syndrome.
 Incomplete passive motion after a patellofemoral dislocation suggests a loose body within the knee.
  
 Treatment Options and Outcomes
 For patients diagnosed with patellofemoral pain syndrome, a comprehensive rehabilitation program is the first line of treatment. Rehabilitation programs should include modification or cessation of activities as well as physical therapy.
 A knee sleeve, splint, or taping may be used as well. This may help hold the patella within the trochlea. Alternatively, these may help simply by serving to remind the patient to avoid full flexion.
 Recovery from patellofemoral pain syndrome can take longer than most patients anticipate.
 Patients with pain but without a correctable anatomic lesion are rarely helped (and may be hurt) by surgery.
 Patients sustaining their first dislocation can be treated with a brace. However, even in first time dislocations (especially if there is a large hematoma that raises concern for osteochondral injury) – an MRI is useful. This test can detect loose bodies and assess for any damage to the ligaments and cartilage.
 After a first-time dislocation, physical therapy (PT) is started 1-2 weeks after the dislocation, to help achieve normal range of motion and strength and is continued for 2-3 months. In some cases, 4-5 months of PT is necessary in order for athletes to return to their pre-injury level of activity.
 In cases of recurrent instability, operative treatment is frequently recommended. Operative treatment is based upon the patient’s anatomy and the spectrum of injury. It may consist of either an isolated soft tissue procedure or a bony realignment procedure or both.
 The most common procedure is reconstruction of the medial patellofemoral ligament with an autograft (hamstring tendon) or allograft. Although less common, repair of the medial patellofemoral ligament is possible in some patients who seek treatment promptly and have a bony avulsion of the ligament from the medial aspect of the patella.
 In cases of recurrent instability where the distance between the tibial tubercle and the trochlear groove is greater than 20 mm, an osteotomy of the tibial tubercle is needed. In this operation, the tubercle is moved medially, to realign the patellar tendon and in turn make the patella track more medially.
 For patients with an open growth plate, surgeons will commonly perform an isolated soft tissue procedure and then perform the realignment surgery after closure of the growth plates to prevent further cartilage damage underneath the kneecap as well as to prevent arthritis from developing.
 In cases of extreme dysplasia, operations to deepen the base of the trochlea or elevate the lateral facet (so-called trochleoplasty procedures) may be performed. This approach has not gained widespread acceptance among orthopaedic surgeons.
 For either procedure, rehabilitation typically lasts 4-6 months post-surgery and final recovery and return to sports is not usually achieved until after 6 months from reconstruction (when full range of motion, stability, and strength have been restored).
 Following completion of a thorough rehabilitation program, patellofemoral pain syndrome commonly resolves–but to prevent recurrence, appropriate conditioning of the muscles around the knee, particularly the quadriceps and the hamstrings is essential.
 After an initial dislocation, the ligaments are stretched from the injury; therefore, patients are at an increased risk for either a recurrent subluxation or dislocation. The incidence of recurrent instability following conservative treatment has been noted to be between 15% and 44%. After a second dislocation, the risk of recurrence increases to over 50% and in younger patients (less than 25 years of age, particularly those with open growth plates) the risk of recurrence after a second dislocation has been noted to be as high as 70%.
 Following operative treatment, the success rate for stabilization has been noted to be as high as 85% – 90% for both soft tissue and bony procedures.
  
 Risk Factors and Prevention
 Risk factors for patellofemoral pain syndrome include females and young adults as the condition is commonly referred to as “runner’s knee”, due to the high occurrence in athletes. Additionally, malalignment of the kneecap and overuse from vigorous athletics or training are also significant risk factors.
 For patellar instability, risk factors include young age (under the age of 25 with a peak incidence between ages 10-16 years old) and open growth plates (this is particularly a risk factor for patients after primary dislocation). A prior history or patellar dislocation or subluxation represents a significant risk factor as up to 44% of patients treated conservatively may experience a second instability episode.
  
 Key Terms
 Patellar dislocation, patellar subluxation, medial patellofemoral ligament injury, Q-angle, tibial tubercle to trochlear groove distance, trochlear dysplasia, patella alta
  
 Skills
 Perform Patellar, tilt, apprehension and inhibition tests. Assess Q angle on imaging.
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		Patellar Fractures

								

	
				The patella (kneecap) is a subcutaneous bone within the quadriceps tendon that can be fractured by direct impact, or by forces generated by the quadriceps muscle. A typical mechanism of injury for a direct fracture is a fall on a hyper-flexed knee. An indirect fracture can be caused by an eccentric contraction of the quadriceps against resistance that pulls the patella apart. An indirect fracture might be seen after a fall from moderate height, in which the foot striking the ground forces the knee into flexion.
 Displaced patellar fractures need to be fixed surgically to reconstruct the extensor mechanism of the knee. Without reduction and fixation, normal knee extension is not possible. Some non-displaced fractures are also fixed to obviate the need for prolonged immobilization.
 A bipartite patella is caused by failure of fusion of a secondary ossification center of the patella during development. A bipartite patella may be mistaken for a patella fracture. A bipartite patella can be identified by the characteristic superior-lateral position of the “fracture line,” as well as the matching appearance in the contralateral knee in about half of all cases.
 Although non-unions are rare after patellar fractures, anterior knee pain is frequently encountered after the fracture has healed. This knee pain may be present even if the articular surface appears normal on imaging.
  
 Structure and Function
 The patella, commonly known as the kneecap, is a sesamoid bone that lies within the tendinous attachment of the quadriceps. The patella lies on the anterior surfaces of the femur (Figure 1).
 [image: ]Figure 1: An annotated x-ray of the knee, showing patella (P) with the quadriceps muscle in red. The infrapatellar ligament (also known as the patellar tendon) is outlined in blue and the quadriceps tendon is outlined in green. The patella’s posterior surface articulates with the femur in a depression known as the trochlea (Figure 2). The posterior surface of the patella is covered by thick articular cartilage.
 [image: ]Figure 2: A sunrise view of the patella, showing the patella sitting within the trochlear groove of the anterior distal femur (T). (From http://www.wikiradiography.net/page/the+skyline+patella+projection) Superiorly, the heads of the vastus muscles and rectus femoris converge and insert onto the patella. The aponeuroses of the vastus medialis and vastus lateralis muscles continue distally to form the medial and lateral patellar retinacula. These retinacula maintain the central alignment of the patella in the trochlea. The retinacula also maintain the connection of the muscles to the tibia, such that intact retinacula may allow for active knee extension even when a non-displaced patellar fracture is present. (Displacement of the fracture will tear the retinacula, and active extension will be absent.)
 The primary function of the patella is to increase the extension force of the quadriceps muscle. This is achieved by shifting the quadriceps tendon and patellar ligament away from the center of rotation of the knee – that is, by increasing leverage by lengthening the so-called moment arm of the quadriceps. This leverage generates high joint reactive forces (see https://orthopaedia.com/page/Patellofemoral-disorders). As such, patellar fractures are often associated with the development of patellofemoral arthrosis.
  
 Patient Presentation
 Patients with patellar fractures usually present with knee pain and swelling following an acute injury.
 Patellar fractures may be a consequence of direct or indirect forces on the bone or a combination of both. A direct fracture would involve a direct blow to the patella; an indirect fracture is caused by the pull of the quadriceps while the knee is passively flexed.
 In a direct fracture of the patella, the resulting compressive forces produce a stellate (Figure 3) or longitudinal fracture pattern. At other times, the patella can be highly comminuted (Figure 4).
 [image: ]Figure 3: A schematic drawing, plain radiographs and an MRI image showing a stellate patellar fracture. (Courtesy of Imaging of Patellar Fractures https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5265199/) [image: ]Figure 4: A schematic drawing, plain radiographs and a CT scan showing a comminuted patellar fracture. (Courtesy of Imaging of Patellar Fractures https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5265199/) Because an indirect patellar fracture is caused by tension, a transverse fracture line is produced. If the fragments are separated, the knee joint extension mechanism will fail, and the superior pole of the patella will be displaced proximally by the pull of the quadriceps muscle (see Figure 5).
 [image: ]Figure 5: A displaced patellar fracture, in which the quadriceps pulls the proximal fragment more proximally (arrow). (From https://radiopaedia.org/articles/patellar-fracture-2)  
 Objective Evidence
 In the cases of direct trauma, there will usually be evidence of bruising, abrasions, or a laceration. Swelling of the anterior knee due to hematoma or hemarthrosis is common.
 If a break in the skin is detected, it will be essential to exclude communication with the knee joint itself, a so-called traumatic arthrotomy.
 Usually, knee motion will be severely, if not completely, limited by pain. Active knee extension does not conclusively exclude the diagnosis of patella fracture, as the retinaculum may be in continuity and allow the quadriceps to exert a force on the tibia.
 With indirect trauma and tension on the proximal fragment, a palpable (noticeable) gap between the separated superior and inferior poles can be detected if the retinaculum is disrupted.
 An anteroposterior (AP) and a cross-table lateral view x-ray are usually diagnostic. These films will delineate the patella fragments and the degree of displacement, which can be measured from these images.
 The cross-table lateral view may also demonstrate a lipohemarthrosis (Figure 6), namely an intra-articular fluid collection with blood and fat within it that has escaped from the bone marrow due to the fracture. Lipohemarthrosis is rarely seen in isolated patella fractures and should prompt further investigation for an associated distal femur or proximal tibial fracture.
 [image: ]Figure 6: A schematic drawing and radiograph showing lipohemarthrosis. Note that the patella is intact here, as it usually is; lipohemarthrosis is more commonly associated with tibial plateau and distal femoral fractures. (Images courtesy of https://radiopaedia.org/articles/lipohaemarthrosis) An axial projection (e.g., skyline or sunrise view) is sometimes also included in the patellar trauma series to provide a view of the patella in the trochlear groove. This x-ray may demonstrate fractures on the lateral aspect of the patella missed on other views and can show displacement of the articular surface.
 Advanced imaging such as an MRI or CT scan is usually indicated only if other injuries need exclusion.
  
 Epidemiology
 Patellar fractures comprise approximately 1% of all fractures. Patellar fractures are found predominantly in the 20-50 year age group. The incidence is twice as high in men than in women.
 A bipartite patella can be identified in approximately 2% of the population, and it is present bilaterally in roughly half of these cases. Bipartite patella is seen nine times more commonly in males than females.
  
 Differential Diagnosis
 An acute patellar dislocation or subluxation may result from traumatic mechanisms similar to those that cause a fracture. Note that a patellar dislocation (which is nearly always lateral) may have been reduced prior to imaging studies, either spontaneously or by first responders in the field. There will, however, usually be residual signs on the axial view x-ray, such as some patella tilt (lifting on the medial side) or lateral displacement of the patella in the trochlear groove due to the rupture of the medial retinaculum. Medial tenderness over the retinaculum is another diagnostic clue.
 Traumatic patellar dislocations may also cause osteochondral injuries due to the impaction of the patella against the distal femoral condyle. This impaction may occur during the dislocation or on relocation, so the area of maximal tenderness may be medial or lateral. If a dislocation is suspected, it is important to look for evidence of associated injuries such as impaction fractures and osteochondral fragments. MRI may be needed for this.
 An inability to extend the knee in the absence of a fracture on x-rays may indicate an injury to the quadriceps or the infrapatellar ligament.
 In the case of a quadriceps rupture, the patella will lie either in its normal position or slightly distal. If the infrapatellar ligament is ruptured, the patella may displace proximally due to the unchecked pull of the quadriceps. MRI may be helpful for these diagnoses as well.
 A well-corticated fragment of the patella seen on plain radiography with smooth and rounded borders suggests a bipartite patella (see Figure 7). This is in contrast to the irregular border characteristic of patellar fractures. A bipartite patella results from failure of fusion of the ossification centers during childhood and is typically located in the superior-lateral region of the patella.
 [image: ]Figure 7: X-rays showing a bipartite patella, annotated form to the right. (Annotated from Radiopaedia https://radiopaedia.org/cases/bipartite-patella-1)  
 Red Flags
 A patellar fracture with blood on the skin or air seen below the skin on radiography suggests an open fracture or traumatic arthrotomy.
 A lipohaemarthrosis suggests an associated fracture of the distal femur or proximal tibia.
  
 Treatment Options and Outcomes
 Non-surgical management is indicated for patellar fractures when the extensor mechanism is intact, displacement is minimal and is likely to remain so (see Figure 8).
 [image: ]Figure 8: A non-displaced vertical patellar fracture (fracture line shown by black arrow). This fracture is likely to be stable, as the pull of the quadriceps is not apt to separate the fracture fragments as it might do with a transverse fracture. (From Wikipedia) When a patellar fracture is treated non-operatively, the knee is usually immobilized in extension for about 3 weeks in a cast or brace. Physical therapy is then commenced to gradually regain knee range of motion and strength.
 Non-surgical management in appropriately chosen patients leads to good results in 90% of patients. There is some risk of post-traumatic osteoarthritis from the initial injury to the articular cartilage. Also, even slight incongruity of the articular surface after healing can damage the cartilage on the trochlea, which in turn can further abrade the patellar surface, in a vicious cycle that produces post-traumatic arthritis.
 Surgical fixation is indicated to treat patellar fractures when the extensor mechanism is disrupted, in the case of open fractures, when there is a significant articular displacement or when loose bodies or osteochondral fragments are present.
 Options for fixation usually involve wiring techniques such as tension banding (Figure 9) for transverse fractures, or cerclage wiring for stellate fractures. Depending on the fracture configuration there may be indications for screw and/or plate fixation.
 [image: ]Figure 9: A tension band fixation of a patellar fracture. As seen in this lateral view, two thin metal rods called “k-wires” are placed in the patella, roughly parallel to the shaft of the femur/tibia; a malleable metal wire is then woven around the ends of the k-wire and tied along the anterior surface of the patella. (From Radiopedia https://radiopaedia.org/cases/patellar-fracture-comminuted-1) At times, patellar fracture fragments are so comminuted that they cannot be fixed. In those cases, a partial patellectomy may be necessary. In this operation, the patellar tendon is reattached to the residual patellar fragment.
 A total patellectomy should be avoided if at all possible because the loss of the patella markedly reduces quadriceps strength and knee function. It may therefore be preferable to use a cerclage wire to maintain the fragments in only an approximate position. Without anatomic reduction, the joint surface will heal with irregularities. Still, this approach preserves the bone, which could then be used to support the insertion of a prosthetic device later, should symptoms demand it.
 All patellar fractures can be complicated by knee stiffness, nonunion or malunion, and degenerative joint disease. Indeed, some residual symptoms are very common, despite optimal care.
 Because of the superficial location of the patella, surgical hardware can be irritating and may need to be removed once the fracture is sufficiently healed.
  
 Risk Factors and Prevention
 Beyond the usual risk factors for any broken bone (e.g., osteopenia and exposure to trauma) the patella is at risk for fracture if a piece of it has been harvested (as in the case of anterior cruciate reconstruction) or partially resected (as in total knee arthroplasty). It is therefore critical to avoid excessive resection of bone in those procedures.
  
 Miscellany
 A brief word on nomenclature: what should one call the soft tissue connection between the patella and the tibia? Some use the term “infrapatellar ligament,” and others denote this as the “patellar tendon.” Both names are supported by logic. The tissue does connect bone to bone, rendering it a ligament. On the other hand, the tissue is the ultimate attachment of muscle to bone, rendering it a tendon. Technically speaking – because the patella is a sesamoid bone, that is, a bone imbedded within a tendon – the tissue in question is more rightly termed the “quadriceps tendon.” That, however, would be potentially confusing, as the name would also apply to the tissue superior to the patella as well. By tradition, that supra-patellar tissue alone owns the name “quadriceps tendon,” and the tissue below is called variously “infrapatellar ligament” and “patellar tendon.” You will find both used in Orthopaedia interchangeably.
 The term luxation means dislocation, and therefore subluxation refers to a partial (sub) dislocation.
 “K-wires” are named after Martin Kirschner (1879-1942), a German surgeon from Heidelberg who in 1909 described using thin wires in the management of fractures.
 The use of tension band wiring for patellar fractures dates back to 1877 when an old houseman of the Joseph Lister at King’s College Hospital in London performed the first case. He got the idea of using the technique from his mentor who had successfully used a silver wire for a non-united olecranon fracture 4 years earlier (1873). Patella and olecranon injuries involve a tension-type force with an extensor mechanism attachment disruption. Lister soon followed this with 7 cases of his own that he presented in 1883. He reportedly removed the wires at 8 weeks. Fortunately for his patients, Lister was also the father of antisepsis and diligently used this approach in his surgical procedures.
  
 Key Terms
 Patellar facets, bipartite patella, patellar fracture, extensor mechanism, tension band wiring (TBW), lipohaemarthrosis, cerclage wiring
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		Tibia Fractures

								

	
				The tibia, the larger of the two lower leg bones, can be broken in three areas: the tibial plateau, near the knee; the shaft; and tibial plafond, near the ankle. Fractures in each region have their own distinct concerns. Tibial plateau fractures are peri-articular (joint-adjacent) fractures, and thus may lead to post-traumatic arthritis. Shaft fractures are associated with acute compartment syndrome and, owing to their subcutaneous location, have greater difficulty healing. They are also associated with compartment syndrome. Tibial plafond fractures [covered in the ankle fracture chapter] are also peri-articular injuries, and they too can be complicated by post-traumatic arthritis.
 Most tibial fractures are best managed with surgical fixation. Stabilizing the tibia non-operatively requires a long-leg cast, one that crosses the knee and ankle joints; surgical treatment thereby liberates the knee and ankle. Permitting motion of those joints helps avoid the stiffness that cast immobilization might otherwise induce.
 The much smaller lower leg bone, the fibula, is usually fractured when the tibia is broken. The injury pattern is commonly called a “tib-fib” fracture. Unlike the case of a “both bones” fracture of the forearm, where both the radius and ulna must be treated to restore rotation function, specific treatment of the fibular shaft is usually not required. That is because the fibula supports only approximately 10% of the bodyweight and the tibial shaft can adapt to greater loads if needed. Fibular fractures are problematic usually only to the extent they involve the knee or ankle joints, or a fracture fragment injures the nearby common peroneal nerve.
  
 Structure and Function
 The tibia and fibula are the two bones of the lower leg. The tibia is larger and located more medially and anteriorly; the fibula is smaller, lateral, and posterior (Figure 1).
 Proximally, the tibia articulates with the femur at the knee joint, which allows for flexion and extension of the lower leg. Distally, the tibia and fibula articulate with the talus at the ankle joint, which allows for dorsiflexion and plantarflexion of the ankle.
 	[image: ] 	Figure 1: Bony Anatomy of the Tibia and Fibula. LTP = lateral tibial plateau; MTP = medial tibial plateau; TT = tibial tubercle; TS = tibial shaft; Plaf= tibial plafond; MM = medial malleolus; LM = lateral malleolus; FS = fibular shaft; FN = fibular neck. The ligaments holding the tibia and fibula together are shown in green. (Modified and annotated from https://en.wikipedia.org/wiki/Intraosseous_infusion – /media/File:811_Tibia_and_fibula.jpg https://openstax.org/books/anatomy-and-physiology/pages/8-4-bones-of-the-lower-limb) 
  
 The medial tibial plateau is concave and bears 60% of the joint load across the knee. The lateral plateau is convex. Its elevated position, as well as its relative weakness make it more prone to fracture.
 The popliteal fossa behind the knee holds the popliteal artery and vein. The fossa is also home to the tibial and common peroneal nerves, which innervate the lower leg. The common peroneal nerve lies close to the proximal fibula, where it divides into superficial and deep branches. The common peroneal nerve is at risk for injury with proximal fibula fracture (see Figure 2).
 [image: ]Figure 2: The course of the common peroneal nerve is shown at left. The nerve lies posterior, behind the tibial plateau and fibular head, until it wraps around the fibular neck on its course to the anterior aspect of the leg. A fracture of the proximal fibula, as shown in the x-ray to the right, places the nerve at risk. (X-ray courtesy of Pathoanatomy and Injury Mechanism of Typical Maisonneuve Fracture https://doi.org/10.1111/os.12733) The extrinsic muscles of the foot originate in the lower leg. These muscles are contained within four fascial compartments: the anterior, lateral, deep posterior, and superficial posterior compartments (Figure 3).
 [image: ]Figure 3: The four compartments of the leg and their contents are shown in a cross section (modified from Wikipedia). The anterior compartment is shown in red, lateral in blue, deep posterior in green, and superficial posterior in purple. The anterior compartment contains the tibialis anterior, extensor digitorum longus (EDL), and extensor hallucis longus (EHL) muscles, which act to dorsiflex the foot and extend the toes. These muscles are innervated by the deep peroneal nerve, which runs within the compartment, as well.
 The deep peroneal nerve provides sensation to the first web space on the dorsum of the foot, between the great and second toes. Loss of normal sensation in the first web space may be one of the earliest signs of compartment syndrome.
 The lateral compartment contains the peroneus longus and brevis muscles, which evert the foot. These muscles are innervated by the superficial peroneal nerve, which also provides sensation to most of the dorsum of the foot (except the first web space).
 The deep posterior compartment contains the flexor hallucis longus (FHL), flexor digitorum longus (FDL), and tibialis posterior muscles, which act to plantarflex the ankle, flex the toes, and invert the foot. The deep posterior compartment muscles are innervated by the tibial nerve.
 The superficial posterior compartment muscles are also innervated by the tibial nerve. These muscles, the plantaris, soleus, and gastrocnemius muscles, plantarflex the ankle. The gastrocnemius also assists with knee flexion, as it originates from the posterior femur and crosses both the knee and the ankle joints. The terminal branches of the tibial nerve provide sensation to the posterior distal leg and sole of the foot.
 The knee is stabilized by four primary ligaments: the medial collateral ligament (MCL), lateral collateral ligament (LCL), anterior cruciate ligament (ACL), and posterior cruciate ligament (PCL).
 Due to its close proximity to the knee and tethering to its posterior soft tissues, the popliteal artery is at risk when there is extensive knee trauma. The artery is particularly high risk when the knee is injured while in extension, when the artery is under tension and closest to the bone. (Figure 4).
 [image: ]Figure 4: Angiography (left) demonstrates the proximity of the popliteal artery to the bones of the knee. As see in the annotated image (right) the popliteal artery (appropriately in red) is just posterior to the knee joint. (Modified from Cooper N, Roshdy M, Sciarretta JD, Kaufmann C, Duncan S, Davis J, Macedo FI. Multidisciplinary team approach in the management of popliteal artery injury. J Multidiscip Healthc. 2018;11:399-403)  
 Patient Presentation
 Patients with tibia fractures typically present with a history of an acute injury. They have pain, swelling, deformity, and inability to bear weight.
 Tibial shaft fractures are the result of a direct force or a torsional injury and usually present with obvious deformity.
 Tibial plateau fractures are usually the result of falls, motor vehicle accidents, and sports injuries. The mechanism of injury is usually an axial load in combination with a varus or valgus force, depending on the position of the knee at the time of injury.
 Tibial plateau fractures may also be caused by relatively low energy twisting mechanisms, particularly if the patient is obese or elderly. A knee effusion (hemarthrosis) is present on exam. It is important to assess for evidence of other injuries including knee dislocation, which may have spontaneously reduced itself prior to presentation.
 A careful skin check should be part of every exam, as the tibia is the most common location of open long bone fractures.
 Due to the risk of neurovascular injury, it is imperative to perform a careful motor and sensory exam. The sensory examination of the deep and superficial peroneal nerves is most informative, as motor function will be inhibited by pain, and its absence is therefore nonspecific. An initial vascular exam assessing the dorsalis pedis (DP) and posterior tibialis (PT) artery pulses is critical as well.
 Swelling is common after tibial fracture and predisposes to compartment syndrome. Compartment syndrome (see https://orthopaedia.com/page/Acute-Compartment-Syndrome) may be present in 10% or more of tibial shaft fractures.
  
 Objective Evidence
 Patients with suspected tibia fractures should have x-rays performed of the knee, tibia and fibula, and ankle (see Figure 5a. An anterior-posterior (AP), lateral, and oblique views of the knee are needed for suspected tibial plateau fractures (Figure 5b).
 Tibial plateau fractures are characterized by location: the lateral tibial plateau; medial tibial plateau fracture; or both. AP and lateral radiographs of the leg (tibia/fibula) can characterize tibial shaft fractures. Tibial shaft fractures are best described by their location in the bone (e.g., “mid-shaft”); the orientation of the fracture line (e.g., “transverse”); the presence of comminution, displacement and angulation; and the status of the soft tissue (e.g., open vs closed).
 For peri-articular fractures, that is, injuries near the knee and ankle, a CT scan is useful for assessing the fracture pattern and for preoperative planning. That’s because even small amounts of displacement can interfere with optimal function. If there are concerns of associated ligament injuries, an MRI may also be indicated.
 With any suspicion of a vascular injury, the Ankle Brachial Index (ABI) should be measured. The ABI is the ratio of the systolic blood pressure at the level of the dorsalis pedis  (DP) or posterior tibial (PT) arteries (ankle) divided by the systolic pressure at the level of the brachial artery. An ABI below 0.9 is concerning for a vascular injury. If there is any doubt about the adequacy of flow, a vascular consult should be obtained urgently. In such cases, the consultant usually will order an angiogram.
 If survival of the limb is imminently threatened, the best decision may be to proceed directly to the operating theatre where an “on table angiogram” can be performed in conjunction with an emergency surgical procedure.
 [image: ]Figure 5a: A comminuted tibial shaft fracture with a transverse fracture of the proximal fibular diaphysis. (case courtesy of Radiopaedia.org, rID: 461545b.) Figure 5b: Fracture of the medial tibial plateau. (from https://radiopaedia.org/articles/tibial-plateau-fracture) X-rays should be evaluated closely for evidence of a knee dislocation, as dislocation is frequently (15%) associated with neurovascular injury.
  
 Epidemiology
 Tibia fractures are common. Tibia fractures occur in all age groups, but incidence tends to follow a bimodal age distribution, with high energy fractures in younger patients and low energy fractures in older patients.
  
 Differential Diagnosis
 The diagnosis of a traumatic tibial fracture is fairly straight forward, but it is important to accurately assess the fracture patterns and the extent of associated soft tissue damage. There may be neurovascular deficits, compartment syndrome, and ligament injuries – none of which are necessarily seen on plain radiographs.
 Radiographs may also reveal an underlying pathological process such as a bone tumour or osteoporosis.
  
 Red Flags
 The “red flags” of tibia fractures are any sign or symptom that would suggest a vascular injury or compartment syndrome.
 Particular attention must be paid to high energy fractures. These fractures may be associated with a knee dislocation and vascular injury. Consumption of increasing amounts of narcotic pain medicines after reduction of a tibia fracture is worrisome for compartment syndrome.
 Blood on the skin without any grossly obvious wound may suggest a subtle open fracture – a so-called “inside out” open fracture. The term refers to the mechanism of injury: the break in the skin is caused by a spike of the fractured bone. This penetrates the skin from within, but then recoils back below the skin. This mechanism leaves just a small puncture wound, which may be overlooked except for the bleeding it causes.
  
 Treatment Options and Outcomes
 On presentation in ER
 If there is marked deformity, gentle traction and application of a splint under sedation can markedly improve limb alignment, provide temporary stability, improve pain control. Aligning the bone also reduces the risk of progressive neurovascular injury from soft tissue tethering. Any skin breaches should be noted, cleansed and dressed prior to application of the splint.
 Open fracture sites should be cleaned and irrigated with sterile normal saline (in preference to soap or antiseptics) and covered with a saline-soaked sterile dressing as a prelude to further exploration and debridement in OR.
 The most important intervention shown to reduce risk of infection after open fracture is the early administration of appropriate IV antibiotics. The choice of antibiotics will depend on the context, but high energy, grossly contaminated or farmyard injuries require the broad coverage against gram negative and positive bacteria, as well as anaerobic organisms. Tetanus prophylaxis should be given as well, if indicated.
 Non-operative Management
 Closed tibia shaft fractures can be treated with immobilization if the alignment is acceptable and the fracture is sufficiently stable. A splint is used first, to accommodate the inevitable swelling. The splint is converted to a long-leg cast once the swelling subsides. Notably, the stabilization of a long bone initially requires a cast that crosses the joints above and below the fracture. In the case of a tibia fracture, the knee and ankle must be immobilized initially. To minimize joint stiffness, casts should be converted to a functional brace or short-leg cast once some bone healing is seen.
 When cast immobilization is used as fracture treatment, fragments can move and a malunion can develop. Patients must be followed closely to monitor for shortening, angulation, or rotation of the fracture.
 Minimally displaced tibial plateau fractures caused by low energy mechanisms of injury, especially in patients who are non-ambulatory or close to it, can be treated in a knee immobilizer. It must be assumed that most older patients cannot reliably restrict weight bearing, so this approach must be reserved for fractures that will not displace when the patient inevitably stands on the affected leg.
 Non-operative management may also be the preferred treatment option, even with displaced fractures, when the patient is too sick to undergo surgery. Joint replacement, after the fracture has healed, may be an option if the patient’s medical condition improves and post-traumatic arthritis develops.
 Surgical Management
 Surgical management is required for open fractures, vascular injury, and compartment syndrome. Even without those considerations present, most tibial fractures are best managed with internal fixation with plates, intramedullary nails, or a combination of the two techniques. Surgical fixation maximizes anatomic restoration and allows the knee and ankle to move.
 External fixation is typically used as a temporizing measure. Depending on the location of the fracture, the external fixator many need to span the ankle or knee (Figure 6). An external fixator can be applied quickly and will help realign the fracture and provide bony stability in even the most medically unstable patients.
 The location of external fixation pins can be chosen judiciously, such that vascular injuries and severe soft tissue defects can be treated while the bone is held in place. Pin tract complications, such as loosening and infection, are common. External fixation can be converted to definitive internal fixation devices once all vascular and soft tissue injuries have been addressed, and there is no evidence of infection.
 If there is a compartment syndrome, fasciotomies must be performed prior to fixation.
 [image: ]Figure 6: Bilateral external fixators are used here to temporarily stabilize bilaterally open tibia fractures. (courtesy of Jaimo Ahn, MD, PhD, FACS, FAAOS, Harold W. and Helen L. Gehring Research Professor of Orthopaedic Surgery, University of Michigan) Open reduction and internal fixation (“ORIF”, pronounced oh-are-eye-eff) is the definitive treatment of choice for tibial plateau fractures. The aim of ORIF (Figure 7) is anatomic reduction of the articular surface and rigid stabilization. Rigid fixation allows early joint range of motion of the knee joint. Patients are often placed in a hinged knee brace to maintain normal alignment and allow the ligaments, if injured, to heal.
 [image: ]Figure 7: ORIF of a tibial plateau fracture with a plate and screws. (courtesy of Jaimo Ahn) Intramedullary nailing is usually the treatment of choice for tibial shaft fractures (Figure 8). To place the nail, an incision is made at the knee, the bone fragments are aligned, and a nail is placed in the medullary canal of the tibia. The nail can be locked with screws proximally and distally. The main goal of nailing is to restore the length, alignment, and rotation of the tibial shaft. Patients are typically able to bear full weight as tolerated after surgery. Some patients report knee pain near the entry site of the nail.
 [image: ]Figure 8: A locked intramedullary nail holds a tibia fracture in anatomic alignment. Note that the fibula is not fixed, but rather is stabilized indirectly by the tibia. (image courtesy of Dr. Jaimo Ahn) In cases with significant soft tissue damage –a crush injury with transection of the neurovascular bundle, say– amputation at the time of presentation may be the best option. If a prompt amputation is performed, a prosthesis can be fitted, and rehabilitation commenced almost immediately. The unhappy alternative to early amputation in some patients with devastating injuries is a protracted course of multiple failed operations, chronic pain and drug dependency, financial hardship due to loss of work and hospital bills, psychological depression – and an amputation is a salvage procedure at the end of this sorry course. Needless to say, no patients want to lose a limb, but if an injury is going to lead to loss of the leg regardless, or lead to a limb that is viable but unbearably painful and functionally inferior to a prosthesis, it is better to perform the amputation expeditiously. (There are many examples of very high functioning athletes with prosthetic limbs.)
  
 Risk Factors and Prevention
 There is not much that can be done to prevent tibia fractures. Fractures are often the result of falls from height, sports injuries, and motor vehicle crashes – and people like playing sports and driving cars. Optimizing bone health may prevent some lower energy fractures in the elderly population.
  
 Key Terms
 Tibia fracture, tibial plateau fracture, tibia shaft fracture, compartment syndrome, fasciotomy, intramedullary nail, open reduction and internal fixation, knee dislocation
  
 Skills
 Perform a physical exam including assessment of compartments; recognize and describe fractures seen on an x-ray; perform provisional splinting/immobilization; understand surgical approach and principles of orthopedic fixation and fasciotomy.
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		Anatomy of the Foot and Ankle

								

	
				A solid understanding of anatomy is essential to effectively diagnose and treat patients with foot and ankle problems. Anatomy is a road map. Most structures in the foot are fairly superficial and can be easily palpated. Anatomical structures (tendons, bones, joints, etc) tend to hurt exactly where they are injured or inflamed. Therefore a basic understanding of surface anatomy allows the clinician to quickly establish the diagnosis or at least narrow the differential diagnosis. For those conditions that require surgery a detailed understanding of anatomy is critical to ensure that the procedure is performed efficiently and without injuring any important structures. With a good grasp of foot anatomy it readily becomes apparent which surgical approaches can be used to access various areas of the foot and ankle.
 There are a variety of anatomical structures that make up the anatomy of the foot and ankle (Figure 1) including bones, joints, ligaments, muscles, tendons, and nerves. These will be reviewed in the sections of this chapter.
 [image: ]Figure 1: Bones of the Foot and Ankle  
 Regions of the Foot
 The foot is traditionally divided into three regions: the hindfoot, the midfoot, and the forefoot (Figure 2). Additionally, the lower leg often refers to the area between the knee and the ankle and this area is critical to the functioning of the foot.
 The Hindfoot begins at the ankle joint and stops at the transverse tarsal joint (a combination of the talonavicular and calcaneal-cuboid joints). The bones of the hindfoot are the talus and the calcaneus.
 The Midfoot begins at the transverse tarsal joint and ends where the metatarsals begin –at the tarsometatarsal (TMT) joint. While the midfoot has several more joints than the hindfoot, these joints have limited mobility. The five bones of the midfoot comprise the navicular, cuboid, and the three cuneiforms (medial, middle, and lateral).
 The Forefoot is composed of the metatarsals, phalanges, and sesamoids. The bones that make up the forefoot are those that are last to leave the ground during walking. There are twenty-one bones in the forefoot: five metatarsals, fourteen phalanges, and two sesamoids. The great toe has only a proximal and distal phalanx, but the four lesser toes each have proximal, middle, and distal phalanges, which are much small than those of the great toe. There are two sesamoid bones embedded in the flexor hallucis brevis tendons that sit under the first metatarsal at the level of the great toe joint (1st metatarsophalangeal joint).
 [image: ]Figure 2: Regions of the Foot  
 Columns of the Foot
 The foot is sometimes described as having two columns (Figure 3). The medial column is more mobile and consists of the talus, navicular, medial cuneiform, 1st metatarsal, and great toe. The lateral column is stiffer and includes the calcaneus, cuboid, and the 4th and 5th metatarsals.
 [image: ]Figure 3: Columns of the Foot  
 Bones and Joints
 The foot is comprised of 28 bones (Figure 1). Where two bones meet a joint is formed –often supported by strong ligaments. It is helpful to think of the joints of the foot based on their mobility (Table 1). A few of the joints are quite mobile and are required for the foot to function normally from a biomechanical point of view. These are often referred to as essential joints. There are some joints that move a moderate amount, and there are other joints that are held tightly together with strong ligaments. These non-mobile joints are sometimes referred to as non-essential joints. (This may be a poor term in that it incorrectly implies that the joints are not important; they are important. Rather the correct sense is only that movement from these joints is less critical.)
 Table 1: Joint Function in the Foot 	Mobile Joints of the Foot and Ankle (Essential Joints): Ankle joint (tibiotalar joint)
 Subtalar joint
 Talonavicular joint (TN joint)
 Metatarsophalangeal (MTP) joints
 
 	Joints that Move a Moderate Amount: Calcaneal-cuboid joint
 Cuboid-metatarsal joint for the fourth and fifth metatarsal.
 Proximal interphalangeal joint (PIP)
 Distal interphalangeal joint (DIP)
 
 	Joints with Minimal Movement (Non-Essential Joints): Navicular-cuneiform joints
 Intercuneiform joints
 Tarsometatarsal (TMT) joint “Lisfranc” Joint (a.k.a. midfoot joint)
 
  
  
 Bones of the lower leg and hindfoot: Tibia, Fibula, Talus, Calcaneus.
 Joints of the hindfoot: Ankle (Tibiotalar), Subtalar.
 Tibia and Fibula (long bones)
 The foot is connected to the body where the talus articulates with the tibia and fibula. In a typical foot the tibia is responsible for supporting about 85% of body weight. The fibula accepts the remaining 15%; its main role is to serve as the lateral wall of the ankle mortise (Figure 4). The tibia and fibula are held together by the tibiofibular syndesmosis, a collection of 5 ligaments. The prominence on the medial side of the distal tibia is known as the medial malleolus; the distal aspect of the fibula is known as the lateral malleolus.
 [image: ]Figure 4: Ankle Joint Anatomy Talus
 The talus is the top (most proximal) bone of the foot. Because it articulates with so many other bones, 70% of the talus is covered with hyaline cartilage (joint cartilage). The talus connects to the calcaneus on the underside through the subtalar joint, and distally it connects to the navicular through the talonavicular joint. These articulations allow the foot to rotate smoothly around the talus. Owing primarily to the fact that no tendons attach to it and that most of its surface is cartilage, the talus has a relatively poor blood supply. The lack of a robust blood supply means that injuries to this bone take greater time to heal than might be the case with other bones—and some injuries will not heal at all.
 The talus is generally thought of as having three parts: the body, the head, and the neck (Figure 5). The talar body, which is roughly square in shape and is topped by the dome, connects the talus to the lower leg at the ankle joint. The talar head is adjacent to the navicular bone to form the talonavicular joint. The talar neck is located between the body and head of the talus. The talar neck is one of the few areas of the talus not covered with cartilage, and is thus the point of entry for the blood vessels supplying the talus.
 [image: ]Figure 5: Talus Anatomy Calcaneus
 The calcaneus is commonly known as the heel bone. The calcaneus is the largest bone in the foot, and along with the talus, it makes up the area of the foot known as the hind-foot. There are three protrusions (anterior, middle, and posterior facet) on the superior surface of the calcaneus that allow the talus to sit on top of the calcaneus, forming the subtalar joint (Figure 6). The calcaneus also connects to the cuboid bone to form the calcaneal-cuboid joint.
 Subtalar Joint
 The talus rests above the calcaneus to form the subtalar joint (Figure 6) slightly offset laterally, towards the 5th metatarsal/small toe. This lateral positioning allows greater flexibility in inversion/eversion (tilting). The subtalar joint moves in concert with the talonavicular joint and the calcaneocuboid joint, two joints located near the front of the talus.
 [image: ]Figure 6: Calcaneal Anatomy  
 Bones of the midfoot: Cuboid, Navicular, Cuneiform (3).
 Joints of the midfoot: talonavicular, calcaneocuboid, intercunneiform, tarsometatarsal (TMT).
 Cuboid
 The cuboid bone is a square-shaped bone on the lateral aspect of the foot. The main joint formed with the cuboid is the calcaneocuboid joint, where the distal aspect of the calcaneus articulates with the cuboid.
 Navicular
 The navicular is distal to the talus and connects with it through the talonavicular joint. The distal aspect connects to each of the three cuneiform bones. Like the talus, the navicular has a poor blood supply. On its medial side (closest to the middle of the foot) the navicular tuberosity is the main attachment of the posterior tibial tendon.
 Transverse Tarsal Joint
 The transverse tarsal joint is not a true joint, but the combination of the calcaneocuboid and talonavicular joints. When these two joints are aligned in parallel, the foot is flexible yet when their axes are divergent, the foot becomes stiff. The shift from a flexible state to a stiff one allows the foot to serve as a shock absorber and as a rigid level in different phases of gait.
 Cuneiforms
 There are three cuneiform bones in the foot: the medial, medial (intermediate), and lateral cuneiforms (Figure 7). These bones, along with the strong plantar and dorsal ligaments that connect to them, provide a good deal of stability for the foot.
  
 Bones of the forefoot: Metatarsals (5), Phalanges (14), Sesamoid Bones (2)
 Metatarsals
 Each foot contains five metatarsals, numbered 1-5 medial (great toe) to lateral. The first three metatarsals medially are more rigidly held in place than the lateral two. The metatarsals articulate with the mid-foot at their base, a joint called the tarsal-metatarsal (TMT) joint, or Lisfranc joint. The TMT joint is made stable not only by strong ligaments connecting these bones, but also because the second metatarsal is recessed into the middle cuneiform in comparison to the others (Figure 7). The metatarsal heads are the main weight bearing surface and the site where the phalanges attached at the metatarsal-phalangeal (MTP) joint.
 [image: ]Figure 7: Lisfranc (Tarsometatarsal) Joint Phalanges
 The first toe, also known as the great toe or hallux, is the only one to have two phalanges; the other lesser toes have three. These are known as the proximal phalanx (closest to the ankle) and the distal phalanx (farthest from the ankle). The phalanges form interphalangeal joints between themselves: a proximal interphalaneal joint (PIP) and the distal interphalangeal joint (DIP) (Figure 8).
 [image: ]Figure 8: Joints of the Toes Sesamoid Bones
 In the foot, there are two sesamoid bones located directly underneath the first metatarsal head, embedded in the medial (tibial) side and lateral (fibular) aspect of the flexor hallucis brevis tendon.
  Common Ossicles of the Foot
 Some feet contain accessory ossicles or accessory bones (Figure 9). These extra bones are developmental variants. Over 40 different ossicles of the foot have been reported. The most common accessory bones include:
 Os Trigonum: Found at the posterior aspect of the talar body, this ossicle is connected to the talus via a fibrous union that failed to unite (ossify) between the lateral tubercle of the posterior process. An os trigonum is present in about 10% of the population.
 Os Naviculare (Os Tibiale Externum or Accessory Navicular): This bone represents a failure to unite the ossification center the navicular tuberosity (where the tibialis posterior tendon inserts) to the main center of the bone. It is present in about 15% of the population.
 Os Peroneum: This extra bone is found within the peroneus longus tendon sheath at the point where it wraps around the cuboid. It has been reported in about 20% of patients.
 Bipartite Sesamoid: This condition occurs when one of the sesamoids associates with the great toe fails to ossify resulting in two bone segments connected by a fibrous union. It can be mistaken for a sesamoid fracture. Bipartite sesamoids are seen in about 20% of the population with more than 90% of them occurring in the tibial sesamoid.
 Os Subfibulare: This extra bone is seen at the type of the fibula. It can be mistaken for an avulsion fracture. It is seen in 1-2% of the population.
 [image: ]Figure 9: Common Accessory Ossicles of the Foot  
 Ligaments
 The Anterior TaloFibular Ligament (ATFL)
 The anterior talofibular ligament (Figure 10) is the most commonly injured ligament when an ankle is sprained. The ATFL runs from the anterior aspect of the distal fibula (lateral malleolus) down and to the outer front portion of the ankle in order to connect to the neck of the talus. It stabilizes the ankle against inversion, especially when the ankle is plantar-flexed.
 The CalcaneoFibular Ligament (CFL)
 The calcaneofibular ligament (Figure 10) is also on the lateral side of the ankle. It starts at the tip of the fibula and runs along the lateral aspect of the ankle and into the calcaneus. It too resists inversion, but more when the ankle is dorsiflexed.
 Posterior TaloFibular Ligament
 The posterior talofibular ligament runs from the back lower part of the fibula and into the outer back portion of the calcaneus (Figure 10). This ligament functions to stabilize the ankle joint and subtalar joint.
 [image: ]Figure 10: Lateral Ankle Ligaments The Deltoid Ligament
 The deltoid ligament is a fan shaped band of connective tissue on the medial side of the ankle (Figure 11). It runs from the medial malleolus down into the talus and calcaneus. The deeper branch of the ligament is securely fastened in the talus, while the more superficial, broader aspect runs into the calcaneus. This ligament functions to resist eversion.
 [image: ]Figure 11: Medial Deltoid Ligament Spring Ligament
 The spring ligament (Figure 11) is a strong ligament that originates on the sustentaculum tali – a bony prominence of the calcaneus on the medial aspect of the hindfoot. The spring ligament inserts into the plantar medial aspect of the navicular and serves to cradle and support the talar head.
 Lisfranc Ligaments
 The Lisfranc joint complex is a series of ligaments that stabilize the tarsometatarsal joints. These ligaments prevent the joints of the midfoot from moving much, and as such provide considerable stability to the arch of the foot. The plantar ligaments are stronger than those on the dorsal side (Figure 12 & 13). The Lisfranc ligament is a strong band of tissue that connects the medial cuneiform to the base of the second metatarsal.
 The Inter-Metatarsal Ligaments
 These ligaments run between the metatarsal bones at the base of the toes (Figure 12). They connect the neck region of each metatarsal to the one next to it, and bind them together. This keeps the metatarsals moving in sync. While it is possible to tear these ligaments, it is also possible for them to irritate the digital nerve as it crosses the ligaments creating a Morton’s neuroma.
 The 1st MTP joint Capsule of the Great Toe
 The connective tissue of this ligament takes the form of a capsule (Figure 12). It goes from the medial portion of the first metatarsal head and stretches to the distal phalanx on the same side. This allows this ligament to stabilize the great toe on the medial side. In the situation where a person develops a bunion, this band gets stretched out, and the great toe changes position and becomes angulated outward.
 [image: ]Figure 12: Plantar Ligaments Anterior Inferior TibioFibular Ligament (AITFL)
 The anterior inferior tibiofibular ligament (Figure 4) is positioned on the anterolateral aspect of the ankle joint and serves to helps keep the tibia and fibula together. Injuries to this ligament, so called high ankle sprains, occur when the foot is stuck on the ground while the leg rotates inwards.
 The Interosseous Membrane
 The interosseous membrane is composed of strong fibrous tissue and runs along the tibia and fibula, and keeps the two bones moving as one unit (Figure 4).
 The syndesmosis
 The ligament group formed by the AITFL and the interosseous membrane, joined by the posterior inferior tibiofibular ligament, the transverse ligament and the interosseous ligament is known as the syndesmosis. The function of the syndesmosis is to hold the tibia and fibula together at the appropriate distance, thereby forming the mortise into which the talus sits
  
 Muscles and Tendons
 There are four muscle compartments in the lower leg (Figure 13) each separated by strong fascia:
 	the superficial posterior compartment;
 	the deep posterior compartment;
 	the anterior compartment and;
 	the lateral compartment
 
 Collectively the muscles in these four compartments are referred to as the extrinsic muscles of the foot because they originate above the foot in the leg, but insert within the foot.
 [image: ]Figure 13: Muscle Compartments of the Lower Leg Superficial Posterior Compartment
 The superficial posterior compartment of the leg holds the two large muscles of the calf, the gastrocnemius and the soleus, which both run along the length of the leg joining to form the Achilles tendon. Both gastrocnemius and soleus muscles are innervated by the tibial nerve. The gastrocnemius is the more superficial of the posterior calf muscles. It originates above the knee joint, off the posterior femur, and inserts into the calcaneus. The soleus is the deeper of the two muscles of the calf and does not cross the knee. There is a smaller third muscle of the superficial posterior compartment called the plantaris. It is very small and not functionally important in most people (but is subject to injury nonetheless).
 Deep Posterior Compartment
 This muscle compartment is located on the backside of the leg deep to the soleus muscle. There are three muscles in this compartment, the flexor hallucis longus, the flexor digitorum longus, and the tibialis posterior. All three of these muscles cross the ankle and insert on bones of the foot, the hallux, the lessor toes and the navicular, respectively. They are innervated by the tibial nerve.
 Anterior Compartment
 The anterior compartment is comprised of four muscles that extend (dorsiflex) the foot and ankle (Figure 14). The Tibialis Anterior, the Extensor Hallucis Longus, the Extensor Digitorum Longus and the Peroneus Tertius. The deep peroneal nerve innervates all the muscles of the anterior compartment.
 [image: ]Figure 14: Dorsiflexors of the Foot and Ankle Lateral Compartment
 The last of the muscle compartments of the lower leg is the lateral compartment (Figure 15) is comprised of two muscles, the peroneus longus and the peroneus brevis. Both cross the ankle, but the peroneus longus wraps underneath the cuboid crossing the plantar aspect of the foot as well, and inserts at the base of the first metatarsal. The peroneus brevis inserts at the base of the fifth metatarsal on the lateral aspect of the foot. These two muscles work together to evert the foot – move it towards the lateral side. The peroneus longus also functions to plantarflex the first metatarsal. Both of these muscles are controlled by the superficial peroneal nerve.
 [image: ]Figure 15: Lateral Compartment Muscles Muscles within the Foot
 There are a large number of smaller muscles deep inside the foot. They help move the toes and stabilize the foot. Collectively they are referred to as the intrinsic muscles of the foot because they are entirely contained within the foot. Only two of these muscles are located on the dorsal aspect (top) of the foot: the extensor hallucis brevis, and the extensor digitorum brevis. They are both innervated by the deep peroneal nerve. Their primary purpose is to help extend the toes. This is in contrast to the flexor hallucis brevis and flexor digitorum brevis. These muscle tendon units are located deep in the plantar arch and respectively assist in flexing the great toe and the four lesser toes. They are innervated by the medial plantar nerve.
 Plantar Fascia
 The plantar fascia is not a nerve, tendon or muscle, but rather a strong fibrous tissue (Figure 16). This tissue originates deep within the plantar surface of the calcaneus (heel bone) and covers the distance to the base of each of the five toes. When the foot rolls off the ground during walking, the toes dorsiflex and pull on the plantar fascia. This motion tends to tighten the plantar fascia, and thereby supports the arch of the foot, by maintaining the distance between the calcaneus and the metatarsal heads – a phenomenon known as the windlass mechanism. This stiff and relatively impermeable covering helps to protect the muscles of the sole of the foot.
 [image: ]Figure 16: Plantar Fascia  
 Nerves
 Nerves of the Foot
 There are five main nerves that run past the ankle into the foot (Figure 17). All five of these are derived from two nerves that originate from the lumbar spine. The sciatic nerve branches into four of the five primary nerves of the foot. Two segments of the sciatic nerve branch before the knee joint: the tibial nerve and peroneal nerve. The tibial nerve gives off a branch called the sural nerve. Near the level of the knee the peroneal nerve splits into the deep peroneal nerve and the superficial peroneal nerve. The fifth nerve of the foot originates from the femoral nerve and is called the saphenous nerve.
 [image: ]Figure 17: Major Nerves of the Foot and Ankle The Deep Peroneal Nerve
 The deep peroneal nerve is one of two parts of the peroneal nerve (Figure 17). The deep peroneal nerve runs directly under the head of the fibula. It is responsible for controlling the muscles of the anterior compartment of the leg, and continues down the front of the ankle to the dorsal surface of the foot. It is responsible for the sensation in the small area between the first and second toes, an area known as the first web space. If this nerve doesn’t function, there will be no sensation in this area. If motor function is lost, it becomes impossible to lift the foot upwards, a symptom known as a “drop foot”.
  The Superficial Peroneal Nerve
 The superficial peroneal nerve is the partner of the deep peroneal nerve (Figure 17). It runs on the lateral side of the leg below the knee under the head of the fibula and innervates the lateral compartment muscles. It runs down over the anterolateral aspect of the ankle and splits into several branches on the dorsal aspect of the foot. The superficial peroneal nerve has both motor and sensory neurons for most of its length, but below the ankle is made entirely of sensory nerves. If motor function of this nerve is lost, it becomes impossible to evert the foot but there is no motor function lost distal to the ankle.
 Tibial Nerve
 The tibial nerve controls all the muscles behind the tibia and fibula in the back part of the calf (deep and superficial posterior compartment muscles). The tibial nerve continues down into the deep inner part of the ankle and splits into two branches, the medial plantar nerve and the lateral plantar nerve (Figure 17). These two branches provide sensation to the entire sole of the foot, and innervate all the tiny muscles of the sole of the foot.
 Sural Nerve
 The fourth nerve of the foot is another branch of the tibial nerve, known as the sural nerve (Figure 17). This nerve runs from slightly below the knee to the lateral aspect of the foot. It becomes a very superficial nerve at the level of the posterolateral ankle and continues distally to provide sensation to the outside of the foot. It has no motor function.
 Saphenous Nerve
 The fifth and last nerve is the only one to branch off from the femoral nerve (Figure 17). It runs from medial aspect of the knee and runs over the anteromedial aspect of the ankle joint to provide sensation to the inside of the foot.
 Although the positions of these nerves are generally as described, there is a certain amount of variability in nerve position. They can be located lower or higher than described. These variations must be considered while performing surgery.
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		Biomechanics of the Foot and Ankle

								

	
				A basic understanding of the biomechanics of the foot is essential to diagnose and treat foot and ankle problems. Most foot and ankle problems have a chronic component to them. A rope that is repetitively pulled on will tend to fray over time. Similarly, tendons that get repetitively loaded are at risk for developing tendonitis. Joints that are excessively loaded in an eccentric manner can develop localized cartilage breakdown. This is analogous to a car tire that wears unevenly on one side if it is put on with uneven alignment. A paper clip that is wiggled back and forth over and over again will eventually break and this is analogous to how stress fractures occur. Similarly, ligaments that are repetitively stretched may become loose leading to joint instability. As repetitive forces absorbed by the foot predispose to these conditions understanding the amount and type of force that a foot is subject to, and how these forces vary based on foot-type, weight, and activities is important.
  
 Forces
 In technical terms, a force is that which causes mass to accelerate. At a more intuitive level, a force is either a push (compression), a pull (tension) or a twist (torsion). In the foot and ankle, compression is typically applied to bones and joint surfaces and tension applied to ligaments and tendons. Both bones and soft tissues are subject to torsional forces. (In orthopaedics, there is another main category of force, namely shear, in which there is a deformation as parallel internal surfaces slide past one another, which may happen to the cartilage surface. Shear is less commonly encountered in the foot.)
 Pathological forces in the foot can be ground reactive forces – that is, the force that the ground exerts on the foot during activity  – or forces related to muscle imbalance. Each muscle tends to have an antagonist: a muscle that pulls in the opposite direction. For example, the antagonists of the posterior calf muscles that plantarflex the foot are the anterior compartment muscles which dorsiflex it. An imbalance between them from, say, a relative weakness in the anterior compartment muscles, will produce an equinus contracture: namely, the foot will be in a “pulled down” position. Similarly, claw toes are another example of a deformity that develops due to relative muscle imbalance – an imbalance between stronger extrinsic muscle and weaker intrinsic muscles pull the inter-phalangeal joints into a deformed position.
  
 Foot Shape
 Foot shape also effects how a foot is loaded. In a perfectly neutral foot, forces tend to be distributed evenly. When the foot shape is not neutral, there may be an overload of forces in specific areas. A flatfoot, for example, will tend to have traction forces loading the structures on the medial aspect of the ankle, with compression forces being increased over the lateral aspect to the ankle and hindfoot (Figure 1). A high arched foot (subtle cavus) has the opposite loading pattern: traction forces on the lateral aspect of the ankle and compression forces on the medial ankle. As a result there are a variety of chronic and acute-on-chronic (for example, stress fractures) clinical problems that are caused by the patient’s foot shape and subsequent loading pattern.
 [image: ]Figure 1: Flatfoot Loading Forces  
 Gait
 A detailed gait analysis requires sophisticated machinery: high-speed video and force-recording plates on the ground to collect data, and a robust computer program to analyze it. Still, understanding the core elements of gait can improve diagnostic accuracy and treatment recommendations.
 There are three areas to focus on when learning about gait:
 1) Phases and stages of gait;
 2) Movement of major joints (ankle, transverse tarsal joint, etc) during gait; and
 3) Activity of specific muscle groups within the phases of gait.
  
 The Five Primary Goals of Walking
 Goal 1: The first goal of walking is to move the body forward toward a desired location and at a desired speed.
 Goal 2: The second goal of walking is to use the least amount of energy possible to achieve the first goal. During walking, the most energy efficient movement is one in which the body sways side-to-side and bobs up and down as little as possible.
 Goal 3: The third goal is to minimize the force applied to painful areas. This can be attained by altering the position of the foot (changing the point of contact with the ground) or altering the gait pattern (that might limit the duration or extent of contact).
 Goal 4: The fourth goal for walking is for the foot itself to act as a shock absorber for dispersing the force of the body as it lands.
 Goal 5: The fifth goal is for the foot to form a rigid lever toward the end of the phase of gait where the foot is on the ground in order to provide a way to propel the body forward.
  
 The Phases of Walking
 Gait can be divided broadly into a Stance phase and Swing phase (Figure 2).
 Stance phase is the time when the foot is on the ground.  It comprises about 60% of the walking cycle. For a brief part of the stance phase, both feet will be on the ground simultaneously
 Swing Phase occurs when one foot is on the ground and one in the air. The foot that is in the air is said to be in the swing phase of gait.
  
 The Constituent Stages of the Stance Phases of Walking (Foot on the Ground)
 The stance phase has five sub-stages: (Figure 2): heel strike, early flatfoot, late flatfoot, heel rise, and toe off.
 Heel Strike: The heel strike phase starts the moment when the heel first touches the ground and lasts until the whole foot is on the ground (early flatfoot stage).
 Early Flatfoot: The early flatfoot stage begins when the whole foot is on the ground and ends when the body’s center of gravity passes over top of the foot. The main purpose of the early flatfoot stage is to allow the foot to cushion the force of the body weight landing on the foot.
 Late Flatfoot: Once the body’s center of gravity has passed in front of the neutral position, the late flatfoot stage begins. The late flatfoot stage of gait ends when the heel lifts off the ground. During the late flatfoot phase gait the foot transforms from a flexible shock absorber to a rigid lever that can serve to propel the body forward.
 Heel Rise: As the name suggests, the heel rise phase begins when the heel begins to leave the ground. Because the foot creates a lever arm when the body’s center of gravity is anterior to the point of contact with the ground, the force applied to the foot is at least double body weight. Considering that the average human takes at least 3000 steps per day (an active person commonly takes 10,000 or more steps/day), the foot can easily develop chronic repetitive stress-related foot problems even with normal anatomy.
 Toe Off: The toe off stage of gait begins as the toes leave the ground. This represents the start of the swing phase.
 [image: ]Figure 2: Phases of Walking  The phases of late flatfoot and heel rise are depicted in one image in this schematic. The heel rise phase commences the instance the heel leaves the ground.  
 Running
 Walking and running are obviously different in terms of speed, but the formal distinction is that is that during running there is a third phase of gait: the so-called float phase. During the float phase, both feet are off the ground. Also, implicitly, because greater speeds require greater energy, the forces applied to the running foot are also greater. Typically, the forces may be four or five times greater than body weight during running and six or seven times greater during sprinting.
  
 Foot and Ankle Joint Movement during Walking
 With 28 bones in the foot and ankle, there are obviously many distinct points of contact between bones, and technically each of these articulations can be deemed a joint of its own. Nonetheless, it may be reasonable to simplify this and consider only the tibiotalar joint (the “ankle joint” in layman’s terms) and the transverse tarsal joint (the combination of the talonavicular and the calcaneocuboid joint).
 Ankle (tibiotalar joint) Joint: The tibiotalar joint allows the foot to move up (dorsiflexion) and down (plantarflexion). It is powered by the muscles located in the front of the leg (the anterior muscle compartment) for upward movement, and the muscles located in the back of the leg (the posterior compartment) to pull the foot back down. The main articulating surfaces of this joint are the distal tibia [plafond] and the superior surface of the talus (though of course the lateral wall of the mortise [socket] in which the talus sits is made by the fibula). The hindfoot also contains a subtalar joint, in which the talus articulates with the calcaneus, allowing for a tilt like [inversion and eversion].
 Transverse Tarsal Joint: This joint-complex is composed of the talonavicular joint and calcaneal cuboid joint. The transverse tarsal joint is flexible/mobile during the early flatfoot stage, and becomes rigid in the late flatfoot and heel rise phases of the walking cycle. The relative rigidity of this joint corresponds to the two tasks of the foot: the transverse tarsal joint is unlocked when the foot is absorbing shock (early flatfoot) and is locked when the foot becomes a lever (late flatfoot and heel rise). The key to this change is the posterior tibial tendon. This tendon attaches on the navicular, and by pulling on that bone is able to move the axes of the talonavicular and calcaneal cuboid joint, such that the joints are no longer parallel. When these axes are not parallel, the joint locks. This way, when the heel rises off the ground, the calf can channel force into the ground to propel the body forward.
 It is important to realize that classic description of locking and unlocking the transverse tarsal joint applies only to an idealized normal foot. A flatfoot often never truly locks to form a completely rigid lever, whereas a high arched foot may never truly unlock and thereby remain relatively stiff throughout the gait cycle.
  
 How the Muscles Work During Walking
 Although muscles are reasonably considered in terms of their primary motion they create, it is important to recall that they may be used [and are critically needed] as antagonists to the opposite motion. In simple terms, one may think of the biceps in the upper arm as a muscle that flexes the elbow yet the biceps also works to slow down the extension of the elbow joint when there’s a weight in the hand – a so-called eccentric contraction. Indeed, it is during such a motion that the biceps is typically torn.
 In the foot and ankle, the anterior compartment muscles (tibialis anterior, extensor hallucis longus and extensor digitorum longus) tend to extend (dorsiflex) the ankle joint, whereas the posterior compartment muscles, via the Achilles tendon, plantar flex it. That said, a critically important function of the anterior compartment muscles to resist the plantar flexion motion produced by gravity and momentum; these muscles gently lower the foot onto the ground during Heel Strike-Early flat foot phases. If these muscles do not work, such as would be the case in someone with a drop foot, the foot will tend to slap onto the ground when it lands.
 Similarly, the posterior calf muscles work both in active plantar flexion, as during heel rise and toe off, to propel the body forward, and in resisted dorsiflexion, to decelerate the ankle joint during late flatfoot. The eccentric contraction of the posterior calf muscles during this phase generates an extraordinary mount of internal force and therefore it is during this stage of gait that most ruptures of the Achilles tendon occur.
  
 Abnormal Gait Patterns
 Antalgic Gait (a “painful walking” limp)  
 The primary sign of an antalgic gait is the reduced amount of time spent in the stance phase. This is because people do not want to spend any more time than necessary on a foot that is causing them pain. While the stance phase is usually divided equally between the two legs, someone with a painful foot will spend perhaps only 20-30% of their gait cycle in stance. Another related sign of painful gait is a decreased stride length, which results from patients not wanting to push off from their painful foot as powerfully as normal. Taken together, the limping pattern associated with a painful foot is an abbreviated stance phase, coupled with a lengthier swing phase, both in terms of time and distance covered.
 High Steppage Gait
 A high-steppage gait pattern is seen in patients whose anterior compartment muscles do not function normally (as may be seen in patients with a drop foot from an injury to the common peroneal nerve). Ordinarily, a lack of anterior muscle compartment functioning causes the foot to slap onto the ground during the heel strike phase of walking. Patients respond to this problem by bending (flexing) their knee more than normal during the swing phase of gait (the time when the foot is off the ground). This bent knee tends to keep the foot higher off the ground, and thereby prevents it from slapping.
  
 Key terms
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		Achilles Tendon Disorders

								

	
				The Achilles tendon is subject to high forces with each step and therefore subject to wear-and-tear damage. There are many pathological conditions that affect the Achilles tendon, but the most common chronic conditions are tendonitis and bursitis. The most common acute condition is an Achilles rupture (often super-imposed on wear-and-tear).
  
 Structure and function
 The Achilles tendon is the largest and strongest tendon in the human body. It attaches the posterior calf muscles (the gastrocnemius and soleus) to the calcaneus.
 [image: ]Figure 1: The Insertion of the Achilles Tendon (red arrow) The posterior calf muscles both actively plantar flex the ankle and resist passive dorsiflexion during walking, jumping, and running. Note that when the person places the ball of his or her foot on the ground during gait, body weight and momentum will force the ankle into dorsiflexion. Resisting this motion, and in turn decelerating the landing of the heel, is powered by the posterior calf muscles. Forces up to 3 times body weight may be applied to the tendon when this happens while walking; even greater forces are applied while jumping and running. The Achilles tendon inserts into the posterior surface of the calcaneus. The insertion begins about halfway between the plantar and superior surface of the calcaneus (Figure 1).
 A bursa lies between the tendon and calcaneus above the insertion point: the so-called retrocalcaneal bursa. Another bursa lies posterior to the tendon between the tendon and skin, namely, the subcutaneous calcaneal bursa. A bursa is a fluid-filled sac (the word shares its origin with the English word “purse”) that normally exists between tendons and bone in places where the bone surface may be prominent; this allows the tendon to glide more easily. In the healthy state, the bursa is only a few cells thick, and the bursa is filled with only a small amount of lubricating fluid. However, when irritated, a bursa can become markedly thickened and filled with larger amounts of fluid. This condition is known as bursitis.
  
 Patient presentation
 Achilles tendonitis is a chronic condition characterized by pain and swelling in the Achilles tendon.
 Symptoms of tendonitis are produced by swelling and inflammation of the tissue that surrounds the Achilles tendon – the paratendon. As such, the condition may be more appropriately described as an Achilles tenosynovitis (inflammation of the lining surrounding the Achilles tendon). Inflammation of the tendon can be caused either by direct pressure from shoewear or more commonly, as part of the healing response to over-use and micro-trauma.
 There are two types of Achilles tendonitis: non-insertional tendonitis and insertional tendonitis.
 Achilles Tendonitis (Non-Insertional):  
 In classic non-insertional (or mid-substance) Achilles tendonitis, the pathology is typically located 2 to 6 cm proximal to the insertion of the Achilles tendon to the calcaneus.
 Non-insertional Achilles tendonitis is often associated with a history of increased activity level (e.g., starting a new training regimen or attempting to resume a normal activity level after an injury and enforced immobilization).
 [image: ]Figure 2: Location of Symptoms: Non-insertional Achilles (Left) and Insertional Achilles (right) A patient presenting with non-insertional Achilles tendonitis (Figure 2 left) will often describe pain and tenderness 2-6 cm from the insertion of the tendon into the calcaneus. The patient will often describe an increase in activity, such as starting a new training regimen or attempting to resume a normal activity level after an injury to another part of the foot or ankle.
 Physical Examination will usually reveal swelling and tenderness around the Achilles tendon. There is often an associated tight calf muscle (equinus contracture). The location of the pain can help differentiate this from insertional tendinitis (Figure 2 right) which presents with pain more distally.
 Insertional Achilles Tendonitis:
 In so-called “insertional” Achilles tendonitis, the pathology is located at the insertion of the Achilles tendon to the calcaneus (Figure 2, right). Insertional Achilles tendonitis is a product of wear and tear at the attachment (“insertion”) of the tendon onto the calcaneus. This degeneration incites an inflammatory response and produces pain at the back of the heel. Eventually, the inflamed Achilles tendon may become calcified, forming bone-like fragments in the tendon.
 The pathology associated with insertional Achilles tendonitis includes the “terrible triad” (Figure 3):
 	Degeneration of the Achilles tendon near the insertion site,
 	An inflamed retrocalcaneal bursitis, and
 	A Haglund’s deformity (a prominent bony lump on the heel)
 
 [image: ]Figure 3: Location of pain in patients with the “Terrible Triad”: insertional Achilles tendonitis, retrocalcaneal bursitis, and a prominent bony lump on the heel (known as a Haglund’s deformity). A Haglund’s deformity is a bony prominence associated with the upper part of the calcaneus (Figure 4). This is sometimes called a “pump bump.” This prominent bone tends to form gradually over many years, and can eventually cause irritation by disrupting nearby structures, including the retrocalcaneal bursa and the Achilles tendon. The bony prominence also creates discomfort by rubbing up against the back of footwear, the so-called “heel counter” of the shoe.
 [image: ]Figure 4: Haglund’s Deformity. An x-ray showing both a Haglund’s deformity (red arrow) as well as calcification of the Achilles tendon insertion (white arrow) When a Haglund’s deformity is present, the retrocalcaneal bursa can become inflamed. This inflammation can result in exquisite tenderness along the posterior aspect of the heel.
  
 Objective Evidence
 X-rays will usually be negative in cases of non-insertional Achilles tendonitis, unless there is calcification of the Achilles tendon. (Calcification is relatively rare except in older patients.) Cases of insertional Achilles tendonitis may reveal a calcaneal spur on x-ray.
 An MRI can give a detailed view of the soft tissue (Figure 5). However, this test is not routinely indicated in the initial assessment of Achilles tendonitis.
 Ultrasound is usually less expensive than an MRI, but may not be available in all settings. Further, use of ultrasound may be limited by the examiner’s lack of skill or experience.
 [image: ]Figure 5: MRI of Achilles Tendonitis (non-insertional) Swelling associated with non-insertional Achilles tendonitis as seen on MRI. The tendon is shown in continuity but is abnormally thickened.  
 Epidemiology
 Insertional Achilles tendonitis with its associated “terrible triad” of heel pain typically occurs in middle-aged individuals who are overweight, though a variant of this condition is also seen in young, active runners. The exact incidence of this bimodal distribution has not been recorded.
 Non-Insertional Achilles tendonitis is often associated with an increase in activity level/overuse and tends to occur in patients in their 30s and 40s. According to Jarvinen et al., the reported annual incidence of Achilles tendonitis is between 7-9% in top-level runners (PMID: 15922917).
  
 Differential diagnosis
 There are four common causes for pain near the back of the heel:
 	non-insertional Achilles tendonitis,
 	insertional Achilles tendonitis (with or without bursitis)
 	paratendonitis (inflammation of the sheath surrounding the Achilles tendon, rather than of the tendon itself), and
 	Achilles tendon rupture.
 
 The Thompson test will identify an Achilles tendon rupture. The precise location of the pain should distinguish non-insertional Achilles tendonitis vs insertional Achilles tendonitis.
  
 Red flags
 Although corticosteroid injections in and around the Achilles can be helpful in the short-term managing symptoms they weaken the tendon and predispose to tearing. Be alert for patients that have had corticosteroid injections in this area.
 Patients with inflammatory arthropathies may also get inflammation in the lining around their Achilles. If a patient has other joints that are painful or swollen, especially if they are of recent onset, an inflammatory etiology should be ruled out.
  
 Treatment Options and Outcomes
 Non-operative Treatment of Achilles Tendonitis
 Most patients with Achilles tendonitis can have their symptoms treated effectively without surgery. Insertional Achilles tendonitis can be more recalcitrant to treatment than non-insertional Achilles tendonitis. An initial period of relative rest to allow the symptoms to settle is often beneficial. This is followed by a gradual return to normal activities incorporating the following non-operative treatment elements:
 	Activity modification,
 	Shoewear modification (a heel lift will unload the tendon),
 	Weight Loss (if applicable)
 	Anti-inflammatory medication (if not contra-indicated) and;
 	A rehabilitation program including specific stretching and strengthening exercises.
 
 Stretching the gastrocnemius (outer calf muscle) with the knee straight (Figure 6) is an important component of non-operative treatment. A tight calf muscle will increase the force going through the Achilles tendon and predispose the tendon to micro-tearing.
 A graduated eccentric loading program (strengthening the calf muscle while it is lengthening) is an important component of non-operative treatment for non-insertional Achilles tendonitis (Figure 7). However, it may be too aggressive for patients with insertional Achilles tendonitis.
 Using a heel lift reduces the “stretch” on the Achilles during walking and thereby reduces the stress on the tendon.
 The forces applied to the Achilles tendon during activities are proportional to body weight. Therefore losing weight (even a small amount) can be very helpful.
 Surgical Treatment of Achilles Tendonitis
 Surgical debridement, that is, the removal of the damaged tissue with meticulous repair of the remaining tendon, may be chosen if non-operative treatment fails. One setting where surgery may be considered more readily is that of a high-level athlete with insertional Achilles tendonitis and a Haglund’s deformity. This surgery usually involves removing the prominent excess bone and the thickened inflamed retrocalcaneal bursa and debriding the Achilles tendon. In older, heavy-set middle-aged patients with insertional Achilles tendonitis that have truly failed a focused non-operative treatment regiment it may be necessary to transfer the Flexor Hallucis Longus (FHL) tendon into the calcaneus to help offload the Achilles.
 Recovery from surgery can be prolonged. Initially, the leg is immobilized to allow the wound to heal. Once the wound is healed, gentle range of motion exercises can be started. Some patients are limited in weight-bearing for the first six weeks during the healing process. Gradually, activity can be increased. Improvement in strength continues for several months and may take over one year.
 Stiffness of the ankle, rupture of the tendon, and deep vein thrombosis are known potential complications of surgery. Wound healing issues and infection can occur and when they do it is a very serious problem because loss of skin and soft-tissue in this area is very hard to treat.
  
 Risk factors and prevention
 Regular calf stretching (Figures 6 & 7), can help improve the Achilles tendon’s mechanical compliance (“stretchability” in layman’s terms) and makes it more resilient.
 [image: ]Figure 6: Calf Stretching A consistent calf-stretching program is an important part of treatment and prevention of Achilles injuries (Figure 6). Leaning against the wall with one foot forward and the back heel kept on the ground will stretch the Achilles and posterior calf muscles. As it is the outer calf muscle (gastrocnemius) that is usually tight this stretch should be performed with the knee straight as the gastrocnemius originates from the posterior aspect of the distal femur. Bending the knee will take the tension off the gastrocnemius and place it on the soleus.
 [image: ]Figure 7: Eccentric Calf Stretching and Strengthening Controlled “eccentric” exercises where the Achilles tendon is being lengthened while the calf muscle contracts, may help prevent (or treat) Achilles tendonitis (Figure 7). This includes exercises such as the “Heel drop” shown here. In this exercise, patients stand on their toes while positioned on the edge of a ledge such as a stair. They then slowly lower their heels down below the ledge simultaneously stretching and strengthening the Achilles tendon. This can be done with both legs at a time (bilaterally) or for a more concentrated effort, one leg at a time. It can also be done with the knees straight (putting force on the gastrocnemius) or the knees bent (putting force on the soleus). Patients should gradually work up to performing 5 sets of 10 repetitions. These exercises should be performed 5-6 days per week during the active treatment phase and then 3 times per week to minimize the chance of developing recurrent symptoms. It is critical that this exercise is approached cautiously, as it has the potential to put excessive pressure on the Achilles. Patients should always warm up first (ex. get their blood flowing on an exercise bike for 5-10 minutes) before performing these exercises.
 Using a heel lift or a shoe with a moderate heel can help reduce the stress on the tendon.
  
 Miscellany
 In Greek mythology Achilles was dipped into the River Styx by his mother Thetis to coat his body with a shield of protection. Thetis grasped Achilles by the heel (on the eponymous tendon) when she dipped him, leaving that one area not washed by the river, and in turn unprotected. From that comes the term “Achilles heel,” connoting a person’s area of vulnerability.
  
 Key terms
 Achilles tendonitis; insertional Achilles tendonitis; non-insertional Achilles tendonitis; Haglund’s deformity; retrocalcaneal bursitis;
  
 Skills
 Bedside skills for the diagnosis of disorders of the Achilles include the ability to take a detailed but focused history and perform a thorough musculoskeletal examination.
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		Achilles Tendon Rupture

								

	
				The most common acute injury to the Achilles tendon is a complete rupture. This injury typically occurs in men in their 30s and 40s. The inciting event often is an athletic activity that requires a sudden acceleration or changes in direction (ex. basketball, tennis, soccer). Ruptures typically occur 2 to 5 cm proximal to insertion into the calcaneus.
  
 Structure and function
 The Achilles tendon is the largest tendon in the body. The two main calf muscles, the soleus and gastrocnemius, coalesce to form the Achilles tendon, which then inserts into the posterior aspect of the calcaneus (Figure 1).
 [image: ]Figure 1:  Achilles Anatomy The Achilles functions to control the body as the center of gravity rotates over the foot. Without a functional Achilles, patients limp and have a markedly dysfunctional gait.
  
 Patient Presentation
 Achilles tendon ruptures usually occur when an athlete loads the Achilles immediately prior to pushing off. This can occur when suddenly changing directions, starting to run, or preparing to jump (Figure 2). A sudden change in direction requires the calf muscle to contract while still lengthening (eccentric loading). This subjects the Achilles tendon to a large loading force, which may cause the tendon to fail. To be clear, the tendon tears because of the large internal forces generated by the eccentric contraction of the calf muscle and applied to the Achilles – and not because of an external force. In such a sense, it may be said that the patient tore the tendon himself. This explains why many patients feel as if they were “hit on the back of the leg” even though no one was around them when the injury occurred.
 [image: ]Figure 2: Achilles rupture mechanism of injury (Eccentric loading)  
 Objective Evidence
 Achilles tendon tears are more common in middle-aged men who exercise intensely but intermittently (the so-called “weekend warrior”). With age the Achilles tends to lose flexibility and may develop areas of tendonosis (degenerative changes) that can serve to weaken the tendon.
 A diagnosis of an Achilles rupture must be considered in any patient who reports an acute mechanism of injury (or acute change in symptoms) implicating the heel or soft tissues above it. In those patients, the examiner can exclude an Achilles tendon rupture) with the Thompson test. (Figure 3).
 The Thompson test, as shown, takes advantage of the fact that squeezing the patient’s calf muscles with the knee flexed should induce plantar flexion of the ankle if and only if the Achilles is intact. The patient lays prone on the examining table. The affected leg is flexed 90, perpendicular to the table (blue lines). The examiner firmly squeezes the gastrocnemius (black arrows). The examiner examines the ankle for plantar flexion.
 [image: ]Figure 3: Thompson test: The Normal (negative) response, namely plantar flexion of the ankle produced by the examiner’s pressure on the gastrocnemius, indicating that the tendon is NOT torn. Two points are worth noting:
 	The nomenclature of the Thompson test can be confusing: a “positive” Thompson test is the absence of motion (whereas “positive” using means something was affirmatively observed). It is therefore helpful to describe the results as “positive for rupture” or “negative for rupture.”
 	The Thompson test is necessary because testing active ankle plantar flexion can be misleading: an intact posterior tibialis and the flexors of the toe, which are both (weak) ankle flexors as well, might mask a torn Achilles. With these tendons intact, a patient with a ruptured Achilles may still be able to actively flex the ankle, especially without resistance.
 
 A patient presenting with Achilles tendon rupture will often describe a sharp intense pain in the back of their heel at the time of the injury. Patients often initially report that they were “struck in the back of the heel” only to realize that this was not the case, as there was no one around them. After the injury, patients may have some swelling. If they can walk at all, it will be with a marked limp.
 Note that Achilles tendonitis or a partial rupture of the calf muscle (gastrocnemius) as it inserts into the Achilles can also cause symptoms that suggest a tendon rupture. The Thompson test is helpful (indeed essential) here.
 At times, an Achilles tendon rupture is obvious on physical examination: a substantial defect in the Achilles 2-5 cm proximal to where it normally inserts into the heel bone is appreciated, beyond the positive Thompson test.
  
 Imaging Studies
 Plain x-rays will be negative in patients who have suffered an Achilles tendon rupture unless the Achilles injury involved an avulsion (traumatic displacement of a bony fragment from the calcaneus). Avulsions are rare, except in older patients with weaker bone.
 Achilles rupture can be seen on ultrasound or MRI. However, these studies are usually not needed as a good history and well-performed physical exam should cinch the diagnosis. However, an MRI may be justified when the history or physical exam is ambiguous, or the quality of the tendon is in question (and whether it is amenable to repair) in the setting of chronic tendinopathy.
  
 Epidemiology
 Achilles tendon rupture is a common injury that occurs at an incidence of 2.66 per 1000 persons years or 18 per 100,000 population (PMID: 23386750). Middle-aged males are the largest group affected by this injury, and most injuries occur during athletic participation, most commonly basketball, soccer, or tennis.
  
 Red flags
 Acute pain in the vicinity of the Achilles tendon or weakness of plantar flexion should be considered a “red flag” for an Achilles tendon rupture, prompting the examiner to perform the Thompson test.
  
 Treatment options and Outcomes
 Achilles tendon ruptures can be treated with either surgical repair or relative immobilization. If the ruptured tendon is ignored (or not correctly diagnosed) the tendon ends will retract, leading to failure of the calf muscle and a dysfunctional lower leg.
 The medical literature suggests that ruptures treated with surgery are less likely to re-rupture, though there are complications (such as wound breakdown) that are unique to surgery. A published expected-value decision analysis on this issue reported that the optimal management strategy is highly dependent on patient preferences.
 Non-Operative Treatment of Achilles Tendon Ruptures
 Non-operative treatment consists of placing the foot in a downward position [equinus] initially, a position that encourages the torn ends to contact each other. Once there is some healing, the foot can be advanced to a more neutral position. Early weight-bearing and controlled active plantar flexion has been shown to improve non-operative treatment. However, care must be taken to avoid excessive dorsiflexion (extension), a position that encourages the torn ends to separate from each other.
 It is important to monitor the status of the Achilles throughout non-operative treatment. This can be done by examination or via ultrasound. If there is evidence of gapping or non-healing, surgery may need to be considered.
 The primary advantage of non-operative treatment is avoiding an incision in an area with a vascularity that puts the incision at higher risk for wound healing problems and infection. The main disadvantage of non-operative treatment is that the recovery appears to be somewhat slower and the re-rupture rate appears to be higher.
 Operative Treatment of Achilles Tendon Ruptures
 Operative treatment of Achilles tendon ruptures involves opening the skin and identifying the torn tendon. This is then sutured together to create a stable construct. By suturing the torn tendon ends together and assuring continuity even if the ankle is not in full plantar flexion, the patient can be mobilized more quickly.
  
 Risk factors and prevention
 Factors that are associated with a higher risk for Achilles rupture include age between 30-50, male sex, playing recreational sports (most typically soccer, basketball, and tennis), prior steroid injections, and taking fluoroquinolone antibiotics.
  
 Key terms
 Achilles tendon rupture; Thompson test
  
 Skills
 Bedside skills for the diagnosis of disorders of the Achilles include the ability to take a detailed but focused history and perform a thorough musculoskeletal examination. Specifically, students should be able to perform and interpret the Thompson test.
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		Ankle Fractures

								

	
				Ankle fractures are breaks of the distal tibia or fibula (near or in the so-called malleolus) affecting the tibiotalar (ankle) joint. Occasionally, they involve the shaft of the fibula as well. Ankle fractures range from simple injuries of a single bone to complex ones involving multiple bones and ligaments. Twisting with the foot planted on the ground and the body rotating around it is the most common mechanism of injury. Compression loading (ex. from a fall) is more apt to produce a fracture of the weight-bearing surface of the distal tibia (the plafond). These are designated as “pilon fractures,” and are considered distinctly different injuries. Ankle fractures can be broadly divided into stable or unstable injuries. Stable fractures typically heal with immobilization and protected weight-bearing whereas operative management is usually required for displaced or unstable fractures. Ankle fractures directly or indirectly involve the ankle joint. Some residual ankle arthrosis is therefore not uncommon, even if the bone heals perfectly.
  
 Structure and Function
 The ankle joint is made up of the tibia, fibula, and talus (Figure 1). The tibia forms the superior and medial aspects of the joint, and the fibula its lateral aspect. The talus is a cube-shaped bone that sits above the calcaneus and below the tibial plafond. The distal ends of the fibula and tibia that overlap the talus are known as the malleoli (“little hammers”). The lateral malleolus is the distal end of the fibula, whereas the medial and posterior malleoli are part of the tibia. A fracture affecting both the medial and lateral malleoli is called a bimalleolar fracture, and one involving the medial, lateral, and posterior malleoli, the posterior aspect of the distal tibia, is called a trimalleolar fracture.
 The ankle joint also contains three important ligament complexes:
 	The deltoid ligament medially, connecting the tibia to the talus and calcaneus medially.
 	The anterior and posterior talo-fibular, and calcaneo-fibular ligaments (collectively, the lateral collateral ligaments); and
 	The anterior and posterior distal tibiofibular ligaments or syndesmosis, which connects the distal tibia and fibula above the tibio-talar joint line.
 
 
 [image: ]Figure 1: Bone and Ligament Anatomy of the Ankle Joint. The tibial plafond, lateral malleolus, and medial malleolus form a mortise, a socket in which the talus sits (Figure 2). Although the ligaments are needed to give the ankle its full stability, the bony congruity of the mortise and the talus is a necessary component as well forming the most congruent joint in the lower extremity.
 [image: ]Figure 2: The Ankle forms a Mortise and Tenon (carpentry version shown at right). The mortise (the socket) comprises the lateral malleolus, the tibial plafond, and the medial malleolus. The tenon (or tongue) is the talus. As seen, the talus is wedged into a space just big enough to hold it. (Image courtesy of Joseph Bernstein MD) When the mortise is disrupted by a fracture, the talus is free to move more than it should. This abnormal motion leads to focal pressure points which can be damaging. Recall that pressure is defined by the force (load) divided by area. Thus, a smaller area of contact for a given load leads to higher pressure. This pressure produces new bone. This is in accordance with Wolff’s Law, which states that bone grows in response to load. This new bone in turn makes the tissue below the cartilage more rigid (technically speaking less compliant). The loss of compliance makes the entire system more prone to damage. The surface may crack and not bend in response to a new load.
 Ankle Fracture Classifications
 There are many methods of classifying ankle fractures: some are too simple (and therefore not very informative), and others provide more detailed information (yet become unwieldy and unreliable). It may be best, therefore to describe ankle fractures by the bones involved (i.e., isolated medial/lateral malleolar, bimalleolar, trimalleolar, etc.) and the presence of absence of soft tissue injury. Regarding the soft tissues, the single most important feature to note is whether the fracture is “open,” that is, that the skin is broken.
 Another important consideration is the stability of the ankle joint (Figure 3). Ankle fractures are classified as stable if the fracture is non-displaced or minimally displaced and the medial structures (deltoid ligament and medial malleolus) are intact. This type of injury allows the talus to remain anatomically positioned within the mortise, preventing displacement of the joint.
 [image: ]Figure 3: Plain X-Ray of a Stable Ankle Fracture. Note the mortise is intact: the space surrounding the talus is normal. Ankle fractures are unstable if the injury allows the talus to be move within the mortise (Figure 4).
 [image: ]Figure 4: Plain X-Ray of an Unstable Ankle Fracture.  Note how the talus is displaced laterally along with the fibular fragment and no longer sits snugly within the distorted mortise. The fracture pattern often provides useful clues not only regarding the mechanism of injury but whether there are associated lesions (that may not be apparent on the x-ray). For example, a transverse fracture is produced by traction from ligaments pulling on the bone (Figure 5). Yet for this traction force to be produced, the foot must move medially, perhaps creating an impact on the medial side. Similarly, a fracture caused by a rotational ankle injury will often produce a spiral-type fracture of the distal fibula (Figure 6). This fracture pattern is associated with tearing of the anterior inferior tibiofibular ligament and possibly partial or complete injury to the deltoid ligament on the medial aspect of the ankle.
 [image: ]Figure 5: A Transverse Fracture of the Distal Fibula. This fracture is produced by a traction force, depicted by the arrow. The motion of the foot needed to produce this force may cause the talus to hit the tibia medially, producing a bone bruise if the force is mild (as shown by the star) or even a fracture on this side as well (not shown). [image: ]Figure 6: Oblique Fracture of the Fibula (red arrow) Produced by Twisting. This force also applies traction to the deltoid ligament on the medial side. Although the deltoid ligament cannot be “seen” on the x-ray, the injury is easily inferred, given the widening of the mortise nearby (white arrow).
  
 Patient presentation
 Patients with ankle fractures usually present with pain, swelling, and bruising. Patients typically describe an acute twisting injury in which the foot is planted on the ground and the body rotates around it.
 The direction of rotation, the orientation of the foot while planted and the amount of energy that produces the fracture will determine which bones and ligaments may be injured. While this is useful information to obtain, it is often the case that the patient cannot recall or describe exactly what happened. Nonetheless, it is important to obtain a history of the general mechanism of injury, to help guide further investigation. For example, ankle pain after a fall from a height or a motor vehicle crash is likely to be from force transmitted from the heel up the leg, and therefore injury to the calcaneus, talus, tibial plafond, and more proximal bones (including even the spine) must be considered.
  
 Objective evidence
 Patients with suspected ankle fractures should have x-rays performed: an anterior-posterior (AP), lateral, and mortise view. A mortise view is an AP view with the foot slightly internally rotated (about 15 degrees) which produces a clearer view of the mortise (Figure 7). These views should be evaluated for the integrity of the bones as well as proper alignment between joint surfaces.
 [image: ]Figure 7: Mortise View of the Ankle (right). Internal rotation of the foot will give a clearer view of the mortise. Without such rotation (AP view left), the fibula, which is slightly posterior, will overlap with the tibia (red circle) making it difficult to assess the symmetry of the joint space (white arrows). Not all patients with ankle injuries should be “suspected” of having an ankle fracture. Indeed, according to one study (PMID: 15496699) of acute ankle injuries in the Emergency Department, sprains outnumber fractures by an 8:1 ratio. To help guide the decision whether ankle x-rays are needed, the Ottawa Ankle Rules have been developed. According to these rules, ankle radiographs are not necessary if posterior malleolar (bony) tenderness is absent, and the patient can bear weight (take more than four steps).
 In some patients, an unstable ankle fracture is only diagnosed after the ankle is “stressed” under x-ray revealing the lateral displacement of the talus and therefore disruption of the deltoid ligament or syndesmosis.
  
 Epidemiology
 According to Lin et al (PMID: 21655420), ankle fractures occur in the USA with an incidence of approximately 187 fractures per 100,000 people per year. Fracture incidence by age is bimodal, with men typically having higher rates as young adults and women having higher rates as elderly adults. The highest incidence is found in elderly white women.
 The most common type of ankle fracture is an isolated fibular fracture, representing about half of all ankle fractures. One-fourth of ankle fractures are bimalleolar, while trimalleolar fractures and isolated medial malleolar fractures are less common. Only 2% of ankle fractures are open.
  
 Differential diagnosis
 When a patient presents with an acute ankle injury, it is necessary to discern which structures have been damaged.
 Injuries that cause ankle fractures may also cause damage outside of the ankle region per se. For example, a twisting injury to the foot and ankle may send force through the syndesmosis and interosseous membrane, up the leg. This can lead to a fracture of the proximal fibula near the knee — a so-called Maisonneuve fracture (Figure 8). This injury is produced by a strong external rotation force, one that would assuredly damage the lateral side of the ankle as well. Yet no fibular injury is seen near the ankle. In this case, the lateral injury was to the proximal fibula. This injury is important to detect given the proximity of the common peroneal nerve to the fibular fracture line. While this type of high fibula fracture requires no treatment to heal adequately, the associated syndesmotic disruption and deltoid ligament disruptions usually require surgery to ensure precise reduction and stabilization of the syndesmosis.
 [image: ]Figure 8: Maisonneuve Fracture. Note the proximal fibula fracture (red arrow) and the widened syndesmosis (white arrow). Foot injuries involving the tarsometatarsal (Lisfranc) joint, the navicular bone or posterior tibial tendon, or the fifth metatarsal can easily be missed if attention is paid to only the ankle joint itself.
  
 Red flags
 Blood on the skin is suggestive of an open fracture. Any break in the skin associated with an ankle fracture should be considered an open fracture until proven otherwise. Open fractures require administration of antibiotics and tetanus prophylaxis as indicated. Basic wound management (cleaning the wound with saline and applying a dressing and splint) should not await the arrival of a specialist.
 If a patient presents with severe ankle pain following an acute injury but x-rays are normal, an injury to the foot and not the ankle, such as a Lisfranc joint disruption or navicular fracture, may be present.
 Diabetic patients, especially if their diabetes is uncontrolled (HgA1C >7%), have a much higher risk of complications and need close attention.
 If a patient’s growth plates are open, a non-displaced physeal fracture should be suspected if there is bony tenderness, despite “normal” x-rays.
 The presence of a pilon fracture should prompt a careful physical examination to exclude addition injuries more proximally such as a lumbar compression fracture.
  
 Treatment options and outcomes
 All dislocations should be reduced (that is, realigned).
 Open wounds should be cleaned and dressed; and prophylactic antibiotics (and a tetanus shot, if indicated) should be given.
 The ankle should then be immobilized with a splint and elevated to minimize swelling.
 If the fracture is stable and not displaced, a course of immobilization and protected weight-bearing for about 6 weeks may suffice. Following adequate bone healing, physical therapy can help the patient regain strength, range of motion, and proprioceptive function.
 Operative fixation will be necessary if there is notable displacement of the bone fragments or the injury has caused a disruption of the ankle mortise. Surgery generally consists of making incisions at the affected malleoli, re-positioning the bony fragments to their appropriate positions, and holding them in place with screws and plates (Figure 9). The primary goal of surgery is to ensure that the talus is anatomically reduced and stable within the ankle mortise. The hardware can be left in the joint permanently unless it causes irritation, in which case it can be removed once the fracture has healed.
 [image: ]Figure 9: Ankle Fracture Fixation with a Plate and Screws. The longer screw (arrow) into the tibia is used to stabilize the syndesmosis and thereby reduce the ankle mortise by holding the tibia and fibula in the correct position to allow the ligaments that normally stabilize the ankle joint to heal.
 Outcomes for stable fractures treated non-operatively are generally excellent. Ankle fractures treated with operative fixation heal uneventfully in approximately 85% of the cases. Not surprisingly, outcomes improve with more accurate reduction. Factors that negatively affect outcomes include involvement of the posterior malleolus, impaction of the talus, severe talar dislocation, and the presence of diabetes. Recovery time will depend on the severity of the initial injury but it often takes a year or more before patients reach their point of maximal improvement. Even then, mild to moderate symptoms may persist for years despite complete radiographic healing.
 Complications of ankle fractures include malunion, non-union, stiffness, and wound breakdown.
 Even with optimal treatment, some ankle fractures may result in post-traumatic ankle arthrosis as damage to the articular surface at the time of injury can lead to chondrocyte death. The likelihood of post-traumatic ankle arthritis increases with the severity of the initial ankle fracture.
 Sub-optimal reduction of the joint and resultant abnormal biomechanics will also promote the development of ankle arthrosis.
 Another possible, albeit rare, complication of ankle fractures is complex regional pain syndrome (CRPS; previously known as reflex sympathetic dystrophy or RSD). This uncommon but debilitating condition is characterized by burning or throbbing pain, sensitivity to cold or touch, weakness, stiffness, and changes in skin color, temperature, or texture.
  
 Risk factors and prevention
 Valtola et al and Honkanen et al (PMID: 11792591, 9692074) found that risk factors for the occurrence of ankle fracture in perimenopausal woman are cigarette smoking and a high body mass index. According to Seeley et al (PMID: 8864910), although low bone density is a risk factor for other fractures, it has not yet been shown to be a major risk factor for ankle fractures in this patient population.
  
 Miscellany
 Just as a piece of masking tape yanked briskly from a wall may take with it a sliver of paint as well, a sprained ligament may yank with it a small sliver of bone — a so-called avulsion fracture. The finding is important only that it informs the viewer that a sprain has occurred. The bony injury is itself insignificant, but patients will still often identify this injury as a “fractured ankle.”
  
 Key terms
 Ankle fracture, Maissoneuve fracture, Lateral malleolus, Medial malleolus, Posterior malleolus, Ottawa Ankle Rules, Mortise, Syndesmosis, Tibial plafond, Bimalleolar fracture, Trimalleolar fracture, Pilon fracture
  
 Skills
 Perform an exam to determine the extent of injury and structures involved. Apply the Ottawa Ankle Rules to decide which patients require radiographic evaluation. Describe radiographic findings and use radiographs to identify fractures, infer ligamentous injuries, and recognize instability and displacement. Differentiate between stable and unstable ankle fractures. Provide first-line treatment to open fractures (wound management) and dislocations (gross reduction and splinting).
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		Ankle Sprains

								

	
				Ankle sprains are among the most common musculoskeletal injuries. Patients typically describe an episode where they “roll their ankle” to one side (often inward, a so called “inversion” sprain (Figure 1) and thereby tear the ligaments on the outside (lateral) ankle. This is contrasted with a less common “eversion” sprain where the foot rolls to the outside and the medial (deltoid) ligament is torn. Patients with sprained ankles can have significant pain and swelling. There is usually a limp, but unlike an ankle fracture, a sprained ankle will usually tolerate some weight-bearing but, in severe cases, not for 7 to 10 days. Although the phrase “it’s just a sprain” may suggest that this is always a minor injury, ankle sprains can in rare cases lead to significant impairment. Expeditious treatment – directed at limiting swelling and regaining motion – helps ensure the best possible recovery.
 [image: ]Figure 1: Ankle Inversion, the typical mechanism of injury of an ankle sprain.  
 Structure and function
 The ankle joint comprises the articulation of the tibia and fibula with the talus. However, the ligamentous constraints of the ankle also span the subtalar and talonavicular joints as well. The tibia and fibula are held together by the tibiofibular ligaments (anterior and posterior) and interosseous membrane, collectively known as the syndesmotic ligaments. These two bones form a mortise (inverted “U”) into which the talus fits (Figure 2).
 [image: ]Figure 2: The Ankle Mortise. The talus (T) sits in an inverted U known as the mortise. The joint between the tibia (Tib) and fibula (Fib), the distal tibiofibular syndesosis.  This relationship is vital to ankle function and is regulated by the anterior and posterior tibiofibular ligaments also referred to as the syndesmotic ligaments (shown in red). (Image courtesy of Joseph Bernstein MD) The talus, in turn, acts as a “universal joint” that is connected to the calcaneus, forming the subtalar joint.
 In addition to the syndesmotic ligaments, the ankle joint is stabilized, on the lateral side by the anterior and posterior talo-fibular ligaments and the calcaneofibular ligament, together referred to as the lateral collateral ligaments (Figure 3).
 [image: ]Figure 3: The Lateral Ligaments of the Ankle. With its three parts, the deltoid ligament serves as the medial constraint of the ankle (Figure 4). The length and tension on these ligaments are vital to their role in the regulation of the coupled motion that occurs between the tibia, talus, calcaneus and navicular. The deeper branch of the ligament is securely fastened in the talus, while the more superficial, broader aspect runs into the calcaneus and navicular. Like the anterior talo-fibular ligament, the deltoid is rarely torn completely but rather becomes stretched (deformed) when stressed.
 [image: ]Figure 4: The Deltoid Ligament on the Medial Ankle The deltoid ligament is outlined in yellow (and shaped like a Delta). Within this ligament, there is a connection between the tibia and the navicular (blue), talus (red) and calcaneus (green). (Image courtesy of Joseph Bernstein MD) The anterior talo-fibular ligament (ATFL) is the ankle ligament most often sprained. The ATFL courses from the fibula to the neck of the talus and stabilizes the ankle joint against anterior translation. Inversion of the ankle is resisted by a combination of the ATFL and calcaneo-fibular ligament. The ATFL itself is not a distinct ligament but, rather a thickening of the lateral joint capsule. When it is sprained, the associated interstitial tearing may result in lengthening. This stretching may lead to symptomatic ankle instability.
 The calcaneo-fibular ligament (CFL) originates at the tip of the fibula and courses distal and posterior inserting into the calcaneus. Unlike the ATFL, the CFL is a distinct ligamentous structure.
 The posterior talo-fibular ligament (PTFL) originates from posterior margin of the fibula and inserts into the posterior talus. The PTFL stabilizes the ankle joint and the subtalar joint. Injuries to the PTFL are rare, unless there is an ankle dislocation or marked subluxation.
 The anterior inferior tibio-fibular ligament is the one injured in a so-called “high ankle sprain.” This ligament is positioned on the anterolateral aspect of the ankle and helps stabilize the mortise (Figure 5). Injuries to this ligament occur when the foot is stuck on the ground and rotates externally. A high ankle sprain can heal with irritating scar formation (hypertrophy–a condition known as anterior-lateral ankle impingement.
 [image: ]Figure 5: Anterior Inferior Tibiofibular Ligament The interosseous membrane is composed of strong fibrous tissue that runs between and connects the tibia and fibula. The interosseous membrane along with the anterior or posterior syndesmotic ligaments can be torn in certain patterns of ankle fractures, in which the tibia and fibula spread apart, a so-called diastasis rendering the ankle unstable.
 Collectively, the tibio-fibular ligament and the interosseous membrane are called the syndesmosis.
  
 Patient Presentation
 Ankle Sprains
 Patients with ankle sprains typically describe a twisting episode where they invert (or less often, evert) their ankle. Pain, swelling and difficulty ambulating are common.
 A sprained ankle may often have associated redness due to the increased blood flow to this area (Figure 6). Without a history of an injury, this skin appearance may suggest cellulitis (infection of the skin). Physical examination of the acutely injured ankle will reveal swelling over the outer aspect of the ankle. There will be tenderness over the outer front (anterolateral) aspect of the ankle.
 [image: ]Figure 6: Ankle Swelling and Redness (erythema) Post-Ankle Sprain It is important to palpate the base of the anterior process of the calcaneus, the 5th metatarsal, the navicular and the Lisfranc joint for tenderness, as the same mechanism that creates an ankle sprain can lead to other injuries there as well.
 As swelling and pain decreases, during the recovery period it may be possible to assess for ankle instability. Laxity of the ATFL is assessed with an anterior drawer maneuver (Figure 7). Integrity of the calcaneofibular ligament is assessed by inverting the foot while palpating the lateral talar dome. Either or both of these tests can be obscured by guarding due to pain. The anterior draw test is performed on both the injured and uninjured side to obtain comparison. The examiner assesses the amount of translation of the foot relative to the shin and also the “quality of the end point” (i.e., if a firm stop –a rope snapping to attention–is encountered).
 [image: ]Figure 7: The Ankle Drawer Test The anterior ankle drawer test is performed with the patient sitting on an exam table, with knees flexed and the foot dangling over the edge of the table. The examiner grasps and stabilizes the shin in one hand and applies anteromedial force to the heel with the other hand, using the deltoid ligament as a hinge.
 High Ankle Sprains
 So-called “high ankle sprains” are injuries to the syndesmosis, which lies between the tibia and fibula (“high”) above the joint.
 High ankle sprains are less common than lateral ankle sprains, but when they occur they are often more debilitating. They occur from a twisting injury to the ankle when the foot is planted on the ground. These injuries are produced by a sudden change of direction due to an externally applied force, as may be seen from a tackle in a football game. Pain located on the anterolateral aspect of the ankle is the main symptom. However, a high ankle sprain can also occur in combination with an inversion or eversion injury and therefore medial or lateral pain can be present as well.
 The “squeeze test,” namely compressing (squeezing) the tibia and fibula together approximately four inches above the ankle joint, can be used to detect a high ankle sprain. This test will tend to reproduce focal symptoms in patients who have had a high ankle sprain. The external rotation test, namely, holding the foot in dorsiflexion and then externally rotating it, will also reproduce focal symptoms when high ankle sprain is present.
  
 Objective evidence
 X-rays should be obtained if there is bony tenderness on the posterior aspect of either malleoli or an inability to bear weight (Ottawa Ankle Rules). The x-rays should include the foot if there is tenderness on either the anterior process of the calcaneus, 5th metatarsal or the navicular. X-rays of the knee joint are needed if an isolated medial malleolus is detected on the initial film or if there is widening of the mortise (proximal fibular fracture can occur in combination with ankle injuries and must be ruled out).
 X-rays must be examined to exclude not only fracture but diastasis, namely, an increased distance between the tibia and fibula implying damage to the syndesmosis.
 Particular attention should be paid to ensure that the ankle joint mortise is symmetrical: the space between the talus and tibia medially should match the space laterally (Figure 8).
 [image: ]Figure 8: Talus Sits Squarely in the Mortise. The amount of space (arrows) should be uniform on all sides. Stress x-rays – imaging the ankle while the heel is pushed towards one side while the leg is pushed in the opposite direction – may be used to assess instability in chronic cases. These films should be used only with great caution in the acute setting as the procedure may displace otherwise non-displaced injuries.
 There is typically no role for MRI in acute ankle sprains. An MRI may be indicated in cases of chronic pain after a sprain. An MRI could detect a talar osteochondral injury or extra-articular sources of residual pain such as tendonitis or scarring of the restraining ligaments. Approximately 10% of severe ankle sprains may have associated injuries to the articular surface of the talus. An MRI may also be helpful in identifying an injury to the syndesmosis.
  
 Epidemiology
 According to Waterman et al (PMID: 20926721), emergency department data suggest an incidence rate of 2.15 ankle sprain per 1000 person/year in the United States, with a peak incidence rate more than triple that for teenagers between fifteen and nineteen years of age. The overall incidence rate by gender is about the same, though younger males and older females have higher rates than their female and male counterparts respectively. Nearly half of all ankle sprains seen were related to athletic activity.
  
 Differential diagnosis
 The key element in the differential diagnosis of an acute ankle injury is discerning what was injured: which bones may have been broken and which ligaments may have been sprained. Note that combination injuries are not only possible but are common.
 Bony tenderness on the anterior process of the calcaneus, base of the 5th metatarsal, or navicular suggests a fracture there.
 Tenderness coursing up the lateral aspect of the leg may suggest a peroneal tendon injury.
 The squeeze test and external rotation test may detect a high ankle sprain (anterior inferior tibia-fibular ligament injury).
 Once the diagnosis of an ankle sprain is made, it can be further refined into a grade:
 	Grade 1 sprain: the anterior talofibular ligament is injured but not elongated (and thus not prone to cause instability);
 	Grade 2 sprain: the anterior talofibular ligament is partially torn resulting in stretching that may destabilize the joint; and
 	Grade 3 sprain: a complete tear of the anterior talofibular ligament. Note that instability may be masked by swelling or guarding.
 
  
 Red flags
 An inability to bear weight or tenderness in the bone (including the medial and lateral malleoli as well as the 5th metatarsal and navicular) signify a need for radiographs (as per the Ottawa Ankle Rules).
 Blood on the skin suggests an open fracture.
  
 Treatment options and outcomes
 The initial treatment of an ankle sprain is known by the mnemonic RICE. RICE is used to limit swelling, as too much swelling can significantly increase the patient’s pain and ultimate recovery time.
 	Rest: minimize mobilization and activity in the initial recovery period.
 	Ice: Apply ice, but not continuously. A regimen of 10 minutes on and 10 minutes off will minimize the risk of thermal injury to the skin.
 	Compression: This should be tight enough to decrease swelling but loose enough to allow the foot to be perfused.
 	Elevation: To be maximally effective, the foot should be held higher than the thigh, to allow gravity to help drain the edema. Propping the foot in a stool or pillow is not apt to help drain fluid, but may help enforce rest and inactivity.
 
 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) such as ibuprofen can be very helpful to decrease pain by decreasing the inflammatory response to the injury. However, there is some evidence that suggest that anti-inflammatories may have an adverse effect on ligament healing.
 Once the symptoms associated with the initial ankle sprain have started to improve, patients will benefit from physical therapy exercises designed to improve their range of motion, strength and proprioception.
 Proprioception is the ability of the brain to sense the position of a joint (ex. ankle) and control its movement relative to the rest of the body. Note that nerves within the ligament mediate proprioception and therefore this sense can be out of kilter following a ligament injury. As the acuity of the injury resolves, patients with seemingly normal ankles on examination (no swelling, no tenderness, no laxity) may still feel unstable if proprioception has not returned to normal. This is referred to as “functional instability.”
 “Figure of Eight” exercises are particularly helpful for regaining range of motion and proprioception. Patients should be instructed to imagine that the tip of their big toe is a pen and to then “draw” a figure of eight with the toe slowly, repeating the motion for 30-60 seconds. In the alternatives, patients can “sign” their names in script. It is important that the motion follow a deliberate pattern – and not random waving of the foot – as deliberate motion helps improve proprioception as well.
 Proprioception can also be improved by having the patient stand on one foot with eyes closed. Once this is mastered, standing on one foot on a soft surface (such as a pillow or bed) with eyes closed and head moving side to side can further improve proprioception.
 Rehabilitation after an ankle sprain can often be completed with a home program, though trained physical therapists may be beneficial in providing initial instruction defining the program.
 Surgery is rarely indicated for the treatment of acute ankle sprains. However, patients who have recurrent ankle sprains may be candidates for an ankle ligament stabilization procedure to treat their anatomic instability and restore functional stability.
 Most people with sprained ankles fully recover. Even if the ligaments are permanently deformed, the muscles crossing the ankle joint can provide sufficient dynamic stability. However, because ankle sprains are such a common injuries, even a low rate of complications (coupled with a high incidence) may produce a significant number of people with poor outcomes. Ankle injuries associated with chronic anatomic instability may lead to the development of traumatic arthritis.
  
 Risk factors and prevention
 Risk factors for ankle sprains include a high arched foot (cavus foot), ligamentous laxity leading to increased inversion, participating in high risk activities (ex. basketball, soccer, volleyball), and a history of previous ankle sprains.
 Rovere et al (PMID: 3132864) studied the effectiveness of taping, wearing a laced stabilizer and high-top or low-top shoes among collegiate football for 6 seasons. They reported that the combination associated with the fewest injuries overall was low-top shoes and laced ankle stabilizers.
  
 Miscellany
 Ankle sprains from playing basketball represent nearly 20% of all ankle sprains in the US. Football and soccer are the next most implicated sports causing ankle sprains during athletics.
  
 Key terms
 Ankle sprain, syndesmosis, mortise, talo-fibular ligament, calcaneo-fibular ligament, deltoid ligament, proprioception
  
 Skills
 Recognize an ankle sprain and differentiate between it and other ankle and hindfoot injuries. Apply the Ottawa ankle rules to recognize need for x-rays.
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		Arthrosis of the Ankle and Hindfoot

								

	
				 Ankle arthrosis most commonly occurs after a major traumatic ankle injury. A pilon fracture may cause arthrosis of the tibiotalar (ankle) joint; a depressed calcaneal fracture can cause subtalar arthritis. Arthrosis is also seen after less severe injuries, especially if those injuries cause malalignment. Unlike the knee and hip, the ankle joint is a relatively uncommon site for the development of primary osteoarthritis. Arthrosis of the ankle is also treated with methods that would not be used in the knee or hip, as loss of motion to limit pain is better tolerated in the ankle and hindfoot. Thus, bracing and (in more extreme cases) surgical fusion is a commonly used method of treatment though surgical methods to restore small cartilage defects or to preserve motion through joint replacement are also used.
  
 
 Structure and function
 The ankle joint (talocrural or tibiotalar joint) is formed between the distal tibia and fibula and proximal talus (Figure 1). The superior talar dome has three articulating surfaces – medial, central, and lateral – that articulate with the medial malleolus, tibial plafond, and lateral malleolus, respectively. These articulations provide bony stability to the ankle joint when it is in a neutral or dorsiflexed position. In plantarflexion, the ankle joint has considerably less bony contact, and in that position relies more on the surrounding ligaments to provide stability.
 [image: ]Figure 1:  Ankle Bony Anatomy – Anterior View The hindfoot consists of the calcaneus and talus (Figure 2). The inferior aspect of the talus articulates with the calcaneus inferiorly, forming the subtalar joint. The subtalar joint facilitates inversion and eversion of the foot.
 [image: ]Figure 2: Ankle and Hindfoot Bony Anatomy –Lateral View The talus is mostly covered by articular cartilage and has no muscular attachments, leaving little bone for vascular penetration. This lack of vascularity predisposes the talus to slow healing and avascular necrosis.
  
 Pathophysiology of osteoarthritis
 The ankle joint surfaces are highly conforming, that is the surfaces have broad areas of contact. This allows the forces of weight-bearing to be spread out over a maximally large area and in turn minimizes focal joint pressure (Figure 3).
 Injuries that damage the articular surfaces can decrease or change contact area, leading to high pressure in certain spots and predisposing the joint to further damage and arthrosis. The hallmark of osteoarthritis is the loss of articular cartilage. Major injury in the ankle will often start the process of osteoarthritis beginning with the breakdown of the joint surface and irritation of the synovium. Thereafter, there is impairment of chondrocyte function and sclerosis of the bone. In the final phase, there is overt disorganization and degeneration. Specifically, when the smooth articular cartilage is damaged, it becomes rough. Friction against the rough surface creates cartilage particles. The synovium absorbs these particles and may undergo a chronic low-grade inflammatory response, producing enzymes that cause further damage. In severe osteoarthritis (Figures 4 & 5), erosion of the articular surface can expose subchondral bone, allowing synovial fluid to enter the cancellous bone causing cysts. The subchondral bone may also thicken due to focal loading forming sclerotic bone. In addition, the inflammation of the joint present in arthritis may contribute to the formation of osteophytes (bone spurs) around the outside of the joint.
 Osteoarthritis of the ankle and hindfoot is generally post-traumatic. Primary arthritis of the ankle, in contrast to the knee and hip, is rare.
 [image: ]Figure 3: Normal ankle joint (Weight-bearing lateral x-ray). [image: ]Figure 4: X-ray of severe ankle arthritis. Note joint space narrowing at the tibiotalar (ankle or talocrural) joint and anterior bone spur (osteophyte). [image: ]Figure 5: X-ray of subtalar arthritis. Note joint space narrowing at subtalar joint. Osteochondral lesions of the talus can be thought of as a form of focal arthrosis: there is focal cartilage (and possibly bone) damage involving a relatively small portion of the ankle joint (Figure 6), while the remainder of the ankle joint is usually normal. Osteochondral lesions of the talus are also typically caused by trauma to the ankle. Usually it is more minor compressive and rotational forces that shear the cartilage and impact the underlying subchondral bone leading to edema (localized swelling) within the bone. Osteochondral lesions (OCL) of the talus can involve: cartilage only; cartilage and bone; subchondral bone with intact cartilage where there is solely edema of the bone; or where there is bone loss replaced with fluid in the form of a cyst underneath the cartilage. OCLs are typically classified according to whether they are stable/unstable and whether they are displaced or undisplaced.
 Virtually all lateral talar OCLs (>90%) are due to trauma compared to roughly 60% of medial lesions. Lesions not caused by trauma may be caused by chronic overload to the foot, repeated microtrauma, avascular necrosis, or congenital factors.
 Osteochondral lesions of the talus have poor healing due to the general avascularity of articular cartilage but also the tenuous vascular supply of the talus itself. Though OCLs do not typically heal, they also stay relatively stable over time and very rarely progress to arthritis that encompasses the whole joint.
 [image: ]Figure 6: X-ray of medial osteochondral lesion of the talus.  
 Patient presentation
 Patient presentation will vary depending on the type and location of arthrosis. In general, patients with hindfoot arthritis will present with pain, stiffness, and swelling. Symptoms are often exacerbated by activity and relieved with rest. It is important to determine the exact nature, location, duration, and progression of symptoms to narrow down the type of arthrosis and structures affected.
 Localizing the area of maximal discomfort can narrow the differential. In the case of ankle osteoarthritis, pain is often on the anterior aspect of the ankle joint in a bandlike pattern along the tibiotalar joint. In subtalar arthritis, the pain is often localized to the lateral hindfoot, often underneath the fibula in the sinus tarsi, though sometimes the pain radiates medially as well. Patients with talar lesions often complain of localized ankle pain on either the medial or lateral sides of the ankle.
 Identifying aggravating and alleviating factors can also help to identify the location of the arthritis. Pain with plantarflexion can indicate a posterior lesion of the talus, while dorsiflexion may aggravate an anterior lesion. If bone spurs are present impingement may occur with resulting pain as the bone spurs come into contact. Some patients may in fact wear high-top boots or shoes after they discover that these shoes alleviate symptoms by preventing excess dorsiflexion. Subtalar arthritis is commonly aggravated by walking on uneven ground because inversion/eversion occurs primarily at the subtalar joint.
 Crepitus, catching, locking, grinding or the sensation of a loose body should increase your suspicion for an OLT with an unstable fragment. However, some patients with OLTs are asymptomatic and with the OCL being identified as an incidental finding on an MRI for another problem.
  
 History
 Patients with ankle or hindfoot arthrosis frequently describe a history of trauma to the joint (ankle fracture, tibia fracture, recurrent ankle sprains, etc.). This trauma may have been many years in the past. It is important to determine the type of injury – fracture or sprain – and the structures involved. A history of ankle inversion injury that doesn’t improve with conservative treatment should heighten the examiner’s suspicion for a persistent cartilage injury.
 In patients in whom a history of trauma is not recalled, asking about personal history or family history of inflammatory arthritis (ex. rheumatoid arthritis) is important, though inflammatory arthritis normally presents elsewhere before affecting the ankle.
  
 Physical exam
 When evaluating a patient, check the alignment of the lower extremity – including the alignment of the knees and the hindfoot.
 Determine the motion of the ankle and hindfoot joints by assessing ankle dorsiflexion and plantarflexion – and hindfoot inversion and eversion.
 Assess for ankle stability using an anterior drawer test and a talar tilt test.
 Other physical exam findings may include a joint effusion, tenderness to palpation over medial and/or lateral joint lines, decreased strength or calf atrophy from relative disuse.
 Subtalar arthritis will tend to have hindfoot swelling, tenderness within the tarsal sinus, pain with inversion/eversion, and limited ROM at the subtalar joint. As always, perform a detailed neurovascular exam to look for weakness, loss of sensation, and decreased or absence of distal pulses.
 When performing a physical examination, it is always important to look at both feet and ankles so that a normal baseline may be established for a patient.
  
 Objective evidence
 Radiographic imaging is used to confirm a clinical diagnosis of arthrosis and often establishes the definitive diagnosis of arthritis. Weight-bearing anterior-posterior, lateral, and mortise/oblique views of the ankle and foot are required. Two additional views can also be used to evaluate the subtalar joint:
 Broden’s view (Figure 7): Foot internally rotated 45 degrees. X-ray angled 10-40 degrees cephalad. Used to evaluate the posterior subtalar facet.
 Canale view (Figure 8): Foot pronated 15 degrees. X-ray aimed 75 degrees from horizontal on AP view. Used to evaluate the tarsal sinus.
 [image: ]Figure 7:  Broden’s View highlighting the posterior facet of the subtalar joint [image: ]Figure 8: Canale View identifying the talar neck and sinus tarsi  
 Plain x-rays may demonstrate one or more of the four cardinal signs of arthritis:
 	Narrowing of the joint space,
 	Bone spurs (osteophytes),
 	Subchondral cysts, and
 	Bone whitening (subchondral sclerosis).
 
 Radiographic imaging will not catch a purely cartilage injury or underlying bone edema. In these cases, if arthrosis is suspected but not visualized on x-ray, other imaging modalities (CT or MRI) are necessary to visualize the lesion. These modalities may also help determine if there is another source of pain (e.g., posterior tibial tendonitis, peroneal tendonitis, etc.).
 A CT scan will provide a 3 dimensional view of the hindfoot and is generally used when trying to better visualize the 3 dimensional bony structure. CT scans can show subchondral cysts and joint space narrowing which are the hallmarks of arthritis and can help to visualize the subtalar joint that may not be visualized well on plain radiographs. It can also demonstrate the cystic change underneath an OCL.
 MRI is a powerful tool because it can assess concomitant soft tissue pathology and chondral lesions with great accuracy (Figures 9). However, an MRI should only be ordered when there is a specific clinical question that needs to be answered (ex. “Does this patient have a OLT that is not seen on plain x-rays?”) AND the answer to that question will change your management (ex. “Given this patient’s symptoms if he/she has a large OLT on MRI, I will recommend surgery”).
 An MRI is rarely used in the diagnosis or treatment of ankle osteoarthritis, but it is more useful when focal talar lesions are suspected. MRI is the most sensitive tool for diagnosing these lesions because of its ability to detect bone bruising, cartilage damage, or fluid surrounding the lesions
 [image: ]Figure 9: MRI of medial Osteochondral Lesion of the Talus (OLT). Laboratory tests are generally not useful in diagnosing primary arthrosis but can be used to exclude other conditions such as rheumatoid arthritis and gout (See below).
 A diagnostic injection of local anesthetic into the ankle or subtalar joint can also help confirm pain as originating from the ankle or subtalar arthritis. For example, if the pain is relieved for a few hours with an injection into the subtalar joint it suggests that the pain is likely originating from that joint. If the pain is not relieved, then other sources of pathology may need to be explored.
  
 Epidemiology
 Osteoarthritis of the ankle and hindfoot is less common than in other limb joints, partly because primary osteoarthritis of the foot and ankle is rare compared to the knee and hip. In a study by Saltzman et al (PMID: 16089071), of 639 patients with ankle arthritis, 70% were post-traumatic, 12% were rheumatoid in nature, and only 7% were idiopathic primary osteoarthritis. Loss of function and disability (limited walking ability, chronic pain, lower limb instability) are long-term consequences of ankle and hindfoot arthrosis.
  
 Differential diagnosis
 Many conditions can present like ankle and hindfoot arthrosis. Injuries to the ankle ligaments, tendons and nerves as well as infections or masses may also cause pain in the ankle and should be differentiated from arthrosis of the ankle. Physical examination, imaging studies, and diagnostic injections can be helpful in narrowing the differential diagnosis.
 Once arthrosis has been established the cause of arthritis should also be established as it may help direct the types of treatment offered.
 Before deciding on a diagnosis of arthrosis, it is necessary to rule out the possibility of inflammatory arthritic conditions like rheumatoid arthritis, gout, as well as infectious arthritis. Obtaining a personal and family history of arthritis will help to narrow the differential. Lab tests like CBC, ESR, CRP, and immunohistochemistry can also help to identify inflammatory arthritic conditions. In cases where inflammatory or infectious arthritis is suspected, the most effective method for establishing a definitive diagnosis is made using a sample of synovial fluid attained through aspiration of the joint.
 Avascular necrosis (also known as osteonecrosis) may present with symptoms typical of arthrosis before overt joint destruction is seen.  It is most commonly associated with prolonged use of steroids (such as for people with asthma or other inflammatory conditions) or other medications.
  
 Treatment options and outcomes
 Non-operative treatment
 Non-operative treatment is usually indicated for patients with mild to moderate arthrosis but may be helpful for patients with any stage of arthritis. It normally involves a variety of treatments including: oral non-steroidal anti-inflammatory drugs and/or analgesics, physical therapy, and ankle stabilization (ex. ankle bracing). General exercise and activity modification can also help to prevent pain and progression of symptoms. In moderate-severe cases, intra-articular corticosteroid injection may be necessary to provide short-term pain relief.
 Physical therapy is an important aspect of non-operative care early in the course of treatment, to maintain range of motion, strength, and proprioception and thereby decrease the likelihood of leg atrophy over time. Exercise that is relatively non-weight bearing (ex. swimming or cycling) may help maintain an ideal body weight because a high BMI can lead to excessive force on the affected joints.
 Ankle support is an important aspect of non-operative care that can minimize painful joint motion and relieve pressure points. There are many ankle support options ranging from simple over-the-counter shoewear modification to ankle braces to custom-molded ankle-foot orthoses (AFOs).
 Operative treatment
 Operative treatment may be indicated in patients with severe osteoarthritis or when conservative treatment has failed. Several different surgical options exist for the treatment of osteoarthritis.
 Arthroscopy: Arthroscopic procedures include synovectomy, debridement, loose body removal, excision of bone spurs, and chondroplasty. The effectiveness of ankle arthroscopy in the treatment of arthritis has not been assessed in randomized controlled trial. However, for patients with widespread arthritis it is unlikely to provide long-term relief. Arthroscopy may be helpful for patients with focal arthrosis with a talar OCL (See below).
 Tibial osteotomy: Some cases of ankle arthritis stem from a tibial alignment deformity that leads to poor load distribution across the ankle joint. In these cases tibial osteotomy can correct alignment, and improve load distribution across the ankle joint. It is indicated in young patients with a varus or valgus deformity and mild to moderate arthritis caused by a tibial deformity.
 Ankle arthrodesis (Figure 10): Ankle arthrodesis (tibiotalar fusion) is one of the most predictable means of relieving pain from severe ankle arthritis and can be highly effective at doing so. The fusion can be performed either open or arthroscopically to remove the remaining cartilage from the two sides of joint, with additional fixation with plates and/or screws to hold the bones until fusion is achieved. Fusion rates are similar between the two methods, about 80 to 90%, and patient factors such as deformity, vascular or skin compromise, and bone quality often dictate the method used. The major disadvantage of arthrodesis is that it sacrifices the plantarflexion and dorsiflexion movements of the ankle joint. The lack of ankle motion from fusion may be mildly impairing and may also accelerate arthrosis in the subtalar joint. In order to maximize the motion in surrounding joints following fusion, the ankle should be positioned in neutral dorsiflexion and slight hindfoot valgus (heel angled to the outside).
 [image: ]Figure 10: Ankle Arthrodesis (Ankle Fusion) Total Ankle Arthroplasty (TAA): In this procedure, the surgeon replaces the damaged tibial plafond and talus with an artificial joint (Figure 11). It is ideal for a lightweight, sedentary, older patient with end-stage osteoarthritis who has minimal deformity, good range of motion, and a good soft tissue envelope. It has a similar ability to relieve pain as arthrodesis, but with the advantage of preserving motion and possibly relieving stress on adjacent joints. The major disadvantage of ankle joint replacement is that it is mechanical, and will eventually wear out and possibly need a revision replacement. This tends to happen more quickly than in either hip or knee replacements, though recent studies have shown a successful ankle implant retention rate approaching 85-90% at 8-10 years.
 [image: ]Figure 11: Total Ankle Arthroplasty Subtalar arthrodesis: Fusion of the subtalar joint (Figure 12) is the best treatment for subtalar arthritis that has failed non-operative treatment. This procedure involves removing the joint cartilage and subchondral bone and attaching the two sides of the subtalar joint with screws or staples. If the two surfaces of the joint do not fully oppose each other then bone graft, either autograft or allograft may be used to fill the void and promote fusion. Again, the tradeoff inherent in any fusion procedure (loss of pain at the price of loss of motion) applies here as well. The procedure can be extended to include the talo-navicular and calcaneo-cubiod joints This is called a “triple arthrodesis.” It is most commonly used to correct deformity within the hindfoot.
 [image: ]Figure 12: X-ray of Subtalar Arthrodesis (Subtalar Fusion) Debridement and microfracture: This is the most common approach for treating small (<1.5cm in diameter) talar OCLS. The unstable cartilage is arthroscopically trimmed back and then the bony base is cracked with a pick or drill (“microfractured”) to stimulate bleeding and subsequent formation of a fibrin clot. The fibrin clot that fills the defect undergoes transformation into fibrocartilage (type I cartilage). It is successful in about 90% of cases in which the OLT lesion is less than <15mm. If the articular surface is intact, yet there is a lesion right below it, drilling the talus from distal to proximal, up to, but not through, the articular surface (so called “retrograde drilling”) may be used.
 Transplantation of osteochondral tissue: Several transplantation techniques exist to replace lost articular cartilage including osteochondral autograft or allograft transplantation (OATS) and autologous chondrocyte implantation (ACI). These procedures are usually reserved for lesions that have failed debridement and micro fracture, or for larger lesions.
 During the OATS procedures, cylinders of cartilage and underlying bone are harvested from the femoral condyle or trochlea and placed within the lesion (not unlike hair plugs). The ACI procedure comprises harvesting autologous chondrocytes, expanding them in a laboratory culture and then re-implanting this larger mass of cells into the lesion, covered by a periosteal patch or collagen matrix.
  
 Risk factors and prevention
 Since ankle and hindfoot arthrosis are normally caused by trauma, risk factors are the same as those for ankle and hindfoot injuries including fractures, recurrent ankle sprains, and malalignment. Sports like soccer, football, and basketball have an increased risk of these injuries and therefore have an increased risk of arthrosis.
 Some congenital deformities of the foot (e.g. clubfoot) place the patient at increased risk for ankle and hindfoot arthrosis.
  
 Miscellany
 Aviator’s astragalus is an old term referring to a displaced talar neck fracture with associated compression fractures of the talus – a pattern of injury seen in World War I aviators who crashed their planes. This term is now only a historical curiosity. These fractures, if displaced have a high rate of osteonecrosis which often leads to either tibiotalar or subtalar arthritis or both.
  
 Key terms
 Osteoarthritis, Ankle arthritis, subtalar arthritis, Osteochondritis dissecans, Talar osteochondral lesions, Loose body, Talar dome lesion, Ankle arthrodesis, Ankle arthroplasty, Aviator’s astragalus
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		Hindfoot Fractures

								

	
				Fractures of the calcaneus and talus, collectively termed “hindfoot fractures” are typically caused by high-impact forces like falls or motor vehicle accidents. Calcaneus fractures are more common. Talus fractures though less common, are often associated with greater morbidity owing to the bone’s tenuous blood supply of the talus and the associated problem of osteonecrosis. Hindfoot fractures are caused by axial load, and therefore can be seen in conjunction with more proximal injuries, such as fracture of the pelvis or spine – so much so, that a calcaneus fracture should prompt a detailed exam of the spine and pelvis.
  
 Structure and function
 The hindfoot begins at the talocrural (ankle) joint and ends at the calcaneocuboid joint (Figure 1). The bones of the hindfoot are the talus (lower bone of the ankle joint) and the calcaneus (heel bone). The articulation between the talus and calcaneus is called the subtalar joint. The talus does not sit directly on top of the center of the calcaneus, but rather toward the medial-superior edge of the calcaneus (Figure 2).
 [image: ]Figure 1: Hindfoot Anatomy [image: ]Figure 2: Lateral Offset of Calcaneus on Talus The hindfoot functions to bear and distribute weight to the foot while standing, and to permit complex foot movements in coordination with the ankle joint, especially inversion/eversion and axial rotation.
 The talus has a complex architecture, enabling it to function as a “ball-joint” between the leg and the foot. The talus can be divided into three anatomical regions: the head, neck, and body (Figure 3). The head articulates with the navicular anteriorly (talonavicular joint). The neck connects the body and head and is the most commonly fractured part of the talus.
 [image: ]Figure 3: Talar Anatomy The vascular supply to the body enters at the neck. As such, a fracture of the talar neck may impede perfusion of the talar body. Without perfusion, the bone may die (ie, undergo avascular necrosis). The talar body articulates with the calcaneus inferiorly (subtalar joint) at three separate articular surfaces: anterior, middle, and posterior. There is a small space between these three articulations known as the tarsal sinus.
 Motions near the hindfoot include plantarflexion/dorsiflexion at the ankle joint. There is a complex set of motions as the foot moves under the talus at the subtalar and talonavicualr joints. The main elements of this motion is pronation/supination at the subtalar joint; and dorsiflexion and eversion at the talonavicular joint.
 Nearly 70% of the talus is covered by articular cartilage. Unlike the calcaneus, which has many insertions and origins of muscles, the talus does not have any muscular attachments. The blood supply to the bone is therefore limited to a “vascular sling” around the talar neck comprising the artery of the tarsal canal (a branch of the posterior tibial artery that supplies the body) and the artery of the tarsal sinus (supplied by branches of the anterior tibial and peroneal arteries to supply the head and neck). This limited blood supply makes the talus prone to delayed healing and avascular necrosis.
 The os trigonum is an accessory bone that develops posterior to the talus (Figure 4). It is present in 2.5-14% of people and is bilateral in 60% of these people. For those unfamiliar with this anatomic variation it can be mistaken on x-ray as a fracture of the posterior talus.
 [image: ]Figure 4: Os Trigonum (circled in red) on Plain Ankle X-ray (Top) and MRI (Bottom) The calcaneus articulates with the cuboid anteriorly, but its major articulation is with the talus above it. The calcaneus has three anatomic regions: the anterior process, the body, and the posterior tuberosity. The Achilles tendon inserts at the calcaneal tuberosity on the posterior side of the calcaneus. Near the medial talar articulation is the sustentaculum tali (a horizontal shelf of bone). The calcaneus is likened to a “hard-boiled egg” because its outer cortex is thin and surrounds the softer inner cancellous bone. If damaged, the outer cortex can collapse leading to severe comminution of the underlying cancellous bone.
  
 Patient presentation
 Patients with a traumatic fracture involving the hindfoot (talus and/or calcaneus) will have a history of an acute injury. Commonly the injury mechanism is an axial load such as occurs in a fall from a height or a motor vehicle accident. Patients will present with significant swelling and pain. It can be difficult to distinguish a fracture from a sprain with an acutely swollen ankle. A laceration, blood, or puncture wound, often on the medial aspect of the foot, is indicative of an open fracture.
 Inability to bear weight is a common sign of hindfoot fractures. Redness, hematoma, and fracture blisters may be present near the heel. Fracture blisters occur when excessive swelling causes the layers of the skin to shear leading to localized blisters. A “Mondor sign” is a hematoma extending distally along the sole of the foot – it is a common finding in patients with a calcaneus fracture (Figure 5).
 Hindfoot fractures are often accompanied by other injuries because the extent of axial loading necessary to cause a hindfoot fracture is likely to cause other problems too. Fractures and dislocations of the ankle joint may occur in these settings. Additionally, lumbar spine fractures are seen in 10% of patients with calcaneus fractures.
 It is important to assess soft tissue damage in addition to the fracture, as the extent of soft tissue damage will dictate the timing of definitive treatment as well as the prognosis. A comprehensive neurological exam should be performed to look for motor or sensory nerve injury. Anterior and posterior tibial pulses and distal capillary refill should be examined via palpation and/or Doppler to assess for any vascular deficits.
 [image: ]Figure 5: Gross Appearance of a Closed Calcaneal Fracture. Note swelling, bruising, and blister formation along the lateral hindfoot (Mondor sign). (Courtesy of David Thordarson MD)  
 Objective Evidence
 Talar Fractures
 The presence and location of talar fractures should be evident on plain films, but the talus may be obscured by the ankle mortise, calcaneus, and midfoot.
 Talar neck fractures, caused by excessive dorsiflexion of the foot against the distal tibia, comprise half of all talus fractures (Figure 6). They are classified, with increasing severity, as nondisplaced; displaced but with an intact ankle joint; and displaced with subluxation/dislocation of both the subtalar joint and ankles joints. A fourth category is designated in there is disruption of the talonavicular joint as well.
 [image: ]Figure 6: Talar Neck Fracture Pre and Post-Op X-Rays The second most common site of talus fracture is the lateral process – approximately one-quarter of talus fractures occur here (Figure 7). These often occur following axial compression, dorsiflexion, and eversion. They are common in snowboarders.
 [image: ]Figure 7: Talar Lateral Process Fracture Fractures of the talar head, body, and posterior process are less common.
 Calcaneal Fractures
 Calcaneus fractures are more common than talus fractures. They are broadly classified according to whether they involve the subtalar articular surface (intra-articular) or not (extra-articular).
 Extra-articular fractures represent only 25% of calcaneal fractures. By definition, they do not involve the subtalar joint or its articular surfaces. Extra-articular fractures typically affect the anterior process, calcaneal tuberosity, calcaneal body, and sustentaculum. Intra-articular fractures are more common (Figure 8). They are also more challenging to treat.
 An ankle (anterior-posterior, mortise, and lateral) and foot (AP, oblique, and lateral) x-rays series should be taken. Two angles on the lateral x-ray can be helpful in assessing calcaneus fractures. Bohler’s angle is formed from two lines: (1) a line drawn from the superior point of the posterior calcaneal tuberosity to the highest midpoint of the posterior articular facet, and (2) the highest midpoint of the posterior articular facet to the anterior process (Figure 8). This angle should be 20-40 degrees – a decrease in Bohler’s angle suggests a depressed fracture of the posterior facet. The Angle of Gissane (Figure 9)is formed from the downward slope of the posterior facet and the upward slope directed anteriorly. This angle should be 100-130 degrees – an increase suggests a fracture of the posterior subtalar articular surface.
 [image: ]Figure 8: Normal (Top) and Abnormal (Bottom) Bohler’s Angle on Lateral Foot X-Ray. A depressed calcaneal fracture leads to a lower Bohler’s angle (<20 degrees)
 [image: ]Figure 9:  Angle of Gissane (Normal) “Hawkins sign,” namely a radiolucent line in the subchondral talus (patchy subchondral osteopenia) several weeks following injury on the AP or mortise views of the ankle, is a radiographic indicator of revascularization and absence of avascular necrosis. The radiolucency is the result of bone resorption and is a good sign – it indicates that the bone retained its blood supply.
 CT imaging is routinely performed to assess the fracture pattern, degree of displacement, and involvement of articular surfaces since radiographic imaging does not provide sufficient resolution to visualize the articular fragments. Sagittal, coronal, and transverse CT scans are especially helpful for the decisions to perform surgery as well as intra-operative decision-making about technique and needed implants.
 MRI is mostly used to detect and quantify the degree of avascular necrosis of talar fractures. It is also used to diagnose osteochondral lesions of the talus.
 [image: ]Figure 10: CT Scan of Calcaneus Fracture: Coronal View (left), Sagittal View (right)  
 Epidemiology
 Calcaneus fractures comprise 2% of all fractures and 60% of tarsal fractures. The annual incidence is approximately 12 per 100,000 per year, significantly less than ankle fractures (187 per 100,000) which may present similarly. Calcaneus fractures occur 2.4 times more often in males and most often affect men in their 20’s. 72% of calcaneal fractures are due to falls from a height and 19% occur in the workplace. A small minority of calcaneus fractures may be non-traumatic stress fractures due to repetitive axial loading, as seen in military personnel or long-distance runners. Ten percent of calcaneus fractures are bilateral. Ten percent will have associated thoracolumbar spine injuries and another 10% will have a hip fracture.
 Talus fractures are the second most common fractured bone in the foot but are rarer than calcaneus fractures, comprising only 0.1-0.9% of all fractures. The most common site of talus fractures is at the talar neck followed by the lateral process. Talus fractures are significant because of their potential for long-term morbidity and complications.
 Open fractures occur in approximately 20% of calcaneus and talus fractures.
  
 Differential diagnosis
 High-energy impact is necessary to cause hindfoot fractures and this may cause other injuries to the lower limb. These associated injuries can include ankle sprains, ankle fractures, talus dislocations, tibial and fibular fractures, pilon fractures, hip fractures, and injuries to the other tarsal and metatarsal bones. In fact, one-quarter of calcaneal fractures are accompanied by other lower limb injuries. A high-energy axial load can also cause injuries outside the lower limb. One of the most common injuries is a thoracolumbar spine fracture, which occurs in 10% of patients with calcaneal fractures.
  
 Red flags
 Hindfoot fractures can be missed in patients who have sustained polytraumatic injuries. Thus an axial load mechanism should be a “red flag” suggesting the presence of a hindfoot fracture, and the presence of such a fracture in one limb should prompt close evaluation of the contralateral side (as it may have been subjected to the same axial load) as well as the spine and pelvis.
 A missed hindfoot fracture should also be suspected if a diagnosed ankle sprain does not improve with routine treatment. Subtle hindfoot fractures such as a fracture of the anterior process of the calcaneus can be caused by the same inversion mechanism that causes sprains, and therefore can be easily misdiagnosed as ankle sprains.
 Tenting of the skin with a fracture is a worrisome sign indicative of potential skin necrosis.
  
 Treatment options and outcomes
 Initial treatment of hindfoot fractures should focus on reducing swelling and addressing any open wounds. After the fracture pattern has been identified, definitive treatment can begin.
 Definitive treatment for hindfoot fractures can be operative or non-operative depending on the part of the bone fractured, the severity of the fracture, and the patient’s risk factors. Non-operative treatment generally involves relative immobilization and no weight-bearing for 6 to 12 weeks followed by progressive weight-bearing. Gentle early ankle and hindfoot range of motion exercises are an important element of non-operative treatment for calcaneal fractures and other stable hindfoot injuries. An attempt to move the hindfoot relatively early in the recovery period will help minimize residual hindfoot stiffness – although some stiffness is inevitable.
 Operative treatment generally involves open reduction and internal fixation (ORIF) followed by immobilization, no weight-bearing, and early ROM exercises. There is a window of opportunity for surgery – long enough after the injury such that there is resolution of swelling, yet not too long that too much soft callus has formed.
 The risk of complications of talar neck and body fractures is related to the extent of the displacement, degree of damage to the blood supply, and damage to the articular surfaces. A common complication is avascular necrosis of the talar body due to injury to the vascular sling supplying the talus. The risk of avascular necrosis in talar neck fractures is 10% or less if the fracture is not displaced; the risk is close to 100% if there is disruption of subtalar, ankle and talonavicular joints.
 Displaced lateral talar process fractures typically have a better outcome than talar neck and body fractures. They are treated by stabilizing the fracture fragment with screws (Figure 11). If the fractured fragment is small or comminuted, it can be removed.
 [image: ]Figure 11: Surgical Fixation of a Lateral Process Fracture of the Talus Extra-articular calcaneus fractures can generally be treated non-operatively unless the fragments are large. In the case of fractures of the calcaneal tuberosity caused by Achilles tendon avulsion, screw fixation may be required to prevent displacement by the force of the Achilles.
 Non-displaced calcaneal fractures are treated non-operatively and either non-operative or surgical fixation may be indicated for displaced calcaneal fractures (Figure 12). Effective surgical treatment of a displaced calcaneal fracture is a highly technical procedure. Surgical fixation has not been shown to be superior to non-operative treatment in multiple comparative studies when considering all patients and reviewing all outcomes. The potential benefits of surgery including better range of motion, improved function, and less posttraumatic subtalar arthritis are offset by the higher wound complication and infection rates in the surgically treated patients. It has been shown that surgical fixation has optimal results in young, female patients who are not receiving worker’s compensation. Smokers, diabetics, older patients, patients with vascular disease, and those receiving worker’s compensation tend to do less well.
 [image: ]Figure 12: X-Ray of Depressed Calcaneal Fracture Pre and Post ORIF.  
 Risk factors and prevention
 Because most hindfoot fractures occur in the setting of acute injury, such as falls or motor vehicle accidents, prevention mostly centers on avoiding such accidents. However, certain health conditions can also predispose people to hindfoot fractures. For example, diabetes mellitus and low bone mineral density are major risk factors for hindfoot fractures.
 Hindfoot fractures can also be sports-related. Snowboarders are 17 times more likely to sustain fractures to the lateral process of the talus compared to the general population. Additionally, running with minimalist footwear has been implicated in calcaneal stress fractures.
  
 Miscellany
 Calcaneus fractures are called “lover’s fractures” because they are the injury a cheating spouse would sustain if jumping from an upstairs bedroom window to escape trouble.
 Talus fractures were historically referred to as “Aviator’s astralgus.” In the early 20th century, plane crashes at sub-lethal speeds were common, resulting in high-impact injuries to the foot including talus fractures. Nowadays talus fractures are mostly caused by falls and motor vehicle accidents, so this term is mostly obsolete.
  
 Key terms
 Talus fracture, Calcaneus fracture, Osteonecrosis, Os trigonum, Mondor sign, Hawkins sign, Bohler’s angle, Aviator’s astralgus
  
 Skills
 Develop a differential diagnosis of possible foot injuries resulting from high-energy axial loading such as a fall or motor vehicle accident. Recognize the classic signs, symptoms, and history of hindfoot fractures. Identify and differentiate between calcaneus and talus fractures on plain radiographs. Use radiography to calculate Bohler’s and Gissane’s angles. Classify calcaneus fractures according to Sanders Classification using coronal CT images. Determine the appropriateness of operative vs. non-operative management depending on whether fractures are displaced and the patients associated risk factors.
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		Plantar Fasciitis

								

	
				 Plantar fasciitis is a common source of pain under the heel (Figure 1). The etiology of the condition is thought to be overuse, with traction and shear forces applied to the plantar fascia causing microscopic injuries to the tissue. It is not a purely inflammatory condition as the “itis” suffix would suggest. Classic findings of plantar fasciitis include pain and tenderness in the heel at the junction of the plantar fascia and the medial calcaneal tuberosity. Symptoms are usually worse with the first few steps in the morning (so-called “start up pain”). Helpful treatments include stretching of the calf muscles and the plantar fascia itself and the use of orthotics with a medial arch support.
 
 [image: ]Figure 1: Common Location of Pain in Plantar Fasciitis  
 Structure and function
 The plantar fascia is a sheet of fibrous tissue (technically termed an aponeurosis) running along the sole of the foot from the calcaneus to the base of the proximal phalanges, with fibers merging with the dermis, transverse metatarsal ligaments, and flexor tendon sheaths as well. The plantar fascia is mostly inelastic, with minimal elongation.
 Weight-bearing forces tend to flatten the medial longitudinal arch as forces are applied to the foot. The plantar fascia prevents this collapse, by maintaining the distance between the calcaneus and the metatarsals. Note that the insertion of the plantar fascia is on the toes; hence dorsiflexion of the toes pulls on the plantar fascia, winding it under the metatarsals and thereby elevating the arch, a so-called “windlass” effect.
 Plantar fasciitis is thought to be produced by overuse, creating a chronic microscopic injury to the plantar-medial origin of the plantar fascia. A heel spur is commonly found on x-ray, but is neither a sensitive nor specific finding. Only 50% of patients with heel pain will have heel spurs and about 15% of people with asymptomatic feet will have them. Accordingly, it is likely that the spur is not causing the condition. Further, cadaveric dissections have demonstrated that the spur from the calcaneus is within the flexor tendons, rather than the plantar fascia itself.
 Histologic findings in plantar fasciitis includes tears in the fascia, myxoid degeneration, angiofibroblastic hyperplasia, and collagen necrosis and not inflammation per se. However, inflammation could be part of the healing process.
  
 Patient presentation
 Healing of micro-trauma is thought to cause tightening of the plantar fascia when the patient is at rest, especially as the foot and ankle assume a plantarflexed position at night. Upon ambulation, when the foot and ankle forced into a neutral and dorsiflexed position, the healing tissue is strained. Thus, the classic presentation of plantar fasciitis as an especially sharp pain with the first few steps in the morning or after prolonged rest. This pain is localized to the plantar medial aspect of the calcaneal tuberosity (Figure 1). It will often improve after some movement or stretching. However, it will tend to recur and worsen as the day progresses, particularly if the patient has had prolonged periods of significant weight-bearing activities such as walking or standing.
 The foot and ankle physical exam should include inspection of the patient’s stance, foot shape, and gait; full neurologic evaluation; and identification of any areas of tenderness, especially at the medial plantar aspect of the heel. In some patients, dorsiflexion of the toes may exacerbate the pain via the windlass effect.
  
 Objective Evidence
 Plantar fasciitis is diagnosed by history and physical examination, but x-rays may help rule out other diagnoses. A lateral weight-bearing view of the foot will often demonstrate a calcaneal heel spur, though this should be considered an incidental finding. As previously noted the presence of a heel spur does not directly correlate with symptoms.
 Diagnosis of classic plantar fasciitis requires only a good history and physical exam. However, in atypical presentations or when symptoms are recalcitrant and other diagnoses are being considered, further imaging studies may be indicated. An MRI or a triple-phase bone scan can differentiate plantar fasciitis from a calcaneal stress fracture – a much less common cause of heel pain. An MRI may also be used to rule out other uncommon causes of heel pain such as tumors and infection. Ultrasound is less expensive than an MRI and provides no radiation exposure but requires specific expertise that many physicians lack. Typical ultrasound findings include a thickened, hypoechoic plantar fascia with soft-tissue edema.
 Except in rare instances where an inflammatory condition is suspected, laboratory studies are not indicated in the workup of patients with plantar heel pain. Similarly, in the uncommon situation where neurological symptoms are suspected, nerve conduction studies may help exclude local nerve entrapment (medial plantar nerve).
  
 Epidemiology
 Plantar fasciitis is the most common cause of heel pain. Patients are usually 40-50 years of age. Plantar fasciitis may be bilateral in some patients although one heel is usually more painful than the other.
  
 Differential diagnosis
 Plantar fasciitis is the most likely cause of heel pain but other entities such as overload heel pain syndrome, heel pad atrophy, entrapment of the first branch of the lateral plantar nerve (Baxter’s nerve), tarsal tunnel syndrome, calcaneal stress fracture and seronegative inflammatory disease can also lead to heel pain.
 Patients with overload heel pain syndrome will have pain that is centrally located in the heel rather than towards the inside of the heel pad such as is typical in plantar fasciitis. Certain foot patterns such as high arched feet, relative weakness of the calf muscle, or dysfunction of the Achilles tendon may be predisposed to overloading the heel with resulting symptoms.
 Marked pain after a sudden increase in the patient’s level of activity or training should prompt a work-up to rule out a calcaneal stress fracture. Infection or neoplasm are more likely when the plantar heel pain is present at night, especially when accompanied by unplanned weight loss, fevers or chills. These are, in general, unlikely diagnoses.
 Burning pain is not typical of plantar fasciitis and may suggest nerve irritation as a source of the pain: Baxter’s neuritis (compression of the first branch of the lateral plantar nerve, also known as the inferior calcaneal nerve); peripheral neuropathy or radiculopathy.
  
 Red flags
 Any deviation from the classic history for plantar fasciitis should be a red flag to consider other diagnoses.
  
 Treatment options and Outcomes
 The vast majority of patients will have their symptoms resolve with or without treatment over a period of 6 months. Recovery can be accelerated with a program of calf and plantar fascia stretching, activity modification to avoid precipitating activities, and comfort shoewear. Formal physical therapy, immobilization via cast or boot, steroid injections, and rarely extracorporeal shock wave therapy may also be employed.
 A plantar fascia specific stretching program is highly beneficial in treating plantar fasciitis (Figure 2). This is performed by gently pulling the ankle and toes into dorsiflexion. This produces tension in the plantar fascia. The stretch position should be held for 10 seconds and repeated 10 times. The timing of when this is performed is important. It should be done prior to the first step in the morning and during the day before standing after prolonged inactivity.
 [image: ]Figure 2: Plantar Fascia Specific Stretch Calf stretching should be performed with the knee straight so that the gastrocnemius (which originates on the femur) is stretched. It is also important to internally rotate the foot to lock out the subtalar joint during the stretch. For patients with plantar fasciitis it is usually best to ask them to rotate their foot inward with the heel on the ground until the heel pain diminishes, then stretch. Six sets of 30 seconds per side done daily is recommended.
 [image: ]Figure 3: Calf (Gastrocnemius) Stretch (left leg). Note that the back knee is straight and the back foot is internally rotated. With resolution of the heel pain symptoms, it is important to continue calf stretching and plantar fascia stretching on a semi-regular basis so as to minimize the risk of recurrence.
 Any activity that has recently been started, such as a new running routine or a new exercise at the gym that may have increased loading through the heel area, should be stopped on a temporary basis until the symptoms have resolved. At that point, these activities can be gradually started again.
 A soft, over-the-counter orthotic with an accommodating arch support might be helpful. Evidence supporting the need for a custom orthotic is lacking. Shoes with a stiff sole and rocker-bottom contour off-load the plantar fascia at its origin and likewise may be effective.
 Anti-inflammatory medication may ameliorate symptoms. Corticosteroid Injection can give temporary relief but may lead to atrophy of the fat pad. Injections of preparations of autologous blood (ex. plasma rich protein – PRP) have been described but lack high quality supportive evidence.
 A plantar fascia night splint (Figure 4) that keeps the ankle in a neutral position, perpendicular to the foot, while the patient sleeps, can be helpful in alleviating the significant morning symptoms. Avoiding the position of plantar flexion can prevent some of the shortening of the fascia that occurs at night.
 [image: ]Figure 4: Plantar Fasciitis Night Splint Surgery is rarely indicated in the treatment of plantar fasciitis. Only patients who have persistent symptoms despite adhering to the non-operative treatment for a minimum of 6 months should be considered for surgery. Endoscopic or open partial plantar fasciotomy involves removal of the injured area of the plantar fascia. Although this procedure has produced good results in some cases, complete release of the plantar fascia may lead to a flat foot and chronic foot pain. Therefore, it is recommended that less than 40% of the plantar fascia be released (though an appropriately conservative release may limit the effectiveness of the procedures).
 A surgical recession of the gastrocnemius (ex. Strayer procedure) theoretically should help resolve the symptoms associated with plantar fasciitis, as gastrocnemius contracture is a known risk factor for the development plantar fasciitis. There are only limited studies assessing the long-term effectiveness of this procedure.
  
 Risk factors and prevention
 Risk factors for plantar fasciitis include a job or lifestyle associated with prolonged standing, excessive body weight, increasing age, a change in activity level, Achilles tightness, and a stiff calf muscle (gastrocnemius). A flat foot or a high arch deformity (pes planus and pes cavus, respectively) can increase loading of the plantar fascia and increase the risk of developing plantar fasciitis. However, any foot type can develop this condition.
  
 Miscellany
 Fascia and political Fascism are related words. A fascia is of course connective tissue, typically that wraps around muscle fibers. Fascism comes from the Italian word fasci, political groups or guild, itself derived from the Latin word fascis, meaning “bundle.”
  
 Key terms
 plantar fascia, plantar fasciitis, calcaneus, Achilles tendon
  
 Skills
 Learn how to instruct patients on stretching the plantar fascia and gastrocnemius.
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		Rheumatoid Disorders of the Foot and Ankle

								

	
				 Rheumatoid arthritis (RA) is an autoimmune chronic inflammatory condition where the body’s immune system attacks the joints and causes inflammation of the joint lining (synovium). Typically RA is a symmetrical polyarthritis, affecting multiple small joints of the hands and feet bilaterally, and more than 90% of RA patients develop symptoms in the foot and ankle over time.
 
  
 Structure and function
 Diarthrodial joints, which include the type found between the bones of the feet, are lined by the synovium. The synovium produces a synovial fluid to lubricate the joint, reduce friction, and help absorb shock. Normal synovial tissue has thin monolayer of cells containing monocyte-derived cells that remove debris, cells that produce hyaluronic acid, and fibroblasts that produce lubricin.
 Pathophysiology of rheumatoid arthritis
 Rheumatoid arthritis is an inflammatory disease of the synovium, often affecting the small joints of the hands and feet (MTP, PIP, DIP joints). The etiology of RA is likely an interplay of genetics, environmental triggers, and immune response leading to an autoimmune attack on the body’s own tissue. In brief, the synovial membrane is infiltrated by macrophages, lymphocytes, plasma cells, and granulocytes. Macrophages secrete matrix metalloproteinases and other proteolytic enzymes that damage the synovial tissue. Plasma cells release rheumatoid factor (RF) and other immunoglobulins that perpetuate the inflammatory response.
  
 Patient presentation
 A typical patient will likely be female, aged 40 to 60 presenting with pain, stiffness, swelling, and limited range of motion in the joints, prototypically those of the wrists and hands. Initial involvement in the feet occurs in 15% of cases. The stiffness seen in RA is most often worst in the morning, and may last one or two hours. The morning stiffness is due to a build-up of extracellular fluid in and around the joint. Other signs and symptoms are systemic and include loss of energy and appetite, dry eyes and fever. A dry mouth and firm lumps beneath the skin (so-called rheumatoid nodules) may also be seen.
 In the lower extremity, RA more commonly affects the forefoot; the midtarsal joints are next most likely to be involved. The forefoot is involved twice as often as the hindfoot.
 The changes that occur to the forefoot in patients with RA span a combination of bunions, claw toes, and metatarsalgia. These changes occur because the inflamed synovium causes the associated joint capsule to become lax leading to deformity or even dislocation of the involved joint. Hallux valgus can be quite severe and the big toe commonly crosses over the second toe. Calluses can also form on the ball of the foot when midfoot bones are pushed down from joint dislocations in the toes (MTP joints). As a result, callosities and even ulcers on the plantar forefoot can form from the abnormal pressure.
 In the midfoot, RA can weaken the ligaments that support the midfoot causing collapse of the arch. Bony prominences can appear on the arch. Rupture of the tibialis posterior tendon can occur, and if it does, the talonavicular joint and subtalar joints sublux and the hindfoot drifts into valgus, leading to midfoot hyperpronation and a marked acquired adult flatfoot deformity (fallen arch).
  
 Objective evidence
 Radiographs may show soft tissue swelling, subchondral bone erosions, osteopenia, joint space narrowing, bony destruction, and the classic finding of peri-articular erosions. Osteopenia starts in the metaphyseal region underlying collateral ligament attachments and becomes more generalized as the disease progresses. Inflamed synovium can wear away the bone at the point where the collateral ligaments attach creating characteristic peri-articular erosions (Figure 1). Cartilage destruction occurs when the inflamed synovium extends into the joint itself growing on top of the cartilage (pannus). This leads to destruction of the cartilage over time and narrowing of the joint on plain x-rays. Mal-alignment, displacement, and ankylosis of the joint mark end-stage rheumatoid disease.
 Synovial fluid: Aspiration and analysis of the synovial fluid is important for distinguishing RA from non-inflammatory and infectious arthrosis. The fluid in patients with RA will be sterile, with increased neutrophils and increased protein but decreased viscosity. Obtaining a fluid sample from small joints in the feet in early stages can be very difficult and not clinically practical in many cases.
 [image: ]Figure 1: Radiograph showing Peri-articular Erosions  
 Epidemiology
 RA is the most common of the inflammatory arthritides affecting about 1% of people, with female:male ratio of 3:1. The peak incidence is at age 50, and symptoms most commonly develop between age 40 to 60.
  
 Differential diagnosis
 RA of the foot can present with findings that may suggest other conditions including:
 	Crystal induced arthritis(gout/pseudogout): usually involves the knee, the metatarsal-phalangeal joint of the big toe, and the heel, and can be diagnosed with an aspiration of the joint fluid.
 	Osteoarthritis: usually seen in older patients and affects weight-bearing joints asymmetrically. Pain worsens with prolonged use of the joint. Can be distinguished with x-rays.
 	Systemic lupus erythematosus: characterized by the “butterfly rash” on the face, photosensitivity, joint pain in the hands and feet, and presence of antibodies against double-stranded DNA.
 	Scleroderma: joint inflammation, compression syndromes (carpal tunnel is often an initial symptom of scleroderma).
 	Psoriatic arthritis: distinguished by nail and skin changes.
 	Lyme disease: check patient’s history of presence in endemic regions and order appropriate blood tests as necessary to diagnose.
 	Reiter’s syndrome(reactive arthritis): asymmetrically involves the heel, sacroiliac joints, and large joints of the leg. Also associated with urethritis, conjunctivitis, iritis and painless buccal ulcers.
 	Ankylosing spondylitis: though this involves the spine, it’s possible that RA-like symmetrical, small-joint polyarthritis might also occur in AS.
 	Hepatitis C: may induce Rheumatoid factor auto-antibodies, and can cause RA-like symmetrical small-joint polyarthritis.
 	Acute rheumatic fever: migratory pattern of joint involvement (usually asymmetric), with history of antecedent streptococcal infection.
 	Gonococcal arthritis: migratory pattern involving tendons around ankles and wrists, with history of antecedent gonococcal infection.
 
  
 Red flags
 RA can be systemic. Consider the diagnosis of RA as a red flag to prompt an evaluation of problems elsewhere. As a systemic disease RA can affect blood vessels, nerves, and tendons throughout the body. Patients with extra-articular manifestation are more likely to have a high RF titer, more severe disability, and increased mortality rate.
  
 Treatment options and outcomes
 There is currently no cure for RA. Medical treatments focus on controlling the disease and preventing progressive loss of function of the joints. As many of the symptoms of RA stem from the resulting joint deformity or loss of articular cartilage, early aggressive treatment is very important.
 NSAIDs and corticosteroids (oral or injections) are used to alleviate inflammation and vasculitis. There are now a series of disease modifying anti-rheumatic drugs (DMARDs) that slow progression and improve symptoms, function, and quality of life. Common DMARDs include Methotrexate and biologic agents such as etanercept, infliximab and adalimumab that offer a more specific approach by targeting the pro-inflammatory cytokine TNF.
 In the case of flare-ups of the foot and ankle, considerable relief can be gained from the use of appropriate footwear and insoles. Stiff soled comfort shoes with a soft accommodative orthotic and a wide toe box can be very helpful in patients with RA. An orthotic and/or a rocker soled shoe can support RA involvement of the midfoot (arch) and ankle. Some patients may benefit from the use of ankle bracing or even use of a removable walking cast boot.
 In cases of an acquired adult flatfoot deformity (collapse of the arch) secondary to an RA induced posterior tibial tendon dysfunction a surgical reconstruction may be indicated. When RA affects the posterior tibial tendon, early synovectomy of the tendon sheath relieves discomfort and can delay or prevent rupture. When posterior tibial tendon rupture has occurred, transfer of the flexor digitorum longus tendon to the distal posterior tibial tendon stump combined with a subtalar fusion or a medializing calcaneal osteotomy may be necessary.
 Foot surgery in the RA patient needs to be tailored to the specific deformity. For example, talonavicular arthritis is common in RA patients. These patients often do well with a fusion of the talonavicular joint using a bone graft. This can alleviate the pain from this joint and provide the foot with a stable medial beam, thereby helping to prevent the calcaneus from taking a fixed valgus position.
 If RA of the forefoot has severely progressed with dislocation of many of the MTP joints one option is the Hoffman procedure -a procedure that removes all of the metatarsal heads in the foot. The bony prominence of the metatarsal heads are removed shifting the weight-bearing surface to the bottom of the foot. This MTP joint sacrificing procedure should be performed only in advanced disease, as it is quite destructive and non-anatomic. This procedure is usually reserved for the lesser (2-5) MTP joints only and is often combined with arthrodesis (fusion) of the 1st MTP (big toe) joint (Clayton procedure).
 Patients with significant RA involving the hindfoot will often develop marked pain and associated deformity. These patients may benefit from a triple arthrodesis. This procedure realigns and fuses the talonavicular, subtalar, and calcaneocuboid joints. Fusion allows the deformity to be corrected, improves stability of the hindfoot, and eliminates pain from the arthritic joints thereby allowing for easier weight-bearing. A potential complication is that other joints of the foot may develop arthritis over time as they will be subject to more stress after a triple arthrodesis.
  
 Risk factors and prevention
 Risk factors include HLA-DR4 haplotype; female gender; smoking history; and periodontal disease. While alone it has not been associated with increased risk of developing RA, obesity has been linked to poorer prognosis and response to treatment modalities.
  
 Miscellany
 Synovium is partially derived from the word ovum, Latin for egg, because of the yolk-like consistency of synovial fluid.
  
 Key terms
 Synovitis, morning stiffness, inflammatory arthritis, rheumatoid factor, ACPA, HLA-DR4, symmetrical polyarthritis, claw toes
  
 Skills
 Recognize RA and distinguish it from osteoarthritis. Analyze synovial fluid and distinguish inflammatory vs non-inflammatory, and infectious vs non-infectious arthritides. Assess joint damage in radiographs.
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		Stress Fractures of the Foot

								

	
				 Bone can strengthen over time in response to loading, the same way that, conversely, astronauts lose bone mass when the stress of gravity and walking is removed. Stress fractures occur when a cycle of repetitive forces, none on their own sufficient to cause injury, is applied such that these forces exceed the bone’s ability to adapt and cumulatively damage the bone. In cases where the bone is entirely healthy, and the cause is simply too many cycles of load, the injury is denoted as a fatigue or stress fracture. Separately, fractures can also occur in bone that is not healthy, such as in the setting of osteoporosis, and does not stand up to even few cycles of repetitive forces. These are called insufficiency fractures. Repetitive activities such as walking, running and jumping can subject the bones of the foot to large forces that potentially lead to stress fractures, especially if these activities are started abruptly and without a ramp up period that allows the bone to effectively adapt. These injuries are commonly seen in the 2nd or 3rd metatarsal neck region, the base of 5th metatarsal (Jones Fracture), the sesamoid bones of the great toe, the navicular bone, or the calcaneus tuberosity.
 
  
 Structure and function
 Bone is built to withstand load. Of course, a sufficiently high load applied at one time can cause bone to break. When a sudden injury generates a load higher than the bone’s strength, the bone will fracture. Bones can also be broken by cyclical application of subcritical loads, loads which do not cause damage if applied only a limited number of times. However, if too many cycles of such load are applied, or are applied quicker than the bone is able to adapt, stress fractures may ensue.
 Repetitive application of a subcritical force causes microscopic damage to the bone. This damage is not a problem so long as the bone remodeling cycle (osteoclasts remove the damaged tissue and osteoblasts synthesize a healthy replacement) can maintain the structural integrity of the bone. There are, however, two instances where cyclical loads do lead to clinical problems. The first is when the bone metabolism is normal, yet the number of cycles is just too high for it to effectively adapt. Structural failure in the setting of normal bone remodeling that is unable to match the demands of high cycles of subcritical load is called a fatigue fracture. The second type of stress fracture is an insufficiency fracture. It occurs when the bone itself is abnormal, as in osteoporosis, and the cycle of loading would otherwise not have led to a fracture.
 Initially in a stress fracture, the gross contour of the bone is normal and the damage is internal. This is sometimes described as a stress reaction. When internal damage accumulates the macroscopic architecture may fail and the bone may overtly fracture into two or more pieces. This is analogous to how paper clips are broken, wherein repetitive small loads are applied by bending the clip back and forth until enough damage accumulates, and the clip is broken in two.
 Stress fractures of the feet occur in those bones, and often in the specific locations within those bones that are subjected to the highest repetitive loads. Each person’s foot absorbs force in a slightly different manner predicated by that person’s foot shape, alignment, foot stiffness, and gait pattern. Therefore, it is common for each foot to be disproportionally exposed to increased load in specific areas.
 In certain foot shapes (typically flatfeet) the necks of the 2nd and 3rd metatarsals are subject to increased bending forces with walking. Thus, too much walking, especially with too little rest to allow repair, can cause stress fractures in these regions. This has been seen commonly in military recruits subject to long hikes with heavy backpacks, and therefore often called “march fractures.”
 In patients with a high arched foot, which disproportionately tips the foot onto its lateral margin, running and sporting activities may subject the base of the 5th metatarsal to overload precipitating a stress fracture. These are frequently referred to as “Jones’ fractures” when they occur in the proximal metaphyseal/diaphyseal junction of the 5th metatarsal. This occurs because the high arch foot tends to be a stiffer foot and the heel tilts inward, shifting pressure onto the lateral border of the foot. These fractures may also be precipitated by an acute injury.
 The navicular bone, too, is a site of stress fractures especially if the patient has a stiff, high arched foot, a relatively long second metatarsal, and participates in activities that involve dynamic repetitive loading through the forefoot such as sprinting. The mechanism of injury is felt to be repetitive loading through the second metatarsal and middle cuneiform into the navicular.
 The sesamoid bones beneath the great toe can develop stress fractures, as found in patients who suddenly increase in running distance. The sesamoids see increased stress with push off activities involved in sprinting or jumping.
 The calcaneal tuberosity can also develop stress fractures, usually in response to the repetitive heel strike inherent to some runners. This becomes especially true with sudden increase in mileage.
  
 Patient presentation
 Patients with stress fractures will usually report focal aching in the affected area. They may give a history of an increase in their normal activity level. This pain typically increases with activity and decreases with rest. They may have a history of a condition that predisposes them to weaker bones such as osteoporosis (weak thin bone), amenorrhea (loss of normal menstrual cycle), or a history of smoking. Among young female athletes, the “female athletic triad” of an eating disorder, amenorrhea, and low bone density deserves special mention, wherein the presence of 2-3 components of the triad can potentiate stress fractures.
 Stress fractures involving the lesser metatarsal bones (typically 2nd or 3rd) will often present with pain and swelling near the metatarsal neck, distally. Occasionally, high-level ballet and modern dancers will generate stress fractures at the base of the metatarsal near the midfoot. The foot type, in general, may be flat, often with a long second and possibly third ray. Early in the condition patients usually can walk without a limp.
 Individuals who suffer a Jones’ fracture will initially report a dull aching pain on the outside of the midfoot. Patients often persist in their activities despite the pain until there is an overt failure of the bone. At that point they will have difficulty bearing weight and may walk with a pronounced limp.
 Patients who develop navicular stress fractures will present with a chronic medial or central mid-foot ache. Although anyone can get a navicular stress fracture, the most common presentation is among athletes. The symptoms of a navicular stress fracture are often generalized to the mid-foot, and the relatively nonspecific location of the symptoms may make this condition difficult to diagnose.
 Sesamoid stress fractures do occur, with the caution that in many instances “fracture” of the sesamoid is actually a normal bipartite sesamoid with superimposed sesamoiditis. The pain is usually isolated to under the great toe region.
 Calcaneal stress fractures are often in runners and present with heel pain, often after an increase in their training regimen. A calcaneal squeeze test, wherein pain is generated by compressing the calcaneal tuberosity between both thenar eminences, can differentiate this condition from other conditions that often present in runners, such as plantar fasciitis or Achilles tendinitis.
  
 Objective Evidence
 A good history and physical examination may suggest a stress fracture; however, imaging studies are required to definitively diagnose a stress fracture in the foot. Plain x-rays may be diagnostic, although stress fractures often will not show up on x-rays unless there is enough structural failure of the bone to generate an overt crack, or a healing callus response is found – often weeks after the original stress fracture.
 An MRI can demonstrate a stress fracture earlier due to its ability to detect reactive edema in the surrounding bones. Bone scans can also be positive, though their use has diminished with the ubiquitous availability of MRI. A normal MRI or bone scan effectively excludes the diagnosis of a stress fracture. These test, then, can help an athlete avoid unnecessary periods of enforced rest. Whereas, a positive MRI can provide strong, visual reinforcement to help the athlete understand the need for often unwanted periods of enforced rest. Lastly, an MRI can be used, if necessary, to monitor progress and allow timely return to sport (early, but not too early, that is). Navicular stress fracture especially benefits from the sensitivity of MRI for timely diagnosis.
 Plain x-rays will identify a Jones’ fracture if it has progressed beyond a stress reaction (Figure 1). The fracture itself occurs at the metadiaphyseal area where the more flexible bone at the base of the 5th metatarsal meets the more rigid bone of the shaft of the metatarsal. The fracture is different from an avulsion fracture affecting the tip of the 5th metatarsal base.
 [image: ]Figure 1: X-ray of Jones Fracture of the 5th Metatarsal Routine x-rays of the foot can be very helpful in distinguishing a stress fracture of the sesamoid from a bipartite sesamoid. The distinction is that the bone fragments of a bipartite sesamoid have a clearly identified smooth margin, whereas a traumatic fracture has ragged edges. An x-ray of the contralateral foot can also be helpful given that the majority of bipartite sesamoids are bilateral. In some patients, an MRI or CT scan may be required to differentiate a bipartite sesamoid from a sesamoid stress fracture.
  
 Epidemiology
 Stress fractures are common and affect people of all ages. They are more likely to occur in females than in males, especially among females with the female athlete triad of amenorrhea, disordered eating, and osteoporosis. The estimated incidence in athletes and military recruits is 5-30%, depending on the sport and other risk factors. It is estimated that among people who run regularly for exercise, more than half will sustain an overuse injury that keeps them from running for 1 week. Stress fractures are among the more common injuries in recreational athletes. Stress fractures do not occur as often in the non-active population unless there is an underlying pathology that causes bone weakness or a sudden increase in activity level.
  
 Differential diagnosis
 The main alternative diagnoses for stress fractures of the foot are trauma (including bone contusions) and tendinitis.
  
 Red flags
 Stress fractures in a female athlete might be part of the Female Athletic Triad: namely, disordered eating, amenorrhea, and osteoporosis. Disordered eating (which may be manifest as compulsive exercising, as an indirect means of purging) leads to decreased body fat. Fat is a precursor of estrogen, therefore the level of this hormone is often much lower in emaciated women. Low levels of estrogen may lead to irregular menses and excessive bone resorption, as may be seen with osteoporosis. A poor diet also leads to inadequate bone maintenance owing to inadequate calcium and vitamin D intake as well.
  
 Treatment options and Outcomes
 Most stress fractures respond to rest. After all, stress fractures are overuse injuries, and rest (which may be thought of as “under-use”) removes the harmful cause. For a stress fracture of the foot, immobilization and decreased weight-bearing which can be accomplished with crutches and a CAM walker boot may be helpful. For early injuries, cessation of the offending activity may be sufficient, often coupled with more supportive shoewear. For more involved stress fractures casting and non-weight-bearing may be necessary. Once healing has occurred, a gradual return to activity in a stiff-soled shoe is advised.
 Certain stress fractures may benefit from surgery to aid in healing or prevent non-healing (i.e., non-union) or re-fracture. These “high risk” stress fractures include the Jones’ fracture of the 5th metatarsal, navicular stress fractures, and those in other locations that have recurred despite adequate rest.
 Surgery for a Jones’ fracture stabilizes the fracture site by placing a screw through the canal of the bone (Figure 2). The screw itself resists deforming forces and the drilling needed to place it potentially stimulates blood flow to help healing. A patient that has a non-union of the Jones’ fracture or a recurrent fracture after it had appeared to have healed, such as those with a significantly high arch, may need more involved reconstructive foot surgery to realign the foot and offload the fifth metatarsal more permanently.
 [image: ]Figure 2: Screw Stabilization of a Jones Fracture Navicular stress fractures can also be difficult to treat due to the relative lack of blood supply to the navicular. Nonetheless, treating non-displaced navicular stress fractures with casting and prolonged non-weight-bearing has been reported to be successful in 90% of cases if patients are compliant. Despite the lack of supportive evidence of efficacy, some doctors may also recommend use of a bone stimulating device which may employ electrical and electromagnetic stimulation, ultrasound, to extracorporeal shock waves to possibly encourage bone formation and growth. Early surgery may be recommended for some patients even without an initial period of non-operative treatment if there is any sign of fracture displacement, the period of needed immobilization is unacceptably long, or because the consequences of displacement may be too high. Surgery may be associated with a faster return to sports, and may include drilling across the fracture, placement of one or more screws, and possibly the addition of bone graft to improve healing.
 Sesamoid stress fractures may be treated with an orthotic with a recess under the base of the first metatarsal head to transfer forces away from the sesamoids. This is combined with a cushioned insole and a stiff soled shoe with a rocker bottom contour to allow for a smoother dispersion of the force away from the base of the great toe. If this does not lead to symptom resolution, more aggressive immobilization and non-weight-bearing may be needed. The results of surgical treatment are unpredictable and thus surgery, in the form of repairing the fracture or removing part or all of the sesamoid bone, is often a treatment of last resort.
  
 Risk factors and prevention
 Risk factors for stress fractures include intrinsic mechanical factors (e.g. decreased bone density, foot structure), nutritional factors, hormonal factors, physical training, and extrinsic mechanical factors (e.g. footwear, running surface). Patient’s with metabolic bone diseases such as osteoporosis, osteomalacia, osteogenesis imperfecta, Paget’s disease, and fibrous dysplasia are at a higher risk for stress fractures (insufficiency fractures).
 Preventative measures to prevent stress fractures include gradually increasing training intensity, eating a diet with adequate amounts of calcium and vitamin D, and wearing the proper footwear for the desired activity as well as replacing footwear at appropriate intervals. For example, female military recruits given calcium and vitamin D supplements have been shown to be less likely to sustain a stress fracture than recruits that did not take supplements (PMID: 18433305). Runners may be able to prolong the longevity of their running shoes by considering them to be sports equipment using them specifically for running -and not for routine daily activities.
  
 Key terms
 Stress fracture; Bone remodeling; osteoporosis; female athlete triad; Jones’ fracture; navicular stress fracture; sesamoid stress fracture, calcium; vitamin D; amenorrhea; insufficiency fracture, fatigue fractures,
  
 Skills
 Bedside skills for the diagnosis stress fractures include the ability to take a detailed but focused history and perform a thorough musculoskeletal examination.
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		Tarsal Tunnel Syndrome

								

	
				 Tarsal tunnel syndrome is a condition that causes pain in the foot due to traction and compression of the tibial nerve within the tarsal tunnel. The tarsal tunnel is located in the ankle behind the medial malleolus, superficial to the bones (calcaneus and talus) and covered by the flexor retinaculum. When the posterior tibial nerve is irritated presenting symptoms include pain, numbness and paresthesias. Tarsal tunnel syndrome can be caused by space occupying lesions (such as a ganglion cyst); more commonly it is caused by deformities of the foot and ankle that stretch the nerve and decrease the volume of the tarsal tunnel.
 
  
 Structure and function
 The tarsal tunnel is the space located posterior and inferior to the medial malleolus; medial to the calcaneus and talus, and deep to the flexor retinaculum. The contents of the tarsal tunnel, from anterior to posterior, include the tibialis posterior tendon, the flexor digitorum longus tendon, the posterior tibial artery, tibial nerve, and flexor hallucis longus (Figure 1). The tibial nerve divides within the tarsal tunnel into the calcaneal nerve coursing towards the heel and the medial and lateral plantar nerves which supply the bottom of the foot.
 [image: ]Figure 1: Tarsal Tunnel Anatomy The flexor retinaculum – also known as the laciniate ligament – covering the tunnel ensures that the contents of the tunnel remain within it, but may be a source of abnormal compression if the anatomy is disturbed.
 Tarsal tunnel syndrome is thought to be caused by repetitive traction on the nerve leading to scarring. In this sense the etiology of the condition is different than carpal tunnel in the wrist which is primarily a compression-related phenomenon. However, extrinsic compression from a bone spur, ganglion, or synovial proliferation from a tendon disorder, although much less common, may also cause tarsal tunnel syndrome.
 As pressure increases with the tarsal tunnel, blood flow decreases and the nerve becomes ischemic. Malfunction of the nerve, in turn, yield the presenting symptoms of tingling and numbness.
  
 Patient presentation
 Patients with tarsal tunnel syndrome typically complain of numbness in the foot radiating to the big toe and the first 3 toes, pain, burning, electrical sensations, and tingling over the base of the foot and the heel. A broader area of symptoms suggests either nerve entrapment proximal to the tarsal tunnel, or a generalized neuropathy.
 Standing, especially in patients with associated flatfoot deformities, causes increased traction and compression on the nerve within the tarsal tunnel. As a result, patients may report that prolonged standing and walking makes their symptoms worse.
 Compression of the tibial artery within the tarsal tunnel may cause ischemia to the intrinsic muscles of the foot with painful cramping accordingly.
  
 Objective evidence
 On physical examination, patients will often have a flat foot.
 Palpation over the tarsal tunnel will produce localized pain (tenderness) as well as radiating pain into the sole of the foot (Figure 2). This latter sensation with percussion of the nerve is called a “Tinel’s sign,” though this is not a true objective sign but a vocalized subjective symptom. Sensory examination of the foot may reveal some decreased sensation on the sole of the foot, although in most patients this is not the case.
 [image: ]Figure 2: Location of Pain in Tarsal Tunnel Syndrome Muscle atrophy and claw-toe deformities suggest chronic compression.
 Nerve conduction studies will often show a decrease in conduction velocity in the tibial nerve precisely as it courses under the flexor retinaculum.
 Weight-bearing x-rays of the foot should be assessed to exclude fractures and bone spurs, as well as malalignment (for example, hindfoot varus or valgus) that can alter the geometry of the tarsal tunnel.
 CT scans, ultrasound or MRI might be needed to rule out space-occupying lesions within the tarsal tunnel (Figure 3). These include ganglions, lipomas, or (rarely) accessory muscles. Detection of a mass on imaging studies is uncommon, but critical to rule out. When a space-occupying lesion is present the patient is unlikely to improve clinically until the mass is removed. By contrast, without a mass, surgery is rarely indicated.
 [image: ]Figure 3: MRI showing a fluid-filled ganglion that is compressing the tibial nerve. (courtesy of Vinod Panchbhavi MD)  
 Epidemiology
 The National Institutes of Health’s website on rare diseases says, “The incidence and prevalence of tarsal tunnel syndrome is unknown.” (https://rarediseases.info.nih.gov/diseases/7733/tarsal-tunnel-syndrome). The very fact that tarsal tunnel syndrome is included by the NIH on its list of “rare” conditions means that it affects fewer than 200,000 people in the United States.
  
 Differential diagnosis
 The differential diagnosis of tarsal tunnel syndrome can be considered to have two components. The first is the true differential diagnosis – that is, the list of conditions that may instead be responsible for a presentation similar to that of tarsal tunnel syndrome. Beyond that, once the diagnosis is established, there is a second differential diagnosis list to consider, namely, the other conditions that may be responsible for causing the tarsal tunnel syndrome itself.
 In the first category, the main considerations are lumbar radiculopathy and peripheral neuropathy (most often caused by diabetes). A complex regional pain syndrome (formerly known as Reflex Sympathetic Dystrophy) could be responsible as well, though the findings in complex regional pain syndrome would almost certainly extend beyond the distribution of the tibial nerve.
 Conditions that may be the cause of tarsal tunnel syndrome include trauma (fracture fragments causing compression or ligament injury causing instability and traction on the nerve); space-occupying lesions such as ganglion cyst, benign tumors, swollen tendons or varicose veins; ankle deformities such as pes planus (flat foot).
 In addition, there are associated conditions that are commonly found in patients with tarsal tunnel syndrome owing to a similar etiology. Acquired adult flatfoot deformity (posterior tibial tenosynovitis) and plantar fasciitis tend to occur in patients with flatfeet due to repetitive traction loading of these structures. Similar traction forces often produce tarsal tunnel like symptoms.
  
 Red flags
 There are no true “red flags” with tarsal tunnel syndrome, though the presentation of tarsal tunnel syndrome-like complaints may be the first clue of an otherwise undetected diagnosis of diabetes, peripheral artery disease or disc herniation/spinal stenosis.
  
 Treatment options and outcomes
 If the patient has confirmed tarsal tunnel syndrome caused by a space-occupying lesion, that offending structure should be removed. Beyond that, the vast majority of patients with tarsal tunnel syndrome can (and should) be treated non-operatively. Only with a prolonged failure of non-operative treatment in a patient with positive nerve conduction studies and severe symptoms should surgical release be considered.
 The primary non-operative treatment approach to treating tarsal tunnel syndrome is to attempt to decrease the repetitive traction injury across the nerve and the other structures in this area of the foot. In this regard, treatment is quite similar to that for acquired adult flatfoot deformity and plantar fasciitis.
 Comfort shoes designed to disperse the force more evenly across the foot can be very helpful. Weight loss should be recommended to patients who need it.
 A prefabricated orthotic with a supportive arch will help to disperse the force more evenly across the foot may also be helpful.
 Physical therapy including exercises designed to stretch the calf muscle and thereby indirectly decrease the load through this area of the foot may also be helpful.
 Limiting walking can reduce symptoms but may impede weight loss (and be impractical for other reasons). Advice to limit standing, an activity which can produce symptoms with fewer health benefits than those involving motion, may be more apt.
 Corticosteroid injections may help to decrease the swelling around the nerve in the short and intermediate term. However, it is unclear what effect they have in the long term. In addition it is possible to injure the nerve during the injection process.
 Operative treatment can be considered in rare cases. Primary resection of space-occupying lesions causing isolated tarsal tunnel syndrome can relieve symptoms reliably, provided that the nerve is neither scarred nor damaged prior to surgery. Beyond that, operative treatment includes tarsal tunnel release and other procedures to correct deformity causing compression may be used.
 Tarsal tunnel release comprises release of the flexor retinaculum and neurolysis of the tibial nerve and its branches. The latter includes removal of scar tissue, if any, as well as fascial releases. Problems with a tarsal tunnel release include that the procedure does not address the traction on the structures within the tarsal tunnel (often the primary issue) and that additional scar tissue often reforms in the post-surgical period due to the operative procedure.
 There is limited evidence that surgery is effective. One study in the Journal of Bone and Joint Surgery [https://www.ncbi.nlm.nih.gov/pubmed/8056802] reported a 38% incidence of patients “clearly dissatisfied with the result and had no long-term relief of the pain.” Complications were seen in 13% of patients as well, including three wound infections.
  
 Risk factors and prevention
 Tarsal tunnel syndrome is known to affect individuals that stand a lot. Strenuous activities involving repetitive eversion, inversion, and plantarflexion at high velocities can produce the symptoms of tarsal tunnel syndrome. Patients with underlying flatfoot deformities are more likely to have associated tarsal tunnel symptoms.
 Obesity is a double risk factor in that weight alone can cause mechanical overload, but it is also associated with diabetes (which causes a neuropathy that may make the nerve less tolerant of even mild compression).
 Rheumatoid arthritis, hypothyroidism and gout are thought to be associated with tarsal tunnel syndrome.
 Miscellany
 The anterior to posterior arrangement of the structures coursing through the tarsal tunnel (namely: the Tibialis posterior tendon, the flexor Digitorum longus tendon, the posterior tibial Artery and Vein, the tibial Nerve, and the flexor Hallucis longus tendon) can be recalled with this mnemonic: “Tom, Dick, And Very Nervous Harry.”
  
 Key terms
 Tarsal tunnel, posterior tibial nerve, pes planus, plantar fasciitis, tarsal tunnel release
  
 Skills
 Perform a comprehensive history and physical that can identify tarsal tunnel syndrome as well as rival conditions on the differential diagnosis list. Recognize the deformities of the foot and ankle that may place undue traction on the posterior tibial nerve.
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		Tendon Disorders of the Foot and Ankle

								

	
				Important tendons cross the anterior, medial and lateral aspects of the ankle. These include, respectively, the tibialis anterior; the tibialis posterior; and the pair of peroneal tendons (peroneus longus and brevis). Due to their important roles during gait, each of these tendons may be subject to overuse and inflammation. When symptoms of inflammation are present, the clinical diagnosis of tendonitis may apply. The large Achilles tendon runs posterior to the ankle and inserts into the calcaneus. It may be affected by a number of clinical conditions that are reviewed in chapter 8 (Achilles tendon disorders) and chapter 14 (Achilles tendon rupture).
 The terminology of tendon disorders may be confusing. (Indeed, the first hit on Google for the term “tendonitis” takes you to a site about “tendinitis.”) Although it is certainly acceptable to use “Tendinopathy” as an all-encompassing term denoting a disease of a tendon, it may be helpful to think of three distinct disorders:
 Tendonitis, also known as Tendinitis, refers to a painful clinical condition where there is acute pain and swelling due to microtearing of the tendon and the resulting inflammatory response.
 Tendonosis (or tendinosis) is a chronic degenerative condition in which repetitive overuse and aging leads to a non-inflammatory degeneration of the tendon’s collagen over time.
 Paratenonitis is an inflammation of the lining of the thin lining of connective tissue that surrounds many tendons allowing the tendon to glide more easily, namely the paratenon.
 In a nutshell, you must ask: is the problem an acute inflammatory problem, or is this a degenerative condition? Or is the problem extrinsic to the tendon altogether?
 Note that it can be difficult at times to differentiate clinically between these three conditions. Many cases of acute inflammatory tendonitis occur in the setting of underlying degenerative changes within the tissue. Therefore, while the term tendonitis will be used broadly in this chapter, it should be kept in mind that the described condition may not be tendonitis, per se.
  
 Structure and function
 The tibialis anterior muscle is the most medial muscle of the anterior compartment of the leg (Figure 1). It stabilizes the ankle as the foot hits the ground during the contact phase of walking and dorsiflexes the ankle to help the foot clear the ground during the swing phase. It also provides half of the force needed to ‘lock’ the ankle, as would be needed to kick a ball, for example: by providing an isometric contraction against its antagonists, the soleus and gastrocnemius, the tibio-talar joint is held in a fixed position.
 The tibialis posterior muscle belly originates on the posterior aspects of the tibia and fibula and the tendon crosses behind the medial malleolus to insert primarily on the navicular (Figure 2). It actively inverts the foot and also plantar flexes the ankle, but its primary role is to support the medial arch of the foot. Contraction of the tibialis posterior locks the joints of the midfoot during gait progression to create a rigid lever in the foot. Therefore, rupture or even stretching of this tendon can lead to flat feet.
 The peroneus longus and brevis muscle bellies originate on the fibula and the tendons course together along the bone, with the brevis medial to the longus (Figure 3). They cross the ankle behind the lateral malleolus, in a groove covered by the superior peroneal retinaculum. The peroneus longus tendon then continues in a plantar direction along the sole of the foot to the base of the first metatarsal bone. The peroneus brevis tendon inserts into a tuberosity at the base of the fifth metatarsal bone, on its lateral side. The peroneus muscles plantarflex and everts the foot.
 [image: ]Figure 1: Tibialis Anterior Tendon [image: ]Figure 2: Tibialis Posterior Tendon [image: ]Figure 3: Tendons of the Peroneus Longus and Brevis  
 Patient presentation
 Tibialis Anterior tendonitis leads to pain and often swelling in the front of the ankle and into the medial midfoot (Figure 4). Symptoms typically occur in middle aged and older individuals. They often occur after prolonged exercise or ankle injury, and can be related to change in activity levels or footwear. Symptoms are aggravated by standing and walking and alleviated by rest. Examination will often reveal tenderness and sometimes swelling over the anterior aspect of the ankle. Resisted dorsiflexion of the ankle against the examiner’s hand will often exacerbate symptoms.
 Tibialis Posterior tendonitis presents as medial ankle and arch pain, worsened with prolonged standing and often in conjunction with a flat foot and prominent navicular bone on the medial aspect of the foot. Pain with resisted inversion and tenderness along the course of the tendon to its insertion on the navicular are hallmarks of this condition. If there is tenderness at the insertion but not along the course of the tendon, a symptomatic accessory navicular may be present. This can be confirmed with a radiograph.
 The integrity of the Tibialis Posterior can be assessed with a single leg heel rise; having the patient stand up on the ball of the foot, with the contralateral foot off the ground entirely (that is, in a stork position). When viewed from behind, the intact tendon will be seen to invert the ankle and heel. A lack of this motion suggests tendon dysfunction or failure. Note: that if the contralateral foot is kept on the ground and helps the patient stand on his or her toes, that assistance might prevent the tested tibialis posterior from generating enough force to invert the ankle, and the test can be falsely negative. Note also that some patients with severe tendonopathy may simply be unable to stand on one leg at all. This can be related to pain, weakness, or a combination of the two.
 Patients with peroneal tendonitis present with pain and, occasionally, swelling near the posterolateral ankle (Figure 5). Resisted eversion will produce pain. Concomitant sural nerve irritation (by inflamed or damaged tendon) can lead to either decreased sensation or a burning over the lateral or outside aspect of the foot. There may be pain at the insertion of the brevis on the metatarsal, and if there was an acute event precipitating the pain, an x-ray should be obtained to exclude a bone injury.
 With an injury to the retinaculum, the peroneal tendons may be free to slip in and out of their normal position behind the fibula bone at the level of the ankle joint. This condition is known as chronic subluxating peroneal tendonitis. Patients with this condition might describe a snapping sensation with activity; the subluxation can at times be reproduced on physical exam.
 [image: ]Figure 4: Location of pain and swelling in tibialis anterior tendonitis [image: ]Figure 5: Location of pain and swelling in peroneal tendonitis  
 Objective Evidence
 Suspected tibialis anterior tendonitis can be evaluated with plain x-rays of the foot and ankle which might reveal bone injury or arthrosis in the ankle or midfoot joints.
 Posterior tibial tendon disorders may be studied with weight-bearing x-rays of the foot to assess the extent of the flatfoot deformity, if any. Plain x-rays may also reveal an accessory navicular or a tarsal coalition. MRI can show damage to the tendon, injury to ankle ligaments, and identify arthrosis in the joints of the hindfoot.
 In the case of suspected peroneal tendonitis, plain weight-bearing x-rays are likely to show evidence of a high arched foot pattern, but the main goal of radiographs is to exclude a fracture of the fifth metatarsal, bony prominences that can irritate the tendons or lateral ankle arthrosis.  An MRI can determine if there is tearing or tenosynovitis of the peroneal tendons.
  
 Epidemiology
 Although the incidence of ankle tendonitis has not been measured, anecdotal evidence suggests that posterior tibial and peroneal tendonitis are relatively common. Whereas anterior tibial tendonitis is less common, except perhaps in younger athletes who have just increased training regiments or started running up and down hills (PMID: 19912714). Risk factors for peroneal tendon problems include a high arch foot with an inward (varus) heel and can occur at any age. Tibialis posterior problems are associated with a flatfoot deformity and more commonly occur in patients in their 40s and 50s
  
 Differential diagnosis
 Anterior ankle pain, similar to that of tendonitis, is more commonly caused by ankle arthritis or anterior ankle impingement.
 Lateral ankle pain may be caused by ankle sprains, sural nerve irritation, fracture of the anterior process of the calcaneus, or fracture of the base of the fifth metatarsal (e.g., Jones fracture). Radiographs can also demonstrate a calcification within the peroneus longus tendon called “painful os peroneum syndrome” or POPS.
 Medial ankle pain near the posterior tibialis can be due to an accessory navicular, spring ligament injury, or medial malleolar stress fracture. Posterior tibial dysfunction can be seen in rheumatoid arthritis.
  
 Red flags
 Pain along the course of the tibialis posterior may suggest attritional tearing of the tendon. This should be detected and treated before the tendon ruptures, which could cause an acquired flatfoot. Persistent tenderness on the lateral aspect of the ankle can be related to fractures of the anterior process of the calcaneus, base of fifth metatarsal, or cuboid. Radiographs can help rule these out.
  
 Treatment options and Outcomes
 Patients with ankle tendonitis can often be treated successfully non-operatively. Modalities include topical and oral anti-inflammatory medication, icing, ankle bracing, activity modification, physical therapy, an orthotic, and avoidance of precipitating activity with sudden cutting or changes of direction.
 In patients with posterior tendon dysfunction and an associated flatfoot deformity (acquired adult flatfoot deformity), it may be necessary to perform some type of a flatfoot reconstruction if non-operative treatment fails. This usually includes a transfer of another tendon (usually the flexor digitorum longus) to support the arch combined with a bony procedure, such as a medializing calcaneal osteotomy, to address the associated foot deformity. Removing an accessory navicular and reattaching the tendon (Kidner procedure) may be necessary in patients with a painful recalcitrant accessory navicular.
 In patients with a large peroneal tendon tear or a bony prominence that abrades the tendon, surgical repair with resection of the irritant may be beneficial. A small peroneal tendon tear that does not respond to non-operative treatment may also benefit from debrided and repaired.
  
 Risk factors and prevention
 Risk factors for peroneal tendonitis include overuse and a high arched foot. An orthotic with a lateral heel post and a recessed area under the first metatarsal head may be useful if a patient has a cavus (high arched) foot pattern.
 Risk factors for tibialis anterior tendonitis include tight calves, obesity, flatfeet, and overuse.
 Rheumatoid conditions predispose to joint capsular laxity and tendon attenuation and may cause posterior tendon dysfunction.
  
 Miscellany
 Patients with Charcot-Marie-Tooth disease, an inherited neuromuscular disorder, have asymmetrical residual weakness of the foot and ankle muscles, with the peroneus longus attaching to the base of the first metatarsal, relatively spared. The unopposed pull of this muscle against its weakened natural antagonist (tibialis anterior) causes the classic deformity of marked cavus (high arches), as shown in Figure 6.
 [image: ]Figure 6: The unopposed pull of the peroneus longus causes the classic deformity of Charcot-Marie-Tooth disease, namely, marked cavus of the foot.  
 Key terms
 Tendonitis; tendinitis, tendonosis, tendinosis, tendinpathy, inflammation; tibialis anterior; peroneus longus; peroneus brevis; posterior tibial tendonitis, acquired adult flatfoot deformity; accessory navicular
  
 Skills
 Identify the surface anatomy of the tendons themselves, as well as the navicular, 5th metatarsal, and lateral retinaculum. Perform resistance tests for each tendon to determine strength, function, and pain that may be related to tendon injury or other pathology. Perform and interpret the single leg heel rise test. Recognize an incipient posterior tendon rupture. Identify fractures and other disorders on radiographic images.
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		Midfoot Trauma: Lisfranc Injuries

								

	
				An injury to the tarsometatarsal joint is known by the eponym “Lisfranc injury.” These types of injuries include sprains of the midfoot ligaments, fractures, or a combination of the two. Midfoot trauma including Lisfranc injuries are relatively rare, but when they occur they can be severe. Symptoms include marked pain, swelling, and inability to bear weight. Some Lisfranc injuries are subtle and can go undetected at first. Because these untreated injuries can be disabling, it is essential to diagnose them as they occur.
  
 Structure and function
 The midfoot (navicular, cuneiforms, and cuboid tarsal bones) meets the metatarsals at the tarsometatarsal joint, also known as the Lisfranc joint complex (Figure 1). This joint is stabilized by strong ligaments, particularly the plantar ligaments which support the arch and markedly limit motion through the joints of the midfoot. Bony congruence is also critically important to stability of the tarsometatarsal joint – namely, the articulation of the cuneiforms and bases of the metatarsals. The keystone of this arch is the base of the second metatarsal, which is tightly recessed between the medial and lateral cuneiforms, locking the tarsometatarsal complex and preventing medial/lateral translation (Figure 1). Thus, dislocation of the metatarsals or cuneiforms typically also involve fracture of the second metatarsal. Additional dynamic stability of the tarsometatarsal joint is offered by the posterior and anterior tibial tendons and peroneal tendons.
 All of the bones of the midfoot are attached to their neighbors by ligaments with one exception: there is no ligament connecting the first and second metatarsal. This creates a point of weakness between the first and the other metatarsals. There is an oblique ligament, designated the Lisfranc ligament, which traverses from the plantar-lateral aspect of the medial cuneiform to the plantar-medial aspect of the second metatarsal. Biomechanical studies have shown the Lisfranc ligament to be significantly stronger and stiffer than the plantar and dorsal cuneometatarsal ligaments, making it the main stabilizer of the midfoot.
 [image: ]Figure 1: The Lisfranc Joint Complex  
 Patient presentation
 Patients with acute Lisfranc injuries will present with a history of a traumatic injury to the foot. These injuries can be caused by a low-energy injury such as a twisting fall, or by a high-energy injury such as a fall from a height. Sporting activities that require the use of foot straps, such as windsurfing and horse-back riding seem to place people at high risk of this injury. It is also seen more commonly in football players: a force directed down onto the planted foot by a falling player or tackle from behind can lead to hyperplantarflexion at the Lisfranc joint. A similar force is created during high speed motor vehicle collisions, where the foot is often driven into the floorboard (hyperflexing it) as the driver attempts to brake to avoid the crash.
 Gross subluxation or lateral deviation of the foot is rare with this injury occurring only in the most severe cases of Lisfranc injuries. As such, pain in the midfoot region, swelling and bruising on the center plantar surface, and pain with weight-bearing may be the only findings that suggest the diagnosis of Lisfranc injuries.
 A Lisfranc injury may be stable or unstable. Stable Lisfranc injuries are characterized by a ligamentous injury that is not severe enough to allow the tarsometatarsal joints to displace. Stable Lisfranc injuries typically have no apparent fractures, or fractures that are non-displaced. However, stable Lisfranc injuries still cause significant discomfort because the ligaments of the midfoot are normally subject to marked forces (1-3 times greater than body weight) during normal standing and walking. Therefore, even stable injuries are painful and have a prolonged recovery period. Unstable Lisfranc injuries result in displacement of some or all of the tarsometatarsal joint with associated complete ligament disruption and/or significant fractures of the metatarsal base(s).
  
 Objective evidence
 On physical exam, Lisfranc injuries may be manifest as plantar ecchymosis – bruising along the sole of the midfoot (Figure 2). A diminished dorsalis pedis pulse (the artery courses over the proximal head of the second metatarsal) can indicate a more severe dislocation.
 Palpation of the foot produces maximum tenderness at the base of the first and second metatarsals. If weight-bearing is even possible, one might see a gap between the big and second toe in the injured foot (the gap sign), as well as a convex bulge at the midfoot on the medial border.
 Radiographs should include weight-bearing anteroposterior, lateral views, and 30-degree oblique views. These should be assessed for any fractures, dislocations, or incongruity of the tarsometatarsal joints. Obtaining a comparison image of the other foot is useful to have a reference for normal alignment.
 On review of the AP films, the space between the bases of first/second metatarsals and between the medial/middle cuneiforms should be closely examined. Alignment of the medial border of the second metatarsal/ middle cuneiform and the medial border of the first metatarsal/medial cuneiform should also be assessed (Figure 3). On lateral films, the superior border of the metatarsal base is normally aligned with the superior border of its corresponding tarsal, but when injured, the metatarsals may sometimes be shifted dorsally or plantar relative to their respective tarsal bone.
 A radiographic finding pathognomonic of a Lisfranc injury is the “fleck sign” (Figure 4). This is produced by a bony fragment avulsed at the attachment of the Lisfranc ligament and lying between the bases of the first and second metatarsals.
 [image: ]Figure 2: Plantar Ecchymosis following a Lisfranc Injury [image: ]Figure 3: Lisfranc AP X-rays. Anteroposterior radiograph demonstrating: Normal midfoot alignment (Left), Fracture of the second metatarsal and subluxation of the Lisfranc joint (Right). [image: ]Figure 4: Fleck Sign  
 Epidemiology
 Lisfranc joint injuries are rare and frequently misdiagnosed. The incidence of Lisfranc fracture-dislocations are 1 in 55,000 persons per year, accounting for less than 1% of all fractures. Furthermore, as many as 20% of Lisfranc injuries are missed on initial radiographs.
  
 Differential diagnosis
 If there is concern about a midfoot injury, a navicular fracture, rupture or avulsion of the posterior tibial tendon should be considered. It is also possible to separate, or avulse, an accessory navicular (an “extra bone” seen in about 10% of the population), creating a painful prominence.
  
 Red flags
 Midfoot pain after trauma is a red flag symptom. It is often a manifestation of a Lisfranc injury. Pain and swelling in the midfoot following an acute injury should be considered a Lisfranc injury until proven otherwise.
  
 Treatment options and outcomes
 For stable injuries, immobilization is recommended. Patients are usually asked to be non-weight bearing or limited weight-bearing through the heel for 6 weeks. After 6 weeks, the patient can gradually increase activity levels. However, full recovery can take several months as the midfoot ligaments must heal enough to stabilize the midfoot joints during gait. An early accurate diagnosis of a Lisfranc injury is important for good functional outcome and proper management. An accurate outline of the prognosis is important for patients. Unlike an ankle sprain, a midfoot sprain (Lisfranc injury) will often take many months to fully recover and may be associated with residual symptoms.
 Operative Treatment of Lisfranc Injuries
 Surgery should be considered in unstable injuries. Surgery should be undertaken either immediately (before significant swelling occurs) or after allowing the swelling to settle – approximately 7 to 10 days after injury. Surgical fixation allows the bones and ligaments to be held in place for proper healing. This procedure involves reducing and fixing each affected tarsometatarsal joint with screws and/or a plate (Figure 5). The first metatarsal-medial cuneiform articulation is reduced and stabilized first, as this maneuver often reduces the second metatarsal-middle cuneiform joint (Lisfranc complex) as well. Reduction of the fracture-dislocation of the second metatarsal is essential, and firm opposition of the lateral border of the medial cuneiform to the second metatarsal allows for healing of Lisfranc’s ligament. A subsequent surgery to remove the hardware may be necessary.
 If the diagnosis is delayed or the injury is associated with a complete disruption of the midfoot ligaments, arthrodesis (fusion of the bones making up the involved 1st-3rd tarsometatarsal joints) may be required to successfully address a Lisfranc injury. An arthrodesis (fusion) eliminates motion in the affected joint completely. Prospective randomized studies seem to suggest primary arthrodesis may result in better short-term and medium-term outcomes for unstable displaced Lisfranc injuries when compared to fixation. The rate of secondary surgeries (planned and unplanned, including hardware removal and salvage arthrodesis) are reduced with primary arthrodesis. However, it is unclear whether fixation offers better long-term functional result.
 After surgery, a period of non-weight-bearing for 6 to 8 weeks is recommended. Weight-bearing is started while the patient is in the boot if the x-rays look appropriate after 6 to 8 weeks. A return to impact activities, such as running and jumping, may take six months or more. It takes at least a year and often much longer to achieve maximal improvement – and indeed some athletes never return to their pre-injury levels of sport after these injuries.
 Even with excellent surgical reduction and fixation, midfoot arthritis may occur from damage to the cartilage. This can lead to chronic midfoot pain and may require fusion in the future. Post-traumatic arthritis is the most common complication (occurring in up to 50% of cases) of Lisfranc joint injury, which is related to the degree of comminution of the articular surface.
 [image: ]Figure 5: Lisfranc Injury Treated with ORIF Common sequelae of Lisfranc injuries include late midfoot collapse (flatfoot deformity), metatarsalgia, posttraumatic arthritis. Post-traumatic midfoot arthritis and flatfoot deformity can occur in up to 50% of cases.
  
 Miscellany
 Jacques Lisfranc de St. Martin (1787-1847), a French Napoleonic-era physician, initially lent his name only to an operation: the Lisfranc amputation. This was an amputation of the foot at the tarsometatarsal joint, used to treat gangrene of the forefoot. Soldiers who fell from a horse with their feet stuck in the stirrup and injured their tarsometatarsal joint frequently, in turn, disrupted the dorsalis pedis artery. Although better diagnosis and treatment has obviated the need for amputations following tarsometatarsal joint injury, the surgeon’s name has remained linked to the tarsometatarsal joint. (Lisfranc amputations are still performed for gangrene, though these days the etiology is more commonly diabetes-related vascular disease.)
  
 Key terms
 Lisfranc injury, Lisfranc ligament, fleck sign, plantar ecchymosis, midfoot arthritis, Lisfranc open reduction internal fixation (ORIF)
  
 Skills
 Recognize the physical exam signs of a Lisfranc injury. Assess foot radiographs for the integrity of the tarsometatarsal joint.
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		Metatarsal Fractures

								

	
				Metatarsal fractures are common injuries to the foot often sustained with direct blows or twisting forces. Many of these fractures are easy to treat and have a favorable prognosis. However, metatarsal fractures that go on to malunion or nonunion can lead to disabling metatarsalgia or midfoot arthritis. The metatarsals are also subject to stress fractures and can be seen in conjunction with other injuries of the mid-foot.
  
 Structure and function
 The metatarsals are dorsally convex tubular bones of the forefoot consisting of a head, neck, shaft, and base. They are numbered from 1 to 5, medial to lateral or largest to smallest (Figure 1). The base of each metatarsal articulates with one or more of the tarsal bones and the head articulates with the proximal phalanges. The bases of each metatarsal also articulate with each other at the intermetatarsal joints. As a unit, the five metatarsals serve as the major weight-bearing complex of the forefoot. The medial three rays act as a rigid lever to aid in propulsion while the lateral two rays provide some mobility in the sagittal plane to permit accommodation to uneven ground.
 [image: ]Figure 1: Metatarsal Anatomy The first metatarsal is larger than the others and most important for weight-bearing and balance; therefore, malunion or malalignment at this location is especially poorly tolerated. There are no interconnecting ligaments between the 1st and 2nd metatarsals, allowing for independent motion.
 The second, third and fourth metatarsals are slender and may be sites of stress fracture or acute fractures from twisting mechanisms or a direct blow.
 The fifth metatarsal is divided into 3 zones (as shown), numbered 1 to 3 from proximal to distal (Figure 2). Zone 1 is the base of the metatarsal where the peroneus brevis inserts. Avulsion fractures from the pull of this tendon and attached ligaments are characteristic of zone 1. Zone 2 is at the metaphyseal-diaphyseal junction, distal to the cancellous (styloid) tuberosity. Fractures involving Zone 2, called Jones fractures, are particularly susceptible to nonunion and malunion because this region of the bone has a tenuous blood supply. Many of these Jones-type fractures are stress-type fractures caused directly or indirectly by repetitive loading to this area. Zone 3 is the diaphysis and fractures are most commonly trauma or rotational injuries leading to spiral fractures.
 [image: ]Figure 2: The Zones of 5th Metatarsal. This seemingly arbitrary division is clinically important: fractures in each zone have distinct prognoses and treatment needs.  
 Patient presentation
 Most metatarsal fractures result from an acute injury, although chronic stress fractures and neuropathic related metatarsal fractures do occur. Patients with an acute metatarsal fracture present with pain, swelling, ecchymosis, and tenderness to palpation in the forefoot – along with difficulty bearing weight. Except with major trauma gross deformities are rarely seen.
 A history of direct impact suggests a transverse or comminuted fracture of the shaft, while a twisting-type injury typically causes an oblique or spiral fracture pattern.
 A physical exam should be performed with specific attention paid to the main areas of pain, which usually correlates to the site of injury. The relative position of the metatarsal heads should be assessed to rule out malposition and other deformities. Gently applying an axial load to the metatarsal head will create pain if that metatarsal is fractured and this may help differentiate a fracture from a soft-tissue injury on clinical exam. A neurovascular examination should be performed to assess for any loss or altered sensation and review the vascularity of the foot and the toes.
  
 Objective Evidence
 Radiographs in the anteroposterior (AP), oblique, and lateral planes should be obtained (Figure 3). The films should include the entire foot to rule out associated injuries that may require treatment.
 The lateral view is important for judging sagittal plane displacement of the metatarsal heads, and the oblique view can help detect minimally displaced fractures.
 [image: ]Figure 3: Metatarsal Fractures seen on X-Rays (AP, Oblique, and Lateral) of the Foot  Dancer’s Fractures (Avulsion fracture of the base of the 5th metatarsal)
 Avulsion fractures occur at the base of the fifth metatarsal, in Zone 1 where the peroneus brevis and plantar fascia insert (Figure 4). These fractures occur during forced inversion of the foot and ankle while plantar flexed. This injury, commonly termed a “Dancer’s fracture” (or a pseudo-Jones fracture, a name that should be avoided), can happen after landing awkwardly from a jump or twisting the ankle while running. The ankle passively inverts at the same time the peroneus brevis tendon exerts an eversion force on the metatarsal which is rigidly held by the plantar fascia. A fragment of bone accordingly avulses. There is some confusion and debate about the use of the term Dancer’s Fracture as it has also been used to describe a spiral fracture of the 5th metatarsal shaft. The original description was apparently coined by legendary orthopaedic surgeon Sir Robert Jones who suffered an avulsion type fracture following an inversion type injury while dancing in 1902. Subsequently a report of spiral 5th metatarsal fractures in dancers was published leading some to describe these injuries as Dancer’s fractures.
 [image: ]Figure 4: Radiograph of Dancer’s Fracture (Avulsion Fracture)- Zone 1 of 5th Metatarsal  Jones Fractures (5th metadiaphyseal stress fractures)
 True Jones fractures occur in Zone 2 of the fifth metatarsal (Figure 5). The fracture line extends through the proximal articulation with the fourth metatarsal. This fracture is a result of tensile stress along the lateral border of the metatarsal during adduction or inversion of the forefoot. This type of loading pattern is commonly seen in patients with high arched (subtle cavus) feet. Most Jones fractures are stress fractures related to repetitive loading although there is usually a single precipitating event. An athlete can sustain this injury with a sudden change in direction while the heel is off the ground.
 [image: ]Figure 5: Jones Fracture of the Metadiaphyseal area of the 5th Metatarsal Metatarsal base fractures and Lisfranc injuries
 Fractures of the base of the metatarsal are often associated with disruption of the tarsometatarsal joints – a Lisfranc injury (discussed in its own section). To detect Lisfranc injuries, it is important to carefully examine the radiographs for widening between the 1st and 2nd metatarsal space, fleck fractures at the base of the 1st or 2nd metatarsal, and loss of alignment between the medial edge of the 2nd cuneiform and medial edge of the 2nd metatarsal base. Weight-bearing x-rays are particularly helpful when trying to rule out or assess Lisfranc injuries.
 The most common metatarsal shaft fracture pattern is oblique or transverse with minimal displacement. Additional imaging is rarely necessary. However, if there is high suspicion for a Lisfranc fracture, even if the radiographs appear normal, CT scan or MRI can be helpful in identifying these injuries.
 Metatarsal stress fractures
 Metatarsal stress fractures are rarely visible on plain radiographs until symptoms have been present for 2-6 weeks and a resulting callus appears (Figure 6). Before that, an MRI or technetium bone scan may be necessary to make the diagnosis. Stress fractures involving the second or third metatarsal often occur in the shaft or metatarsal neck region. They commonly occur in individuals who have had a sudden increase in their activity level such as a new military recruit who goes on a long hike. These fractures are also known as “March fractures.” Ballet dancers who are up on their toes can get stress fractures at the base of the second metatarsal.
 Neuropathic metatarsal fractures
 Individuals with abnormal sensation in their feet, such as patients with diabetic neuropathy, can get stress related fractures in their metatarsals. The fifth metatarsal metadiaphyseal area is a common location for a stress fracture (Jones fracture) particularly if the patient has a high arched foot, or an underlying varus alignment of the lower extremity.
 [image: ]Figure 6: Second Metatarsal Stress Fracture  
 Epidemiology
 Excluding toe fractures, metatarsal fractures are the most common foot fracture. In children, the most commonly injured metatarsals are the first and fifth simply due to their anatomical exposure. In adults, high forces are required to fracture the larger and stronger first metatarsal, so these are much less common. In industrial injuries, the fifth metatarsal is most commonly injured.
  
 Differential diagnosis
 A metatarsal fracture must be suspected in all patients with direct trauma to the forefoot and pain with ambulation. Maintain a high index of suspicion for an associated Lisfranc injury at the tarsometatarsal joint, especially with the involvement of the proximal first through fourth metatarsals and if the patient has plantar ecchymosis on exam. The metatarsophalangeal joints and phalanges should also be assessed for injury.
  
 Red flags
 In some sense, a metatarsal fracture is itself a red flag, calling attention to the need to exclude a more serious injury. In particular, fractures of the 2nd, 3rd or 4th metatarsal should raise suspicion of a ligament (Lisfranc) injury. A 5th metatarsal fracture must be scrutinized to make sure a zone 2 (Jones) fracture (which needs more protection) is identified. A 1st metatarsal fracture must be examined closely to ensure there is no displacement. In short, Lisfranc injuries, zone 2 5th metatarsal fractures, and displaced 1st metatarsal fractures must be detected, and the presence of any fracture near their regions is a red flag alerting the examiner to their possible presence as well.
 Pain that persists or even worsens after immobilization may be a sign of a (rare) compartment syndrome of the foot. Late signs include pallor, paresthesias, and tense swelling – but don’t wait for them to appear.
 Plantar bruising is often indicative of a serious injury such as a Lisfranc injury.
 Redness and swelling of the forefoot may indicate a Charcot neuropathic fracture in a patient with loss of sensation.
  
 Treatment options and Outcomes
 The goal of treatment is to restore alignment of the 5 metatarsals to preserve the arches of the foot and allow normal weight distribution over the metatarsal heads.
 Management varies widely depending on the location of the injury. Most isolated central (2nd – 4th) metatarsal fractures, as well as non-displaced fractures of the 1st metatarsal, can be treated with a walking boot and progressive weight bearing as tolerated. Displacement of a first metatarsal fracture usually represents an unstable pattern that requires surgical fixation.
 Treatment of fifth metatarsal fractures depends on the Zone of injury. Non-displaced and minimally displaced avulsion fractures (Dancer’s Fractures or Zone 1) may only require symptomatic therapy with a hard shoe or walking boot until the fracture heals. However, full healing of avulsion-type 5th metatarsal fractures often take 8 weeks or longer.
 Jones fractures, those in Zone 2, require at the minimum a non-weight-bearing cast or boot for an extended period (ex. 6 weeks) with a protective stiff soled boot or shoe during a graduated return to weight-bearing for 6 or more weeks thereafter. Immediate surgical fixation of Jones fractures may be offered to speed the rate of healing and lower the incidence of nonunion.
 Most metatarsal fractures will go on to heal uneventfully with appropriate treatment, but complications do occur. Malunion, nonunion, or arthritic degeneration of the TMT and MTP joints can lead to metatarsalgia and significant disability, especially in the 1st metatarsal. In addition, malunion can cause plantar keratoses (painful callus) from significant plantar deviation of the metatarsal heads and dorsal keratoses from uncorrected dorsal angulation. Like with all fractures, insuring adequate levels of Vitamin D prevents delays and non-unions of fracture healing.
 Non-surgical treatment is advocated in patients with vascular comprise and neuropathy, as risk of infection and nonunion is elevated. Patients with diabetes are still candidates for fixation providing they have good vascular supply and protective sensation to extremities.
  
 Risk factors and prevention
 Not much can be done to prevent an injury to the metatarsal if a large force is applied to the foot in a traumatic incident. However, wearing appropriate protective footwear can be markedly beneficial.
  
 Miscellany
 An avulsion fracture is fleck of bone pulled off by a ligament or tendon; it is similar to the sliver of paint that may be pulled off a wall when a piece of tape adherent to the wall is removed with sudden force.
 The 5th metatarsal growth plate is unusual in that it is at the base of the bone and oriented longitudinally. In children, a fracture needs to be differentiated from a symptomatic secondary ossification center.
  
 Key terms
 Metatarsal fracture, Dancer’s fracture, Lisfranc joint, Jones fracture, metatarsalgia
  
 Skills
 Be able to pinpoint fracture site by palpation along each metatarsal. Differentiate soft tissue injury from fracture by gently applying an axial loading to the metatarsal head. Correctly interpret radiographic findings and classify the different types of fractures. Be able to apply a cast or splint the foot.
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		Disorders of the Great Toe

								

	
				 Disorders of the great toe (the hallux, in medical terminology) include degenerative arthritis (hallux rigidus), bunions (hallux valgus), gout, and traumatic conditions (such as sesamoiditis or turf toe).
  
 
 Structure and function
 There are three joints of the great toe (Figure 1):
 	the first metatarsophalangeal (MTP) joint, namely, the articulation between the metatarsal head and the proximal phalanx;
 	the interphalangeal (IP) joint between the proximal and distal phalanges; and
 	the articulation between the plantar aspect of the metatarsal head and the sesamoids, the two small bones embedded in the flexor hallucis brevis tendon.
 
 It should be noted that a sesamoid bone is one that lives within a tendon; its function is to increase the distance between the tendon and the center of the joint. By so doing, the sesamoid thereby increases the force the tendon applies, by lengthening its so-called ‘lever arm’. The patella is probably the best-known sesamoid.
 [image: ]Figure 1: Three Joints of the Great Toe (Hallux)  
 The first MTP joint
 The first MTP joint is a critically important joint. The amount of forces that passes through the first MTP joint and great toe during normal gait varies between individuals depending on foot shape, weight, etc. However, if we consider 6 points of contact in the forefoot (the two sesamoids of the great toe and the 2nd, 3rd, 4th, and 5th metatarsal heads) then we can estimate that the great toe on average absorbs a third (2/6) of the body weight. During athletic activities like jogging and running, these forces can approach two to three times body weight.
 Processes that can affect the first MTP joint include overuse; wearing shoes that are too tight or ill-fitting; trauma, autoimmune disease; and deposition of uric acid crystals in the joint (gout).
 Hallux Rigidus (arthritis of the big toe)
 In hallux rigidus (Figure 2), it is thought that overuse damages the joint surfaces and the nearby soft tissue surrounding the joint. This term is used to describe arthritis of the joint; the name comes to mind because in the MTP joint the osteophytes growing from dorsal aspect of the first MT head impede motion (making the joint rigid) in a way that is not typically seen when osteophytes form near other joints around the body. Of course, the signs and symptoms of the condition include all those of arthritis, not just the rigidity of the joint.
 [image: ]Figure 2:  Hallux Rigidus X-Ray  Hallux Valgus (Bunions)
 Like hallux rigidus, which is named by one prominent feature, hallux valgus is also designated by one major finding (the valgus deformity of the MTP joint), though it actually comprises several (Figure 3). A valgus deformity is one in which there is deviation at a joint such that the distal bone points away from the midline; in the knee, for example, valgus produces a “knock-knee” configuration. Thus, in hallux valgus there is a lateral deviation of the phalanx (towards the other 4 toes). Beyond that, though, there is also a medial deviation of the first metatarsal along with soft-tissue enlargement of the first metatarsal head. The MTP joint could remain congruent, but eventually can subluxate creating a non-congruent deformity. When there is a loss of congruence, the pull of muscles accentuates the deformity further, and the proximal phalanx progressively moves laterally and the metatarsal medially; the dorsomedial capsule attenuates and the abductor hallucis tendon slides under the metatarsal head. This subluxation of the abductor hallucis tendon pulls the hallux into pronation. In time, there is also lateral subluxation of the sesamoids. In late stages, the extensor hallucis contracts, causing both extension and lateral deviation of the great toe.
 [image: ]Figure 3: Hallux Valgus/Bunion  Gout (Podagra)
 Gout is a painful arthritic condition that can affect any joint, but commonly involves the first MTP joint. Gout occurs when uric acid (urate) crystallizes in the synovial lining of the involved joint. Once in the joint, these crystals induce synovial macrophages to produce inflammatory cytokines such as Interleukin-1 (IL-1). The urate crystals also induce neutrophils to migrate to the joint, increasing the inflammatory process.
 Patients with longstanding gout may have masses of urate crystals deposited in soft tissue, cartilage and bone; these are known as “tophi” (singular: tophus). These tophi consist of central deposits of monosodium urate surrounded by fibrous and inflammatory rinds. Small tophi may be asymptomatic; large ones can be painful, even when there is no burst of inflammatory activity.
 Turf Toe
 Turf toe is an acute injury to the MTP joint that occurs when the great toe is forced upward. This produces an injury to the plantar plate. The classic mechanism is an athlete jamming his or her foot against a hard surface.
 Sesamoiditis
 Sesamoiditis is a general term for painful symptoms associated with either one or both of the sesamoid bones. The tibial (medial) sesamoid is subject to more force and thus more prone to injury. The mechanism of injury is usually associated with repetitive, excessive loading of this area of the foot, but it can also be due to trauma or forced dorsiflexion. Often patients will have a higher arched foot, causing the sesamoids to be subjected to great force with each step. The resulting pathology may include chronic soft-tissue injury, stress fracture of one of the sesamoids or a sesamoid that never heals (nonunion) after injury, or cartilage damage (arthritis) between the sesamoid and the first metatarsal head.
  
 Patient presentation
 Patients with hallux valgus present with a prominent bump on the medial side of the MTP joint. Symptoms range in severity from none at all to severe discomfort aggravated by standing and walking. There is no direct correlation between the size of the bunion and the patient’s symptoms – some patients with severe bunion deformities have minimal symptoms, while patients with mild bunion deformities may have significant symptoms. Symptoms are often worsened by shoes with a narrow or stiff toe box.
 Physical examination reveals a bony prominence at the medial aspect of the first metatarsal head. The great toe is deviated laterally and often rotated slightly. In mild and moderate bunions, a subluxated MTP joint may be repositioned back to a neutral position (reduced); in more advanced disease, especially if there are arthritic changes in the first MTP joint, the joint cannot be fully reduced. Patients may also have a callus at the base of their second toe under their second metatarsal head in the sole of the forefoot.
 Patients with hallux rigidus will typically present with pain, stiffness, and swelling in the first MTP joint (Figure 4). The symptoms are aggravated by repetitive dorsiflexion of the MTP joint (upward movement of the big toe), running, for example. Swelling usually occurs along the top (dorsal) half of the joint, and will frequently be associated with bone spur formation recognized as a “new prominence” by the patient (Figure 6B).
 In the early stages of hallux rigidus, there is pain only at ends of the range of motion. In the late stages, there is a loss of motion, especially dorsiflexion, and pain even within the short arc.
 Patients may report symptoms from the dorsal prominence (osteophytes). As the condition progresses, patients can attempt to take pressure off the great toe by putting more weight on the outside of the foot as they walk. This may cause metatarsalgia, pain in the forefoot, or in rare instances a Jones fracture of the 5th metatarsal base.
 [image: ]Figure 4: Hallux Rigidus Pain Location Physical examination will reveal limited and often painful motion in the big toe joint sometimes with crepitus. Prominent osteophytes on the dorsal aspect of the joint are usually visible and palpable. It is very common to see these findings in both feet, although one foot is usually more symptomatic than the other. Tenderness to touch is common dorsal to the swollen MTP joint.
 Patients presenting with sesamoiditis will often report a recent increase in repetitive weight-bearing activities that suddenly overload this joint. Rarely is a major acute traumatic event the cause for the problem, although it certainly can be. Pain is typically described as sharp and severe enough to induce a limp. Some patients report that it is especially uncomfortable to walk with barefeet or on hard surfaces. The most common forms of sesamoiditis, by far, presents with a slow, steady onset of patterned pain beneath an otherwise normal looking big toe, which is worse with weight bearing and better with offloading activity. Patients can almost always point to the site of discomfort, which is directly beneath one, or both, of the sesamoids.
 It is also common for patients who suffer from sesamoiditis to have high arched feet, due to the higher loads placed on the ball of the foot with this anatomy. Range of motion of the great toe is often normal; marked loss of motion of the big toe, or pain on the top of the great toe is more consistent with a diagnosis of hallux rigidus.
 Patients with gout often report a relatively sudden onset of severe symptoms including pain, swelling, and redness. Gout may involve almost any joint in the body, but in 75% of cases, gout affects the first MTP joint (hence the classic name for gout, podagra, which means “seizure” of the foot).
 Turf toe injuries result in pain on the plantar surface at the base of the first MTP joint. They usually occur after an acute injury: an athlete will report changing direction suddenly on the playing field, with the great toe forced upwards as the foot is planted on the ground. With enough force, the capsule on the undersurface (plantar aspect) of the great toe will be torn either partially or completely. Patients will complain of pain in the great toe, noticeable swelling, a limp, and an inability to run on the foot. If the capsule is significantly torn the great toe joint may be noted to be unstable.
  
 Objective Evidence
 Hallux valgus deformity is usually obvious upon physical examination, but it is also easily demonstrated on plain X-ray (Figure 5). A weight-bearing foot series should be obtained to assess forefoot alignment, including the presence of lesser toe deformity, and evaluated for degenerative changes at the IP, MTP, and metatarsal cuneiform (MTC) joints. A weight-bearing anterior-posterior (AP) radiograph assesses hallux valgus angle (HVA), intermetatarsal angle (IMA), MTP joint congruency, and sesamoid position. This evaluation allows for classification and preoperative planning. The lateral radiograph should be assessed for plantar gapping at the 1st MTC joint and dorsal translation of the 1st MT relative to the cuneiform that is indicative of instability.
 [image: ]Figure 5: AP X-ray of Hallux Valgus When hallux rigidus is suspected, weight-bearing foot x-rays should be obtained to demonstrate the presence and extent of MTP joint space narrowing, and identify the location and size of bone spurs. There may be squaring of the metatarsal head on the anterior-posterior (AP) view (Figure 6A). The lateral view will often show a prominent dorsal bone spur (Figure 6B).
 [image: ]Figure 6A: AP x-ray, hallux rigidus [image: ]Figure 6B: Lateral x-ray, hallux rigidus The only definitive way to diagnose an acute gouty attack is to aspirate the joint. Patients with gout will demonstrate synovial fluid leukocytosis (predominantly neutrophils) and the presence of negatively birefringent, needle-shaped crystals viewed using a polarizing microscope. Even with these findings, a simultaneous infection is not definitively excluded.  Accordingly, synovial fluid aspirated for gout should always be assessed for infection by Gram stain and culture.
 X-rays in turf toe injuries are usually negative, as this injury predominately affects the soft-tissue around the MTP joint. However, plain x-rays should be reviewed to rule out other injuries such as sesamoid fractures and other fractures involving the great toe. A stress x-ray or fluoroscopy may demonstrate excessive movement (instability) of the MTP joint when it is stressed. An MRI will reveal evidence of the soft-tissue (capsular) injury.
 When sesamoiditis is suspected, plain x-rays of the foot allow visualization of the two sesamoids and how they sit anatomically beneath the first MTP joint. Fractures, subluxations, dislocations, osteochondrosis, or avascular necrosis affecting the sesamoid(s) can usually be diagnosed on these plain x-rays. It is possible to see fragmentation of the sesamoids that is not pathological: so-called bipartite (two pieces) or multipartite (many pieces) sesamoids. One way to help differentiate a sesamoid fracture from a bipartite sesamoid is by comparison to the contralateral side, as bipartite sesamoids are often bilateral whereas a true fracture is usually not.
 When an accurate diagnosis cannot be made and certain possible problems still cannot be ruled out, an MRI scan can usually accurately differentiate between these various pathologies.
  
 Epidemiology
 The most common disorder of the great toe is hallux valgus. According to a meta-analysis performed by Nix et al. (PMID:20868524), the prevalence of hallux valgus in patients aged 18-65 is 23% and 35% in patients older than 65 years. In addition to the elderly, hallux valgus is more prevalent in females. There appears to be a hereditary component: a majority of patients have a first-degree family member who also has hallux valgus with the condition.
 According to Shereff and Baumhauer, hallux rigidus affects 2.2% of the population 55 years or older (PMID:9655109). It is the second most common condition affecting the big toe after hallux valgus. The condition is often bilateral, and the average age of onset ranges between 12 and 57 years, although it is more common in the older population.
 According to Boike et al., sesamoid injuries account for 9% of foot and ankle injuries and 1.2% of running injuries (PMID:21669339). Chronic sesamoid conditions, like sesamoiditis, usually occur in active patients. Sesamoiditis is more prevalent in teens and young adults than older patients.
 According to Childs, turf toe prevalence is increasing due to more athletic fields being covered in artificial turf and increased flexibility in the toe-box of athletic shoes (PMID:16900075). Turf toe is seen most often in football players, although athletes participating in basketball, soccer, dancing, tennis, volleyball, and wrestling are at elevated risk. Turf toe is not more prevalent in any one age-group, sex, or ethnicity.
 Gout is the most common inflammatory arthritis and its prevalence is on the rise. Putative causes of this rise include the rising prevalence of metabolic syndrome, the aging of the population, and an increase in chronic kidney disease. Gout before the age of 50 is almost exclusively a male disease. At menopause, serum uric acid rises; consequently, gout is present in the older female population as well. Gout is distinctly rare in children, but may occur when genetic mutations affect urate metabolism. The overall prevalence of gout in the US is estimated to be about 3%, but is 10% or greater in older adults.
  
 Differential diagnosis
 Differential diagnosis for pain at the first MTP joint includes not only bunions (hallux valgus), arthritis (hallux rigidus), gout, and sesamoiditis, but infection, stress fracture, tendon disorders, non-neoplastic soft-tissue masses, and rarely neoplastic soft-tissue and bone neoplasms.
 Hallux valgus is fairly easy to diagnose on physical exam. However, it is important to note that asymptomatic hallux valgus can be present along with a second painful condition: a patient with hallux valgus may also suffer from hallux rigidus, sesamoiditis, turf toe, or gout. Therefore, it is important to take a detailed clinical history upon patient presentation even if a hallux valgus deformity is obvious.
 While hallux valgus is a fairly obvious diagnosis, sesamoiditis is often a diagnosis of exclusion. It should be considered in active patients who have recently changed their activity level or shoe-wear. Sesamoiditis pain is variable, but often patients will be able to point to the site of pain as being underneath one or both sesamoid bones. The differential diagnosis for this type of pain includes fractures, subluxations, dislocations, osteochondrosis, or avascular necrosis. These can usually be distinguished by plain x-ray.
 Hallux rigidus, like sesamoiditis, is also characterized by pain with dorsiflexion and shifting weight laterally during ambulation to avoid toe-off. However, hallux rigidus usually develops over a longer period of time than sesamoiditis. Furthermore, the dorsal aspect of the first MTP joint is normally tender upon palpation in patients with hallux rigidus, while the plantar aspect is tender in patients with sesamoid disorders. Additionally, these two disorders can be differentiated using imaging, as hallux rigidus is characterized by osteophytes on the dorsal aspect of the MTP joint with or without joint space narrowing, while these features are absent in sesamoid disorders. Hallux rigidus must also be differentiated from gout.
 Differential diagnosis of acute gout depends on the patient history, physical examination, and laboratory testing. The most important alternative diagnosis to consider, particularly in monoarticular attacks, is septic joint because infection can rapidly and permanently damage joints. Other crystals, particularly calcium crystals, can cause attacks mimicking gout. Gout can also mimic virtually any inflammatory arthritis, depending on the pattern of presentation. For example, rheumatoid arthritis may need to be considered if the gouty attack is polyarticular and involves the hands.
 When an athlete presents with an acute injury of the first MTP joint following forced hyper-extension of the hallux, the diagnosis is almost certainly turf toe. However, turf toe is a broad category that encompasses different severities of capsular injury, from attenuation of the capsule (plantar plate) to a complete tear. Plain x-rays should be reviewed to rule out other injuries such as sesamoid fractures and other fractures involving the great toe.
  
 Red Flags
 Imaging studies should be performed in most cases of first MTP joint pain, especially with recalcitrant pain following conservative treatment, in facilitate an accurate diagnosis and plan future treatments accordingly.
 A single gout attack is extremely painful but usually self-limited.  A missed diagnosis at that time will be of little long-term consequence.  However, a missed diagnosis of an infected joint can be catastrophic; and because gout and infection are often clinically indistinguishable, diagnostic joint aspiration should almost always be performed.
  
 Treatment Options and Outcomes
 Non-operative treatment of most causes of great toe pain is usually successful. Conservative treatment strategies include:
 	Activity modification: limiting the extent of weight-bearing activities such as standing and walking in the short and intermediate term decreases the repetitive load and subsequent irritation to the joint and surrounding tissues.
 	Shoe wear modification: Stiff-soles shoes with a soft insert and a wide accommodative toe box can be very helpful in alleviating repetitive irritation and pain from most common great toe conditions.
 	Anti-inflammatory medication (NSAIDs): Short-term use of anti-inflammatory medications can help improve symptoms.
 	Steroid injection: Corticosteroid injections of the 1st MTP joint may be beneficial in recalcitrant cases of hallux rigidus, gout and other conditions where there is marked painful swelling and inflammation of the great toe joint.
 
 The vast majority of great toe problems can be managed non-operatively. The primary indication for operative intervention should be pain that is not relieved by appropriate non-operative management.
 Surgical treatment of Bunions (hallux valgus)
 Operative treatment for hallux valgus is often requested for cosmetic reasons, but sharing with patients the prolonged recovery time and risks of complications are conveyed, may dissuade them. There are many different surgical treatments for hallux valgus described in the orthopaedic literature. The type of procedure chosen depends on the severity of hallux valgus, co-morbid conditions, and the preference of the surgeon. Some of the common procedures include removal of the medial eminence; a distal metatarsal osteotomy (chevron) with tightening of the medial capsule; a proximal metatarsal osteotomy; great toe fusion (1st MTP joint arthrodesis); or resection arthroplasty (removal of the proximal aspect of the proximal phalanx). Often, up to 12 months are required before maximal recovery is achieved. Post-surgical complications are not uncommon and may include: wound healing problems, infection, nonunion, local nerve injury, deep venous thrombosis (DVT), and pulmonary embolism (PE). Additionally, the deformity may recur, or a new deformity may form at the osteotomy, requiring an additional surgery.
 Surgical treatment of Great Toe Arthritis (hallux rigidus)
 Operative treatment for hallux rigidus may be indicated when non-operative treatments fail. Surgical treatment of hallux rigidus includes: a 1st MTP joint dorsal cheilectomy (bone spur removal); fusion of the first MTP joint, and first MTP joint arthroplasty or hemiarthroplasty (first MTP joint replacement or partial joint replacement). The dorsal cheilectomy procedure is effective only for patients who have arthritis involving just the dorsal aspect of the first MTP joint; it is not indicated in patients with arthritis involving the entire joint. Recurrence of pain is a not-infrequent complication of cheilectomy. If this is found, the other two surgical options should be considered. Fusion of the great toe joint offers predictable pain relief. One of the defining features of severe hallux rigidus is a loss of 1st MTP joint motion so from a functional point of view loss of joint motion following a fusion is often not a major issue. Joint replacements of the 1st MTP can provide good short and intermediate term pain relief and function. However, eventual failure of the implant can make revision surgery very challenging.
 Surgical Treatment of Sesamoiditis
 Recalcitrant sesamoiditis that does not improve with 6 months of non-operative treatment can be considered for operative removal of the sesamoids, though most patients recover before that deadline. Excising only the painful sesamoid bone may lead to destabilization of the joint with the development of a subsequent hallux varus or valgus deformity depending on which sesamoid is removed.
 Surgical Treatment of Turf Toe Injuries
 In turf toe injuries where there is complete tearing of the plantar soft-tissues of the great toe (ex. great toe dislocation) surgical repair is indicated. Additionally, turf toe injures resulting in partial tearing of the plantar capsule that do not adequately recover with conservative treatment may benefit from debridement (e.g., cleaning out cartilage debris) and repair of the torn plantar capsule. Recovery can be prolonged: 6 weeks of limited weight-bearing to allow the capsular repair to heal; 6 weeks of controlled rehabilitation in a boot or stiff soled shoe; and 6 or more weeks of sports-specific exercises. It is also not uncommon to have some residual symptoms even after a seemingly successful surgery. Unfortunately, for some athletes, a severe turf toe injury may be a career ending injury.
 Treatment of Gout
 Treatment of acute gout focuses on suppressing inflammation. Three classes of agents are used: non-steroidal anti-inflammatory drugs, glucocorticoids, and colchicine. All are effective; the choice of agent depends on which will be best tolerated in the individual patient. Intra-articular glucocorticoid injections are effective but should be avoided until infection is definitively excluded. Changing the dose of urate-lowering drugs during an acute attack should generally be avoided because acute urate shifts may worsen the attacks.
 For patients with established gout (two or more attacks/year) who are between attacks, urate-lowering should be initiated to reduce the urate burden and the risk of both attacks and tophi. First-line agents include allopurinol and febuxostat, which block urate production by inhibiting the synthesis enzyme xanthine oxidase. In contrast to targeting urate production, probenecid promotes urate excretion from the kidneys. All patients starting urate-lowering therapy must receive anti-inflammatory prophylaxis (usually colchicine) for 6 or more months, since urate lowering transiently increases the risk of gouty attack. The goal is to drive the serum urate level to <6.0 mgs/dL (lower to resolve tophi).
  
 Risk factors and prevention
 Risk factors for hallux rigidus include an elevated first metatarsal and/or a supinated forefoot leading to dorsal jamming at the 1st MTP joint. These risk factors are not really subject to modification. Wearing good comfort shoes (e.g., the correct size, soft uppers, and a stiff sole that limits motion of the first MTP joint) and maintaining a healthy weight, may help in patients who are predisposed to develop hallux rigidus.
 Patients with hallux valgus often have a positive family history. The majority of patients with hallux valgus have a first-degree relative who has had a bunion, flatfoot deformity, or significant clawing of their lesser toes. Wearing tight or ill-fitting shoes may contribute to symptoms related to the hallux valgus deformity, but the evidence on causality is not conclusive.
 The main risk factor for disorders of the sesamoid is having a higher arched foot. People with high arches that may be predisposed to sesamoiditis may be able to prevent this by wearing shoe inserts that reduce the stress on the sesamoids.
 According to Childs, risk factors for turf toe include participating in athletics on artificial turf fields, playing certain sports that predispose to the injury (football, soccer, basketball, wrestling, dancing, tennis, and volleyball), foot pronation, increased toe box flexibility, flat feet, hallux degenerative joint disease, and prior first MTP joint injury (PMID:16900075). Therefore, turf toe injuries may be reduced by wearing shoes with a stiffer sole and limiting the amount of play on artificial turf fields.
 Multiple risk factors promote hyperuricemia and subsequently gout. Diets rich in purines, or high in alcohol or fructose (promoting purine turnover and urate synthesis), can raise serum uric acid (sUA). Diseases of high cell turnover such as leukemia and lymphoma also promote hyperuricemia (secondary overproduction). Diuretics and certain other drugs can inhibit renal urate excretion and promote hyperuricemia. Obesity is also associated with hyperuricemia, but the relative contributions of diet versus adiposity are unclear. Nonetheless, weight loss reduces sUA and is advisable in overweight gout patients.
  
 Miscellany
 Turf toe was so named as the injury became more common with the increasing popularity of artificial turf over natural grass.
 Sesamoids are so named because they are thought to resemble sesame seeds.
  
 Key terms
 Hallux valgus, Bunion, Hallux rigidus, Great toe arthritis, Gout, Sesamoiditis, Turf toe, Podagra
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		Disorders of the Lesser Toes

								

	
				An imbalance between the extrinsic and intrinsic muscles of the foot can produce deformities of the lesser toes. These deformities are classified by how the separate toe joints are affected. Hammertoe deformities are characterized by flexion of the proximal interphalangeal (PIP) joint and extension of the metatarsal-phalangeal (MTP) joint resulting in a prominent bump at the PIP joint. Claw toe deformities also have PIP flexion and MTP extension but additionally have flexion of the distal interphalangeal (DIP) joint which produces “clawing.” Only the DIP joint is affected in mallet toe deformities, so the MTP and PIP joints are naturally extended but the DIP joint is flexed.
  
 Structure and function
 The lesser toes have three phalanges. The proximal phalanx articulates proximally with the metatarsal (at the MTP joint) and distally with the middle phalanx (at the PIP) joint; the middle phalanx’s articulation with the distal phalanx is called the DIP joint.
 The extensor digitorum longus (EDL), an extrinsic muscle, is the primarily extender of the MTP joint. The extensor digitorum brevis (EDB), an intrinsic muscle, extends the PIP and DIP joints.
 The flexor digitorum longus (FDL), another extrinsic muscle, flexes all three joints of the lesser toes, but the DIP joint especially. The flexor digitorum brevis (FDB) tendon (intrinsic) primarily flexes the PIP joint. The lumbricals originate from the metatarsals and flex the MTP joint and extend the PIP and DIP joints.
 All of the toe joints have a fibrocartilaginous plantar plate, which passively resist extension as well.
 Claw toes are caused by an imbalance between the extrinsic and the intrinsic muscles in the foot, causing flexion at the PIP (proximal interphalangeal) joint and extension at the MTP (metatarsal phalangeal) joint. The PIP joints become prominent and can be irritated by shoes, leading to painful calluses on the dorsal aspect of the toes (Figure 1).
 [image: ]Figure 1: Claw toes. The second toe is usually the most pronounced deformity, but all four lesser toes demonstrate clawing. Typically, when only a single toe is clawed, trauma or arthritis in the cause. More commonly all four lesser toes are involved and hereditary muscle imbalance (extrinsics > instrinsics) or nerve damage (neuropathy) is the cause.
 Hammer toes are usually caused by shoes that force the toe to bend; they are also seen in patients with bunions.
 A mallet toe, (i.e. isolated flexion of the DIP joint), may be caused by shoe pressure (causing, eventually, attenuation of the extensor tendon); a tight flexor digitorum longus can also be the cause.
  
 Patient presentation
 A patient with a deformity of the lesser toes is very likely an older female presenting with pain on the top of the toes (as they rub against the shoes). There also can be pain on the tip of the toes as they jam into the soles of the shoes. With a long-standing deformity, there can be pain at the base of the toes along with corns or calluses of the skin from repeated friction.
  
 Objective evidence
 The deformity is usually obvious, and x-rays confirm what is seen clinically. On physical exam, each joint should be assessed as to whether it can be passively corrected; that is whether the deformities are flexible or rigid (as this guides treatment). It is also important to assess the toes in various positions of ankle flexion/extension, so the effect of any extrinsic muscle tightness can be demonstrated (i.e., tightness of the extrinsic flexors would be worsened with ankle dorsiflexion). Also, because toe deformities are seen as a manifestation of neurological disease, a detailed assessment of strength and sensation is needed.
  
 Epidemiology
 Claw toes can be congenital or acquired, and so are seen throughout all ages, though more common with increasing age (the 7th and 8th decades). Women are affected four to five times more than men.
  
 Differential diagnosis
 Underlying associated conditions include:
 	diabetes, with peripheral neuropathy
 	rheumatoid arthritis
 	primary neuromuscular disease (poliomyelitis, Freidrich’s ataxia, myelopathy, multiple sclerosis or Charcot Marie Tooth Disease
 	other foot deformities such as bunions, flat feet, or pes cavus deformity (highly arched feet)
 
  
 Red flags
 All lesser toe deformities are red flag findings, suggesting the presence of a complication of diabetes or a neurological disorder. Close evaluation of the whole patient is essential.
  
 Treatment options and outcomes
 Non-operative
 Most deformities can be treated by applying pads to the areas of prominence or using a shoe with a wide-toe box to accommodate the deformity and alleviate pain. Some patients may need an orthotic to create cushioning over the toe region. Trimming painful calluses can relieve symptoms, but without addressing the deformity, they may recur.
 Operative
 Surgery is considered only in deformities that cannot be corrected non-operatively.
 Claw and hammer toes with a flexible deformity may be treated with a flexor and/or extensor tenotomy or a flexor to extensor tendon transfer with a capsular and extensor tendon release. If there is a fixed deformity at the MTP joint, a capsular release and extensor tendon lengthening may suffice. In some patients a metatarsal shortening osteotomy may be needed, especially if the patient has metatarsalgia or tenderness. A fixed PIP deformity is treated with resection arthroplasty or Interphalangeal fusion.
 A mallet toe with a flexible deformity can be treated with a percutaneous flexor tenotomy; a rigid deformity requires either a resection arthroplasty of the distal aspect of the middle phalanx or DIP fusion.
 Note that the recovery period for any toe surgery is prolonged. It is not uncommon to note swelling and stiffness in the toes even 6 months post-surgery.
 Foot surgery, in general, is more susceptible to wound complications and infection; toe deformity surgery, in particular, can be complicated by recurrence of the deformity.
  
 Skills
 Claw/hammer/mallet toes are typically present in older age or as an indication of an underlying neurological disorder – asking the right questions to the patient and ordering the necessary exams to identify the cause is important.
  
 Key terms
 claw toe, hammer toe, mallet toe, lesser toe deformity, metatarsalgia, corns, muscular imbalance
 
	

			
			


		
	
		
			
	
		73

		Morton’s Neuroma

								

	
				Morton’s neuroma (also known as an intermetatarsal or interdigital neuroma) is a common cause of forefoot pain. It presents as a sharp, burning sensation in the affected web-space, which often radiates proximally or distally between the adjacent toes; most typically, it is found in the 3-4 or 2-3 intermetatarsal space, which can manifest as pain, burning, and/or numbness between the 3rd and 4th or 2nd and 3rd toes respectively. From a pathological standpoint, note that this condition is not a true neuroma per se. In other words, Morton’s neuroma is not a “benign growth of nerve tissue,” as any formal definition of neuroma would imply, but rather represents inflammation of the nerve and/or thickening (perineural fibrosis) around it. It is generally agreed that wearing ill-fitted shoes with tapered toe box or high-heels can aggravate this condition.
  
 Structure and function
 The medial and lateral plantar nerves arise from the tibial nerve as it courses from the ankle into the foot, and these go forward to provide sensorimotor innervation to the sole of the foot (Figure 1). The medial plantar nerve is the larger of the two and typically corresponds to innervation of skin and muscle groups along the proximity of the great toe, second, and third toes, as well as the medial side of the fourth. This corresponds to the distribution of the median nerve in the hand. The lateral plantar nerve supplies these components to the lateral half of the fourth toe and the entire plantar aspect of the fifth toe, just as the ulnar nerve does with the fingers. As these nerves course distally, they split into common digital nerves which later, just proximal to each web space near the metatarsal head, bifurcate into the smaller interdigital nerves that branch medially and laterally to enter the respective toes that correspond to the particular interspace from which the nerve came. Unlike the hand, where anastomoses between the median and ulnar nerves are rare, in the foot, the third interdigital nerve is composed of confluent fibers from both the medial and lateral plantar nerves. In about 50-85% of cases, Morton’s neuroma affects this third nerve, perhaps owing to its potentially larger size or its location in the foot between the most mobile bony structures. In the remaining cases, the second common digital nerve in the second web space is affected; there is little evidence to suggest any significant degree of involvement to the nerve in the 1st or 4th web space, for reasons that remain unclear.
 [image: ]Figure 1: Digital Nerves on the Plantar Aspect of the Foot Normally, a healthy nerve in one of these interspaces looks like a piece of spaghetti. A true Morton’s neuroma is usually inflamed looking and perhaps adherent to the overlying intermetatarsal ligament. The neuroma itself is often directly under the plantar skin, or protected by only a thin layer of subcutaneous tissue (Figure 2). The tissue is usually a pale yellow soft mass. Histologically, there is evidence of fibroblast and Schwann cell proliferation within extensive perivascular and subintimal fibrosis. Additionally, demyelination, axonal damage, and hyalinized nodules (Renaut bodies) are present under the perineurium.
 [image: ]Figure 2: Location of Nerve Directly Under the Skin (between base of 3rd and 4th toes) The exact etiology of Morton’s neuroma is unknown. The eponymous Morton himself suggested that capsulitis of the metatarsophalangeal joint was the source of pain. While the exact etiology of the condition remains unclear, it is believed to be related to localized repetitive overload and irritation of the nerve within the forefoot. Vascular, anatomical, traumatic, systemic, biomechanical, and other proposed pathoetiologies, however, also exist. Betts speculated that the contraction of the flexor digitorum brevis caused the nerve to shear against the intermetatarsal ligament, which in turn caused inflammation. Another theory is that bursal enlargement produces an ischemic effect. Last, some authors have advocated that normal biomechanics alone may be responsible: shearing forces are produced when the relatively mobile 4th metatarsal moves against the relatively fixed 3rd metatarsal, and the nerve may be compressed against the intermetatarsal ligament during the heel-rise phase of gait.
  
 Patient presentation
 A patient with a Morton’s neuroma often complains of a burning, sharp pain located between the third and fourth toes and worsened with tight fitting shoewear or repetitive loads. The pain is often plantar at the metatarsal heads and radiates distally on either side of the toe; it can also radiate from the forefoot up the leg proximally. In some patients, the pain is alleviated by walking barefoot or taking off shoewear and massaging the foot. Patients may also complain of the sensation of a stone or pebble under the toes or forefoot when walking, and occasionally they will describe an associated intermittent or constant numbness along the involved interspace.
 On direct examination, the patient’s foot often appears unremarkable, without signs of bursitis, swelling, or other abnormality. On palpation, the usual location of pain is at the interspace between the metatarsal heads. Interdigital skin sensation can be decreased.
 A useful test for Morton’s neuroma is the “lateral squeeze” or compression test: when the forefoot is compressed by the examiner’s hands a painful or palpable “Mulder’s click” might be produced by the uncomfortable subluxation of the neuroma between the metatarsal heads.
  
 Objective Evidence
 There is no one sine qua non test for Morton’s neuroma. It is usually a clinical diagnosis, made via consistent findings elucidated thorough history and physical examination. Imaging, however, is necessary to rule out its differential diagnoses. Occasionally, an x-ray may show lateral toe deviation through MTP joint instability or capsulitis, arthritis change in the adjacent joint, or even a stress fracture of a metatarsal. MRI and ultrasound may corroborate Morton’s neuroma, but they do not have a terribly high sensitivity or specificity. Injection of local anesthetics may also confirm the diagnosis of a Morton’s neuroma by producing rapid (though temporary) amelioration of symptoms.
  
 Epidemiology
 The incidence of Morton’s neuroma is not known. What is known is the incidence is about 5 times higher in women than in men. The left and right feet are equally affected. The typical patient is about 45 years old.
  
 Differential diagnosis
 Most chronic pain in the forefoot is NOT the result of a Morton’s neuroma. Other more common sources of metatarsalgia (the medical term for forefoot pain) are peripheral neuropathy (from diabetes most likely); stress fractures of the metatarsals; synovitis of the MTP joints, or other inflammation; and trauma. Also, to be considered are Freiberg’s infraction (avascular necrosis of the metatarsal head), tarsal tunnel syndrome, infection, and tumors. A thorough physical examination is essential in differentiating among these possible diagnoses.
  
 Red flags
 Foot pain in patients with diabetes can be the harbinger of complications. A history of diabetes, thus, should motivate an especially detailed examination.
  
 Treatment options and Outcomes
 Non-operative treatment is the best initial approach. The patient should be instructed to wear shoes with a large toes box and low heels; a metatarsal pad or a custom orthotic can be used to relieve pressure as well. The use of anti-inflammatory medications can be justified empirically, for pain relief. Physical therapy modalities such as ultrasound or electrical stimulation might help but studies demonstrating their effectiveness are lacking. An intermetatarsal injection that perfuses the neurovascular bundle can, with the addition of local anesthetic, help confirm the diagnosis, and a corticosteroid in the cocktail may help produce enduring relief.
 If a patient fails to improve with non-operative measures over the passage of time, and if all other potential sources of the pain have been eliminated as diagnostic possibilities, surgery may be indicated. Several treatments are currently employed, including formal resection of the nerve proximal to the area of fibrosis. Another option is simple surgical release of the intermetatarsal ligament and removal of scar tissue. While resection is thought to be more definitive, transecting the nerve results in permanent toe numbness and can result in a troublesome recurrent (‘True”) neuroma should the remaining stump grow back and become symptomatic. Thus, there remains disagreement as to which operation is best.
 Beyond what are considered the standard risks of any orthopaedic procedures, such as infection, wound healing complications, or blood clots, there are a few certain complications that are specific to this procedure and should be noted. These include persistent or worsened pain in the event this is not the cause of the patient’s problem or in the case that the nerve stump grows back and becomes bothersome. Complex regional pain syndrome (formerly known as reflex sympathetic dystrophy) can also appear in rare instances. These particular complications are relatively rare, but can be difficult to solve if they occur.
  
 Risk factors and prevention
 There are no clear risk factors since the exact etiology of is unknown. Tight ill-fitting shoes and shoes with high heels likely contribute to the development of Morton’s neuroma, and their use should be avoided if possible.
  
 Related Historical Information
 Stigler’s Law of Eponymy states that no scientific discovery has ever been named after its original discoverer. Indeed, Stigler’s Law was itself described without credit by Robert K. Merton! This law applies here, as this condition is not named for its original discoverer. Although Morton has his name attached to this disorder (by being first to write about the symptoms), it was Betts who first correctly described the pathology. Complicating this eponym, the Dr. Morton whose name bears this pathology was Thomas Morton rather than Dudley Morton, the latter who authored the landmark text, “The Human Foot: It’s Evolution, Physiology, and Functional Disorders.”
  
 Key terms
 Morton’s neuroma, Medial and lateral plantar nerves, digital nerves, intermetatarsal ligament, perineural fibrosis, metatarsalgia
  
 Skills
 Perform a lateral squeeze test and elicit a Mulder’s click, described under patient presentation.
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		Diabetic Foot Disorders

								

	
				 Diabetes is a medical condition characterized by many complications, including neuropathy and peripheral artery disease. Loss of sensation in neuropathy can lead to ulceration of the skin and accelerated degeneration of the joint (a condition known as Charcot arthropathy); and poor vascularity can impede healing.
 
  
 Pathology and Pathophysiology
 Neuropathy is the initiating event in the development of most diabetic foot ulcers and infections. However joint contractures, excess localized pressure and vascular disease also play a role in their formation. The development of peripheral neuropathy in individuals with diabetes is attributed to a complex interaction of glycosylated hemoglobin with arterioles of both central and peripheral nerves, leading to conduction defects in sensory, motor, and autonomic function.
 Prolonged exposure to even low pressure over a bony prominence (as may be seen with ill-fitting shoes) can cause skin breakdown. In patients without neuropathy this pressure will cause pain, and the person will shift his or her weight to limit the pressure. With a loss of such protective sensation, loading continues to the point that the skin breaks down and an ulcer forms (Figure 1). Without adequate off-loading of the area, ulcers can worsen leading to a local infection, progression to osteomyelitis, and eventual amputation in some patients.
 [image: ]Figure 1: Diabetic Ulcer of plantar medial midfoot due to Charcot deformity Charcot arthropathy is characterized by joint fragmentation and subluxation caused by continued repetitive stress to the foot and ankle in patients with peripheral neuropathy. The condition is named after Jean Marie Charcot (1825-1893) who described the collapse of the bones of the foot in patients who had loss of sensation in the feet from tertiary syphilis. The three commonly affected locations in the foot and ankle are the tarsal-metatarsal joints (midfoot), the transverse tarsal joint (hindfoot just in front of the ankle), and the ankle joint.
 According to the neurotraumatic theory, Charcot arthropathy occurs as a result of cumulative mechanical trauma. This is usually unrecognized microtrauma due to neuropathy, but can also occur from major trauma such as bumping the foot or twisting an ankle. The neurovascular theory holds that an autonomic peripheral neuropathy creates increased blow flow that leads to increased bone resorption and ligamentous weakening, leading to joint destruction. In a simplified version of this theory, increased blood flow “washes out” structural calcium from the bone, leading to localized osteopenia and structurally inferior bone that ultimately collapses. (A more detailed version posits that proinflammatory cytokines such as IL-1 and TNF alpha activate the RANK (Receptor Activator of Nuclear Factor κ B) ligand pathway, causing up-regulation of NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells) which leads to increased osteoclastogenesis and osteolysis.) Most likely, a combination of both theories contributes to this condition.
  
 Patient presentation
 Diabetic Foot Ulceration
 Patients with diabetic foot ulcers present commonly with swelling, discharge or a foul-smelling odor from the affected foot. The ulcer can be a source of pain but many times, the foot will be painless due to the loss of sensation to the area. Ulcerations are often found incidentally by the patient or primary caregiver.
 Physical examination should be focused on the location of the ulcer as well as the depth. The size of the ulcer, perfusion, loss of sensation, signs of inflammation, the presence of gangrenous tissue, and signs of infection such as exudate or odor should also be noted. Loss of sensation can be documented by lack of ability to detect a 5.07 Semmes-Weinstein monofilament
 Typically, ulcers will occur over a prominent area such as the metatarsal heads, although any area of the foot that is subject to a concentrated, repetitive force is at risk for developing a diabetic ulceration.
 Diabetic Foot Charcot Arthropathy
 Patients with Charcot arthropathy of the foot often present with unilateral swelling, redness, and increased skin temperature around the midfoot or ankle (Figure 2). Most patients present in their fifth or sixth decade and have peripheral neuropathy. Many are obese and have had diabetes for many years.
 Charcot arthropathy can be painful. However classically, the patient presents with a swollen, warm, and erythematous painless foot. Charcot arthropathy is commonly mistaken for an infection (e.g., osteomyelitis) especially when there is an ulcer present. One strategy for differentiating an acute Charcot foot from infection is to elevate the foot several minutes. In Charcot, the erythema will resolve, while in infection it does not.
 [image: ]Figure 2: Severe Charcot Arthropathy. Patient with diabetes mellitus presented with a diffusely swollen, warm and non-tender left ankle and foot due to Charcot arthropathy (Image courtesy of Michael Swords MD)  
 Objective Evidence
 Diabetic foot ulcers should be characterized objectively by location and severity. There are multiple classification systems to grade ulcers:
 The Wagner system rates ulcers on a 0 to 6 scale, from “0: skin intact” to “6: ulcer with extensive foot gangrene.”
 The Brodsky system considers both the extent to the ulcer (superficial, deep and exposed bone) as well as the extent of ischemia.
 The vascular status of the foot should also be assessed objectively, noting the skin color and temperature, the quality of capillary refill and presence or absence of palpable pulses. The ankle-brachial index (ABI), namely the ratio of the blood pressure in the ankle relative to that in the arm can be assessed in the clinic, though calcification of the vessels may produce a falsely normal result. Values of 1.0-1.4 is a normal ABI result. Whereas, an ABI value of <0.5 represents severe arteriole disease.
  
 Imaging Studies
 In patients presenting with an ulcer, standard weight-bearing anteroposterior, lateral, and oblique radiographs of the affected foot should be obtained. Weight-bearing x-rays should be performed whenever possible. These films can detect deformities of the foot in general, as well as bone changes such as periosteal reaction, bone fragmentation, joint subluxations, lucencies or osteolysis (Figure 3).
 MRI may be helpful to determine the extent of bony and soft-tissue disruption, but MRI cannot differentiate between Charcot arthropathy and osteomyelitis with high specificity. Occasionally, a bone scan is indicated, although very often the results of the bone scan will not change the management and may not reveal any information that cannot be obtained from a detailed physical examination.
 [image: ]Figure 3: Lateral and Oblique x-rays of Charcot Arthropathy of the Transverse Tarsal Joint In cases of suspected infection, aerobic and anaerobic cultures of the deep wound should be obtained to help direct antibiotic therapy. Osteomyelitis is present in approximately 70% of ulcers that extend down to bone.
 Laboratory tests such as white blood cell counts, sedimentation rate, and C-reactive protein levels may be used to establish the diagnosis of osteomyelitis, though a bone biopsy is the most specific method.
 CT scans can be helpful to look at a more detailed picture of the collapse, but is not often necessary unless surgery is planned.
  
 Epidemiology
 Diabetic foot disorders are a common subset of pathologies seen in patients with diabetes mellitus. The prevalence of diabetes in the US is approximately 10% of the adult population, and in turn, approximately 10% of those patients will develop a lower extremity ulcer during the course of their disease and about 1% will develop Charcot arthropathy.
 The rate of lower extremity amputations is at least 50% higher in men versus women. Mexican (Hispanic) Americans, Native Americans, and African Americans each have at least a 1.5- to 2-fold greater risk for diabetes related amputations than age-matched diabetic Caucasians.
  
 Differential diagnosis
 When a patient presents with a foot ulcer, it is essential to determine its cause. Thus, it is critical to evaluate foot ankle alignment and deformity, shoewear, assess for previous ulcerations, medical comorbidities, level of diabetic control and monitoring, and tobacco and intravenous drug use.
 The presence of sensory neuropathy should be assessed. This can be done using a Semmes-Weinstein 5.07 monofilament to exert a consistent force (If the wire bows into a C shape when pressed against the skin for 1 second, 10g of force is applied). Sensation observed using the monofilament indicates protective sensation is maintained.
 There are many potential causes for peripheral neuropathy besides diabetes. These can include: alcoholism, vitamin B1 and B12 deficiencies, and heavy metal poisoning. A focused history and appropriate laboratory studies can rule out other causes besides diabetes.
 In the absence of diabetes, foot ulcers can be caused by atherosclerosis involving the lower extremities, vascular lesions, and even severe Raynaud’s phenomenon (vasospastic attacks in digits). A squamous cell carcinoma may also be responsible.
 Charcot arthropathy may have a similar presentation as gout, cellulitis, osteomyelitis, and septic arthritis. Diabetic neuropathy is the most common cause of Charcot arthropathy, but other less common causes include spina bifida, cerebral palsy, meningomyelocele, syringomyelia, leprosy, alcohol abuse, and advanced syphilis.
  
 Red flags
 In all patients with diabetes, breaks in the skin are a red flag, as these can be a portal of entry for bacteria and subsequent infection. Any sign of increased pressure on focal areas of the foot (such as erythema or skin changes), is also considered a red flag and should be treated expeditiously.
  
 Treatment options and Outcomes
 The primary goal for treatment of diabetic ulcers is to get the wound to close and prevent future ulcerations. Off-loading of the affected area is an important first step in treatment of ulcers, commonly done using a total contact cast or removable diabetic walker boot (Figure 4). These allow healing by redistributing plantar pressure, decreasing shear stresses, and reducing swelling.
 [image: ]Figure 4: Removable diabetic walker boot used to reduce weight-bearing during ambulation Total contact casting has been shown to significantly increase the healing rate of neuropathic plantar foot ulcers at 12 weeks compared to removable cast walkers and half-shoes so it is the preferred method of treatment. It can take anywhere from 6 weeks to a year for an ulcer to heal depending on the size, depth, and duration of the ulcer. A patient should not return to unmodified shoes until the ulcer has completely healed. Unfortunately, the highest risk factor for a second ulcer is having an initial diabetic foot ulcer even after successful healing. As a result, life long careful evaluation and protection is needed in these patients.
 Treatment of the ulceration may involve surgical debridement of the callus or necrotic tissue with scalpels and curved scissors. Usually, this can be done in the clinic setting, although sometimes it may need to be done in the operating room if the infection involves the bone and there is some need to remove part of the infected bone. Keeping the wound moist without excess fluids can accelerate re-epithelialization of the wound. Various topical agents and dressings may expedite healing. Negative pressure wound therapy, hyperbaric oxygen therapy, ultrasonic therapy, and electric stimulation are all being tested for treatment of diabetic foot ulcers.
 The vascular status of the affected extremity is critical in determining the healing potential of foot ulcers and the need for possible surgical intervention. More than 60% of diabetic foot ulcers have decreased arterial blood flow due to concurrent peripheral vascular disease. Formal vascular studies are often needed to determine status of the posterior tibial and dorsalis pedis arteries and the need for surgical or endovascular procedures to perfuse the foot.
 Equinus contractures cause plantarflexion and thus increased forefoot pressures. Therefore a patient with an equinus contracture may benefit from a tendon release. A percutaneous Achilles tendon lengthening prior to total contact casting markedly decreases the rate of recurrence of plantar ulcers.
 Diabetic foot ulcers if not treated (or if they do not respond to treatment) can lead to gangrene, abscesses, and osteomyelitis. Amputation of the lower extremity may be needed. An amputation is a marker for severe diabetic disease, as the 5-year mortality rate following an amputation in diabetic patients is approximately 66%.
 Charcot arthropathy can be difficult to treat. The overall goal of Charcot arthropathy treatment is to maintain a braceable and plantigrade foot to allow ambulation and prevent ulcerations over bony prominences. The best approach is early detection and prevention. Early treatment consists of a period of non-weight-bearing or limited weight-bearing in either a total contact cast or a diabetic removable boot. Swelling and redness will usually resolve or improve with elevation and immobilization. Later in the process, bone consolidation will occur and the added stability can allow the patient to improve his mobility and weight-bearing. Rolling knee walkers can help keep the weight off the bad foot while allowing patients to be mobile. The treatment of Charcot arthropathy can take up to 6-12 months or more for the involved joints to stabilize. Even after consolidation of the Charcot process, gross bony deformity may be present that could put the patient at risk for developing an ulcer over those areas.
 Some studies suggest that inhibitors of osteoclasts (as would be used to treat osteoporosis) may be helpful in treating Charcot arthropathy, by limiting osteolysis, though good clinical results have not yet been attained. Electrical bone growth stimulation to promote rapid healing of fractures has been suggested as a supplement to the treatment of acute Charcot arthropathy. Similar to bisphosphonate therapy, there is no conclusive data for its efficacy.
 Surgery may be recommended as a treatment if a severe deformity has occurred that results in repeated ulcerations, non-plantigrade foot, or a foot or ankle that has become unstable and cannot be corrected through immobilization and off-loading. Surgery ranges from exostectomy (removal of prominent bone) to reconstruction of the foot including fusion of the unstable joints after the deformity has been corrected. The goal of surgery is a foot and ankle that is stable for weight-bearing, plantigrade, and can accommodate a diabetic shoe or brace. There are many risks for patients with Charcot arthropathy undergoing surgery such as infection, wound complications, non-union, delayed union, and hardware failure.
  
 Risk factors and prevention
 Because diabetic foot disorders are caused by diabetes, all factors that increase the risk of the underlying condition increase the risk of resultant foot problems. Among patients with diabetes, cigarette smoking and poor glycemic control is associated with more diabetic neuropathy, peripheral artery disease, and in turn more foot disease. In addition, inappropriate footwear and poor toenail grooming increases the risk for ulcerations.
 Previous ulcerations or amputations are associated with a higher risk of developing another ulcer.
 A tight calf muscle (equinus contracture) causes the patient to place more weight on the forefoot and increases the risk of ulcers there.
  
 Miscellany
 There are reports of high complication rates associated with simple ankle fractures in the population of patients with diabetes, especially those with peripheral neuropathy. Many patients who present with Charcot arthropathy of the ankle initiated their disease process with an ankle fracture. Many experts recommend augmented internal fixation with prolonged non-weight-bearing to treat diabetic patients who have suffered an ankle fractures.
  
 Key terms
 Diabetic foot ulcer, Charcot arthropathy, neurotraumatic theory, neurovascular theory, neuropathy, infection, amputation
  
 Skills
 Thorough physical exam of feet in diabetic population. Classify ulcers to treat accordingly. Distinguish infection from Charcot arthropathy. Provide basic patient education information to diabetic patients.
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		Slipped Capital Femoral Epiphysis

								

	
				Slipped capital femoral epiphysis (SCFE, pronounced “skiffy”) occurs when there is abnormal movement of the femoral metaphysis relative to the epiphysis along the physis (growth plate). Thus, SCFE is technically a growth plate fracture. Because the femoral head is secured by the acetabulum, a sufficiently large force applied across the physis can cause the neck and shaft to “slip” away from the head (Figures 1 and 2). SCFE is most commonly (but not exclusively) seen in overweight, adolescent males. SCFE is usually treated with percutaneous pin fixation, to prevent further slippage.
 [image: ]Figure 1: A slipped capital femoral epiphysis of the left hip is shown on the radiograph. (Case courtesy of Prof Frank Gaillard, Radiopaedia.org, rID: 8229) [image: ]Figure 2: The relationship of the femoral head to the neck after a slip has been likened to an ice cream scoop falling off its cone.  
 Structure and Function
 SCFE is usually seen during periods of rapid growth: in boys between the ages of 12 and 16 and girls between the ages of 10 and 13. This suggests that some factor related to growth makes the growth plate susceptible. Sometimes SCFE develops gradually, over several weeks or months, without overt injury; by analogy, this is a “pathological fracture” of the growth plate, suggesting an underlying disorder of the growth plate tissue.
 Several studies have revealed pathologic physeal changes in SCFE, including replacement of the normal growth plate with abnormal cartilaginous and fibrous tissue. There may be widening of the physis along with hypocellularity and loss of columnar organization. The slip generally occurs through the proliferative and hypertrophic zones of the physis, the site where chondrocytes and normal components may have been replaced by ground substance. After fixation and stabilization of the slip, these pathologic findings seem to revert to more normal structure, at least partially.
 In most cases of SCFE, the femoral neck and shaft slip anteriorly and rotate externally relative to the femoral head. Following this migration, hip flexion may cause impingement of the anterior femoral metaphysis leading to cyst formation, damage to the labrum or acetabular cartilage, and other degenerative changes.
 The etiology of SCFE is unknown in most cases and is thought to possibly be multifactorial. In general, the slip is caused by an inability of the proximal femoral physis to resist physiologic loads.
 Endocrinopathies that weaken the physis are thought to be responsible for 5% to 8% of SCFE cases. These include hypothyroidism, panhypopituitarism, growth hormone deficiency, parathyroid derangements, and hypogonadism. In patients with Down syndrome, the increased prevalence of hypothyroidism might explain the increased prevalence of SCFE. Renal osteodystrophy may also weaken the physis due to associated secondary hyperparathyroidism. Nonetheless, routine screening for endocrinopathies is not recommended for all patients with SCFE.
 A history of radiation to the hip or pelvis as well as genetic and immunological factors may also have a role in physeal pathology, though the exact contributions are unclear.
 Finally, other anatomic factors that increase risk of physeal failure increase risk of SCFE, particularly in patients with concomitant obesity. This includes reduced femoral anteversion (or retroversion) whereby an abnormally-reduced neck-shaft angle positions the physis more vertically and subjects it to greater shearing forces.
  
 Patient Presentation
 The prototypical patient with SCFE is an obese, but otherwise healthy, adolescent male between the ages of 8 and 15. Patients who present younger than 8 or older than 15 years of age are more likely to have an underlying endocrinopathy. Patients often present with hip/groin pain, limp, and decreased range of motion at the hip. Notably, half of the children with SCFE do not report pain at all and some may report pain only at the distal thigh or knee. (This is due, most likely, to irritation of the obturator nerve near the hip.) Others may simply complain of altered gait.
 Patients may identify an inciting event for their symptoms, though these episodes rarely involve high-energy trauma. Symptoms may have persisted for days or weeks prior to the child’s initial presentation. Both hips must be evaluated, as many cases of SCFE initially present with bilateral disease.
 The patient will often present with decreased internal rotation, abduction, and flexion of the affected hip.Increasing slip severity can cause a propensity towards “obligate external rotation”, meaning the hip rotates externally as the examiner flexes the hip. The child may also have an antalgic gait with progressive external rotation of the foot and knee. In more severe slips, the affected limb may also appear shorter than the contralateral side.
 On presentation, SCFE can be classified according to whether the patient is able to bear weight on the affected side. In a “stable SCFE”, the patient is able to bear weight. In an “unstable SCFE”, the patient cannot bear weight or walk; this is usually associated with a more severe slip. This classification is particularly important for prognostic considerations as stable SCFEs have lower risk of osteonecrosis and other complications.
  
 Objective Evidence
 Anteroposterior (AP) and lateral plain radiographs of both hips are typically the only imaging necessary for cases of suspected SCFE. Cross-table lateral films may be taken instead of a frog-leg lateral in cases of unstable SCFE in order to avoid further displacement or pain to the patient.
 Frog lateral views are generally the most reliable means for detection of SCFE. As the slip progresses, it becomes evident on the AP view as well. Possible findings include widening of the physis, anterior displacement and external rotation of the femoral neck and shaft relative to the head, decreased height of the capital femoral epiphysis, and increased distance between the metaphysis and acetabular teardrop.
 In a normal hip, part of the femoral head is intersected by Klein’s line drawn along the lateral border of the femoral neck on a frog lateral image (Figure 3). In SCFE, the femoral head sits “below”, or inferomedial to, Klein’s line, though the reliability of this sign has been questioned recently.
 [image: ]Figure 3: Frog lateral x-ray of a 12-year-old male with several weeks of right groin pain who was found to have right SCFE. Klein’s line is shown in green bilaterally. This line should intersect the lateral part of the superior femoral epiphysis as shown on the left. If the line fails to contact bone in the epiphysis, as shown on the right, SCFE can be diagnosed. The magnitude of the slip is often described in terms of femoral head displacement as a percentage of the femoral neck diameter (mild is less than 33%, moderate is 33% to 50%, and severe is greater than 50%). Alternatively, the magnitude of the slip angle, measured between the femoral epiphysis and neck on the lateral view, can be described (mild is less than 30 degrees, moderate is 30 to 60 degrees, and severe is greater than 60 degrees).
 Though additional imaging is generally unnecessary, magnetic resonance imaging (MRI) can detect distortion of the physis with bone marrow edema before the development of radiographically detectable SCFE. This is termed a “pre-slip” (Figure 4). Computed tomography (CT) is rarely needed but can allow for evaluation of physeal closure in patients who present very late in the course of SCFE.
 [image: ]Figure 4: MRI can detect a slipped epiphysis even without much displacement. (Image courtesy Journal of Children’s Orthopaedics Vol. 11, No. 2 https://doi.org/10.1302/1863-2548-11-160276)  
 Epidemiology
 SCFE has an annual incidence of 2 to 13 per 100,000 and is 1.5 to 2 times more common in males. This condition typically affects boys ages 12 to 15 years and girls ages 10 to 13 years. SCFE is more common among patients with higher body weights. About 50% of SCFE patients are at or above the 90th percentile for weight, and about 70% are over the 80th percentile. The current literature suggests that more than half of children with SCFE are obese. Twenty percent of SCFE patients present with initial bilateral involvement. Another 10% to 20% develop a contralateral slip an average of 18 months after the initial slip.
  
 Differential Diagnosis
 SCFE should be suspected in all children with open physes, a limp, and complaints of hip, groin, thigh, or knee pain until proven otherwise. Other conditions that may be considered include transient synovitis, Legg-Calve-Perthes disease, septic arthritis, osteomyelitis, and fracture. Various metabolic and systemic disorders may also be associated with SCFE, such as obesity, endocrinopathies, renal osteodystrophy, and anatomic variation of the hip joint.
  
 Red Flags
 Any adolescent patient that presents with a limp and complains of pain in the hip, groin, thigh, or knee should be considered to have SCFE until proven otherwise. Specifically, complaints of thigh or knee pain merit examination of the hip. Such an exam might prevent delayed diagnosis, misdiagnosis, and unnecessary imaging or procedures. Additionally, both hips should be examined because of the high incidence of bilateral SCFE. Diagnosis of SCFE in pre- or post-pubertal patients should raise suspicion for underlying metabolic or systemic abnormalities. Inability to bear weight on the affected extremity may indicate an unstable SCFE, a condition that requires more urgent intervention.
  
 Treatment Options and Outcomes
 Both stable and unstable SCFE require surgical management in order to prevent slip progression. In situ fixation is performed in most cases. Forceful manipulation is never recommended as this may increase the risk of osteonecrosis. This is particularly important for stable slips which, by definition, cannot be easily reduced.
 In situ fixation is most commonly achieved with cannulated screws under fluoroscopic guidance. One screw is typically sufficient for stable slips (Figure 5). Two screws are occasionally used in unstable cases to provide increased fixation strength. For the single screw approach, the screw should be inserted perpendicular to the physis and in the center of the epiphysis in both the AP and lateral planes. This “center-center” location reduces the risk of penetration through the posterior femoral neck and resultant osteonecrosis. It also increases the surgeon’s ability to achieve good screw purchase in the femoral head.
 [image: ]Figure 5: Post-operative frog lateral x-ray of the patient in Figure 3 demonstrating in situ fixation of right SCFE. Prophylactic pinning of the contralateral (normal-appearing) hip is controversial. In brief, if the contralateral hip is pinned before it slips, by definition there will be no displacement. Preventative pinning may be beneficial because displacement is associated with a higher risk of degenerative joint disease. On the other hand, there are risks associated with prophylactic surgery in an unaffected hip, and if that surgery was indeed not necessary – something that will never be known – those risks were assumed in vain. Prophylactic fixation is performed more commonly in SCFE patients with a higher risk of developing a contralateral slip, including patients with significant growth remaining, endocrinopathies, or history of pelvic radiation.
 For severe slips, in situ pinning may result in residual deformity, impingement, and degenerative changes. Additionally, sufficient stabilization of a severe slip with in situ pinning is difficult because it is not always possible to obtain the proper screw trajectory. Accordingly, closed reduction maneuvers have been described for severe, unstable SCFE. These should be performed only by experienced surgeons and only with gentle manipulation. The goal of this manipulation is not anatomic alignment, rather sufficient reduction to allow for a more appropriate screw trajectory. While outcome studies suggest osteonecrosis is associated with closed reduction maneuvers, it is not clear that this elevated risk is due to the reduction maneuver itself. It’s possible as well that reduction is reserved for the more severe slips, and thus the elevated risk of osteonecrosis seen is a manifestation of underlying disease severity. Open procedures are technically demanding operations and usually require a trochanteric osteotomy to visualize and correct the deformity. Even in experienced hands, there is a risk of osteonecrosis and other post-operative complications. Thus, treatment of these severe, unstable slips remains a matter of debate.
 Several series have reported good or excellent outcomes in 90% to 95% of patients treated with in situ fixation. In series with less favorable results, outcomes seem to worsen with increasing slip severity and longer follow-up. Osteoarthritis is a common long-term consequence of both treated and untreated SCFE. Arthritis is caused by both anatomic and biomechanical changes that damage the articular cartilage of the hip joint. More severe slips appear to be at risk for earlier onset and increased severity of osteoarthritis.
 Two potential complications of in situ fixation are osteonecrosis and chondrolysis. Osteonecrosis may be iatrogenic or the result of an unstable slip itself. While stable slips rarely lead to this complication, osteonecrosis is seen in about 55% of unstable cases. Chondrolysis, namely rapid and progressive loss of articular cartilage, can be caused by unrecognized pin penetration. Patients with osteonecrosis or chondrolysis tend to have poor outcomes and early osteoarthritis. Other complications include screw failure or impingement, slip progression, leg length discrepancy, and fracture of the proximal femur.
  
 Risk Factors and Prevention
 Though the specific cause of SCFE is often unknown, a number of factors are thought to increase the risk of a slip. These include obesity, endocrinopathies, renal osteodystrophy, prior radiation therapy, and anatomic abnormalities of the hip joint. Among patients with an endocrine abnormality, SCFE is 6 to 8 times more prevalent than it is in the general population. Accordingly, children with Down syndrome are at elevated risk due to the higher prevalence of hypothyroidism in this population. An underlying metabolic or systemic disorder should be considered in SCFE patients who are younger than 8 years, older than 15 years, or underweight.
  
 Miscellany
 On standardized examinations, if the question stem describes an obese adolescent who complains of leg pain or limps following minor trauma or sports activity, the correct answer likely involves SCFE.
 Exam writers also expect you to recognize SCFE on the differential diagnosis of knee pain in the case of a “classic SCFE patient.”
 Some studies of adult total hip arthroplasty patients suggest that 40% of these individuals initially suffered some type of pediatric hip disorder, SCFE chief among them.
 Slipped capital femoral epiphysis, pediatric hip, osteoarthritis, osteonecrosis.
  
 Skills
 Perform a thorough physical examination of the hip. Identify risk factors for SCFE. Diagnose SCFE on plain radiographs. Identify potential complications (osteonecrosis & chondrolysis).
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		Developmental Dysplasia of the Hip

								

	
				Developmental dysplasia of the hip (DDH) is a condition characterized by varying degrees of hip instability in a developing hip joint (Figure 1). The condition has a wide spectrum of severity ranging from a mildly shallow hip socket (acetabulum) to a completely dislocated hip (Figure 2). DDH is often idiopathic but hip dislocations may also be caused by an underlying congenital disorder.
 [image: ]Figure 1: Radiograph showing a dislocation of the left hip. [image: ]Figure 2: The dysplastic hip may be partially out of the socket (subluxated) or completely out (dislocated). Note that the acetabulum will not develop normally if the head is not located. (modified from Wikipedia)  
 Structure and Function
 The hip joint is a ball and socket joint: The femoral head (the ball) fits into the acetabulum (the socket). The joint is further stabilized by the surrounding joint capsule and ligaments.
 The development of the femoral head and acetabulum is reciprocal: the concavity of the acetabulum develops in response to the presence of the spherical femoral head and vice versa. Thus, if the head is not located, neither side of the joint developed normally. This has profound implications for treatment of cases in which the diagnosis is delayed: it very well may be that the joint cannot be simply re-located, as the misshapen head will simply not fit in the shallow, under-developed acetabulum.
 There are many theories about the etiology of DDH, but the definitive cause is still unknown. There are, however, known risk factors. Untreated DDH is a leading cause of degenerative joint disease in the hip.
  
 Patient Presentation
 DDH has a variable presentation depending upon patient age. Hip dysplasia in very young children can be detected only if one looks for it – the hip does not hurt, so the child does not complain, and because the child is not expected to walk, the parents don’t notice it either.
 In the first few months of life, infants are screened using the Ortolani and Barlow tests.
 The Ortolani test reduces a dislocated hip, whereas the Barlow test attempts to dislocate an unstable hip. Both tests are performed on a supine infant.
 The Ortolani test (Figure 3) is performed by an examiner flexing the infant’s hips and knees and applying pressure on the greater trochanters while abducting the infant’s legs. The test is positive if a ‘clunk’ can be heard or felt as the femoral head is relocated into the acetabulum.
 [image: ]Figure 3: Schematic of the Ortolani test. In the panel at left, the hip is dislocated. The examiner’s force, shown the arrows in the panel to the right, relocates the hip. For the Barlow test (Figure 4), the examiner applies posterior pressure to the adducted leg in an attempt to subluxate or dislocate the femoral head from the acetabulum. If the femoral head can come out of the joint, a “clunk” may be felt as it comes out.
 [image: ]Figure 4: Schematic of the Barlow test. In the panel at left, the femoral head is located in the acetabulum. The examiner’s posterior-directed force, shown by the arrow in the panel to the right, dislocates the hip. By three to four months of age, soft tissues tighten and the Barlow and Ortolani maneuvers become less useful.
 The soft tissue contractures may cause limited hip abduction on the affected side and the leg may appear shorter (Galeazzi sign, Figure 5) in a patient with a unilateral hip dislocation. In the case of a bilateral hip dislocation, abduction may be symmetric but limited.
 	[image: ] 	Figure 5: The Galeazzi sign. This photo of a prone child, taken from the foot of the bed, shows an apparent limb length discrepancy due to left hip dislocation. Indeed, the bones are the same length, but the left (as shown here) appears shorter because the left hip is not located. 
  
 Children of walking age may develop an apparent leg length discrepancy or limited range of motion. In the setting of bilateral dislocated hips, the patient may walk with a waddling gait.
  
 Objective Evidence
 For infants younger than 6 months, ultrasonography is the diagnostic imaging modality of choice. Ultrasound evaluates the morphology of the femoral head and acetabulum.
 The alpha angle is a measurement that is the most useful to help guide treatment. It is the angle between the ilium and the acetabulum and should be greater than 60 degrees. In addition, ultrasound measures the femoral head coverage. In general, more than 50% of the femoral head (ball) should remain within the acetabulum (socket) (Figure 6 and 7).
 In children older than 6 months, the femoral head begins to ossify, and thus plain radiographs can be used to evaluate for DDH.
 [image: ]Figure 6: Ultrasound image demonstrating a complete hip dislocation. Note that the femoral head is normally bisected by a line drawn from the ilium (dotted line), but in this case, the femoral head (FH) is completely uncovered. [image: ]Figure 7: Ultrasound image demonstrating a normally developing hip. Note that the femoral head is bisected by a line drawn from the ilium (dotted line). DDH is a common abnormality of skeletal development. Some form of DDH occur in about 1.3 out of 1000 births. It more commonly affects females as compared to males, and is more common in Native American, Eastern European, and Sami populations.
  
 Epidemiology
 Developmental dysplasia in the form of a subluxated (or subluxatable) hip is very common, seen approximately in 1% of all births. Frank dislocation is much rarer, seen in approximately 1/1000 births. The condition is six times more common in females. Interestingly, the right hip is affected in isolation only approximately 20% of cases. In 60% of cases, the left hip is affected, and in the remaining 20%, the condition is bilateral. The risk of developmental dysplasia is five times higher if there is an affected sibling and 10 times higher if there is an affected parent.
  
 Differential Diagnosis
 DDH is commonly idiopathic and seen in isolation. Some associated conditions include metatarsus adductus and torticollis. Metatarsus adductus is a condition in which the bones of the forefoot are turned inward creating a “pigeon-toed” appearance of the foot. Torticollis is a condition in which an infant holds his or her head tilted to one side and is caused by a shortened/tight muscle in the neck. Both of these conditions, along with DDH, are considered “packaging disorders” (so named because it appears that an otherwise normal fetus is “packaged” too tightly within the uterus, leading to deforming forces on the limbs).
 Occasionally, hip dysplasia may be associated to an underlying neuromuscular condition, such as myelomeningocele or arthrogryposis. These cases are treated differently than idiopathic cases.
  
 Red Flags
 Although DDH is most often an isolated condition, some cases are secondary to underlying neuromuscular conditions such as spina bifida. Thus, the presence of hip instability should be deemed a red flag, prompting a close diagnostic evaluation to exclude these conditions.
  
 Treatment Options and Outcomes
 The goal of treatment is to reduce and maintain the femoral head in the acetabulum as early as possible to allow the hip joint to develop normally.
 The standard of care for DDH diagnosed before 6 months of age is treatment in a dynamic hip brace (eg, Pavlik harness) that maintains the hips in a flexed and abducted position (Figure 8). These devices gently nudge the femoral head into the correct position and prevent extension and adduction of the hips — the maneuvers in the Barlow test that would dislocate the hip.
 These devices are worn for 23 hours/day for at least 6 weeks. It is critical that treatment is discontinued if the hip is not reduced by 4 weeks, as erosions of the pelvis may be caused. The overall success rate is 90%.
 Children who are diagnosed between 6-18 months old or who failed brace treatment are typically treated with closed reduction and spica casting. A closed reduction procedure involves manually reducing the hip joint while the patient is sedated. A hip arthrogram (dye injected into the joint) is obtained to evaluate for a concentric reduction. Children are then immobilized in a spica cast to maintain the hip in a good position.
 [image: ]Figure 8: An infant wearing a dynamic hip brace (from Wikipedia). Children who are diagnosed when they are older than 18 months old or who failed other treatment options are usually treated with open reduction. This involves surgically removing any obstacles to reduction and may also include a pelvic or femoral osteotomy followed by spica casting (Figure 9).
 [image: ]Figure 9: AP pelvis in a 3-year-old female who underwent staged bilateral open hip reductions with pelvic and femoral osteotomies. The left femur plate will be removed at a later date. Long-term follow up is essential as residual dysplasia may occur as often as 10-20% even after successful treatment of DDH. Occasionally, additional surgeries are required later in life to ensure proper development of the hip socket in order to minimize the risk of early osteoarthritis.
  
 Risk Factors and Prevention
 The exact causes of DDH are unknown, but it is likely a combination of several environmental and genetic factors. Known risk factors include:
 	Inadequate intra-uterine space (e.g. firstborn child, oligohydramnios, etc.)
 	Female sex,
 	Family history,
 	Breech presentation.
 
  
 Miscellany
 In the United States, DDH is commonly treated at a very early age, but in low-income countries this condition may go undiagnosed and untreated. While this does not affect normal child development, older children and young adults with untreated hip dislocations often have decreased quality of life due to pain and limitation of function.
 DDH was previously referred to as congenital dislocation of the hip (CDH). This terminology changed over the last decade due to the recognition that some infants will have a normal hip examination at birth but develop hip disease during the first year of life.
  
 Key Terms
 Developmental dysplasia of the hip, Hip dysplasia, Hip dislocation, Acetabular dysplasia, Pavlik harness.
  
 Skills
 Recognize the variable presentation of DDH. Understand the different clinical presentations that depend upon patient age and severity of hip instability. Explain treatment options for DDH, including the Pavlik harness, bracing, closed and open reduction techniques.
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		Legg-Calve-Perthes Disease

								

	
				Legg-Calve-Perthes disease, commonly known as Perthes disease, is a hip disorder affecting children that is caused by decreased blood flow to the head of the femur. This results in osteonecrosis (also known as “avascular necrosis”) of the proximal femoral epiphysis (femoral head), with resorption, reossification, and remodeling of the bone. Especially in children under the age of 6, Perthes disease may resolve without sequelae; in older children, however, the bone may fail to remodel to a normal shape leading to disruption of the articular surface and degenerative joint disease later in life.
  
 Structure and Function
 The blood supply to the femoral head is made up of three arteries: the medial and lateral femoral circumflex arteries, and the artery of the ligamentum teres.
 In Legg-Calve-Perthes disease, the blood supply is disrupted by an unknown process, and the bone cells begin to die. This process is termed osteonecrosis.
 Loss of blood supply to bone results in ischemia and cell death. In turn, cell death leads to less bone remodeling and poorer structural properties of bone. These weaker properties increase the risk of collapse with load.
 With time, new blood supply reaches the femoral head, and necrotic bone is removed. This results in fragmentation and reossification.
 Notably, and in contrast to the adult form of idiopathic osteonecrosis, Perthes disease in younger children may resolve without sequelae. That is, the bone may remodel to a fairly normal shape with no lingering symptoms. On the other hand, the regenerated bone may also remodel to a non-spherical shape producing an abnormal range of motion, an irregular articular surface, and, ultimately, degenerative joint disease of the hip.
 The exact cause of the disruption of the blood supply is not known, although it is believed to be multifactorial. Genetic abnormalities, trauma, coagulopathy, collagenopathy, hyperactivity, and passive smoking exposure are seen with higher prevalence in patients with Perthes, and are therefore thought to possibly have a causative role.
 Another theory links systemic delay in growth and development to the development of Perthes. Delayed bone age has been seen among patients with Legg-Calve-Perthes disease, and therefore, endocrine dysfunction has been implicated as a possible cause.
  
 Patient Presentation
 The most common age of presentation for Perthes is about 8 years of age, though patients may be as young as 2 or as old as 12. (In patients 12 years of age or older, the natural history of the condition mirrors that of adult osteonecrosis.)
 A history of trauma to the painful extremity is sometimes present.
 Children with Legg-Calve-Perthes disease typically present with a limp that worsens with activity. Decreased range of motion and pain that radiates into the groin, proximal thigh, or knee are seen as well. There is loss of passive hip rotation on physical exam. Children may often conceal their limp or not complain of it, but parents and caretakers will notice it. In some cases, the child presents due to an unrelated trauma to the affected limb, and the disease is found incidentally.
 Children with Legg-Calve-Perthes disease might exhibit an abnormal gait pattern in which they avoid abduction or internal rotation of the leg.
 Additionally, in longstanding cases characterized by limited use of the leg over a prolonged period of time, atrophy may set in. Thus, the affected limb may be smaller than the contralateral side.
 The definitive diagnosis of Perthes disease is made by x-ray. The disease is primarily classified by radiographic findings, using the Waldenstrom classification. The four stages of Perthes (Figure 1-4) are denoted as initial, fragmentation, reossification, and healed.
 In the initial stage, the osteonecrosis process begins. The x-rays may show a dense and flattened femoral head with joint space widening. There may be only mild symptoms in this stage; parents may notice an altered gait or mild limp.
 [image: ]Figure 1: The initial stage of Perthes disease. There is irregularity of the left femoral head. (Figures 1- 4 are provided by Dr Wudbhav Sankar, Associate Professor of Orthopaedic Surgery at The Perelman School of Medicine/University of Pennsylvania and The Children’s Hospital of Philadelphia) The fragmentation stage is characterized by revascularization and bone resorption producing collapse. Hip symptoms are most pronounced in this stage, which may present for a year or longer.
 [image: ]Figure 2: In the fragmentation phase, the femoral head is resorbed and collapses. In the reossification stage, new bone appears as the necrotic bone is resorbed. This is the longest stage and may persist for two years or more.
 [image: ]Figure 3: Perthes of the left hip in the third stage: re-ossification. In the final stage, the femoral head completes its remodeling. This stage is labeled the “healed” stage – a term that refers specifically to the completion of the bone’s response to the original insult. The word “healed” does not necessarily reflect the state of the hip joint overall. That is, although the osteonecrosis process may have ended and the fragmented areas have reconsolidated, symptoms may still persist and later degenerative changes may still appear if the shape of the femoral head has not been restored to normal.
 [image: ]Figure 4: Perthes of the left hip in the fourth and final stage, in which the infarction is “healed.” As shown, however, the shape of the head has not been fully restored.  
 Objective Evidence
 On x-ray, the femoral head is typically lateralized and more radiodense, and in later stages of disease the femoral head appears flattened.
 Other radiographic findings can include sclerosis and flattening of the acetabulum.
 Another option for imaging is MRI, which has a higher diagnostic accuracy than x-ray, especially in the initial stage when radiographic findings may not be obvious. Scintigraphy is a method which uses Technetium scanning and can be helpful for diagnosis in the earliest stages of disease.
 Laboratory findings are used in the diagnosis of Legg-Calve-Perthes disease primarily to rule out other diseases or illnesses. All laboratory values are typically within normal limits.
  
 Epidemiology
 Legg-Calve-Perthes disease is a relatively rare disease, with a prevalence of approximately 1 in 10,000 children, but can have devastating long-term consequences on the child’s mobility and quality of life.
 The age of onset of Legg-Calve-Perthes disease is most commonly between 4 and 8 years old. In general, it occurs in children under the age of 15 years old. Boys are more commonly affected, with a ratio of male to female of approximately 5:1. In about 10% of all cases, both hips are affected.
 Legg-Calve-Perthes disease is more common in children of central European descent, and less common in East Asian and African American populations.
  
 Differential Diagnosis
 As Perthes is an idiopathic (cause-unknown) disease, diagnoses are made only after all other known causes of osteonecrosis have been ruled out. These include hemoglobinopathies, like sickle cell disease or thalassemia, leukemia, lymphoma, idiopathic thrombocytopenic purpura, or hemophilia. Secondary causes of osteonecrosis such as a history of corticosteroid use, traumatic dislocation, septic arthritis, or untreated developmental dysplasia of the hip should be ruled out as well.
 Other diseases that cause epiphyseal dysplasia can be mistaken for Perthes, such as multiple epiphyseal dysplasia or spondyloepiphyseal dysplasia. However, these conditions are typically synchronous and symmetric in appearance unlike Perthes. In children under the age of 3, Meyer’s dysplasia should be considered as well. Meyer’s dysplasia is a rare condition in which there is delayed ossification of the proximal femur. Magnetic resonance imaging showing multiple centers of ossification of the femoral heads without edema can confirm the diagnosis.
  
 Red Flags
 The presence of bilateral osteonecrosis is suggestive of other disease processes, such as multiple epiphyseal dysplasia. A child with a limp can also be the presentation for septic hip arthritis or a slipped capital femoral epiphysis, both of which should be promptly diagnosed. Additionally, symptoms such as fever, anemia, or leukocytosis should not be missed as these can be clues for ruling out other important conditions.
  
 Treatment Options and Outcomes
 Treatment of Legg-Calve-Perthes disease is guided primarily by the stage of disease (itself usually correlated with patients’ age).
 The main goal of treatment is maintaining range of motion and containment of the femoral head within the acetabulum. By achieving these goals, one can prevent or minimize deformity of the joint, and achieve greater long-term function.
 “Containment” minimizes loss of sphericity as the bone remodels. Containment can be achieved either operatively or nonoperatively.
 Nonoperative management of Perthes centers on offloading the hip. If the disease is in the fragmentation phase, the child should be non-weight-bearing. Motion is maintained by daily exercises at home or with physical therapy. Containment can be also achieved with the use of an abduction brace or Petrie cast (Figure 5).
 [image: ]Figure 5: Application of a Petrie Cast to maintain abduction and promote containment. In some cases, operative treatment is needed to promote motion with soft tissue releases, or to improve containment with an osteotomy (Figure 6).
 Overall, the long-term prognosis for children with Perthes is good; most children are able to return to daily activities without symptoms or limitations.
 The most important predictors of long-term prognosis are age at the time of diagnosis and the eventual shape and congruity of the femoral head within the acetabulum. Younger patients typically do better, and more spherically-shaped heads and greater congruity of the head within the hip joint portend better outcomes.
 	[image: ]Figure 6a: An x-ray of a varus osteotomy for Legg-Calve-Perthes Disease. The normal neck-shaft angle is shown in red in the left hip; the new smaller (varus) angle on the right is shown in green.  	
 [image: ]Figure 6b: As shown in the schematic, some of the head is not contained in the acetabulum (yellow region). Cutting out a wedge of the bone (green triangle) will produce a smaller angle between the femoral neck and shaft. This will redirect more of the head into the acetabulum. This greater contact between the ball and the socket will help mold the femoral head into its proper rounded form.  
  
 Risk Factors and Prevention
 A few proposed risk factors include passive exposure to smoke and hyperactivity, although there is no known mechanism linking these risk factors to the development of Legg-Calve-Perthes disease.
  
 Miscellany
 Although the exact cause of Perthes disease is unknown, many environmental and holistic risk factors have been proposed. One association has been noted between Perthes and attention deficit-hyperactivity disorder. Additional investigation is also being carried out regarding Perthes and the role of nutrition.
 Perthes disease was first described by Henning Waldenstrom. (Dr. Waldenstrom believed the condition was a variant of tuberculosis. The disease is named after the three physicians who independently found that it was not related to tuberculosis: Arthur Legg, Jacques Calve, and Georg Perthes.) Legg-Calve-Perthes disease thus follows “Stigler’s Law of Eponymy,” which asserts that no scientific discovery is named after its original discoverer. (Indeed, although the law was named by Stephen Stigler, it was discovered by the sociologist Robert K. Merton.) Note that Henning Waldenstrom was not the discoverer of the eponymous Waldenstrom’s Macroglobulinemia; that was Jan G. Waldenstrom, his son.
  
 Key Terms
 Osteonecrosis (Avascular necrosis), Bone remodeling
  
 Skills
 Be able to complete a history and physical exam of the hip in a child. Interpret an x-ray of Perthes.
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		Pediatric Lower Limb Deformity

								

	
				Pediatric lower limb deformity is a broad category of conditions that may be idiopathic or associated with an underlying congenital disorder. Clubfoot and other deformities of the feet are among the most common lower limb deformities and are further elaborated in separate chapters. Here, leg length discrepancy, in-toeing, and bowed legs will be reviewed as examples of longitudinal, rotational, or angular limb deformities.
  
 Structure and Function
 To identify abnormal, one first needs to identify normal. Although it might be reasonably expected that a person’s legs should be straight and of the same length, a small leg length discrepancy or angulation can be seen in more than half of the US population.
 Normal limb alignment is dependent on age. Alignment deformities can either be angular or rotational. Prior to age 2 children, have a relatively varus (bow leg) alignment in the frontal plane and this gradually becomes valgus (knock knee) as they grow. Typically, by age 7, children have a final femoral-tibial alignment of 5-6 degrees of valgus. Most rotational deformities are symmetric and considered variations of normal that typically improve with age.
 Femoral rotation is defined as the angle of the femoral neck in the axial plane relative to the femoral shaft. The best way to think about femoral rotation is to consider a denuded femur resting on a flat surface. If the posterior femoral condyles are lying flat, the femoral neck will form an angle with the surface, with the head rising off the surface (Figure 1).
 [image: ]Figure 1: The normal femoral version of ~20 degree is shown. In this figure (and in figures 2 and 3) the perspective is “down the pike” of the femur of an individual lying supine on a surface. (That is, the view is given from a point perched on the ilium, looking distally, in line with the femur, toward the knee). The femoral condyles (outlined in blue) are resting on the surface; the femoral head and neck (shown in yellow) rise up off the surface to point to the acetabulum (pink).  
 The femur can be either anteverted (Figure 2) or retroverted.
 [image: ]Figure 2: Here, excessive femoral anteversion is shown. This would tend to orient the head to the edge of the acetabulum when the feet point directly forward. [image: ]Figure 3: Excessive femoral anteversion can be compensated by internally rotating the foot. As shown, this would lift the posterior femoral condyles off the resting plane. This is why children with femoral anteversion often walk with in-toeing. Femoral anteversion is more common in females, greatest in infancy with an average of 40°, and gradually decreases with age to an average of 16° at maturity. When the femur is anteverted, internal rotation of the lower extremity will tend to orient the femoral head to the center of the acetabulum (Figure 3).
 Tibial rotation is defined as the inward or outward rotation of the foot as it relates to the knee. Normal intrauterine packing typically leads to internal tibial torsion that steadily progresses to slight external tibial torsion at maturity.
 Although bowing at the knees is considered normal up until age 2, the angulation of the leg may be due to a deformity of the tibia itself, a condition known as “infantile tibia vara” or Blount’s disease. (The term “varus” comes from a Latin word meaning “bent” but refers specifically to a bend or angulation of a bone or joint in which the distal part is more medial than it should be. In tibia vara, the foot is more medial than it would be had the tibia been straight. [When the distal part is more lateral, the deformity is denoted “valgus”.]) Blount’s disease can more readily be identified between the ages of 2-5 years old both clinically and radiographically. It is commonly seen in obese children, early walkers, as well as Hispanics and African Americans. Frequently it can be associated with in-toeing as well. Although much less common, children can present older than 10 years of age.  These cases are denoted as adolescent Blount’s disease. Adolescent Blount’s disease is typically a less severe form. In addition, it is frequently associated with femoral deformity as well, and is more likely to be unilateral.
  
 Patient Presentation
 All patient’s presenting with a concern of a lower limb deformity warrant a thorough history and physical that at minimum must include a birth history, family history, developmental milestones, gait analysis, neurological exam, limb measurement, and rotational profile.
 Leg Length Discrepancy
 While the effects of leg length discrepancy can vary, most patients are asymptomatic. Parents are usually the first to report a discrepancy when they relay concerns about the way their child walks.
 Children may present with a limp. Some report tiring easily with ambulation due to increased exertion required because of the discrepancy, and some complain of lower back pain.
 A thorough gait analysis should be performed on every patient with suspected leg length discrepancy as well as clinical measurement of each limb.
 Measurement can be performed using a tape measure from the anterior superior iliac spine to the medial malleolus in either supine or standing position or with block testing.
 Block testing is performed with the patient standing using a series of blocks under the short leg until the iliac crests are level and then measuring the size of the block to determine the discrepancy.
 In children who present with a leg length discrepancy at a very young age and are too young to ambulate, the physician must evaluate for a potential hip dislocation as the cause of the leg length discrepancy.
 In-Toeing
 Parents complaining of their child walking or running with in-toeing (more commonly referred to as being “pigeon-toed”) is an extremely common presentation in both the primary care and orthopedic setting. Most children initially present shortly after they begin walking. While most children are asymptomatic, parents often report that their child falls or trips frequently.
 Bowed Legs
 Because of the possibility of Blount’s disease causing the angular deformity, any toddler with bowed legs should be followed closely with serial examination. However, genu varum is not likely to suggest Blount’s disease in children under the age of 18 months, unless the overall deformity is severe or there is a sharp angulation of the proximal tibia.
  
 Objective Evidence
 Leg Length Discrepancy
 The most accurate method of assessing leg length discrepancy is full length (hip to ankle) radiographs, radiographic scanography or computerized tomography (CT).
 Radiographic scanography (Figure 4) is a series of images of both legs with a ruler that are stitched together to allow measurement of the limb. CT scanography can be used similarly but additionally can assess for limb alignment and rotation. Newer imaging technologies also exist which utilize a low dose biplanar radiograph which can give accurate limb length measurements with less radiation than conventional XR (EOS Imaging). Bone age should additionally be assessed to determine the estimation of progression.
 [image: ]Figure 4: A lower extremity radiographic scanogram is a series of x-rays obtained with a radio-opaque ruler in place and with the beam moved distally for each image to keep it perpendicular to the limb. The scanogram would typically include both limbs on the film. (Case courtesy of Dr Bruno Di Muzio, Radiopaedia.org, rID: 32058) In-Toeing
 When evaluating patients with in-toeing, radiographic evaluation is not usually required.
 The exam should begin with a gait analysis. The “foot progression angle” (FPA) should be observed: this is the angle made by the long axis of the foot and the line of progression of gait (“straight ahead” as the patient walks). A negative FPA indicates in-toeing and a positive FPA out-toeing. A normal range is typically -5 degrees to +20 degrees, but can be variable with age. Once the FPA is determined to be abnormal, the next step is to localize the source of the deformity, i.e. hip, tibia, or foot.
 Assessment of femoral rotation, or hip version, is performed with the patient prone on the exam table, knees bent to 90 degrees, and the legs maximally internally and externally rotated (Figure 5 Left and Center). Significantly greater internal rotation (typically greater than 70 degrees) with a decreased amount of external rotation (typically less than 20 degrees) is often indicative of increased femoral anteversion or internal rotation of the femur.
 From the prone position, the thigh-foot angle (Figure 5, right) and transmalleolar axis can be examined to assess for tibial torsion. The thigh-foot angle is the angle formed by the axis bisecting the foot and the axis bisecting the thigh. The transmalleolar axis is the angle formed by axis of the malleoli of the ankle with the coronal plane of the tibia. Similar to FPA, inward rotation is designated a negative value and external rotation a positive value. Infants typically present with a negative thigh-foot angle and transmalleolar axis and progress to a more neutral or positive angle as they get older.
 [image: ]Figure 5: Left) Prone hip external rotation; Center) Prone internal rotation of the hips; Right) The thigh foot angle (shown in white) is the angle defining the intersection between lines drawn down the center of the thigh (yellow) and foot (red). Lastly, a thorough foot exam should be performed. Patients who in-toe may have an apex or curve to their lateral foot rather than a straight lateral border, a sign indicative of possible metatarsus adductus. Additionally, this will often present with a medial plantar crease. The heel bisector line can be examined, which is the axis of the heel exiting at the level of the toes. If the line exits through the 2nd and 3rd toe, this is considered normal, as the line exits more laterally from the toes this is a demonstration of forefoot adductus. Examiners should determine if such a deformity is rigid or flexible (passively correctable to neutral or beyond).
 Bowed Legs
 True infantile and adolescent Blount’s disease bowing will generally be grossly evident on exam or with ambulation.
 For patients over the age of 18 months, varus alignment of the tibia on exam should prompt an x-ray. (It is generally not recommended to perform radiographs prior to this age regardless of the exam.)
 The metaphyseal-diaphyseal angle of the tibia should be measured on all radiographs ordered to rule out tibia vara (Figure 6). An angle less than 10 degrees is considered normal and likely to resolve with time. Any angle greater than 10 degrees is considered abnormal and should be followed closely with serial exams and radiographs.
 [image: ]Figure 6: The metaphyseal-diaphyseal angle is a bit of a misnomer, as it is the angle between the slope of the metaphysis and a line perpendicular to the diaphysis, not the diaphysis itself. To find it, a line is drawn along the long axis of the tibia (green) and a second line drawn along the slope of the metaphysis (blue). Another line (red) is then drawn perpendicular to the diaphyseal line. The angle is defined by the intersection of this third (red) line and that of the (blue) line along the metaphyseal slope. (Diagram courtesy of Dr Matt Skalski, Radiopaedia.org, rID: 23625) In more severe cases, metaphyseal beaking of the tibia as well as inferior and posterior sloping of the proximal epiphysis can be seen (Figure 7). Additionally, radiographic standing alignment films can be used to assess for angular deformity and determine the mechanical axis of the lower extremity.
 [image: ]Figure 7: Infantile tibia vara with proximal metaphyseal beaking. (Case courtesy of Dr Alborz Jahangiri, case 47510)  
 Differential Diagnosis
 Leg Length Discrepancy
 Leg length discrepancy can present as a result or combination of the following:
 	Trauma: Long bone fractures are one of the most common causes of leg length discrepancy. A shaft fracture in a growing child can often times lead to accelerated growth in that extremity causing it to become longer than the contralateral leg. Alternatively, a fracture that heals in a shortened position or a fracture through the growth plate of a long bone can lead to a shortened extremity.
 	Infection: Bone infections in pediatric patients, especially when involving the growth plate.
 	Congenital disorders or dysplasias: Includes hemihypertrophy, proximal femoral focal deficiency, developmental dysplasia of the hip, fibular and tibial hemimelia, unilateral clubfoot, neurofibromatosis, multiple hereditary exostoses, idiopathic or neuromuscular scoliosis.
 	Paralytic disorders: Includes cerebral palsy (due to spasticity and contractures) and polio.
 	Tumor
 
 In-Toeing
 In-toeing conditions are considered packing disorders caused by intrauterine positioning but may carry some hereditary component as they frequently run in families. They can present as a result or combination of the following:
 	Metatarsus adductus: Most commonly presents in infants. Must additionally rule out skewfoot, congenital hallux varus, and clubfoot.
 	Internal tibial torsion: Most commonly presents from 1-3 years of age.
 	Femoral anteversion: Most commonly presents in children greater than 2 years of age.
 
 Bowed Legs
 Bowed legs most commonly present as physiologic tibia vara that resolves by 2 years of age. Persistent bowed legs beyond the age of 18 months  are considered pathologic and can be a result of or associated with any of the following:
 	Infantile tibia vara (Blount’s): pathologic genu varum in children 2-5 years old
 	Adolescent tibia vara (Blount’s): pathologic genu varum in children greater than 10 years old. More often unilateral than infantile tibia varum which is most commonly bilateral (Figure 8).
 	Congenital disorders or dysplasias: Multiple epiphyseal dysplasia, spinal epiphyseal dysplasia, focal fibrocartilaginous dysplasia, osteogenesis imperfecta, multiple hereditary exostosis, Maffucci syndrome, Ollier disease, congenital pseudarthrosis of the tibia (anterolateral bowing).
 	Metabolic bone disease: Rickets (Figure 9), renal osteodystrophy.
 	Acquired: Trauma, radiation, infection.
 
 	[image: ]Figure 8: Adolescent tibia vara. (Case courtesy of Dr Jeremy Jones, Radiopaedia.org, From the case rID: 23622)  	
 [image: ]Figure 9: Severe bowing of the tibia (and femur) due to rickets. Rickets usually occur because of a lack of vitamin D or calcium, and results in weak bones in children. Adults can experience a similar condition, which is known as osteomalacia. (Case courtesy of Dr Angela Byrne, Radiopaedia.org, from the rID: 8116)  
  
  
 Treatment Options and Outcomes
 If a congenital disorder/dysplasia or metabolic bone disease is suspected, a referral to a geneticist for formal testing might be helpful (though for some condition congenital disorders, e.g. fibula hemimelia, a genetics workup is fairly uncommon).
 Leg Length Discrepancy
 Treatment of leg length discrepancy in the pediatric patient is dependent on the cause and the projected discrepancy at skeletal maturity. If an underlying condition such as scoliosis, infection, or hip dysplasia is the cause of the leg length discrepancy, the condition should be addressed first and then the leg length discrepancy if still present.
 In general, if the projected leg length discrepancy (based on future growth) is 2 cm or less, the best treatment approach is observation with shoe lifts if needed.
 A projected leg length discrepancy of 2 to 5 cm has usually been treated with shortening procedures of the longer limb, such as an epiphysiodesis (i.e., surgical ablation of a physis to arrest growth).
 A leg length discrepancy expected to be 5 cm to 20 cm is treated with lengthening procedures such as distraction osteogenesis. A lengthening procedure can sometimes be combined with a shortening procedure on the contralateral “long” leg.
 Note that the precise cutoff at which a lengthening procedure should be used is evolving, as surgical techniques have improved.  After a shared decision making process in which the family considers the risks and benefits, it may be reasonable to employ a lengthening procedure for a discrepancy of 4 cm or less.
 If the projected leg length discrepancy is 20 cm or more, amputation is highly recommended.
 Bowed Legs
 A majority of children with bowed legs can be treated with observation alone with spontaneous resolution expected between the ages of 2-3 years old. Mild bowing that persists beyond this age can be treated with a Knee-Ankle-Foot-Orthosis (KAFO), though this has had mixed results. More severe bowing or persistent bowing beyond the age of 4 should warrant a consideration of surgery. Surgical options include proximal tibia-fibula osteotomies, guided growth with lateral hemiepiphysiodesis, or medial epiphysiolysis (bar resection). Oftentimes these surgeries are performed in combination.
 (Additional information about this rare condition is provided in this excellent review: Congenital Pseudarthrosis of the Tibia, Journal of the American Academy of Orthopaedic Surgeons: April 2008 – Volume 16 – Issue 4 – p 228-236)
 In-Toeing
 In the vast majority of cases, in-toeing is treated non-operatively, coupled with parental reassurance and education. Most children will grow out of in-toeing as they age. These children should not have restrictions and should participate in activities similar to their peers.
 In cases of rigid metatarsus adductus (that is, if the foot does not passively correct to neutral) serial casting can be performed. In even rarer cases of severe femoral anteversion or internal tibial torsion that do not improve by the age of 8 years old leading to significant cosmetic and functional disability, correctional osteotomy can be considered.
  
 KEY TERMS
 anteversion, in-toeing, valgus, varus, retroversion
  
 Skills 
 Create a differential diagnosis for in-toeing. Understand clinical test to assess rotational profile of lower extremities. Know how to image for a leg length assessment. Understand the natural history of lower extremity alignment with age.
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		ClubFoot

								

	
				Talipes equinovarus, commonly known as “clubfoot,” is a congenital deformity of the foot (Figure 1). The condition is characterized by plantar flexion (equinus), inversion (varus), and an exaggerated arch (cavus) that may involve one or both feet. Taken together, these deformities cause the foot to resemble a club, hence the name. Clubfoot is often idiopathic and seen as an isolated birth defect, but it can also be caused by an underlying congenital disorder in approximately 20% of cases.
 [image: ]Figure 1: Bilateral clubfoot in a newborn with characteristic equinus and varus deformities. (Courtesy of Steve Richards MD, Texas Scottish Rite Hospital)  
 Structure and function
 The foot can be divided into three regions: the hindfoot, the midfoot, and the forefoot.
 The hindfoot consists of the talus and the calcaneus. These bones are joined at the subtalar joint to allow for inversion and eversion. The talus also articulates with the tibia and fibula at the ankle, to allow for dorsiflexion and plantarflexion.
 The midfoot consists of the navicular, the cuboid, and the three cuneiform bones. The midfoot forms the arch of the foot and serves as a shock absorber.
 The forefoot consists of the metatarsals and phalanges.
 Clubfoot deformity primarily affects the hindfoot and midfoot. The pathological changes seen include an abnormally small calcaneus, talus, and navicular – and contracted ligaments between the hindfoot and midfoot. There is, accordingly, a plantarflexion deformity of the ankle (talocrural) joint, medial subluxation of the talonavicular and calcaneocubid joints and inversion and adduction of the calcaneus, navicular, and cuboid.
 The deformity can extend distally to the forefoot where there can be plantar flexion (“equinus”) and adduction (“varus”) of the metatarsals and proximally to the calf, with atrophy, fibrosis and shortening of the muscle-tendon units of the posteromedial leg muscles seen.
 There are many theories about the etiology of clubfoot but the definitive cause is still unknown. In the past, experts believed that the deformity was caused by the foot being stuck in the wrong position in the womb; today it is known that clubfoot is associated with multiple genetic abnormalities that influence the muscle contractile complex and bone development. For example, Gurnett et al (PMID: 18950742) found that abnormalities of the PITX gene, responsible for early limb development, has been associated with familial clubfoot.
  
 Patient presentation
 Clubfoot is a congenital deformity that is immediately apparent at birth. Some parents might know as early as the second trimester if the clubfoot is diagnosed via fetal ultrasound.
 The affected foot is characteristically adducted (“varus”), plantarflexed (“equinus”), and possesses an exaggerated arch (“cavus”). Depending on the severity, the foot may be rigid or flexible. Half of all cases will involve both feet. In unilateral clubfoot, the involved foot, calf, and leg will be smaller and shorter than the unaffected side. Even after correction of the deformity, the foot, calf, and leg may have some residual problems including atrophied calf muscles and a smaller foot that loads more on the outside.
 Despite its dramatic deformities, clubfoot is not painful, per se. However, if children begin to walk prior to successful correction of the deformity, they will bear weight on the dorsolateral aspect of the foot. This abnormal gait can cause focal loading on a small area and can be painful.
  
 Objective evidence
 Clubfoot is detectable via prenatal ultrasound in the second trimester. Early detection is important because it can prompt discussion with parents about treatment options and early screening for underlying neuromuscular diseases.
 X-rays are not particularly useful in clubfoot evaluation because the neonatal bones are immature and poorly ossified. Radiographs are more useful for measuring progress in clubfoot treatment and long-term follow-up.
  
 Epidemiology
 Clubfoot occurs in 1 in 1000 births and affects males twice as frequently as females. Approximately 50% of all cases are bilateral and 25% have a positive family history of clubfoot. In the US, incidence ranges across ethnic groups from 0.4 in 1000 in the Chinese population to 7 in 1000 in the Polynesian population.
 Most cases are idiopathic but about 20% are due to a genetic or chromosomal abnormality. The most common of these are disorders of the nervous system including myelomeningocele and arthrogryposis. These cases tend to be stiffer and more resistant to standard treatment than idiopathic cases.
  
 Differential diagnosis
 Metatarsus adductus is a congenital foot deformity that is superficially similar to clubfoot. Metatarsus adductus is characterized by the forefoot (metatarsus) pointing inward (adductus) with normal positing and mobility of the hindfoot, forming a “C” shape. The incidence of metatarsus adductus is approximately the same as clubfoot. Metatarsus adductus is distinguished from clubfoot by an examination of the hindfoot, which has normal mobility in metatarsus adductus but cannot be appropriately dorsiflexed or everted in the case of clubfoot.
 Other congenital foot deformities include talipes calcaneovalgus (dorsiflexed and abducted foot) and vertical talus (rigid foot deformity similar to talipes calcaneovalgus). These are structurally and visually distinct from clubfoot.
 Certain conditions, including spina bifida, arthrogryposis, and amniotic band syndrome can cause clubfoot. The evaluator should therefore pay close attention to the spine and motor function of the extremities.
 Positional clubfoot is similar to clubfoot in that the foot is in equinus and varus. It is caused by a restrictive uterine environment that forces the baby’s feet into an abnormal position. However, it is different from classic clubfoot in that the foot and bony anatomy are completely normal.
  
 Red flags
 Although clubfoot is most often an idiopathic birth defect, some cases are secondary to underlying neuromuscular conditions such as spina bifida. Thus, the presence of clubfoot should be deemed a red flag, prompting a close diagnostic evaluation to exclude these conditions.
  
 Treatment options and outcomes
 Treatment options for clubfoot include serial casting, bracing, physical therapy, and surgery.
 The standard of care for uncomplicated clubfoot deformities is the Ponseti Method, which involves repeated manipulation and casting (Figure 2) to guide the growth of the foot toward normal alignment. The child’s foot is manually stretched toward the correct position and a cast is then applied to maintain the correction. This process is repeated weekly over the course of 4-6 weeks.
 [image: ]Figure 2: Clubfoot Cast. (Courtesy of Steve Richards MD, Texas Scottish Rite Hospital) Toward the end of the serial casting phase of treatment, most children will require a minor operation (percutaneous Achilles tendon tenotomy) to lengthen the Achilles tendon and release the foot from plantarflexion. Rarely, patients may also require a transfer of the tibialis anterior from its normal insertion on the first metatarsal to a new insertion on the third. This transfer will reduce supination of the foot with dorsiflexion. If the Ponseti Method of casting, bracing, and tenotomy is applied correctly, it will be successful in more than 95% of cases.
 After casting, the child must wear a foot abduction brace (Figure 3) at night for a few years to maintain the correction. Without bracing, the deformity will likely recur because the muscles of the foot will pull it back into an abnormal position.
 [image: ]Figure 3: Abduction Bracing. (Courtesy of Steve Richards MD, Texas Scottish Rite Hospital) Recurrence (despite bracing) occurs in approximately 10% of patients, and most will respond to a repeated course of manipulation; a few will require additional surgery to prevent further relapse.
 Although the Ponseti Method is highly effective in idiopathic clubfeet, some patients (especially those who present late or whose deformities are secondary to neuromuscular disease) will not respond to non-operative treatment and will require surgical intervention.
 Surgery is normally performed at 9-12 months of age. The goal of surgery is to correct all the deformities in one operation. The surgical procedure varies from patient to patient but generally involves releasing all joint capsule contractures, lengthening any shortened muscle-tendon units, and realigning the bones of the foot.
 Compared to the results of non-surgical methods, the long-term outcomes from surgery is associated with more pain, stiffness, deformity, and muscle weakness. However, it must be noted that surgery is reserved for tougher cases so this is not a true head-to-head comparison.
 Even with optimal treatment, the corrected clubfoot will be functionally normal but structurally dissimilar from the unaffected foot. The affected foot is often smaller (requiring a different shoe size) and less mobile than the other foot. Additionally, the calf muscles in the affected leg may also be smaller. In some cases of clubfoot, the affected leg will stop developing before the other leg, leading to a significant difference in limb length. In these cases, it will be necessary to surgically lengthen the affected leg.
  
 Risk factors and prevention
 Honien et al (PMID: 11032161) found that family history of clubfoot is a major risk factor for developing clubfoot (OR = 6.52). Smoking exposure in utero is also associated with increased risk of clubfoot (OR = 1.34). This risk is dramatically increased in babies that already have a past family history of clubfoot (OR = 20.30). As a result, mothers with a positive family history of clubfoot should be strongly urged not to smoke while pregnant to minimize the risk of their child having clubfoot.
 Clubfoot can be identified in the second trimester using fetal ultrasound, which can help prepare parents for the treatment course and provide an opportunity for counseling about genetic testing for associated conditions.
  
 Miscellany
 Figure-skater Kristi Yamaguchi, soccer star Mia Hamm, and NFL quarterback Troy Aikman were all born with clubfeet but still attained great success as professional athletes.
 Clubfoot is uniformly treated at a very early age in the US, but in low-income countries it is not uncommon to see older children with neglected clubfoot (a deformity that was never treated), residual clubfoot (a deformity that was incompletely treated and retains aspects of the deformity years later), and recurrent clubfoot (a deformity that was completely treated but reverted back due to insufficient bracing). These forms of clubfoot can severely decrease quality of life by subjecting patients to physical disability and alienation.
 Horses walk on their toes; hence a deformity of plantar flexion that places the toes in lone contact with the ground is called “equinus.”
  
 Key terms
 Clubfoot, Talipes equinovarus, Ponseti Method
  
 Skills
 Recognize the gross manifestations of clubfoot and differentiate these from other congenital foot deformities. Explain treatment options for clubfoot, including the Ponseti Method of serial casting, bracing, and tenotomy. Describe the possible outcomes of clubfoot treatment, including restoration of normal form and function, residual deformity, and recurrent deformity.
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		Pediatric Foot Deformities

								

	
				Pediatric foot deformities encompass a range of conditions affecting the bones, tendons, and muscles of the foot. Clubfoot, a prevalent and significant pediatric foot deformity, is discussed in its own chapter. Here, a brief review is presented of some of the other more commonly seen conditions: metatarsus adductus, tarsal coalitions, accessory navicular, planovalgus foot deformity (planovalgus), and cavas foot deformity (cavovarus).
  
 Metatarsus Adductus
 Metatarsus adductus describes a congenital deformity in which the forefoot is turned inward relative to the hindfoot (Figure 1). Metatarsus adductus may be “flexible” (the foot can be straightened by the examiner’s hand) or “nonflexible” (in which the foot cannot be straightened by hand).
 [image: ]Figure 1: A drawing showing a “C”-shaped or bean-shaped foot characteristic of metatarsus adductus. 
 The forefoot comprises the 5 metatarsal bones and 14 phalangeal bones. In metatarsus adductus, these bones are deviated medially. Thus, the inside border of the foot is concave, the outside or lateral border of the foot is convex, while the hindfoot remains in a relatively neutral position. The angulation is at the tarsometatarsal joint.
 Metatarsus adductus is usually noted soon after birth, but can present at any age. Commonly, the parents or pediatrician of a child with metatarsus adductus will notice in-toeing incidentally. Parents may also comment regarding a wider gap between the first and second toes. This often suggests a mild flexible deformity that is observed to actively correct when the lateral border of the foot is tickled.
 The exact cause of metatarsus adductus is not known, but it is thought to be a “packaging” disorder, or a result of positioning inside the uterus.
 Metatarsus adductus is the most common congenital foot deformity occurring in approximately 1 of every 1000 live births, with equal frequency in males and females. Metatarsus adductus is bilateral in approximately 50% of cases.
 Metatarsus adductus is defined on clinical examination by the heel bisector line. To determine this, a line is drawn on the plantar foot starting from the center of the heel directly vertical past the toes. In normal alignment, this line will exit the forefoot through the second webbed space, between the 2nd and 3rd toes (Figure 2). In metatarsus adductus, the line will exit more laterally in the forefoot. The greater the number of toes on the same side of the line as the great toe, the more severe the metatarsus adductus.
 For patients presenting with in-toeing, one must also examine for and consider femoral anteversion and internal tibial torsion (see Pediatric Lower Limb Deformities). Another foot deformity called skew foot also presents with adduction of the forefoot, but unlike metatarsus adductus there are additional deformities of the midfoot in abduction and hindfoot valgus. Congenital hallux varus differs from metatarsus adductus in that the medial deviation is isolated to the great toe.
 There is always full range of motion of the ankle and subtalar joint with metatarsus adductus. Stiffness in these areas should lead the examiner to consider other diagnoses.
 [image: ]Figure 2: The heel bisector line identifies the severity of metatarsus adductus. 
 
 
 
 Although X-rays are not usually necessary to evaluate metatarsus adductus, they are recommended in the case of nonflexible metatarsus adductus, and in older children.
 In the majority of cases, metatarsus adductus is mild and flexible. This will improve over time, up to about 4 years of age. Parents can perform stretching and stimulation of the foot.
 If the metatarsus adductus is only partly flexible or rigid, serial stretching casts are sometimes necessary to achieve correction. Parents can be reassured that good results are expected with mild or moderate deformity and no functional limitations. It is rare that surgery is needed for correction of metatarsus adductus, reserved for the most severe rigid cases or cases resistant to serial casting. Soft tissue releases of the abductor hallucis and the first tarsometatarsal joint capsule followed by more casting may be indicated. If a child is older with rigid adductus osteotomies may be considered.
 Metatarsus adductus is associated with other presumed packing deformities like torticollis and developmental dysplasia of the hip. It is important to examine the entire child when they present with a congenital foot deformity. Risk factors include twin pregnancy or oligohydramnios.
 
  
 Tarsal Coalition
 Tarsal coalition describes the abnormal connection between two or more tarsal bones that limits range of motion and causes a rigid flat foot. 
 There are seven tarsal bones. These include the talus, calcaneus, navicular, cuboid, and the three cuneiforms, the medial, middle (or intermediate), lateral (see Figure 3).
 [image: ]Figure 3: The tarsal bones, as seen from above. 
 
 
 
 The abnormal connection between these bones may be composed of bone, fibrous tissue or cartilaginous tissue. This occurs embryologically due to failure of segmentation. Any abnormal connection between the tarsal bones can result in decreased range of motion of the subtalar joint, thereby limiting inversion and eversion of the heel.
 Clinically, a tarsal coalition may present as a rigid flat foot. Patients usually present with a chief complaint of pain over the sinus tarsi, an aching pain along their arch, or pain under their medial malleolus that is worse with activity and alleviated with rest. The most common age for presentation of tarsal coalition is around 8 to 16 years, typically becoming symptomatic in adolescence. Some children may present with the complaint of recurrent ankle sprains or progressive flat foot.
 On physical exam, patients will often have a rigid subtalar joint. This is best assessed with the foot held in neutral dorsiflexion and then applying an inversion and eversion force to evaluate subtalar motion. With standing toe rise there is no inversion of the hindfoot due to limited subtalar motion. Those with calcaneonavicular coalitions often have more preserved motion since the two connected bones do not cross the subtalar joint.
 Imaging studies are required for diagnosis of a tarsal coalition. AP, lateral, oblique, and Harris axial views should be obtained. The Harris view is obtained by having the patient stand on the cassette with the x-ray beam angled between 35 and 45 degrees and will detect any coalition between the talus and calcaneus.
 A calcaneonavicular coalition is best seen on an oblique x-ray of the foot (Figure 4). It may also be noticed on a standing lateral x-ray of the foot, seen as an elongated anterior process of the calcaneus. This is known as the “ant-eater sign.” A talocalcaneal coalition may also be appreciated on the lateral radiograph by a finding known as the “C-sign.” This is a “C” shaped line that is formed by the dome of the talus and the sustentaculum tali of the calcaneus (Figure 4). However, it is important to note that these findings have a low sensitivity, and their absence does not rule out the presence of a tarsal coalition.
 The best imaging technique to evaluate for tarsal coalition is a CT scan. The CT can also aide in surgical planning and is used to look for other coalitions if surgery is being considered. If the history and physical exam are consistent with a coalition but the CT scan is non-diagnostic an MRI may reveal a fibrous coalition.
 	[image: ]Figure 4: Calcaneonavicular coalition “ant-eater sign” seen on oblique foot x-ray (arrow).  	[image: ]Figure 5: Subtalar tarsal coalition “C-Sign.”  
  
 
 
 
 
 Most commonly, tarsal coalitions are seen between the talus and calcaneus, and between the calcaneus and the navicular bones. These two combinations account for about 90 percent of all tarsal coalitions. Other described locations are between the talus and navicular, the calcaneus and cuboid, the navicular and cuneiform, and between a cuneiform and metatarsal, however these are uncommon. In about half of cases a tarsal coalition will be present bilaterally.  In the case of rigid flat foot, it is also important to consider other causes such as juvenile idiopathic arthritis, septic arthritis, osteomyelitis, and other bone lesions for example an osteoid osteoma.
 Any constitutional symptoms should prompt investigation into one of the differential causes of a rigid flatfoot. Pain worse in the morning rather than after activities may indicate a rheumatologic cause. There are syndromes associated with tarsal coalitions such as Apert and Crouzon syndrome and any dysmorphic features should be noted.
 Up to 25 percent of tarsal coalitions are thought to become symptomatic, and only those that cause symptoms should be treated. First line treatment includes symptom management with activity modification, orthoses, and anti-inflammatories as needed. Second line treatment is to try cast immobilization for a period of about 4-6 weeks.
 If non-operative treatment fails to provide long-term pain relief, surgery can be considered. Prior to surgery, a CT scan should be obtained to evaluate for the presence of a second coalition. Surgery begins with resection of the coalition with placement of interposed tissue (muscle or fat) to help prevent its reformation. If there is a significant foot deformity associated with the coalition, consideration can also be given to osteotomies for deformity correction. In cases where there is degeneration of the joint involved in the coalition, or if a subtalar coalition is particularly large, a fusion of the joint is considered; resection in these cases may lead to poorer outcomes.
 There are no preventative measures for tarsal coalition. It is associated with certain other congenital abnormalities like fibular hemimelia, and syndromic associations.
 
  
 Accessory Navicular
 An accessory navicular is a prominence of the navicular on the plantar medial surface and is considered a normal variant (Figure 6).
 [image: ]Figure 6: A normal and an accessory navicular (NB: x-ray of an adult foot). (Image courtesy of FootEducation.com) 
 
 
 The navicular bone sits along the medial aspect of the foot and articulates with the talus, the cuneiforms, the cuboid, and the calcaneus. An accessory navicular is clinically defined as an enlargement of the navicular bone along its plantar medial surface. This enlargement can be a separate piece of bone connected to the native navicular body by fibrous or cartilaginous tissue, or it can simply be an enlargement of the native bone beyond its normal size (as the “extra” part of the navicular can be completely ossified to the true navicular.)
 Patients with a symptomatic accessory navicular often present with pain and tenderness over the medial palpable bony prominence. They may also have a flat foot, however no cause and effect relationship between an accessory navicular and a flat foot has been proven. Often the pain is aggravated by tight shoes that press against the medial prominence.
 Plain radiographs are useful in diagnosing an accessory navicular as they can often be seen on standing AP and lateral views. A lateral oblique x-ray of the foot may also be useful to visualize an accessory navicular (Figure 7).
 	[image: ] 	Figure 7: Accessory navicular visualized on an oblique x-ray. 
  
 This is the most common accessory tarsal bone seen in the foot with a prevalence of approximately 10%. When present, accessory navicular bones are often bilateral.
 A pain and tenderness at the navicular insertion may be from tendinitis of the tibialis posterior tendon (with or without an accessory navicular). A bipartite navicular can also be seen as a separate osseous navicular structure; it is distinguished from an accessory navicular by the dorsal displacement of the separate fragment and maintained articulation with the talus. Less commonly a fracture or stress fracture of the navicular may be on the differential. An avulsion fracture of the accessory navicular can also occur with an eversion mechanism; the clinical exam and imaging should be scrutinized for acute changes in the cases of trauma with focal findings. Plantar fasciitis can also present with pain along the medial foot.
 If the patient has a rigid flatfoot consider alternative diagnoses such as the presence of a concomitant tarsal coalition or underlying inflammatory arthropathy.
 Patients who present with a painful accessory navicular are first treated with non-operative measures. First line measures include activity modification and shoe wear modification. If there is a planovalgus foot deformity concomitantly, a valgus correcting orthotic may help relieve pressure over the area. If this fails to relieve symptoms, rigid immobilization in a short leg cast can be done for a period of 4-6 weeks followed by gradual return to activities.
 If extensive non-operative measures fail to provide long-term relief, surgical excision may be considered. Surgical options consist of removal of any ossicle that may be present along with the bony prominence of the main body of the navicular bone. The ossicle can sometimes exist within the substance of the posterior tibialis tendon, which must be taken into consideration when performing surgical excision. Others have described removal of the ossicle and advancement or re-routing of the tibialis posterior. While good results are reported with either approach, it should be noted that this is based on small, low level of evidence studies.
  
 
 Planovalgus Foot Deformity
 Pes planovalgus is defined as excessive valgus alignment of the heel (hindfoot) with loss or flattening of the medial longitudinal arch of the foot. It is commonly known as “flatfoot,” (see Figure 8). In this condition, the forefoot is abducted outward but often rotated inward, or supinated, in relation to the hindfoot. A planovalgus foot is also called a flatfoot. This may be a physiologic variant or due to underlying pathology. The focus here will be on flexible pes planovalgus flatfoot.
 [image: ]Figure 8: Clinical photo of flexible flatfoot. (Image courtesy of FootEducation.com) 
 
 
 
 A flat foot is a combination of foot deformities that includes a valgus hindfoot and an abducted and supinated forefoot. In pes planovalgus there is flattening of the medial longitudinal arch of the foot along with the excessive hindfoot valgus. The normal alignment of the hindfoot can be up to 5 degrees of valgus. In pes planovalgus the forefoot is abducted and supinated in relation to the hindfoot. Young children develop a medial longitudinal arch over time and this flattening can improve.
 Patients will present with loss of the medial longitudinal arch and a valgus hindfoot. In order to assess the degree of forefoot supination, the hindfoot must be corrected to a neutral position. If both deformities can be corrected to a neutral position, the flat foot is said to be flexible.
 Another way to assess for flexibility is to have the child stand on their toes. If when standing on their toes the medial arch re-constitutes and the heel inverts, the deformity is said to be flexible. A flexible flat foot is caused by an equinus contracture due to a gastrocnemius muscle contracture and/or a tight Achilles tendon. To assess for the degree of gastrocnemius or Achilles tightness, the hindfoot must again be corrected to a neutral position. One may then perform a Silfverskiöld test to further assess where the tightness is originating. This test is performed by comparing the amount of maximal ankle dorsiflexion with the knee flexed versus extended. If more ankle dorsiflexion was achieved with the knee flexed than with the knee extended, the primary tightness is from the gastrocnemius muscle. If dorsiflexion is limited in both knee extension and knee flexion, the contracture is of the Achilles tendon itself also called the heel cord. This is important when considering surgical intervention.
 Imaging studies are usually not needed for flexible flat foot diagnosis, but may be required if other etiology is suspected. All x-rays should be obtained while the patient is bearing weight. The lateral radiograph can be helpful to quantify the deformity using the talus-first metatarsal angle, also known as the Meary angle (Figure 9). This is measured by placing a line along the longitudinal axis of the talus and a second line along the longitudinal axis of the first metatarsal. The angle formed by the intersection of these two lines should be near zero in a normal foot.
 [image: ]Figure 9: Pes Planus on lateral standing x-ray. Meary’s angle is the angle between a line drawn from the centers of longitudinal axes of the talus and the first metatarsal. In the normal foot, Meary’s angle is roughly zero: the two lines are parallel. 
 
 
 The incidence of flexible flat foot is not known, likely due to the fact that this is considered within natural physiologic variation. It is common in infants and children, while up to 20% of adults have a flexible flatfoot. A physiologic flat arch in a young child that is asymptomatic is likely to improve over time without intervention.
 Underlying disorders that can be associated with a flatfoot include: accessory navicular, ligamentous laxity, neurologic or neuromuscular disorders, and obesity.
 If a patient presents with a rigid flatfoot deformity the possibility of other diagnoses must be considered. These can include, but are not limited to: tarsal coalition, spastic peroneal flatfoot, inflammatory arthropathy, previous trauma, and congenital vertical talus.
 If the patient has a rigid flatfoot you should consider alternate diagnoses such as a tarsal coalition or underlying inflammatory arthropathy.
 Flexible flat foot may also be thought of as a normal anatomic variation and not a disabling deformity. No treatment is needed for asymptomatic flat feet. If children or adolescents are symptomatic, over the counter shoe inserts may help relieve symptoms but will not change the shape of the foot. If the child has a tight Achilles or gastroc-soleus-complex, an Achilles stretching program should be initiated. Surgery is rarely indicated in the treatment of flexible flat foot. When performed it may consist of tightening of the soft tissues medially, tendon lengthening and transfer, and osteotomies to lengthen the lateral column of the foot.
 In the setting of primary tightness of the gastrocnemius muscle (as found with a positive Silfverskiöld test), a gastrocnemius recession can be performed to selectively lengthen the gastrocnemius muscle. If the Silfverskiöld test is negative, but passive dorsiflexion is limited, a tendoachilles lengthening is performed.
  
 
 Cavus Foot Deformity
 A cavus foot is one with a high arch in the midfoot due to pronation of the forefoot on the hindfoot. The hindfoot can be in neutral (isolated cavus) but is often in varus (cavovarus). In most cases, a cavovarus foot is secondary to an underlying neurologic disorder which causes a muscle imbalance. Cavus may also be a result of residual clubfoot deformity. Cavus may rarely result from trauma such as compartment syndrome, sciatic nerve injury, or tendon lacerations.
 A cavus foot is the result of muscle imbalance with weak intrinsic muscles that become contracted. Cavovarus foot deformity is combination of the high arch with forefoot pronation and inversion or varus of the hindfoot. The midfoot may be adducted or neutral. The ankle may be plantarflexed, neutral or in dorsiflexion. There is often concomitant external tibial torsion. Another type of cavus foot deformity is calcaneovarus where the entire arch is elevated off the ground from medial to lateral.
 Often, patients will present with a complaint of recurrent ankle sprains or ankle instability. This instability can be the result of actual muscle weakness, loss of sensation over the foot, or from the deformity itself. It is also common for a callus to form along the lateral base of the fifth metatarsal due to the patient walking on the lateral border of their foot. It is vital to obtain a detailed neurologic exam as well as to obtain a detailed family history in these patients to evaluate for an underlying cause. Patients may have asymmetric muscle bulk or a leg length discrepancy. An examination of the spine is important to look for signs of spinal dysraphism.
 To evaluate for the deformity itself, providers can look for what is called the “Peek-a-Boo” sign. This sign occurs when the medial aspect of the heel can be seen while looking from straight on, as the patient is standing (Figure 10).
 [image: ]Figure 10: A clinical photo of the “Peek-a-boo sign.” (Image courtesy of FootEducation.com) 
 
 
 
 An assessment of both the hindfoot and the forefoot are important to ascertain the flexibility of each of these segments. The Coleman block test can be used to assess the flexibility of the hindfoot by placing a block under the lateral foot and metatarsals and allowing the medial forefoot to hang free (see Figure 11). If the varus position of the hindfoot corrects it is flexible.
 [image: ]Figure 11: The Coleman block test is used to determine if the hindfoot varus deformity is flexible or fixed/rigid. As shown in image 1a, there is hindfoot varus of the right foot. By having the patient stand on the block such that only the lateral aspect of the foot is supported, 1b, hindfoot corrects to neutral, indicating a flexible deformity. The Coleman block test counteracts the plantar flexed first ray allowing the hindfoot to return to a normal alignment – if the hindfoot is still flexible. (Image courtesy of http://www.labome.org/research/The-dynamic-coleman-block-test-a-novel-examination-technique-for-cavo-varus-feet.html) 
 
 
 
 Upon presentation, plain radiographs are often obtained. A cavus foot will have an increased calcaneal pitch (>30 degrees), which is determined by the angle between the long axis of the calcaneus and a line parallel to the bottom of the foot. The Meary angle can also indicate a cavus foot if it angles upward with a magnitude of more than 4 degrees (Figure 12).
 [image: ]Figure 12: Pes Cavus on lateral standing x-ray. Meary’s angle (red) and the calcaneal pitch angle, between the long axis of the calcaneus and the bottom of the foot (green), are shown. 
 
 
 An AP Pelvis radiograph should be obtained to fully evaluate the patient with a cavovarus foot, as one cause of the foot deformity, Charcot-Marie-Tooth, is associated with hip dysplasia.  Likewise, spinal radiographs should be obtained to exclude scoliosis in patients with a cavovarus foot.
 Cavus foot deformities are associated with neuromuscular disorders. The most common neuromuscular disorder causing a cavus foot deformity is Charcot-Marie-Tooth (CMT) disease. CMT is the most common hereditary motor sensory neuropathy. In CMT, the peroneus longus is the last muscle to atrophy and weaken. Unopposed pull of this muscle (ie, while it is relatively strong and other muscles are weak) will cause hindfoot varus and a cavus deformity to the arch. Rarely no underlying etiology can be identified for a cavus foot.
 There are several causes of cavus foot deformities with some being more common in bilateral deformities. These can include: CMT disease, Friedrich’s ataxia, spinal muscular atrophy (SMA), myelomeningocele, cerebral palsy (CP), and recurrent clubfoot. A unilateral cavus foot deformity can have the same causes, but should also consider previous trauma, peripheral nerve injury, poliomyelitis, tendon injury, or prior compartment syndrome.
 A detailed evaluation of strength, sensation, reflexes, and vascularity is required. A new or progressive cavovarus foot deformity should raise concern for underlying neurologic abnormalities and a referral to neurology and advanced imaging of the spine and brain with MRI is indicated. A cavovarus foot should be considered a manifestation of an underlying neuromuscular disorder until proven otherwise.
 The first step in treatment of a cavus foot deformity is to diagnose and treat any potential underlying cause (i.e. neuromuscular disorder). Non-operative treatment options for a cavus foot include arch supports and shoe modifications. However, many severe cavus foot deformities in children do require surgery in the long term as the deformity is often progressive.
 Indications for surgery are progressive deformity, pain, pressure injuries, and gait instability. When deciding on surgical management, it is important to understand how rigid or flexible the deformity is and where. The hindfoot and forefoot are the important considerations and one may be flexible while the other stiff. This can be accomplished by using the Coleman block test as described. This test helps the examiner determine whether the deformity is forefoot or hindfoot driven, and what aspects of the foot need to be addressed during surgical reconstruction. There is not one surgical procedure for the management of a cavovarus foot, but rather there are many procedures that may be performed to address whatever aspects of the patient’s foot are contributing to the deformity.
 Surgical treatment can be divided into these broad categories: soft tissue, osteotomy, arthrodesis. Contractures should be released and the soft tissues should be rebalanced in all cases. In flexible feet, this may be all the surgery that is required. In more advanced cases with stiffness or rigidity, osteotomies to correct the adaptive boney changes are required. Finally, in cases of advanced rigid deformities, older patients may consider fusion as a last resort.
 The biggest risk factor for a cavus foot deformity is an underlying neuromuscular disorder.
  
 Miscellany
 Metatarsus adductus has also been called “bean foot” due to the shape.
 The navicular is known as the scaphoid of the foot. Both names refer to the “boat shape” of the bone (sharing roots with the word “navy” and “skiff”).
  
 Key Terms
 Cavus, cavovarus, metatarsus adductus, flatfoot, hindfoot, forefoot, Silfverskiöld test, tarsal coalition, rigid flatfoot, subtalar joint, calcaneonavicular joint, navicular, tarsal bones, tibialis posterior
  
 Skills
 Recognize the normal shape of the foot. Distinguish relationships between the forefoot, midfoot, hindfoot. Distinguish a flexible from a rigid flat foot. Be able to identify a cavus foot deformity. Understanding the “peek-a-boo” sign. Understand how to perform and interpret the Coleman block test. Recognize that there may be many normal anatomical variants in the foot with bony structure.
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		Pediatric Fractures of the Lower Extremities

								

	
				Pelvic Avulsion Injuries
 Pelvic avulsion fractures occur in children and adolescents because their muscles and tendons are stronger than the area of bone (the secondary ossification centers) where the tendons attach. These fractures occur after a strong and sudden muscle contraction, which pulls the bony insertion site off of the pelvis. This typically occurs in track athletes and soccer players, who frequently perform eccentric contractions. The most common pelvic avulsions are of the anterior superior iliac spine (ASIS) by the sartorius; of the anterior inferior iliac spine (AIIS) by the rectus femoris;  and of the ischial tuberosity by the hamstrings.
 Athletes with pelvic avulsion fractures will present with pain at the avulsed insertion site and pain with concentric contraction of the involved muscle or muscles. The differential diagnosis includes muscle strain and other patterns of pelvic and/or acetabular fracture. High energy trauma and intra-abdominal injury are red flags that may indicate a more complex pelvic fracture involving the pelvic ring or acetabulum. AP pelvis radiographs are usually sufficient to diagnose pelvic avulsion fractures, but additional radiographs or a CT scan can be obtained when the diagnosis is uncertain or higher energy pelvic fractures are suspected. The radiographs will reveal a separation of the insertion site (i.e. ASIS or AIIS) from the rest of the pelvis. Treatment of these injuries is almost always non-operative because the pelvis remains stable. NSAIDs and crutches for four to six weeks can be prescribed for symptomatic treatment until the fracture heals, followed by a slow return to sports. These fractures usually heal and do not result in significant long-term sequelae.
  
 Femoral Shaft Fractures
 Femoral shaft fractures are described based on their location and fracture pattern. Patients will present with leg pain, refusal to ambulate, or a deformity after a fall or other trauma. Physical exam should include a complete evaluation for other associated injuries, particularly in the setting of high energy trauma. Differential diagnoses include proximal femur and femoral neck fractures, hip dislocation, and distal femoral physeal fractures.
 An important red flag is a young child with a femoral shaft fracture who is not yet of walking age. The risk of non-accidental trauma in these children is very high and should be considered during the workup.
 Femoral shaft fractures can be diagnosed with an AP and lateral femur radiograph. Advanced imaging is usually not necessary unless the fracture extends proximally or distally into a physis.
 Treatment is based primarily on age and size of the child as well as stability of the fracture pattern. Children younger than 6 months old can be treated in a soft harness. In this age group, the fracture is apt to heal without significant sequelae because of the bone’s remodeling potential. Children 6 months to ~6 years old can usually be treated successfully with a hip spica cast. Many pediatric femoral shaft fractures are low energy injuries with a spiral pattern. These fractures are not at significant risk for shortening. Furthermore, because the injured bone typically overgrows the contralateral side by up to 2 cm, the mild shortening that will occur during spica cast treatment is well-tolerated (Figure 1).
 [image: ]Figure 1: Radiographs demonstrating a femoral shaft fracture at injury (panel 1), one week after initial casting (panel 2), and two months after casting with complete healing (panel 3). The green star and lines in panel 2 denote the area where the cast was wedged to better align the bone. Older children between 6 and 12 years old are treated based on their weight and fracture pattern. Children in this age group weighing less than 50 kg with stable fracture patterns are treated with flexible intramedullary nails. Fractures in heavier children or those with unstable fracture patterns are treated with surgical plating. Children older than 12 years of age can be treated with rigid intramedullary nails using a lateral trochanteric entry point. This surgical approach minimizes the risks of damaging the blood supply to the femoral head and of resultant avascular necrosis. Most femoral shaft fractures typically heal without future functional deficits.
  
 Tibial Tubercle Fractures
 The tibial tubercle is the insertion site of the patellar tendon, an apophysis just distal to the proximal tibial epiphysis during growth. Eccentric contraction of the quadriceps, as seen during the landing from a jump, can avulse the tibial tubercle.
 The clinical presentation of tibial tubercle fractures includes pain, ecchymosis, and deformity over the fracture site. Patients will often be unable to perform a straight leg raise. Fractures that extend into the knee joint will be associated with a hemarthrosis. The differential diagnosis includes proximal tibial shaft fractures, tibial spine fractures, and patellar sleeve fractures. Red flags are any signs or symptoms of lower extremity compartment syndrome.
 Radiographs of the knee are used to diagnose tibial tubercle fractures; a CT scan of the knee can also be obtained for diagnosis and surgical planning when the fracture pattern is unclear.
 The treatment of tibial tubercle fractures is dictated by the fracture pattern and displacement. Fractures of the tip of the tibial tubercle can be immobilized in knee extension if they are non-displaced and if the extensor mechanism remains intact. Fractures that extend between the tubercle apophysis and the proximal tibial epiphysis are usually treated surgically with open reduction and internal fixation of the tibial tubercle in order to restore/preserve the extensor mechanism. Arthrotomy or arthroscopy might be needed in some cases to ensure that the meniscus is not trapped in the fracture site (Figure 2).
 [image: ]Figure 2: Lateral radiograph (A) and sagittal CT scan (B) demonstrating a displaced tibial tubercle fracture extending through the tubercle apophysis and into the anterior epiphysis, as well as an intraoperative lateral radiograph after reduction and screw fixation of the fracture (C). Compartment syndrome is the most concerning short-term complication of tibial tubercle fractures; and patients should be monitored after both surgical and nonsurgical treatment of their injury. Injury and growth arrest of the tibial tubercle apophysis can also lead to a recurvatum deformity of the knee over time. This is a greater concern in younger patients, as they have more growth remaining. Younger patients should therefore be monitored with periodic radiographs. The most common complication of surgical treatment is symptomatic hardware over the tibial tubercle. This is seen because there is minimal soft tissue coverage in this area. Many patients thus elect to have their hardware removed after their fractures have healed.
  
 Tibial Spine Fractures
 The tibial spine is the intra-articular insertion point of the anterior cruciate ligament (ACL). Fractures of the tibial spine have long been described as an “ACL tear equivalent” condition because the mechanism of injury and resultant instability are similar. Fractures of the tibial spine are far less common than ACL tears, even in the pediatric population.
 Patients with tibial spine fractures often present with knee pain and hemarthrosis after a contact or non-contact sports injury. Their exam can be limited by pain and swelling, and the differential diagnosis of a knee hemarthrosis in children is an ACL tear, osteochondral or intra-articular fracture, meniscal tear, or patellar dislocation. Red flags include extremely limited motion, which may indicate an associated bucket handle meniscus tear or large intra-articular osteochondral fragment, as well as inability to perform a straight leg raise, which may indicate a patellar sleeve or tibial tubercle fracture. The diagnosis can be made with AP and lateral radiographs of the knee, which will show displacement of the tibial spine fragment. An MRI is often performed to evaluate for additional intra-articular injuries, including meniscus tears and osteochondral fractures, which are commonly associated with tibial spine fractures. The MRI can also help to more accurately define fracture displacement, which is an important consideration in treatment decision-making.
 Tibial spine fractures that are non-displaced or minimally displaced can be treated in a long leg cast with the knee in extension. If there is more than 5 mm of displacement, surgical reduction would be needed to restore tension to the ACL. Surgical treatment can be either open or arthroscopic, with either suture or screw fixation.
 The most common complication of tibial spine fractures, particularly those with more severe fracture displacement or a longer operative time, is arthrofibrosis. Arthrofibrosis produces knee stiffness in both flexion and extension. Immobilization of the knee for more than four weeks is a known risk factor for arthrofibrosis and is accordingly avoided whenever possible.
  
 Patellar Sleeve Fractures
 A patellar sleeve fracture is an avulsion of the inferior pole of the patella. The mechanism of injury is a forceful eccentric contraction of the quadriceps. Instead of rupturing the patellar tendon, as would be seen in adults, this contraction avulses a fragment of distal patellar bone and cartilage (i.e., the “patellar sleeve”).
 Patients present with anterior knee pain, hemarthrosis, and inability to perform a straight leg raise (i.e., the extensor mechanism is not intact). In some cases, with wide displacement of the fragments, a defect can also be felt over the distal patella at the location of the injury.
 The differential diagnosis for this injury includes tibial tubercle fractures, distal femur physeal fractures, and intra-articular injuries like osteochondral fractures and tibial spine fractures. The primary red flags for this injury are signs and symptoms of vascular injury or compartment syndrome, which may indicate the presence of another injury, such as a distal femur fracture or tibial tubercle fracture.
 Patellar sleeve fractures are diagnosed with AP and lateral radiographs of the knee. These images will usually reveal at most a small bony fragment. Nonetheless, there is often a large piece of patellar cartilage attached to this bone and not apparent on radiographs as well. Patella alta and a knee effusion will also indicate the disruption of the extensor mechanism on radiographs and confirm the diagnosis (Figure 3).
 [image: ]Figure 3: A lateral radiograph of the knee, demonstrating an avulsed distal patellar bone fragment is shown at left. The image at right is the same x-ray, with the cartilage and bone fragment highlighted in yellow and red, respectively. Note also the proximal migration of the rest of the patella. Treatment of patellar sleeve fractures is surgical, as the extensor mechanism must be restored in order to regain active knee extension. In addition, fixation of the fracture will restore the articular surface of the patella when a large chondral fragment is attached to the distal pole fragment. Potential complications of patellar sleeve fractures are residual extensor lag, quadriceps weakness, and loss of reduction and malunion or non-union of the fracture site, although these complications are uncommon.
  
 Transitional Ankle Fractures
 When children are nearing the end of their growth, the distal tibial physis does not close all at once. Rather, the central region of the physis begins to close first. The medial region closes next, and the lateral region is last. Because the open physis is weaker than the nearby bone, common patterns of “transitional” ankle fractures occur.
 The triplane fracture is Salter-Harris Type IV injury involving the epiphysis, physis, and metaphysis. In this injury, there are, as the name implies, three distinct fracture lines: one through the epiphysis in the sagittal plane, another through the open physis in the axial plane, and a third through the metaphysis in the coronal plane.
 The Tillaux fracture is a fracture of the anterolateral epiphysis, or a Salter-Harris Type III injury.
 Triplane and Tillaux fractures are two of the most common transitional ankle injuries, but other variants can occur.
 Most injuries occur after an ankle twisting mechanism, and patients present with ankle pain, swelling, and inability or decreased ability to bear weight. Examination of the skin and a distal neurovascular exam should be performed. The differential diagnosis for transitional ankle fractures includes ankle sprain, extra-physeal fractures of the distal tibia or fibula, and syndesmotic ankle injury. Red flags include an open fracture and other severe soft tissue injury that may indicate a higher energy injury.
 Transitional ankle fractures can be diagnosed with radiographs of the ankle, as well as radiographs of the knee, tibia and fibula, and foot, to rule out associated injuries. Because transitional fractures are intra-articular, a CT scan is often needed to help define the injury pattern and determine the degree of displacement (Figure 4).
 [image: ]Figure 4: Axial (A) and coronal (B) CT scan images of an ankle demonstrating a tillaux fracture injury pattern (T=tibia, F=fibula). Treatment is typically chosen based on the amount of fracture displacement inside of the joint itself, and the goal of treatment is to restore a congruent joint line. Non-displaced fractures can be treated with non-weightbearing in a long leg cast and transition to a short leg cast for a total of four to six weeks. Fractures with >2 mm of displacement inside of the joint are treated with open reduction and usually one to two percutaneous screws, depending on the fracture pattern, followed by a period of casting and non-weightbearing.
 Physeal arrest causing a clinically significant leg length discrepancy or angular deformity is usually not a concern with these fractures. That is simply because patients who sustain these fractures are older and have minimal growth remaining.
  
 Skills
 Understand the growth center relationship to unique pediatric fractures. Be able to perform a neurovascular exam of a child with a supracondylar humerus fracture or triplane ankle fracture. Understand the differential diagnosis for a hemarthrosis of the knee in children and adolescents.
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		Cervical Radiculopathy and Myelopathy

								

	
				Both the spinal cord itself and the exiting nerve roots are subject to compression in the cervical spine. Compression neuropathy of the nerve roots is termed radiculopathy; pressure on the cord can produce myelopathy.
 Radiculopathy can be caused by chronic overgrowth of the bone and soft tissue or acute disc herniation. Cervical radiculopathy presents as unilateral arm pain, paresthesias, or weakness in the areas innervated by the compressed nerve.
 Myelopathy is usually caused by degenerative cervical spondylosis.  Myelopathy presents in older patients as bilateral paresthesias, loss of dexterity, and impaired gait. Myelopathy can also be acute due to a large central disc herniation that compresses the spinal cord. Traumatic injuries to the cervical spine that result in bony or soft tissue compression of the cervical spinal cord can also cause myelopathy.
  
 Structure and Function
 The spinal cord exits the cranium through the foramen magnum to enter the spinal canal. In the cervical spine, branches off the cord form the cervical nerve roots and exit through their neural foramina. The remaining cord passes to the thoracic and lumbar regions.
 The cervical canal is normally about 17 mm in diameter, but varies by individual. Thus, the amount of space for the neural elements is best considered in relative terms: the ratio of the sagittal diameter of the canal to the corresponding measurement of the vertebral body. This is known as the Torg-Pavlov ratio and is usually equal to 1 (Figure 1).
 [image: ]Figure 1: To calculate the Torg-Pavlov ratio, the sagittal diameter of the spinal canal (A) is measured from the posterior surface of the vertebral body to the nearest point of the corresponding spinal laminar line. The sagittal diameter of the vertebral body (B) is measured at the midpoint between the anterior surface and the posterior surface. The Torg-Pavlov ratio is A/B. (The drawing and radiograph are modified from Clin Orthop Surg. 2009 Mar; 1(1) via creative commons license.) The spinal cord takes up an increasing fraction of the spinal canal moving distally: the cord takes about 50% of the space at C1, but about 75% at C6. Narrowing of the canal, or stenosis, can lead to compression of the spinal cord and symptoms of myelopathy.
 The most common cause of cervical stenosis and resulting myelopathy is age-related degenerative change. Degenerative change includes protrusion of the discs, hypertrophy of the ligaments and osseous overgrowth. Degenerative change can also produce a slippage of one vertebral body over the other (spondylolisthesis) which can compress the cord as well. Degenerative changes are most frequently seen at C5, C6 and C7.
 Congenital stenosis is also possible, although much less common. Rheumatoid arthritis, producing both synovial overgrowth as well as slippage from facet arthritis, might also reduce the amount of space available for the spinal cord.
 At each cervical level, dorsal (sensory) and ventral (motor) neurons combine to form nerve roots. These roots exit the spine through the lateral neural foramen. It is important to keep in mind, that in the cervical spine, each named nerve root exits above the corresponding vertebral pedicle, that is, the C6 nerve root exits between C5 and C6 (Figure 2) whereas in the thoracic and lumbar spine, the nerve roots exit below the corresponding pedicle (i.e. the L2 nerve root exits between L2 and L3). The C8 nerve root exits between C7 and T1 to allow for this transition.
 [image: ]Figure 2: The cervical nerve roots are shown and labeled in blue, and the vertebral bodies are shown and labeled in brown. As noted, the C-6 root exits above the C6 vertebral body. 
 
 
 The cervical nerve roots travel from the cord in a horizontal orientation, whereas lumbar nerve roots travel distally with vertical orientation before moving laterally. Thus, in the cervical spine, both centrally-located and peripheral masses will compress the same nerve root. By contrast, in the lumbar spine, a lateral or foraminal mass will compress the nerve root on the verge of exit, whereas a central or paracentral disc herniation will compress the nerve root that is traveling distally to exit one level lower (the traversing nerve root).
 The distinctions between cervical and lumbar nerve herniations based on central vs lateral location is demonstrated in Figure 3.
 [image: ]Figure 3: The cervical nerve roots, left panel, diverge from the spinal cord horizontally, such that a central disc herniation (shown as a red circle) and a lateral disc herniation (black circle) compress the same nerve root: i.e., a C 5/6 disc herniation compresses the C6 root, as shown, independent of how lateral the disc herniation might be. On the other hand, in the lumbar spine (shown at right) the nerve root travels distally in a vertical orientation close to the cord for approximately one vertebral level. Thus, a central disc herniation of the L 4/5 disc (shown in red) will compress the traversing L5 nerve root that is still central (the L5 root is shown in purple, terminating at the red star), yet a lateral disc herniation at this level (black circle) will compress the exiting L4 root (shown in green, terminating at the black star).  
 
 
 
 
 Patient Presentation
 Cervical spine stenosis is often asymptomatic. Also, myelopathy and radiculopathy are not exclusive: a combined condition termed myeloradiculopathy due to age-related degenerative changes can be present. The entire clinical picture–history, physical, and diagnostic imaging–must be considered.
 Myelopathy first presents with neck pain or stiffness. There is extremity numbness and tingling in a non-dermatomal distribution, usually bilaterally, affecting first the upper and then the lower extremities. There is motor weakness, difficulty with fine motor function, and decreased coordination; there may be gait instability and urinary incontinence with more progressive compression.
 The neurologic exam will reveal weakness (though this can be subtle) and decreased ability for rapid, repetitive movements. Abnormal proprioception (as seen on the “finger to nose with eyes closed” test) may be present. Additional findings include hyperreflexia and impaired heel-toe walking.
 Cord compression may be suggested by two special signs: the Hoffmann sign and the Babinski reflex. The Hoffman sign (Figure 4) is noted when there is involuntary flexion or adduction of the thumb when the examiner flicks the fingernail of the middle finger down. Babinski’s sign (Figure 5) is seen when the great toe extends involuntarily in response to the examiner’s scratching the outer underside of the patient’s foot. The normal response is for the toes to curl downwards. (Babinski’s sign is also present in normal babies under the age of 2 months.)
 [image: ]Figure 4: Hoffman sign is seen when the thumb involuntarily adducts or flexes in response to the examiner’s flicking of the middle finger. [image: ]Figure 5: Babinski’s sign is observed when the great toe extends involuntarily in response to the examiner’s scratching the outer underside of the patient’s foot. Radiculopathy may also present with neck pain or stiffness, but the characteristic finding is pain and paresthesias in a dermatomal distribution in the arm (Figure 6).
 [image: ]Figure 6: Dermatomes of the upper extremity. (Modified from http://www.cmej.org.za/index.php/cmej/article/view/2708/2829) There may also be weakness and abnormal reflexes, as follows:
 	C5: Deltoid and biceps weakness. Decreased biceps reflex.
 	C6: Brachioradialis and wrist extension weakness. Decreased brachioradialis reflex.
 	C7: Triceps and wrist flexion weakness. Decreased triceps reflex.
 	C8: Intrinsic hand muscle weakness.
 
  
 Objective Evidence
 In evaluating patients for cervical stenosis, myelopathy or radiculopathy, radiographic images are crucial, starting with a cervical x-ray series (lateral, AP, oblique, and flexion/extension views are commonly used). Cervical stenosis can be categorized as “absolute stenosis” when the spinal canal diameter measures less than 10mm, or as “relative stenosis” when the diameter is 10 to 13mm. Stenosis is also suggested with a Torg-Pavlov ratio <0.8.
 Cervical x-rays (Figure 7) may show significant degenerative changes such as osteophytes, disc space narrowing or facet joint hypertrophy.
 [image: ]Figure 7: lateral radiograph showing spondylosis (degenerative disc space narrowing and osteophytic spurring) in the cervical spine. On flexion, there is an anterolisthesis of C4 with respect to C5 secondary to degenerative facet joints; this likely contributes to canal stenosis at C4/5. (Case and caption courtesy of Dr Yi-Jin Kuok, Radiopaedia.org, rID: 18348) CT without contrast can provide information on the cervical vertebrae and cervical stenosis, but the limited soft tissue information reduces its utility. CT myelography can be used to visualize the space around the neural elements in patients with contraindications to MRI. In this test, a contrast medium is injected into the intradural space. Because this is an invasive test, it should be employed with proper prudence.
 MRI is the study of choice for evaluating spinal cord or root compression (Figure 8). However, false positive findings are common. (Note that many asymptomatic people greater than 40 years of age will have some MRI abnormality). Findings must be evaluated in the context of appropriate presentation, and thus MRI should not be used as a screening test but to answer a specific clinical question.
 [image: ]Figure 8: MRI showing cervical canal stenosis worse at C3/4 due to posterior osteophyte disc complex. There is associated spinal cord edema corresponding to myelopathy. (Case courtesy of Dr Yi-Jin Kuok, Radiopaedia.org, rID: 18348) Electromyogram and nerve conduction studies can be used to localize peripheral nerve damage, however these studies are often operator-dependent and is unpleasant for many patients. This test should be used only to answer a specific question about treatment, and certainly not to rule-out cervical pathology. EMG/NCV is useful when trying to determine the extent of peripheral nerve involvement in patients with cervical myelopathy.
 No specific lab findings exist for myelopathy or radiculopathy.
  
 Epidemiology
 Cervical spine stenosis, though often asymptomatic, is quite common in the general population and correlates with age, as degenerative changes of aging (spondylosis) is the most common cause of stenosis. An estimated 5% of the general adult population, 7% of those over 50 years of age, and 9% of those over 70 years of age have cervical stenosis.
 The exact proportion of people with asymptomatic cord compression that will go on to develop symptoms is not known. A prospective study of 199 people with cord compression seen on an MRI obtained because of neck pain or radiculopathy yet who did not show signs of myelopathy found that about 25% developed myelopathy within 2 years.
 Because degenerative change is often the cause of cervical myelopathy, this condition has an increasing prevalence with age. Both sexes are affected equally by cervical myelopathy, although males usually have earlier onset of symptoms (50s in men vs 60s in women). Myelopathy is responsible for approximately 4 hospitalizations per 100,000 people per year in the US.
 The prevalence of cervical radiculopathy also increases with age. The incidence rate peaks between 50 to 59 years of age. Overall, the annual incidence is approximately 85 cases per 100,000 people per year in the US, with a 2:1 male to female incidence ratio.
  
 Differential Diagnosis
 When myelopathy and/or radiculopathy are suspected, the following should be considered:
 	Movement disorders: more common in the elderly. Symptoms such as tremors or, bradykinesia are clues.
 	Vitamin B12 deficiency can present with numbness, tingling, and decreased proprioception. However, motor symptoms are usually absent or mild.
 	Multiple sclerosis: can present with weakness and sensory abnormalities that are non-dermatomal. However, symptoms are most often remitting-relapsing rather than progressive as myelopathy and radiculopathy are.
 	A stroke affecting the motor and/or sensory cortex may present similarly to myelopathy or radiculopathy. However, neck pain is not a component of strokes and other neurologic deteriorations (changes in mental status, aphasia, etc.) are likely to be present in cases of stroke.
 	Peripheral nerve syndromes: Carpal tunnel syndrome (median nerve), Cubital tunnel syndrome (ulnar nerve), and other peripheral nerve compression/injury syndromes may present with dermatomal, unilateral symptoms that may be confused with radiculopathy. If physical exam findings are ambiguous, an EMG with NCS may help localize the area of nerve damage.
 
  
 Red Flags
 	Any weakness or sensory symptoms after trauma to the neck. Make sure to obtain imaging to rule out fractures or instability.
 	History of cancer. There may be metastasis to the cervical spine or brain.
 	Neurological deficits beyond just extremity weakness or numbness. Must evaluate for stroke or other vascular pathologies.
 
  
 Treatment Options and Outcomes
 The presence of asymptomatic cervical stenosis detected incidentally on imaging is not an indication for treatment.
 Patients with mild disease with little-to-no functional impairment or moderate disease with contraindications for surgery can be treated with rest, NSAIDs and muscle relaxant medication. If there is weakness, physical therapy of the neck and affected extremities are beneficial.
 Patients with radiculopathy may benefit from selective nerve root corticosteroid injections.
 When patients’ symptoms are severe or function markedly impaired, operative measures should be considered. The basic goal of all operative interventions is decompression of the spinal cord or the nerve root(s) and thereby preventing progression and restoring function. Multiple surgical techniques exist, including anterior decompression and fusion (Figure 9); laminectomy with posterior fusion; laminoplasty, in which a portion of the lamina is removed to enlarge the neural foramina; and prosthetic disc replacement (Figure 10).
 Anterior cervical discectomy and fusion is indicated for persistent radicular pain that has not resolved with conservative management. This surgery is highly successful for single level disease, but with substantial multilevel disease, the surgery is more likely to fail. (The name of the operation is “fusion,” but is more accurately be termed “attempted fusion:” especially with surgery at multiple levels, not always do the bones unite as hoped.)
 [image: ]Figure 9: AP (right) and lateral (left) radiographs showing a plate and screws holding a cervical anterior cervical discectomy and fusion. (Case courtesy of Assoc Prof Craig Hacking, Radiopaedia.org, rID: 38120) [image: ]Figure 10: Extension and flexion radiographs showing an artificial disc with preserved segmental motion. (From https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-019-2509-0) Non-operative treatment produces good outcomes in patients with mild symptoms as well as in those with larger spinal cord areas (>70mm2). Up to 75% of patients with radiculopathy will recover with just non-operative measures, as the herniated disc and associated compression/inflammation of the nerve roots may resolve over time. However, in patients with severe symptoms, non-operative treatments usually fail.
 The majority of patients with radiculopathy resolve their symptoms after operative intervention (more than 90% in some studies). Many patients with myelopathy also report improvements in overall pain and symptoms with operative treatment, but the success rate is lower.
 Procedures involving a fusion of three or more vertebral bodies place the cervical levels above and below the fusion at risk for accelerated degeneration. This is termed “adjacent segment disease.”
 Holistic Medicine
 A report from the Mayo Clinic (https://www.mayoclinic.org/tests-procedures/chiropractic-adjustment/about/pac-20393513, visited 7/15/2021), suggests that chiropractic adjustments might be ill-advised for cervical spondylosis. This report claimed that “Serious complications associated with chiropractic adjustment are overall rare, but may include …a herniated disk or a worsening of an existing disk herniation…[and] a certain type of stroke after neck manipulation.” Patients were therefore advised to not seek chiropractic adjustment if they have “numbness, tingling, or loss of strength in an arm or leg” or “a known bone abnormality in the upper neck.”
  
 Risk Factors and Prevention
 The most common risk factor for cervical myelopathy and radiculopathy are age-related degenerative changes. Cervical canal stenosis, whether primary or secondary, is also an independent risk factor for developing myelopathy.
 Smoking is the main modifiable risk factor for radiculopathy.
 Reducing stress on the cervical spine through maintaining good posture and avoiding excessive loading can theoretically help slow the progression of the degeneration, although this is unproven.
  
 Miscellany
 The “Double crush hypothesis” maintains that compression of a nerve root in the cervical spine may make the distal nerve it supplies more susceptible to impairment. In particular, in the presence of cervical spondylosis or a cervical disc herniation, a patient may develop carpal tunnel syndrome from a lesser degree of median nerve compression than is ordinarily needed. The thought is that the proximal compression disrupts axonal transport along the nerve. This is intuitively appealing, but not proven. (It is likely that the hypothesis will remain unproved: proving causality would require sham-controlled, experimentally-induced nerve root compression, and that would be ethically impermissible.)
  
 Key Terms
 Spondylosis, myelopathy, radiculopathy, dermatome
  
 Skills
 Perform a comprehensive neurologic exam, including a detailed sensory exam, to determine whether symptoms are dermatomal or non-dermatomal in nature. Know the dermatome map of the cervical nerve roots. Be familiar with provocative physical exam maneuvers that may help distinguish cervical spine pathologies from isolated shoulder/arm pathologies.
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		Burners and Stingers

								

	
				A burner or stinger is characterized by brief, unilateral arm pain, paresthesias or weakness after an injury or a specific inciting event. A burner or stinger is caused by a transient brachial plexus injury (so-called neuropraxia) due to traction, compression, or direct trauma to the brachial plexus. It is often associated with collision sports injuries, such as football, that causes bending of the neck and/or displacement of the arm. Treatment is usually not necessary, and players can return to play when and if there is complete resolution of symptoms.
  
 Structure and Function
 The brachial plexus comprises of nerve roots from C5-T1 (Figure 1). There are five regions to the brachial plexus from proximal to distal: Roots, Trunks, Divisions, Cords, Branches.
 [image: ]Figure 1: A “wiring diagram” of the brachial plexus. (from https://en.wikipedia.org/wiki/Brachial_plexus) Roots – The nerve roots are composed of the ventral and dorsal components, each carrying motor and sensory information, respectively. The two combine to form the cervical nerve roots and exit the spine. The 5 cervical roots combine to form 3 trunks.
 Trunks – The superior (C5, C6), middle (C7), and inferior (C8, T1) trunks emerge between the anatomical triangle formed by the anterior scalene muscle, middle scalene muscle, and the first rib. After traversing a short distance, each trunk divides into anterior and posterior divisions.
 Divisions – There are six divisions (3 anterior, 3 posterior) that combine into 3 cords, which now have different coverage from the C5-T1 roots compared to the 3 trunks.
 Cords – The posterior cord (C5-C8) is formed from the 3 posterior divisions. Prior to the final branches, the posterior cord gives off the upper subscapular nerve (C5, C6; innervates subscapularis), the lower subscapular nerve (C5, C6; innervates subscapularis and teres major), and the thoracodorsal nerve (C6-C8; innervates latissimus dorsi).
 The lateral cord (C5-C7) is formed from the anterior divisions of the superior and middle trunks. Prior to its final branching, it gives off the lateral pectoral nerve (C5-C7; innervates pectoralis major).
 The medial cord (C8, T1) is formed from the anterior division of the inferior trunk. Prior to its final branching, it gives off the medial pectoral nerve (C8, T1; innervates pectoralis minor and major), the medial brachial cutaneous nerve (T1), and the medial antebrachial cutaneous nerve (C8, T1). Each cord gives off two terminal branches.
 Branches – There are five terminal branches (two branches form the median nerve).
 	The axillary nerve (C5, C6) derives from the posterior cord and travels to the glenohumeral joint. It mainly innervates the deltoid as well as sensation to the lateral shoulder.
 	The radial nerve (C5-T1) derives from the posterior cord and runs medially along the arm with the long head of the triceps until it crosses laterally across the humerus via the spiral groove. The nerve supplies the elbow and forearm extensors and supinators. The nerve also provides sensation to the distal-lateral arm, the posterior forearm, and the posterior aspect of the radial side of the hand (thumb to middle finger).
 	The median nerve (C5-C7) derives from the medial and the lateral cord. The cords join anterior to the axillary artery and then travels with the artery along the arm. The nerve innervates most wrist flexors and pronators as well as the two lumbricals on the radial side of the hand. The nerve provides sensation to the anterior aspect of the radial side of the hand.
 	The musculocutaneous nerve (C5-C7) derives from the medial cord and pierces through the coracobrachialis muscle to become the most superficial branch. The nerve innervates the biceps, coracobrachialis, and brachialis. The nerve provides sensation to the lateral forearm.
 	The ulnar nerve (C8, T1) derives from the medial cord and runs along the medial aspect of the arm, through the cubital tunnel at the elbow and through Guyon’s canal at the wrist. The nerve innervates the flexor carpi ulnaris, the adductor pollicis, and the intrinsic hand muscles (except the two radial lumbricals innervated by the median nerve). The nerve provides sensation to the whole ulnar aspect of the hand.
 
 Most cases of stingers affect the C5/C6 nerve roots or the upper trunk of the plexus.
 The most common cause of injury is due to traction on the brachial plexus rather than direct trauma. This can occur in ipsilateral shoulder depression and neck deviation towards the contralateral side, often seen in tackling, which causes stretching of the brachial plexus on the ipsilateral side.
  
 Patient Presentation
 Most athletes present after particularly high-impact collisions, with immediate onset of unilateral, radiating, and severe burning pain down the arm. This may be accompanied by paresthesia in the related sensory dermatome (the area of skin sensation supplied by a given spinal nerve) and motor weakness. Players may be supporting the affected arm using the other arm to relieve tension. Neck pain is usually not present.
 On physical exam, transient sensory disturbances (numbness, tingling, burning, or radiating pain) in the affected arm are common (Figure 2). There may be transient, unilateral weakness in the affected arm with normal biceps reflexes (Figure 3 – Figure 7). (Transient hyporeflexia may be present in a minority of patients).
 [image: ]Figure 2: The sensory dermatomes as shown on the volar (palmar) side of the arm. Lesions at the given level would be expected to produce sensory changes in these locations, if any. [image: ]Figure 3: C-5 Motor exam: assessing shoulder abduction. With the elbow flexed, the patient abducts the shoulder to 90. The examiner pushes down on the elbow as the patient resists with deltoid activity. [image: ]Figure 4: The C-6 Motor exam: assessing wrist extension. With the forearm pronated, the patient extends the wrist. The examiner can assess strength by pushing down on the knuckle of the index finger as the patient resists with radial wrist extensor activity. [image: ]Figure 5: The C-7 Motor exam: assessing wrist flexion. With fingers extended, the patient flexes the wrist. The examiner pushes against the palm to force the wrist into extension as the patient resists. (As with the C-6 exam, the patient’s fingers are positioned to eliminate the indirect effect of finger muscles on wrist motion.) [image: ]Figure 6: The C-8 Motor exam: assessing finger flexion/grip strength. Have the patient attempt to squeeze the examiner’s index and long finger simultaneously. [image: ]Figure 7: The T-1 Motor examination: assessing finger abduction. Ask the patient to spread (abduct) the fingers and hold that position; the examiner can assess strength by attempting to resist this as shown.The lower extremity exam should be normal, and if it is not, the diagnosis of a stinger is questioned. The key finding is that these symptoms, if present, should be transient. The vast majority of cases resolve within a few minutes to days.
 All cases of stingers can be classified into 3 grades. Grade 1 stingers are due to neuropraxia (intact axon but demyelinated). There may be temporary loss of sensation and/or motor function up to days. Grade 2 stingers are due to axonotmesis (axon damage). This produces more significant motor and/or sensory deficits which may last up to several weeks. Last, Grade 3 stingers are due to neurotmesis (severed nerves). This may produce enduring symptoms that may never fully resolve.
  
 Objective Evidence
 In most cases of first-time stingers, imaging is not necessary. Initial imaging, if obtained, usually consists of anterior-posterior, lateral, and oblique views of the cervical spine and shoulder area. No abnormal findings are found in most cases of simple stingers. If there are concerns for further pathology due to Red Flag findings mentioned below, and if initial imaging is normal, cervical MRI should be obtained to evaluate the spinal cord, nerve roots, vertebral discs, ligamentous injury, or vertebral fractures.
 There are no specific laboratory findings associated with stingers or other cervical spine diseases.
  
 Epidemiology
 Stingers are most commonly seen in football players, but can also be seen in hockey, lacrosse, and rugby players. This is because the mechanism of injury is usually forced rapid lateral neck flexion, which can occur during tackling and can cause traction or compression injuries to the brachial plexus. It is estimated that over 50% of football players have reported at least one stinger during their career. The true prevalence of this condition is not known, mainly due to its transient nature and the tendency of players to not report or underreport their symptoms.
  
 Differential Diagnosis
 The differential diagnosis for stingers is relatively narrow but should be considered in any cases when red flags (as discussed below) are present.
 	Cervical radiculopathy: Consider if symptoms persist beyond 24 hours. MRI can help assess for radiculopathy. Presentation may be similar to burners and stingers, other than the timeframe of symptoms.
 	Shoulder dislocation or acromioclavicular joint injury: Injury to the bony structures of the shoulder should be considered, especially after traumatic sports injuries affecting one arm. X-rays, CT, or MRI can help assess for injuries to the bones or surrounding soft tissue.
 	Thoracic outlet syndrome: This syndrome is thought to be caused by compression of the brachial plexus or subclavian vessels as they pass through narrow passageways leading from the base of the neck and torso out to the arm (the “thoracic outlet”). This compression can cause neck and arm pain and paresthesias in the fingers and hand. At times, the affected hand is pale and cool. Thoracic outlet syndrome seems to be provoked by rotation of the head and neck.
 	Cervical spine stenosis or fracture: In severe cases of collision, the actual spinal canal may be damaged. If this is the case, players may present with bilateral symptoms or have symptoms in their lower extremities, which never occurs with stingers. The cervical spine should be immobilized until further evaluation by CT or MRI.
 
  
 Red Flags
 If any of the following signs are present in a patient presenting for stingers, further workup should be considered to rule out the above differential diagnoses.
 	Bilateral symptoms: Stingers affect only one arm at a time. Bilateral symptoms should raise concern for spinal canal stenosis or cervical fractures.
 	Lower extremity symptoms: Stingers affect only the brachial plexus. Lower extremity symptoms should raise concern for spinal cord injuries.
 	Muscle atrophy: Stingers, due to their transient nature, rarely causes atrophy. If significant atrophy is present, consider recurrent stingers or other pathologies.
 	Symptoms lasting more than 24 hours: While stingers can last longer than 24 hours, the majority of cases last under 24 hours. Further imaging should be pursued if symptoms last for over 24 hours to rule out more dangerous pathologies, covered above.
 
  
 Treatment Options and Outcomes
 The most important step in treating suspected stingers is to remove the player from play for initial evaluation. A quick but thorough exam of all four extremities as well as the neck should be conducted to assess for findings and red flags discussed in this chapter. A player may return to play upon complete resolution of symptoms and once he/she demonstrates normal strength and range of motion of the affected arm. Recurring or persistent symptoms should be evaluated as discussed earlier. If symptoms last for more than a few minutes, cervical x-rays should be strongly considered to evaluate for fractures or dislocations.
 For persistent symptoms, after appropriate work up showing no other pathology, rest and gentle stretching of the affected arm is advised. Physical therapy may be recommended if symptoms persist beyond a few days. Specific stretching and posturing maneuvers can be recommended by the therapist. NSAIDs may be used to alleviate pain during the first few days.
 Surgery is almost never considered for stingers. In rare cases of Grade 3 stingers, due to complete transection of axons, surgery may be attempted to repair the damaged axons, but outcomes are poor.
 Considering that stingers rarely lead to permanent disability, the general prognosis of first-time stingers is excellent. An estimated 85% players are able to return to play within the same game or practice. A history of a prior stinger can increase the incidence of recurrent stingers, but there is no clear evidence of recurrent stingers causing permanent nerve injury.
  
 Risk Factors and Prevention
 The most significant risk factor for the development of stingers is playing contact sports that involve tackling. The majority of such players encounter at least one episode of stingers during their career. The presence of cervical canal stenosis has been associated with increased risk of stingers in athletes.
 Prevention efforts should focus on proper tackling techniques and protective equipment. A more upright tackling position may protect the neck from excessive extension, while increased padding and/or cervical collar may help absorb some of the impact.
  
 Miscellany
 The five sections of the brachial plexus, in order from proximal to distal (roots, trunks, divisions, cords, branches), can be memorized by the following mnemonic (Randy Travis Drinks Cold Beer).
 The three terminal branches that form the famous M of the brachial plexus, in order from lateral to medial (musculocutaneous, median, ulnar), can be recalled by thinking MuMU (µ, M in Greek).
  
 Key Terms
 Cervical spine, brachial plexus, stingers/burners, sensory dermatome
  
 Skills
 Draw a “wiring diagram” of the brachial plexus from memory. (It’s always on the test!) Perform a comprehensive physical exam to evaluate neurologic signs and symptoms. Counsel players on safe sports techniques and appropriate equipment to reduce future recurrences.
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		Scapulothoracic Disorders

								

	
				The scapulothoracic joint is the articulation between the scapula and the thorax. It is not a true joint, but rather the broad contact between the inner surface of the scapula and the rib cage. The scapula is able to slide relative to the rib cage to allow for elevation and depression, along with protraction/retraction, rotation and shoulder abduction. When the arm moves relative to the body, approximately two-thirds of this motion is at the glenohumeral joint and one-third at the scapulothoracic joint. Three relatively common conditions are seen at the scapulothoracic joint. In scapular winging,  the serratus anterior or trapezius fail to stabilize the scapula. (The muscle weakness is in turn caused by dysfunction of the long thoracic or spinal accessory nerves, respectively.) Snapping scapula syndrome is characterized by a grating sensation, often from overuse and scapulothoracic bursitis. With so-called scapulothoracic dyskinesis, abnormal scapula motion disrupts the normal glenohumeral joint mechanics and leads to shoulder pain. It is also possible to have a traumatic disruption of the scapulothoracic joint with high energy trauma. This is known as a scapulothoracic dissociation.
  
 Structure and Function
 The scapulothoracic joint is not a true synovial articulation, but rather is the broad contact between the scapula and the thorax. The only ligamentous connection of the scapula to the body is via the clavicle: the medial clavicle is attached to the sternum, whereas its lateral end is attached to the scapula at the acromion.
 There are 17 muscles that connect the scapula to the arm and the torso. Scapula-to-arm muscles include the four muscles of the rotator cuff, the biceps, the triceps, the coracobrachialis, the deltoid and part of the latissimus dorsi. Scapula-to-torso muscles include the rhomboids, the serratus anterior, and the trapezius. The serratus anterior muscle originates from the ribs and inserts on the medial scapular border; the trapezius originates from the vertebrae and inserts along the scapular spine. Dysfunction of the scapula-to-torso muscles can produce abnormal scapulothoracic motion and thereby disrupt normal glenohumeral joint mechanics. This scapular abnormality can thus be the cause of shoulder pain.
 The scapula is internally rotated about 30° in the coronal plane and is slightly tipped anteriorly in the sagittal plane.
 The scapula is able to move in multiple directions. These motions include elevation (as in shrugging the shoulders) and depression, protraction (moving the scapula laterally and anteriorly along the chest wall) and retraction (moving the scapula medially), and rotation.
 [image: ]Figure 1: A) The 4 basic straight motions of the scapula: elevation (purple) depression (red) protraction (yellow) and retraction (green). B) Medial rotation of the scapula (right scapula rotates clockwise as seen from the rear, medial side up). C) Lateral rotation of the scapula (right scapula rotates counter-clockwise as seen from the rear, lateral side up). (modified from https://radiopaedia.org/cases/scapulothoracic-joint-movements?lang=us) Motion of the scapula affects the position of the glenoid fossa, and in turn influences shoulder function. If the scapula does not move properly, the glenoid fossa will not be oriented for optimal contact with the humeral head. Also, about one-third of the arc of shoulder motion is at the scapulothoracic joint. As such, full range of motion of the shoulder requires normal scapular motion.
 Motion of the scapula when motion is not desired can also lead to dysfunction; a lack of scapulothoracic stability can impede arm function as well.
 The scapulothoracic bursae (plural) facilitate the gliding of the scapula on the chest wall.
 Scapulothoracic bursitis is caused by poor scapular mechanics or a structural lesion (such as an osteochondroma of the scapula). Chronic inflammation leads to fibrosis, which can produce a snapping sensation. Snapping can also be the result of masses such as an osteochondroma or rib cage abnormalities (as may be seen with scoliosis).
  
 Patient Presentation
 A patient with a scapulothoracic disorder may present with shoulder pain, especially with overhead activities, or with focal scapular complaints such as audible or palpable crepitus.
 As always, a thorough physical examination is needed, starting with posture. Scoliosis or kyphosis that may contribute to bony incongruity should be noted. Active and passive glenohumeral motion should be evaluated, assessing scapular motion and the presence of crepitus, if any. Scapulothoracic crepitus is present in about of one-third of individuals without symptoms. Thus, this finding must be correlated to complaints.
 Asking the patient to perform a “wall pushup” can reveal medial winging. The etiology of medial scapular winging is dysfunction of the serratus anterior or the long thoracic nerve that supplies it. There is weakness in protraction of the scapula, and thus the rhomboids and trapezius work unopposed.
 [image: ]Figure 2: Medial winging of the left scapula. (Courtesy of Khadilkar SV, et al. nn Indian Acad Neurol  http://www.annalsofian.org/text.asp?2016/19/1/108/175435) Lateral scapular winging is caused by dysfunction of the trapezius or the spinal accessory nerve that supplies it. In that setting, the serratus anterior works unopposed. This is usually an iatrogenic injury during neck surgery. The scapular flip sign can detect a spinal accessory nerve palsy. This sign is present when the medial scapular border “flips” or lifts from the thoracic wall during resisted shoulder external rotation with the arm at the side.
 “Pseudo-winging” of the scapula can be seen without neuromuscular disease. One such instance would be when a tumor (e.g. osteochondroma) pushes the scapula off the posterior aspect of the chest wall. Psuedo-winging of the scapula can also be seen when patients learn to avoid painful positions by moving their scapula abnormally.
  
 Objective Evidence
 Plain x-rays will help detect osseous abnormalities. Snapping may be due to a mass. If a mass is seen on x-ray, then CT scans can be used for further definition. MRI may identify bursitis and soft-tissue masses.
 Plain x-rays can also find abnormalities that upset normal scapular motion, including AC arthrosis, glenohumeral arthritis, thoracic kyphosis or scoliosis, and clavicular shortening (often due to fracture non-union or malunion).
 Diagnostic injections of local anesthetic can identify or confirm symptomatic bursitis.
 An EMG may confirm the presence of a nerve injury that is responsible for winging.
  
 Epidemiology
 Scapulothoracic disorders are thought to be rare, but may be under-diagnosed. That is, shoulder pain may be incorrectly attributed to primary disorders of the glenohumeral joint, when in fact scapulothoracic dysfunction is the true cause.
 Scapulothoracic dyskinesis is usually found in athletes.
  
 Differential Diagnosis
 If snapping is present, the differential diagnosis is whether a mass is present or not. Imaging usually resolves this.
 Scapular dyskinesis is often a diagnosis considered for a patient with shoulder pain that is not responding to treatment. Scapular dyskinesis is rarely the diagnosis considered first. Rather, it is a diagnosis made after all other diagnoses have been considered and rejected – a so-called “diagnosis of exclusion”. It should be suspected in any patient with non-specific shoulder pain especially if the medial scapula is prominent at rest.
  
 Red Flags
 Winging is usually the product of nerve dysfunction, thus its presence should prompt a close examination to exclude any other neurological finding.
 Two other points, not quite “red flags” but related to the general topic of vigilance, are worthy of notice. First, it is easy to miss a scapulothoracic diagnosis if the patient is insufficiently disrobed (or if the scapula is not palpated in lieu of direct visualization. As such, a shoulder examination with a fully clothed patient is a red flag for a possibly missed diagnosis. Second, the lung is near the scapula. Thus, if one is performing a bursal injection, it is critical to stay parallel to the undersurface of the scapula to avoid giving the patient a pneumothorax.
  
 Treatment Options and Outcomes
 Non-surgical treatment could be utilized as the first line of treatment for patients with snapping scapula syndrome. Often, a non-surgical approach will alleviate patient’s symptoms, especially patients with a problem with soft tissues. One to two cortisone injections can reduce symptoms associated with bursitis.
 If there is a symptomatic mass, removal of the mass is indicated.
 Arthroscopic bursectomy can be employed for patients who have a confirmed diagnosis (such as a positive response to a diagnostic injection and bursitis on MRI) who fail non-operative treatment.
 The indications for surgery for those patients without an identified bursa or mass are less well defined. Resection of the superomedial or inferomedial angle of the scapula should be reserved for patients who localize their pain to precisely those areas and report adequate (albeit temporary) relief with an injection.
 The mainstay of scapulothoracic dyskinesis is physical therapy, though if this condition is caused by a primary abnormality elsewhere, such as a clavicular or AC joint abnormality, physical therapy is unlikely to produce more than frustration. The underlying abnormality must be addressed.
 For scapular conditions in general, physical therapy is focused on relative rest, increasing core muscle strength and balance, and improving posture.
 Winging is usually monitored, though in some cases exploration of the nerve with neurolysis and possible repair is indicated. Winging that does not improve at all may require a muscle transfer or scapulothoracic fusion.
 Snapping usually resolves over time. Snapping due to masses respond very well to resection. Because there can be a significant psychological overlay, surgery for snapping scapula in the absence of a mass lesion produces unpredictable and often disappointing results.
 Scapulothoracic dyskinesis due to overuse also responds well to rest and rehabilitation. The outcomes in patients with scapulothoracic dyskinesis due to underlying abnormalities are governed by the response to treatment of those conditions.
 Medial winging usually resolves over time as well, as it is caused by chronic compression. Lateral winging has a worse prognosis, as it usually caused by overt trauma to the nerves.
  
 Risk Factors and Prevention
 Scapulothoracic dysfunction can be exacerbated by overuse. Recreational activities such as baseball pitching or occupations with repetitive overhead actions (e.g. carpentry) are also risk factors for this condition.
  
 Miscellany
 Scapulothoracic dyskinesis can be thought of as “SICK” scapula, which can remind the examiner of three associated findings: Scapular malposition, Inferior medial border prominence, Coracoid pain and malposition, leading to dysKinesis of scapular movement.
  
 Key Terms
 Snapping scapula, scapular winging, scapulothoracic dyskinesis
  
 Skills
 Recognize scapular winging on examination.
 
	

			
			


		
	
		
			
	
		85

		Lumbar Disc Disease

								

	
				The intervertebral discs in the lumbar spine may fail to remain within the borders defined by the vertebral bodies and in turn compress nerve roots. This process can be caused by trauma, degeneration or a combination of both. In laymen’s terms, this condition is known as a ‘slipped disc.’ Disc pathology is a common cause of low back pain and radicular leg pain, typically affecting the L4-L5 and L5-S1 levels. Diagnosis is made by history and physical examination, with MRI confirmation. Non-operative management with NSAIDs and physical therapy is usually successful, though surgical decompression is indicated for disabling pain or progressive neurological deficits.
  
 Structure and Function
 There are 23 spinal discs in the human body, found between adjacent vertebral bodies from C2 to S1. The discs absorb axial forces such as body weight and landing after jumping; they also aid in spinal movements such as flexing and twisting.
 Intervertebral discs have a strong, fibrous outer layer, known as the annulus fibrosus, and a gel-like inner layer, known as the nucleus pulposus. Both the annulus fibrosus and the nucleus pulposus contain type-I collagen, proteoglycans and water.  In the annulus fibrosus, there is more collagen relative to proteoglycan and water. The high collagen content gives the annulus fibrosus tensile strength. By contrast, the nucleus pulposus has more proteoglycan and water than collagen, and is accordingly particularly good at resisting compression and axial loads.
 The normal disc lies wholly within the boundaries of the so-called disc space: this is defined above and below by the vertebral body end plates and peripherally by the outer edges of the vertebral body (see Figure 1).
 [image: ]Figure 1: An axial (A), sagittal (S) and coronal (C) schematic view of the disc. The annulus fibrosus is shown in orange and the nucleus puposus in pink. As seen on the sagittal view (and implicit on the axial view as well), the posterior aspect of the disc is in line with the posterior aspect of the vertebral body. (Modified from Fardon; see acknowledgment below.) 
 
 
 According to the nomenclature recommended by the North American Spine Society, the American Society of Spine Radiology and the American Society of Neuroradiology, a disc that has left its disc space can be termed a “herniation” if there is focal displacement (representing < 25% of the disc circumference), or a “bulge” if the disc material is displaced throughout the circumference of the disc.
 A disc herniation in turn can be classified as a protrusion or an extrusion, depending on the geometry of the disc material outside of the disc space. If the base is wider than the distance displaced, a protrusion is present, whereas with extrusion, the displaced disc is narrower than the base (see Figures 2 and 3).
 Beyond that, extruded discs may lose their continuity with the disc from which they came. This is known as a sequestered disc herniation. Discs may also herniate into the vertebral body itself, via defects in the end plate. These are called intravertaebral herniations (see Figure 4).
 [image: ]Figure 2: A bulging disc to the right, with a normal disc on the left. As shown in red, there is symmetric bulging of the annulus beyond the edges of the vertebral body, symmetrically throughout the circumference of the disc. (Modified from Fardon) [image: ]Figure 3: Axial views of a herniated disc: protrusion type (P) is shown at left, with an extrusion (E) shown in the right image. Contrasted with a bulge, with a herniation the disc displacement is focal. The distinction between protrusion and extrusion is that in the protrusion type the length of the displaced disc (green line) is less the width (red line). (Modified from Fardon.) [image: ]Figure 4: Axial (left) sagittal (right) images show a sequestered disc, cut off from the disc of origin (red star). (Modified from Fardon)Disc herniations occur when a tear in the annulus fibrosus allows the nucleus pulposus to push through this outer layer. The herniated material may compress the central spinal canal or nearby nerve roots. Herniations are most commonly posterolateral or paracentral (~90%) because the posterior longitudinal ligament (PLL) is weakest laterally. (Far lateral herniations that can enter the neural foramen directly represent the remaining 10%.) Flexion of the spine causes compression of the anterior disc, potentially distending the material against the tensed posterior. When the PLL tears along with the annulus fibrosus, the herniation is considered “not contained.” When the PLL fibers are weakened but still preserved, the herniation is “contained.”
 In the lumbar spine, the nerve roots are named by the level of the pedicle under which they exit the spine. For example, the L5 nerve root exits under the L5 pedicle (see Figure 5). Note that the nerve roots branch off the cauda equina [see below] within the central canal one level above their exit point, and descend vertically within the canal before exiting through the foramen. The L5 nerve, again by example, branches off the cauda equina between the L4 and L5 vertebrae, and travels distally across the L5 vertebral body before exiting laterally under the pedicle of L5. As such, L5 is subject to compression at two distinct places: by a central disc herniation of the L4/L5 disc, and (more commonly) by a lateral disc herniation at L5/S1.
 [image: ]Figure 5: The lumbar nerve roots are shown. The branching off of the L5 root is shown by the green star, with the areas of central and lateral compression shown by the red and purple boxes, respectively. (The lumbar arrangement lies in contrast to that of the cervical spine, where nerve roots transverse horizontally across one disc and exit under the pedicle of the body numbered above (so-called “mismatch”). That is, the C5 root exits under the C4 pedicle. Because of the root’s horizontal path in the cervical spine, a herniation at C4-5 herniation will affect the C5 nerve root, if any, independent of whether the disc herniation is central or lateral).
 Severe compression of the central spinal canal that causes severe stenosis is rare but can be a surgical emergency when the herniated material impinges on the cauda equina. Cases where the compression causes significant bilateral lower extremity motor/sensory deficits or bowel/bladder dysfunction requires urgent surgical intervention.
  
 Patient Presentation
 Lumbar disc bulges and herniations can present as axial pain when associated with degenerative disc disease. If there is nerve root compression or irritation, patients might complain of pain or paresthesias traveling from the back to the buttock and down the posterior leg, so-called radicular symptoms. When the L4-L5 level is involved, pain may wrap around the leg to the dorsum of the foot. With L5-S1 herniations, symptoms are more commonly present on the plantar side of the foot. Muscle weakness may also be a complaint. Symptoms are usually unilateral but can be bilateral when large herniations are centrally located. Oftentimes, patients will describe worsening of pain with sitting or bending, a motion that exacerbates disc bulging.
 The physical examination begins with an assessment of gait. Strength testing of the lower extremity muscles should be performed and graded on a 0 to 5 scale. Knee extension and ankle dorsiflexion tests L4 motor function, and physical exam for L4 nerve root injury may also reveal a weakened patellar reflex. L5 is the major nerve root controlling hip abduction and great toe extension (which may be easier to test). The S1 nerve root can be tested by having the patient toe walk: plantar flexion via gastrocnemius and soleus function relies on this nerve root.
 Active and passive range of motion as well as strength testing of the hip can reveal abnormalities and is important to perform since hip pain is commonly mislabeled as back pain. Range of motion of the spine should be evaluated by flexion, extension, rotation, and bending to either side. Flexion of the spine increases the load on the posterior disc. This motion therefore usually results in worsening of pain or paresthesias when a disc herniation is present. In contrast, a worsening of symptoms on extension is more consistent with a diagnosis of degenerative arthritis. Tenderness to palpation over the paraspinal muscles and over the spinous processes is not specific for a herniated disc.
 The straight leg raise is an important, albeit subjective, test for diagnosing L5 or S1 radiculopathy. With the patient lying supine, the examiner passively lifts the affected leg (straightened at the knee) from 30 to 70 degrees. If this maneuver reproduces the patient’s radiating pain or paresthesias, it is considered positive. Pain reproduction when testing the contralateral leg (lifting the asymptomatic leg and causing pain of the symptomatic leg) has a higher specificity but lower sensitivity, so may be used for confirmation.
  
 Objective Evidence
 Disc herniation with radiculopathy can be diagnosed on clinical grounds, but is invariably diagnosed by MRI(Figure 6). MRI is both highly sensitive and specific for describing the anatomy, although it may detect findings that are clinically incidental. As such, MRI is best used to answer a specific clinical question, and not as a screening or surveillance modality.
 [image: ]Figure 6: Sagittal (left) and axial (right) images of an extrude disc herniation [red circles]. (Case courtesy of Radiopaedia.org, rID: 2670) MRI can help discern the cause of disc herniation. If there is imaging evidence of violent trauma and no evidence of degeneration, causality can be established. On the other hand, in the presence of degenerative changes and without significant imaging evidence of an associated violent injury such as fracture or dislocation, the Fardon task force (see Acknoledgwments, below) recommends classifying the disc herniation as degenerative rather than traumatic.
 MRI with gadolinium should be obtained when considering revision surgery, because post-surgical scarring will enhance with contrast while recurrent disc herniation will not. Gadolinium is also necessary if there is suspicion of neoplastic or infectious etiology. If plain radiography is performed, findings may include narrowing of the space between adjacent vertebral bodies, loss of lumbar or cervical lordosis, or spondylosis.
 Additionally, electrodiagnostic studies can help rule out peripheral neuropathy as the cause of extremity symptoms.
  
 Epidemiology
 More than 90% of disc herniations occur in the lumbar spine, due to its prominent role in flexion and extension. Most lumbar herniations are at the L4-L5 or L5-S1 levels. Lumbar disc herniations occur most frequently between the ages of 40 and 60, but can occur at almost any age after 18 years. Males have nearly a three times higher incidence of lumbar disc herniation.
 Notably, many disc herniations may not cause symptoms. In the classic study of Boden et al [J Bone Joint Surg Am 1990 Mar;72(3):403-8.],   about one-third of the population of asymptomatic volunteers were seen to have a “substantial abnormality” on MRI: of those who were less than sixty years old, 20% had a herniated disc and in the group that was sixty years old or older, 36% of the subjects had a disc herniation.
  
 Differential Diagnosis
 The differential diagnosis of disc herniation includes other causes of nerve root compression and inflammation, including spinal stenosis, mass lesions such as a tumor, fibrosis from previous surgery, and spondylolisthesis. Degenerative joint disease can produce bone spurs which may impinge on a nerve root. A hematoma should be considered in patients taking anticoagulants, who have recently had a spinal puncture procedure, or who have suffered trauma to the back.
 Axial pain from facet joint degenerative joint disease usually presents as ill-defined pain, worse with activity and relieved with rest. Degenerative joint disease usually does not cause pain to radiate down the extremities, but some patients may describe low back pain traveling below the buttocks. Infectious etiologies such as osteomyelitis and discitis usually present as localized pain and do not radiate.
  
 Red Flags
 Cauda equina syndrome is a very rare and serious presentation of massive disc herniation in which the bundle of nerve roots at the end of the spinal cord are compressed within the spinal canal. The cauda equina consists of the nerve roots and rootlets that branch off of the lower end of the spinal cord (the conus medullaris). The cauda equina includes the nerve roots from lumbar and sacral regions. These nerve roots, although branched off the spinal cord itself at roughly the L1 vertebral level, remain within the central canal until they exit at their appropriate neural foramen. These nerves are said to resemble a horse’s tail, hence the name cauda equina (Figure 7).
 Cauda equina syndrome occurs when the nerves of the cauda equina are compressed by any space-occupying lesion, including a large herniated disc, tumor, epidural abscess, or bony protrusion. The compression of multiple nerves in the cauda equina often leads to unilateral or bilateral lower extremity pain and sensorimotor changes, bowel/bladder dysfunction, which can manifest as incontinence or urinary retention (with overflow incontinence and increased post-void residuals). Patients may also present with sexual dysfunction, saddle anesthesia, and absence of lower extremity reflexes.
 [image: ]Figure 7: The cauda equina. The neural elements are shown in yellow. The region of the spinal cord (SC), ending usually at L1-L2, is identified by the green brackets, and that of the cauda equina (CE) distal to that. Weight loss or a diagnosis of cancer elsewhere in the body are red flags for spinal metastases. A history of IV drug use, fevers, or an elevated WBC count should raise suspicion for an abscess, osteomyelitis, or discitis.
  
 Treatment Options and Outcomes
 Nearly all patients will have sufficient improvement of symptoms within 3 months with non-operative care. Non-operative treatment includes the use NSAIDs or acetaminophen, exercise and dieting for weight loss, and physical therapy.
 Patients should gradually increase activity as tolerated. Bedrest is unwise.
 Second-line medications include muscle relaxants such as cyclobenzaprine or a corticosteroid taper.
 Surgery should be reserved for patients who have failed non-operative therapy or patients with significant or progressive neurologic deficits, such as those with cauda equina syndrome.
 Operative treatment includes hemilaminotomy and discectomy of which can be done in a traditional open manner or microsurgically. In traditional discectomy, a surgical incision is made that allows for removal of a portion of the lamina superficial to the herniated disc. The herniated material is then removed. A microdiscectomy is a similar procedure, but involves use of an operative microscope and special retractors for a smaller incision.
 Post-operative rehabilitation is relatively simple, with the majority of patients returning to medium or high-intensity activity after 4 to 6 weeks. Complications of surgery include recurrent herniated disc (most common approximately 4% during the first year after surgery), dural tear (in 1-2% of patients), and discitis (less than 0.5% of patients).
 The natural progression of a herniation is to decrease in size over time via reabsorption, which is mediated by macrophage phagocytosis. Within 3 months, over 90% of patients will see an improvement in their symptoms through non-operative treatment alone.
 Laminotomy and discectomy have been shown to produce a significantly faster reduction in pain compared with non-operative treatment in observational studies. (Note that this result has not been shown in any sham trial, and thus a placebo effect might confound the result.) Factors associated with better surgical outcomes include a positive straight leg raise test pre-operatively, an MRI that is consistent with the patient’s complaint of weakness, and leg pain as the primary symptom. Social factors may play a role too, as being married is also associated with better outcomes. When worker’s compensation is involved in the case, surgical patients are less likely to see improvement in their symptoms and quality of life. Revision surgery outcomes for herniation recurrence are not significantly worse than primary surgery outcomes.
  
 Risk Factors and Prevention
 The incidence of disc herniation increases with age. With aging, the vertebral discs lose water content and flexibility and the gel-like nucleus pulposus is replaced with fibrocartilage. Several genes have been implicated in the development accelerated degeneration including those coding for extracellular matrix proteins such as type I collagen, Vitamin D Receptor, and matrix metalloproteinases.
 Obesity is associated with disc herniation due to the increased load placed on the spine. Likewise, a sedentary lifestyle, itself associated with obesity, is a risk factor for herniation as the seated position focuses pressure on the internal part of the disc.
 Athletes playing contact sports are prone to disc herniation via sudden rotational movements and flexion of the spine.
 Disease prevention is aimed at maintaining a healthy weight, strengthening core and back muscles for spine support, practicing good posture, and education on proper technique of lifting heavy objects (using one’s legs and not bending over at the waist). Weightlifters should be encouraged to use support belts and to recognize signs of fatigue before they regress into improper lifting form.
  
 Miscellany
 Harrison Ford suffered a herniated disc while riding an elephant in Sri Lanka during the filming of Indiana Jones: Temple of Doom.
  
 Key Terms
 Herniated disc, annulus fibrosis, nucleus pulposus, radiculopathy, neck pain, low back pain, sciatica, straight leg raise, Spurling test, discectomy, cauda equina syndrome
  
 Skills
 Distinguish radicular pain from axial and referred low back pain by taking a focused history. Perform strength testing of ankle dorsiflexion, hallux extension, and ankle plantarflexion to distinguish between the L4, L5, and S1 level, respectively. Be able to perform a straight leg raise and contralateral straight leg raise to provoke lumbar radiculopathy. Know the red flags for low back pain and identify the indications for obtaining an MRI study.
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		Lumbar Spondylosis

								

	
				Lumbar spondylosis, or degeneration of the lumbar discs and facet joints, is a common feature of aging. This degeneration often presents without causing symptoms beyond a routine back ache. However, the tissue overgrowth, ligamentum flavum hypertrophy, and bony osteophytes that accompany the degenerative process can also cause narrowing of the lumbar spinal canal (spinal stenosis). These processes can compress the neural elements causing leg pain, lower extremity numbness, buttock pain, and weakness.
 Degeneration of the disc and facet capsule can also lead to instability and slippage of one vertebral body relative to the one below, a condition known as spondylolisthesis. This slippage can cause compression of the nerve roots in the canal as well, by narrowing the space occupied by the nerves.
  
 Structure and Function
 The five lumbar vertebrae, designated L1 to L5, lie between the rib cage and the pelvis (see Figure 1). The central canal lies behind the body of each vertebra and is bordered by the pedicles and the laminae (see Figures 2 and 3). There is an intervertebral disc between the adjacent vertebra. There are also superior and inferior articular processes that make up the facet joint: the inferior articular process of the vertebrae above lying either dorsally (cervical and thoracic spine) or medially (lumbar spine) to the superior articular process of the vertebrae below.
 [image: ]Figure 1: The lumbar spine, highlighted in red: anterior view (left) lateral oblique (center) and posterior view (right). (Courtesy of Wikipedia) [image: ]Figure 2: A lumbar vertebral body with superior view to the left and mid-sagittal view to the right. The central canal is denoted with a red star. The superior articular processes that make up the anterior side of the facet joints are circled in blue. The disc lies between the vertebral bodies, as shown. (Modified from Radiopaedia.org, rID: 82813/Gray’s Anatomy) [image: ]Figure 3: Colorized version of a superior view of a vertebra, highlighting the general area of the pedicles in blue, the laminae in green, and the spinous process in orange. The remaining bone, comprising the vertebral body, the articular processes, and transverse processes, are shown in red. Along the vertebral column, there are anterior and posterior longitudinal ligaments adjacent to the vertebral bodies (see Figure 4). Posteriorly, the ligamentum flavum runs between adjacent lamina. Hypertrophy of the ligamentum flavum can compress the canal or the neural foramen and put pressure on the nerve roots.
 [image: ]Figure 4: The ligaments of the lumbar spine. To the left is the original from Gray’s Anatomy. To the right the potential sources of compression are shown in color: the disc in purple, the bony elements (see text) in black, the posterior longitudinal ligament in blue, and the ligamentum flavum (Latin for “yellow ligament”) is shown (of course) in yellow. Osteophytes (bone spurs) can form near the neural foramen as part of the degenerative process. These bone spurs may grow into the spinal canal resulting in central or lateral recess stenosis or grow into the foramen causing foraminal stenosis.
 When the disc degenerates, it becomes flatter. This will shrink the size of the foramen inherently. As the disc space narrows, this will also alter the geometry of the facet joints. This can stimulate facet joint osteoarthritis with resultant osteophytes, further exacerbating the problem of narrowed space.
 Facet instability and disc degeneration can produce a slippage of one vertebral body relative to the one below. This so-called degenerative spondylolisthesis further reduces the canal and foraminal dimensions. This type of slippage is distinguished from isthmic spondylolisthesis in which there is a defect of the pars interarticularis. (The pars interarticularis, or pars for short, is the part of a vertebra located between the inferior and superior articular processes of the facet joint. See https://orthopaedia.com/page/Spondylolysis-and-Spondylolisthesis) In degenerative spondylolisthesis there is no defect in the pars, and because the pars remains intact, the slip is often less than 25% of the width of the vertebral body and rarely greater than 50%. (With isthmic spondylolisthesis, where the pars interarticularis defects are often bilateral, slips greater than 50% are more commonly seen.)
 The spinal cord terminates at roughly the L1 vertebral level, but the nerve roots that branch off the lower end of the spinal cord (the conus medullaris) remain within the central canal until they exit at their appropriate neural foramen. The nerves branching off beneath the termination of the spinal cord are said to resemble a horse’s tail, hence the name cauda equina.
 Thus, lumbar stenosis can compress all or part of the cauda equina. This compression can produce pain, paresthesia, and weakness in the pelvis and lower extremities. This can result in numbness in the legs and decreased walking distances.
  
 Patient Presentation
 Patients with degenerative joint disease without stenosis are usually asymptomatic, but can report back pain or difficulty bending. If stenosis is present, patients may report buttock or lower extremity symptoms as well.
 Osteophytes emanating from the vertebral bodies or facet joints may impinge on isolated nerve roots, causing pains or paresthesias suggestive of a disc herniation.  Hypertrophy of the ligamentum flavum and disc prolapse additionally combine to narrow the spinal canal.
 The back pain of lumbar spondylosis is often described as “mechanical”, meaning that motion provokes the pain. Yet spondylosis can at times produce pain at rest as well: degeneration-induced instability of the vertebral bodies can initiate compensatory muscle spasm to limit motion and the pain from this muscle spasm might endure throughout the day, even at rest. This phenomenon can make diagnosis more difficult, as pain at rest normally suggests a cause outside of arthritis.
 Lumbar stenosis can cause neurogenic claudication. (The word claudication comes from a Latin verb claudicare, meaning ‘to limp’, but in modern parlance refers to lower extremity pain and not a limp, per se.) The adjective “neurogenic” is used to distinguish this pattern of symptoms from vascular (or “classic”) claudication, which is caused by peripheral arterial insufficiency. Both types of claudication are produced by ischemia: in neurogenic claudication the spinal nerve roots are ischemic, whereas in vascular claudication, the leg muscles themselves are deprived of blood flow.
 One way to differentiate the two types of claudication is that neurogenic claudication alone can be relieved by bending over. Patients with neurogenic claudication report that riding a bicycle or walking while pushing a shopping cart produces surprisingly little pain, despite the exertion. Spinal flexion tends to maximally open the spinal canal, whereas extension of the spine as seen with upright standing tends to compress the central canal. (This is analogous to Phalen’s maneuver compressing the carpal tunnel, with pressure relieved by holding the wrist in a neutral position.)
 The location of the symptoms may be informative too. Neurogenic claudication usually causes symptoms proximally, primarily in the buttock and posterior thigh. Vascular claudication, mediated by decreased blood flow to the muscles, appears first distally in the calf.
 On examination, patients with vascular claudication may show signs of arterial insufficiency such as cool, brittle, shiny skin on the legs, and weak or absent pulses. In contrast, patients with neurogenic claudication are more likely to have normal skin color, texture, and temperature in their lower extremities and normal palpable pulses.
 Historically, students have been taught that vascular claudication can be identified by its “dose-dependent” symptoms, meaning that the pain of vascular claudication is initiated and worsened with movement and ameliorated by rest, in a crescendo/decrescendo pattern. By contrast, symptoms of neurogenic claudication were taught to be less related to the duration of activity and more to spinal position (flexion and extension). Although one recent study [doi: 10.1503/cjs.016512] found that the “classic symptom attributes used to differentiate neurogenic from vascular claudication are at best weakly valid independently,” the constellation of symptoms can be a useful diagnostic guide.
  
 Objective Evidence
 Lab studies are usually not indicated unless there is concern for an infectious or neoplastic process. An electromyelogram (EMG) with nerve conduction studies can often help differentiate lower lumbar radiculopathy due to stenosis from peripheral neuropathy due to diabetes.
 Radiographs in the setting of spondylosis (see Figures 5 and 6) may show disk-space narrowing, facet-joint hypertrophy, spondylolisthesis, end-plate sclerosis, and osteophytosis.
 [image: ]Figure 5: Lateral radiograph of the lumbar spine showing degenerative narrowing of the L5/S1 disc space (red arrow) contrasted to the normal space (shown in green) at the levels above. (Courtesy of https://doi.org/10.1155/2012/413913 Diagnostic Testing for Degenerative Disc Disease by Michael W. Hasz) [image: ]Figure 6: Lateral radiograph of the lumbar spine showing degenerative spondylolisthesis of L4-5 level (red arrow). (Courtesy of Minimally invasive versus traditional open transforaminal lumbar interbody fusion for the treatment of low-grade degenerative spondylolisthesis: a retrospective study. Sci Rep 10, 21851 (2020). https://doi.org/10.1038/s41598-020-78984-x) Advanced imaging such as CT and MRI can confirm the diagnosis of spinal stenosis and can show both narrowing of the central canal and neural foramina. The central canal is considered stenotic when measured to have less than a 100 mm2 cross-sectional area or less than a 10 mm A-P diameter on CT scan.
 CT is more sensitive for detecting bony abnormalities such as facet joint hypertrophy and osteophytes; MRI (see Figure 7) is more sensitive for detecting spinal stenosis from ligamentous hypertrophy and disc degeneration.
 [image: ]Figure 7: A sagittal T2-weighted MRI image demonstrating the darker discs at the L4-L5 and L5-S1 levels (blue stars), indicating dissection and degeneration, contrasted with the brighter signal within the L3-L4 disc, denoted by the yellow star. The normal posterior disc border at L3-L4 is contrasted with the protrusion of the L4-L5 disc (shown by red line). (Courtesy of https://doi.org/10.1155/2012/413913 Diagnostic Testing for Degenerative Disc Disease by Michael W. Hasz) [image: ]Figure 8: A matched pair of sagittal and axial views. The pair in the blue box above shows age-normal degenerative changes. The axial view shown at right is taken at the level of the blue line coursing through the disc in the figure at left. The space of the canal and recesses is shown by the yellow circle. Stenosis is seen below in the red box. In the sagittal view to the left, the decreased anterior-to-posterior space is outlined by the orange bracket. To the right, the smaller space of the stenotic canal and recesses is shown by the orange circle. (Images courtesy of Nader M. Hebela) It is important to note that many people over the age of 60 may show signs of spinal stenosis on imaging even if they have no symptoms. Thus, although these imaging modalities are sensitive, they are not clinically specific.
 Lastly, CT myelogram is an option for patients who cannot undergo an MRI. In a CT myelogram, dye is injected intrathecally. Radiographs and a CT scan are obtained to reveal neural structure impingement as well as bony abnormalities.
  
 Epidemiology
 Degenerative change in the spine is a universal phenomenon of aging. Approximately 10% of the adult population suffers from symptomatic lumbar spondylosis, with women and men affected equally. The peak incidence of seeking care for lumbar spondylosis occurs around the age of 65. Although degeneration increases with age, older people tend to be less active. These processes may offset, such that the objective increase in degenerative disease may not necessarily cause increased subjective symptoms. Lumbar spondylosis with stenosis most commonly occurs at the L4-5 level.
  
 Differential Diagnosis
 The differential diagnosis of lumbar spondylosis is based on the presenting symptoms. If the chief complaint is back pain, the following musculoskeletal diagnoses must be considered: muscular strains, disc disease, degenerative arthritis, inflammatory arthropathies, and less likely, infection and malignancy. (In patients at risk, osteoporotic compression fracture is also on the differential diagnosis.) If the chief complaint is claudication, the main diagnostic entities to consider are vascular insufficiency, diabetic neuropathy, and large central disc herniations.
 Note also that back pain can have a non-musculoskeletal cause. Abdominal aortic aneurysms, gynecologic disorders such as endometriosis and tubal pregnancy, gastrointestinal disorders such as ulcers and pancreatitis, and kidney stones may present with back pain.
  
 Red Flags
 The compression of multiple nerves in the cauda equina often leads to unilateral or bilateral lower extremity pain and sensorimotor changes. Rarely, these changes can cause bowel/bladder dysfunction, manifest as incontinence or urinary retention (with overflow incontinence and increased post-void residuals).
 Night pain can be present with lumbar degenerative disc disease/degenerative joint disease, as noted, but severe night pain – enough to wake the patient – especially if there are systemic complaints such as fever or weight loss, should raise suspicion of spinal infection or metastasis.
  
 Treatment Options and Outcomes
 Needless to say, not all back pain requires medical treatment. Diagnostic investigations may discover incidental findings that are not the true cause of symptoms. Furthermore, surgical treatment is typically reserved for symptomatic neurologic compression, which manifests as lower extremity symptoms, and not isolated back pain.
 If pain requires intervention, a non-operative approach is the best first option. Such treatment includes a period of relative (but not complete) rest, use of NSAIDs, hot or cold compresses, and physical therapy. Physical therapy is aimed at core strengthening and muscular rehabilitation. Stationary biking (and other exercises that incorporate lumbar flexion) are usually better tolerated by patients than exercises like walking or jogging that require lumbar extension.
 Steroid injections and hyaluronic acid injections can be trialed prior to considering a more aggressive approach.
 In cases of progressive neurologic deficits or unremitting and extremely debilitating pain, a patient may elect to proceed with a surgical procedure.
 Laminectomy, which involves the partial or total excision of a lamina, may be used to remove osteophytes and fibrotic ligaments. Fusion can be performed in cases of spinal instability or degenerative spondylolisthesis (see Figure 9), although more recent studies are beginning to question the benefits of fusion versus laminectomy and decompression alone.
 [image: ]Figure 9: Lateral radiograph of the lumbar spine: Fusion of the degenerative L4-5 anterolisthesis shown above in Figure 6. (Courtesy of Minimally invasive versus traditional open transforaminal lumbar interbody fusion for the treatment of low-grade degenerative spondylolisthesis: a retrospective study. Sci Rep 10, 21851 (2020). https://doi.org/10.1038/s41598-020-78984-x) Various types of decompressions can be performed, including laminectomy, laminotomy, or foraminotomy (Figure 10). The decision on which procedure to do depends on the location of the symptomatic neural compression.
 [image: ]Figure 10: A schematic superior view of a normal lumbar vertebral body (top left) with a patent canal, shown in yellow. A similar view with lumbar spondylosis in which soft tissue and bony overgrowth along with disc protrusion produce a highly stenotic canal shown in red (top right). Shown at bottom left is a bilateral laminectomy (green arrows), with a wider decompression sacrificing the articular processes shown to the right (pink star). This more extensive resection provides greater decompression, but the absence of the facets necessitates the addition of surgical fusion to stabilize the spine. Laminotomy, which removes only a small part of the lamina, can be used as an alternative to laminectomy.
 Another alternative to laminectomy is interspinous distraction, although studies suggest that the benefits of this treatment do not persist over time.
 Alternative therapies for lumbar spondylosis include yoga, transcutaneous electrical nerve stimulation (TENS), chiropractic, aromatherapy, acupuncture, and deep tissue massage.
 Surgery has been associated with greater symptomatic improvement as compared to non-operative treatment at one to eight years, but this difference narrows through the years. Improvements in function and patient satisfaction are also noted with surgery, although recurrence of spinal stenosis adjacent to the level of decompression can occur. Reoperation and secondary procedures are needed in about 15% of cases. Common surgical complications include superficial and deep wound infections, dural tears, and blood loss requiring transfusion. Neurologic injuries, including sensory and motor dysfunction, are also possible complications but are seen less frequently.
  
 Risk Factors and Prevention
 Age is the greatest risk factor in the development of lumbar degenerative spondylosis. Obesity (which increases the load on the spine), family history, and trauma or injury to the back are also known associations with these degenerative conditions as well as spinal stenosis. Specific occupations and sports that involve bending or heavy lifting can increase the risk of degenerative joint disease (DJD) and degenerative disc disease (DDD). Women are at a greater risk of developing DJD and spinal stenosis than are men. DJD, DDD, spondylolisthesis, spondylolysis, and congenitally shortened pedicles predispose an individual to spinal stenosis. The last scenario, known as congenital stenosis, usually becomes apparent in the 2nd through 4th decades. Shortened pedicles, though also seen in the general population, are a common feature of achondroplasia. Prior surgical interventions such as laminectomy and fusion are additional risk factors. Lastly, certain endocrinopathies and iatrogenic causes, such as Cushing’s syndrome, Paget’s disease, acromegaly, and exogenous steroid use, are associated with spinal stenosis.
 Weight loss, proper technique when bending and lifting, and exercising good posture can help prevent the development of DJD and DDD. Physical activity that promotes core strengthening and back flexibility may also be beneficial.
  
 Miscellany
 Short-legged dog breeds, including dachshunds, basset hounds, corgis, and shih tzus, are very commonly affected by lumbar degenerative disc stenosis. Up to a quarter of dachshunds acquire the disease.
  
 Key Terms
 Spondylosis, degenerative disc disease (DDD), degenerative joint disease (DJD), facet joint arthritis, osteophytes, spinal stenosis, central stenosis, foraminal stenosis, neurogenic claudication, laminectomy, foraminotomy
  
 Skills
 Describe the process of disc and joint degeneration and understand how both conditions can lead to spinal stenosis. Differentiate neurogenic and vascular claudication. Identify the imaging findings associated with degenerative spondylosis.
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		Spondylolysis and Spondylolisthesis

								

	
				Spondylolysis and spondylolisthesis are relatively common causes of low back pain, especially in young athletes. Spondylolysis refers to a weakening or other defect in a specific region of the vertebra called the pars interarticularis. These defects may be caused by repetitive stress. Spondylolisthesis refers to anterior slippage (displacement) of the vertebrae. This is often the result of bilateral spondylolysis, a so-called isthmic spondylolisthesis. Thus, spondylolysis and spondylolisthesis are separate yet interrelated conditions.
 Besides isthmic spondylolisthesis, there are several other notable subtypes of spondylolisthesis. The two other most common forms are degenerative spondylolisthesis and dysplastic (congenital) spondylolisthesis. Less common forms include traumatic, pathologic, and iatrogenic/post-surgical.
  
 Structure and Function
 The human spine has 24 vertebrae stacked one on top of the other: seven cervical, twelve thoracic and five lumbar. The lowest lumbar vertebra, L5, sits atop the sacrum. The vertebral bodies are separated by intervertebral discs, which function both as elastic bearings permitting motion as well as shock absorbers dissipating forces transmitted through the spinal column.
 Behind the vertebral body lie the so-called posterior elements of the spine: the pedicles, the lamina and three processes: the transverse, the articular, and the spinous processes (Figure 1). The posterior elements connect to the vertebral body via the pedicles. At the dorsal limit of the pedicle is the pars interarticularis. The pars then extends cephalad to become the superior articular process and caudad to become the inferior articular process. The transverse process projects laterally from the pars in the thoracic and lumbar spine. Coursing dorsally from the pars, the laminae extend dorsally and medially to connect in the midline and complete the ring around the spinal canal. The spinous process is a dorsal extension from the junction of the two laminae at the midline.
 [image: ]Figure 1: Schematic drawings of a lumbar vertebra, seen from above (axial view, on the left) and from the side (lateral view, right). VB: vertebral body; TP: transverse process (omitted from drawing on the right as it projects out of the plane); SP: spinous process. As seen from above, the central canal, behind the vertebral body, is surrounded by the pedicles (red), lamina (purple) and the superior and inferior articulating processes and the bone that connects them, the pars intraarticularis (gray). Damage to the pars can incite an attempt at healing. The resultant hypertrophic fibrous tissue can cause foraminal stenosis with compression of the exiting nerve root. This most commonly occurs at L5-S1, resulting in an L5 radiculopathy.
 On each side, left and right, the inferior articular processes of the vertebra above and the superior articular processes of the vertebra below, come together to form the facet joints. The function of the facet joint is to guide and also limit motion of the spine. Specifically, the facet joints in the lumbar spine permit flexion, extension, and rotation while simultaneously preventing extremes of these motions as well as translation.
 Because the pars bridges the articular processes to the vertebral body, damage to the pars results in functional incompetence of the facet joints. It is this loss of restraint that allows anterior displacement or “slippage” of the superior vertebral body: spondylolisthesis (Figure 2).
 [image: ]Figure 2: If there is a pars defect, the bodies above can slip forward relative to the body below. In the vast majority of cases, spondylolysis is a developmental defect that may be present in up to 5-7 percent of the population and is typically asymptomatic. In the setting of new onset low back pain, spondylolysis may occur from overuse causing microfracture. In rare circumstances, a fracture in the pars articularis can occur following an acute load or trauma.
 While the progression from a pars defect to spondylolisthesis is the mechanism of isthmic type spondylolisthesis, the pathophysiology of degenerative spondylolisthesis is different. In the most fundamental sense, the major difference between isthmic and degenerative forms is the absence of a defect in the pars interarticularis causing the anterior displacement in degenerative spondylolisthesis. Instead, the pathophysiology in degenerative spondylolisthesis centers around degeneration of the facet joint and intervertebral discs, leading to instability and increased motion of the vertebra. Degenerative spondylolisthesis is most commonly seen at L4-L5. Because the pars remains intact, the posterior elements of the sliding vertebra must also slide as a unit. Thus, degenerative spondylolisthesis is more likely to result in stenosis within the canal (especially the subarticular region) affecting the traversing roots. This contrasts with the isolated foraminal stenosis typically encountered with isthmic spondylolisthesis.
 With respect to the other, rarer forms of spondylolisthesis, the dysplastic (congenital) type occurs secondary to abnormal spine development in utero, traumatic is the result of severe traumatic injury leading to vertebral displacement, and pathologic refers to the presence of a secondary disease process resulting in instability and displacement of the vertebra, including osteoporosis, malignancy, or infection.
  
 Patient Presentation
 The diagnosis of spondylolysis is often an incidental discovery on an x-ray without any clinical signs or symptoms. In fact, the majority of patients with radiographic evidence of spondylolysis are asymptomatic.
 In patients with spondylolysis that have symptoms, however, the most common complaint is low back pain of gradual onset that is worsened with activity, especially activities which involve hyperextension of the lumbar spine. The quality of the pain is non-specific and may resemble that of an ordinary lumbar muscle strain.
 The presentation of isthmic spondylolisthesis is similar to that of spondylolysis, with non-specific low back pain often being the primary complaint. In spondylolisthesis, however, there is a higher occurrence of radicular symptoms. Impingement of the L5 nerve root in the foramen is most common, resulting in radiculopathy (paresthesias or pain radiating to the legs, or “sciatica”).
 In rare circumstances, patients with spondylolisthesis can experience a “listhetic crisis” characterized by severe back pain, neurologic deficits, and hamstring spasm, all which may be exacerbated by extension of the lumbar spine.
 On physical examination of patients with spondylolysis and spondylolisthesis, there may be evidence of increased lumbar lordosis (inward curvature of the spine), decreased range of motion of the spine, pain upon lumbar spine extension, or a palpable step off of the spinous process (representing anterior displacement in spondylolisthesis). They may also have sensory or motor findings on neurologic exam depending upon any underlying neural compression.
 In degenerative spondylolisthesis, low back pain is the most common symptom as well. These patients, however, may experience neurogenic claudication and leg pain secondary to spinal canal stenosis, which is more common in the degenerative than the isthmic form.
  
 Objective Evidence
 The gold standard modality for the diagnosis of spondylolysis and spondylolisthesis are plain radiographs of the lumbar spine. The important views are standing anterior-posterior (AP) and lateral in the standing position. Oblique views may also be obtained, but these are unnecessary in most cases.
 In the AP view, sclerosis of the pars interarticularis may be appreciated secondary to stress reaction. From the lateral view, a defect in the pars interarticularis is identifiable in the majority of cases (Figure 3).
 [image: ]Figure 3: A pars defect is shown in the red circle; a normal pars is seen above in the green circle. (Case courtesy of Radswiki, Radiopaedia.org, rID: 11967) The oblique film is a more specific view in the assessment of spondylolysis and spondylolisthesis. From this angle, the vertebra in the lumbar spine demonstrate the classic “Scottie dog” appearance (Figure 4), consisting of the superior articular process (ears of the dog), transverse process (head), isthmus (neck), lamina and spinous process (body), and inferior articular processes (foreleg and hindleg). In spondylolysis, the defect in the pars interarticularis appears as a neck collar on the Scottie dog.
 [image: ]Figure 4: An oblique view of the lumbar spine, showing the “Scottie Dog.” The pars is represented by the dog’s collar, shown in faint red here. (Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org, rID: 7552) In spondylolisthesis, there is relative anterior displacement of the superior articular process, allowing the entire body to slip forward (Figure 5).
 [image: ]Figure 5: At left is a lateral x-ray showing an anterolisthesis at the L5-S1 level. In the annotation at right, the sacrum is outlined in yellow and the lumbar vertebral bodies in purple. The faint red lines outline the correct anatomic position from which the lumbar bodies have slipped. (Modified from https://en.wikipedia.org/wiki/Spondylolisthesis#/media/File:SpondylolisthesisL5S1.jpg) Spondylolisthesis can be graded based on magnitude of vertebral displacement. The superior endplate of the caudal vertebra is divided into quarters. The grade is dependent on location of the poster-inferior corner of the vertebra above. Grade 1 represents a 0-25% displacement, grade 2: 25-50%, grade 3: 50-75%, and grade 4: > 75%. Grades 1 and 2 are considered ‘low grade’ and grades 3 and 4 are considered ‘high grade’. This distinction is important when developing an appropriate treatment strategy.
 Advanced imaging may also play a role in the assessment of spondylolysis and spondylolisthesis in select circumstances. CT scan is the best modality for revealing the specific anatomy of the underlying lesion in spondylolysis, and thus can be helpful for delineating subtle defects. In patients with neurologic complaints or deficits on examination, MRI is warranted to further assess for neural element impingement. Bone scan (SPECT) is also highly sensitive for spondylolysis, and may be utilized in patients with a high suspicion for a pars defect with normal or inconclusive radiographs in whom cross-sectional imaging is undesirable.
  
 Epidemiology
 While the precise etiology of spondylolysis remains unknown, the pars defects typically occur in childhood or adolescence as an acquired phenomenon, as true congenital spondylolysis is exceedingly rare. This anatomic variant is present in 5 to 7 percent of the entire population, but can occur in as many as 45 percent of pediatric athletes involved in high risk sports. (High risk activities include gymnastics, Olympic weightlifting, football, dancing, figure skating, and wrestling.) This is currently the most common identifiable source of low back pain in adolescents.
 Progression of spondylolysis to spondylolisthesis is uncommon, occurring in less than 15 percent of patients. Certain anatomic risk factors can help predict which patients are at increased risk of progressive listhesis.
 L5-S1 is the most commonly affected spinal segment in isthmic spondylolisthesis (90%), followed by L4-L5 (10%).
 Degenerative spondylolisthesis occurs in older adults. In the majority of cases, this occurs after the age of 40, though risk increases upon increasing age.
 Isthmic spondylolisthesis is slightly more common in males, while degenerative spondylolisthesis is significantly more common in females (about eight times more prevalent) and occurs in approximately 10% of all women.
  
 Differential Diagnosis
 In the patient with unknown spondylolysis or spondylolisthesis presenting with low back pain, the differential diagnosis is broad. In the pediatric patient, this includes lumbar disc related pathology, lumbar muscle strain, Scheuermann’s kyphosis, scoliosis, sacroiliac joint dysfunction, tumors (including especially osteoid osteoma), or infection (vertebral osteomyelitis or discitis). In the older patient, the differential diagnosis is similar but also includes degenerative disc disease or spinal stenosis without spondylolisthesis.
 In a patient with confirmed spondylolisthesis, the differential diagnosis revolves around the specific etiology, and includes the six different types: dysplastic, isthmic, degenerative, traumatic, pathologic, and iatrogenic.
  
 Red Flags
 Pain that fails to relieve predictably with rest (“night pain”)  and associated constitutional symptoms (fever, chills, unintended weight loss) are always red flags for further investigation to avoid delays in making important diagnoses, such as malignancy or infection.
 Signs or symptoms of cauda equina syndrome, which is a surgical emergency, include bowel or bladder incontinence, saddle anesthesia, and progressive lower extremity weakness. (Note that cauda equina compression from a high-grade listhesis requires translation of the posterior elements and laminae along with the body. Accordingly, compressions is highly unlikely in the setting of true isthmic spondylolisthesis.
  
 Treatment Options and Outcomes
 The primary goal of treatment of spondylolysis is resolution of symptoms and return to activity. Radiographic healing of the pars defect may or may not correlate with the resolution of symptoms and is of secondary importance in the setting of isolated spondylolysis or low-grade spondylolisthesis.
 There are three general categories of management strategy for patients with spondylolysis and spondylolisthesis: symptomatic treatment with analgesics and observation without activity modification/limitation (benign neglect); activity modification/limitation with or without bracing; and surgical intervention.
 Benign neglect is most appropriate for asymptomatic or minimally symptomatic patients with isolated spondylolysis or low-grade spondylolistheses.
 Activity modification is generally indicated for patients with spondylolysis or low-grade spondylolisthesis who are symptomatic. This strategy encompasses use of NSAIDs for pain control and physical therapy with a focus on stretching, lumbar spine flexion, core strengthening/stability as first-line.
 For radicular pain that fails to improve with time and NSAID use, steroid injections may be a useful alternative.
 Lumbar spine bracing may also be beneficial, particularly in the case of a failed trial of physical therapy or in an acute pars stress reaction spondylolysis, for which bracing is superior to activity restriction alone.
 Surgical management is the final line of therapy for spondylolysis and spondylolisthesis. Surgery is rarely required for isolated spondylolysis without spondylolisthesis. Broadly, the major indications for surgery include refractory radicular symptoms, a progressive neurologic deficit, high grade progressive spondylolisthesis, and intractable pain or disability despite exhaustive non-operative management.
 The goal of surgery for spondylolisthesis is to stabilize the unstable segment. This can prevent slip progression and reduce back or leg pain. Direct repair of a pars fracture may be considered in the absence of listhesis and at levels L4 and above in an effort to preserve lumbar motion. In degenerative spondylolisthesis, surgical options also typically include decompression (to address neural impingement) with or without concurrent fusion.
 In general, the prognosis of spondylolysis and spondylolisthesis is very favorable. For symptomatic patients who undergo non-operative or operative treatment, the vast majority experience total relief of their pain and regain full functionality.
 For patients with symptomatic spondylolysis, the majority will improve with observation and non-operative management. Only 15% of patients with spondylolysis will go on to develop spondylolisthesis.
 For spondylolisthesis, the outcome is dependent upon grade/severity and specific subtype. Since most cases of spondylolisthesis are low grade, the overall prognosis is good. In these mild cases, non-operative management is successful in about 80% of patients. With regard to risk for displacement progression, dysplastic portends the highest rate (over 30%), while the most common type (isthmic) progresses in less than 5% of cases.
 Severe spondylolisthesis portends a slightly worse prognosis, but the prognosis is still favorable overall. There is a higher risk of neurologic damage secondary to nerve compression, in addition to the risks associated with surgery (below). There is also a higher likelihood of persistent low back pain and disability, though surgery is successful in 85-90% of cases.
 Specific complications of surgery include mainly pseudoarthrosis, infection, dural tear, neurologic deficits, and instrumentation (ie, the surgical hardware) failure. The risk of complications is generally higher for patients with degenerative spondylolisthesis given their increased age and medical comorbidities.
 Note that excessive avoidance of activity may also impose costs on patients including deconditioning, weight gain, osteoporosis, and psychologic distress. It may be possible, thus, to be excessively conservative in recommending treatment.
  
 Risk Factors and Prevention
 The primary risk factor for spondylolysis and spondylolisthesis is frequent hyperextension of the lumbar spine. Participation in sports such as gymnastics and football (and others in which the spine is extended) is associated with a higher prevalence of defects in the pars interarticularis.
 The best approach for preventing spondylolysis is to avoid repetitive hyperextension of the lumbar spine. In addition, maintaining core muscle strength, flexibility and good bone health are important.
  
 Key Terms
 Spondylolysis, spondylolisthesis, facet joint, pars articularis, ‘Scottie dog’, spinal fusion
  
 Skills
 Understand the similarities and differences in the pathophysiology underlying spondylolysis and spondylolisthesis. Recognize the different subtypes and severity grading system for spondylolisthesis. Understand the non-operative and operative treatment modalities and their efficacy in the treatment of spondylolysis and spondylolisthesis.
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		Ankylosing Spondylitis and Other Spondyloarthropathies

								

	
				Spondyloarthropathy is a group of seronegative inflammatory rheumatic diseases of the spine. The phrase “seronegative” specifically denotes the absence of rheumatoid factor and antinuclear antibodies in the patient’s circulation. The main forms of seronegative spondyloarthropathy are ankylosing spondylitis, reactive arthritis (such as Reiter’s syndrome), psoriatic arthritis and spinal illnesses linked to inflammatory bowel diseases, such as Crohn’s disease or ulcerative colitis.
 Spondyloarthropathy is characterized by back pain and stiffness. In some cases, there are systemic manifestations affecting the eyes, gastrointestinal tract, and skin. Spondyloarthropathy is associated with joint inflammation and cartilage destruction, which leads to immobility in the musculoskeletal system. Although not detectable with routine blood tests for common antibodies, spondyloarthropathy, especially ankylosing spondylitis, is associated with a higher prevalence of the human leukocyte antigen B27 (HLA-B27) gene.
  
 Structure and Function
 Spondyloarthropathy results in joint inflammation and cartilage destruction, which results in pain and loss of motion at the affected joint. In the spine, inflammation of the annulus surrounding the nucleus pulposus of the intervertebral disc leads to subsequent bone formation within the disc. Bone can form between the intervertebral discs too, producing so-called syndesmophytes. Ultimately, syndesmophytes can bridge one vertebral body to those adjacent to it, leading to ankyloses (fusion) of the spine.
 	[image: ] 	Figure 1: The spine in ankylosing spondylitis with osteophytes bridging adjoining vertebral bodies. (Courtesy of Wikipedia) 
  
 Inflammation of the attachment of the longitudinal ligaments also promotes soft-tissue ossification which contributes to the fusion of otherwise normally mobile segments. Spondyloarthropathy can induce synovitis affecting the facet joints between adjacent articular processes.
 There is a strong susceptibility to spondyloarthropathy in people with the human leukocyte antigen B27 (HLA-B27) phenotype. Human leukocyte antigens are part of the major histocompatibility complex. Their function is to present antigens to cytotoxic T cells. Thus, HLA-B27 likely predisposes individuals to develop spondyloarthritis via an auto-immune reaction initiated by a response to an environmental factor or infectious pathogen. The exact mechanism, however, remains unknown.
 In ankylosing spondylitis, the sacroiliac joint and the pubic symphysis are the most commonly affected joints in the body. Further inflammation leads to ascending fusion of the lumbar, thoracic and cervical vertebrae, ultimately resulting in a “bamboo spine” appearance on x-ray.
 [image: ]Figure 2: A radiograph showing ankylosing spondylitis with well-formed syndesmophytes, as denoted by the red stars. These osteophytes are said to resemble the culms, or rings, of bamboo, shown in the image to the right. Thus, the radiographic appearance of ankylosing spondylitis is termed “bamboo spine.” (Case courtesy of Frank Gaillard, Radiopaedia.org, rID: 7163) Reactive arthritis, as the name suggests, is thought to occur in response to an exogenous insult, such as an infection. Common pathogens include viruses and bacteria such as chlamydia, yersinia, salmonella, shigella, and campylobacter. While reactive arthritis can affect the spine, it can also commonly affect other joints of the body.
 Psoriatic arthritis occurs in patients with psoriasis. In a small set of patients, the classic skin findings associated with psoriasis may be absent at the onset of joint symptoms. Nonetheless, many of these patients will eventually develop the characteristic rash.
 Patients with inflammatory bowel disease often have spondyloarthropathy. In a 20-year prospective cohort study of approximately 500 patients with ulcerative colitis or Crohn’s disease, ankylosing spondylitis developed in about 5% of patients, with an additional 20% reporting back pain without objective findings in the spine. Notably, the symptoms of the underlying bowel disease were reportedly worse in patients who had spondyloarthropathy compared to those who did not.
  
 Patient Presentation
 The prototypical presentation of ankylosing spondylitis is a male in his 20s complaining of lower back pain and stiffness of insidious onset. This pain is worse in the morning and improves with activity, in contrast to osteoarthritis, which is relieved with rest and worsens with activity.
 On physical exam, decreased spine motion in the anterior-posterior plane is most evident. The Schober test (Figure 3) can be used to evaluate lumbar stiffness.
 [image: ]Figure 3: The Schober test is performed as follows: while standing behind the patient, the examiner identifies the line between the two iliac crests, shown here as red diamonds. The examiner then makes two marks on the skin over the lumbar spine, 15cm apart, one 5cm below the iliac line and one 10cm above it. (Both shown as blue circles). The patient is then asked to bend forward while keeping the knees straight, as if to touch the toes. The distance between the two marked points is measured again [panel at right]. If the distance of the two points does not increase by at least 5cm, lumbar stiffness is diagnosed. Pain with the FABER maneuver (Figure 4) can help localize symptoms to the sacroiliac joint. This test is performed by placing the supine patient’s hip in a position of flexion, abduction and external rotation, and having the examiner press on the flexed knee toward the pelvis, thereby loading the sacroiliac joint.
 [image: ]Figure 4: The FABER maneuver (courtesy study on sacroiliac joint diagnostics. Manuelle Medizin 56, 239–248 (2018). https://doi.org/10.1007/s00337-018-0405-6). Here, the examiner’s left hand places a force on the patient’s left SI joint. Pain localizing to the SI joint is considered a positive response. 
 
 
 
 Advanced ankylosing spondylitis is associated with a disabling thoracolumbar kyphotic deformity in more than 30% of cases.  In advanced cases, ankylosis of the rib case and thoracic spine will limit chest wall expansion. Total chest wall expansion of less than 2.0 cm (normal is about 3 to 5 cm) is considered diagnostic. When chest wall expansion is limited, the patient may experience shortness of breath.
 Patients with reactive arthritis classically have a triad of findings: conjunctivitis, urethritis and arthritis. (Arthritis often occurs later in the course than the other two symptoms.) In many cases, patients can recall a history of recent viral or bacterial infection 1 to 3 weeks prior to the onset of symptoms.
 A distinctive feature of reactive arthritis is dactylitis, in which one or two fingers or toes becomes diffusely swollen. A small fraction of patients (< 10%) present with cardiac manifestations of the disease, such as aortic regurgitation or pericarditis.
 Psoriatic arthritis most commonly affects the limbs, but in about 40% of cases, the cervical spine or the sacroiliac joint can be affected.  Most of the patients have a history of psoriatic rash (Figure 5) prior to the appearance of arthritis, some develop the rash and arthritis concurrently and others present with arthritis first.
 [image: ]Figure 5: Skin manifestation of psoriasis. (Courtesy Wikipedia) Enthesopathies involving the Achilles tendon, patellar tendon and plantar fascia are often seen.
 Extra-articular manifestations are common with spondyloarthropathies. Uveitis (Figure 6) is the most frequent extra-articular manifestation of ankylosing spondylitis, occurring in ~25% of patients. This manifests as acute unilateral eye pain, blurred vision, photophobia and lachrymation (increased tear production).
 [image: ]Figure 6: Chronic anterior uveitis with dilated conjunctival blood vessels and deformed pupil due to anterior synechiae (adhesions of the iris). (Courtesy of Ocular manifestations of rheumatic diseases. Int Ophthalmol 40, 503–510 (2020). https://doi.org/10.1007/s10792-019-01183-9)  
 Objective Evidence
 Laboratory findings
 There are no specific serological tests for seronegative spondyloarthropathies. Elevation of the erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) levels are suggestive of inflammation, but are nonspecific. The tests for rheumatoid factor (RF) and anti-nuclear antibody (ANA) are, by definition, normal in seronegative spondyloarthropathy. The synovial fluid may also show an increased preponderance of white blood cells, particularly neutrophils, but this finding is also nonspecific.
 While there is a strong correlation to the HLA-B27 gene, only a scant minority (1-2%) of those with the HLA-B27 gene ever develop spondyloarthropathies. The prevalence of the HLA-B27 gene varies by race, ethnicity and geographic location. In the United States, the estimated prevalence is about 7% among Caucasians but less than 1% among African Americans. Only 10% of patients with spondyloarthropathies test negative for the HLA-B27 gene. Taken together, testing for the HLA-B27 gene is neither sensitive nor specific enough to make a definitive diagnosis.
 Radiographic findings
 In patients with suspected ankylosing spondylitis, full-length AP and lateral plain radiographs of the spine and pelvis should be obtained.
 Sacroiliac erosions and joint space changes are characteristic and are the first radiographic features observed (Figure 7).
 [image: ]Figure 7: Inflammation with widening of the sacroiliac joints (sacroiliitis) is seen bilaterally in the panel to the left (Case courtesy of Dr Mark Holland, Radiopaedia.org, rID: 23359); on the right, a CT scan shows sacroiliac joint erosion with regional sclerosis of subchondral bone (Case courtesy of Lukas, Cédric et al. RMD open vol. 4,1 e000586. 12 Jan. 2018, doi:10.1136/rmdopen-2017-000586) Another common finding is the presence of syndesmophytes that connect the vertebral bodies (as shown above).
 MRI is the best modality for early detection of ankylosing spondylitis, as it can detect inflammation around the sacroiliac joints on the T2-weighted images.
  
 Epidemiology
 The prevalence of the spondyloarthropathies varies widely by disease type, patient race and geography.
 Ankylosing spondylitis affects males approximately 3 to 4 times more frequently than it affects females. The typical age of onset is adulthood. The HLA-B27 gene is present in ~90% of patients. Overall, about 0.2% of patients in the USA are affected.
 Reactive arthritis is slightly less prevalent than ankylosing spondylitis: approximately 0.1% in the US are affected. As with ankylosing spondylitis, male patients make up the majority of cases of reactive arthritis, and the typical age of onset is also in early adulthood. The HLA-B27 gene is present in ~80% of patients.
 Psoriatic arthritis is found in about 0.3% of Americans. Unlike ankylosing spondylitis and reactive arthritis, psoriatic arthritis has a later age of onset (about 40 years of age) and an equal distribution among males and females.
 As noted above, about 25% of patients with inflammatory bowel disease will have some form of spondyloarthropathy, but most cases do not feature sacroiliac erosions or ankylosis.
  
 Differential Diagnosis
 As most of the spondyloarthropathies affect younger patients, traumatic injuries should be ruled out initially. Aside from trauma which can be gleaned from a thorough history, there are other causes of non-traumatic injuries that may present in a similar manner to seronegative spondyloarthropathies.
 While rare in young patients, osteoarthritis may be present, especially in the context of repetitive trauma, overuse or genetic predisposition. The defining features that help identify osteoarthritis are radiographic findings consistent with joint space narrowing, osteophyte formation, bony sclerosis, back pain that worsens as the day progresses, and the lack of inflammatory markers on blood testing.
 Rheumatoid arthritis is much more common than seronegative spondyloarthropathies and thus when inflammatory markers on blood testing are elevated and the patient’s back pain improves as the day progresses, rheumatoid arthritis must be considered. Notably, rheumatoid arthritis in the limbs is commonly symmetric, whereas peripheral joint involvement in spondyloarthropathies is often asymmetric. Most importantly, patients with spondyloarthropathy will test negative for rheumatoid factor and anti-nuclear antibody.
 Diffuse Idiopathic Skeletal Hyperostosis (“DISH”) is also a condition that can cause enthesophytes and markedly decreased range of motion of the spine. This can be differentiated from ankylosing spondylitis by the location and shape of the bony outgrowths on radiographs. Syndesmophytes are bony fusions within the joint space itself, while enthesophytes occur outside the annulus fibrosus (Figure 8). Another key distinction is that DISH has no sacroiliac joint involvement and is a disease of older men; DISH is rarely seen in patients younger than 50 years of age.
 [image: ]Figure 8: T2-weighted coronal MRI image with fat signal saturation, showing bone marrow edema in the upper and middle thirds of sacroiliac joints (arrows). (Image courtesy of Rev. Bras. Reumatol. 57 (5) Sep-Oct 2017, https://doi.org/10.1016/j.rbre.2016.09.002) 
 
 
 
  
 Red Flags
 The most concerning spondyloarthropathy is ankylosing spondylitis, as it can severely reduce the patient’s life expectancy and quality of life. Restriction of chest wall movement, decreased mobility, and heightened susceptibility to fracture after even minor trauma are the major sources of morbidity and mortality. (Reactive arthritis and psoriatic arthritis, while painful, usually do not affect the patient’s life expectancy.) Thus, when a young man with no history of trauma presents with insidious lower back pain, ankylosing spondylitis must not be missed. The red flags suggesting ankylosing spondylitis include lower back pain in a young patient with no history of recent trauma or repetitive stress, symptoms that improve during the day or with activity, and the gradual migration of the pain from the lumbosacral region to the neck over time. In addition, radiographs of the pelvis have the characteristic pattern of sacroiliac joint fusion.
 Among patients with known spondyloarthropathy, the syndesmophytes present render the spine brittle and minimally compliant. Thus, patients with ankylosing spondylitis are highly susceptible to unstable spine fractures and neurologic injury with low energy trauma. Diagnostic vigilance and a high index of suspicion for fracture must be maintained when evaluating a patient with known ankylosing spondylitis after trauma. CT and/or MRI are needed and the patient should be immobilized in their preinjury alignment pending diagnosis and treatment. Acute neck pain in a patient with long-standing ankylosing spondylitis should be immobilized and evaluated with more advanced imaging such as CT and MRI scans to exclude a fracture, even without a history of severe trauma.
  
 Treatment Options and Outcomes
 Treatment for spondyloarthropathies begins with traditional NSAIDs or COX-2 inhibitors. Physical therapy can also be prescribed to maintain mobility and reduce pain. NSAIDs should be taken with caution in patients with spondyloarthropathy associated inflammatory bowel disease.
 Seronegative spondyloarthropathies, in general, are chronic and insidious diseases. Reactive arthritis may be the exception, as most cases are either self-limited or relapsing-remitting. The majority of reactive arthritis patients have severe symptoms lasting weeks to months that eventually disappear. However, about 15% of patients may develop chronic or progressive arthritis.
 For patients who do not respond sufficiently to NSAIDs/COX-2 inhibitors (or for those who have complications compelling their cessation), biological response modifiers and disease-modifying antirheumatic drugs (DMARDs) may be considered. Biological response modifiers aim to block the interaction between inflammatory cells and include agents such as infliximab or etanercept, which are TNF-alpha inhibitors, or IL-12 inhibitors. DMARDs include methotrexate, cyclosporine, azathioprine, and sulfasalazine. DMARDs produce their immunosuppressive effects by suppressing the growth and maturation of inflammatory cells.
 Debilitating kyphotic deformities in ankylosing spondylitis can be treated with an osteotomy and fusion (Figure 9).
 [image: ]Figure 9: Kyphosis in ankylosing spondylitis is decreased from 72 degrees preoperatively (left) to 25 degrees (right) with a mini‐open pedicle subtraction osteotomy. (Courtesy of BMC Musculoskeletal Disorders 22, 101 (2021). https://doi.org/10.1186/s12891-021-03974-7) 
 
 
 
 Patients with advanced spondyloarthropathies are at risk for spinal fractures, most commonly in the mid-cervical or the cervicothoracic junction or lower at the thoracolumbar junction. While stable fractures with no accompanying epidural hemorrhage can be treated with traction or halo immobilization devices alone, instability, hemorrhage and neurological changes suggest a need for surgical intervention. The most common technique involves decompression at the site of injury to remove the hematoma, followed by spinal fusion to stabilize the area. In some cases, osteotomies are necessary to correct severe kyphotic deformities.
  
 Risk Factors and Prevention
 Spondyloarthropathy is a risk factor for spinal fracture and spinal cord injury. Indeed, the incidence of spinal cord injury among patients with ankylosing spondylitis is more than 10 times greater than that of the general population.
 There are no known preventive measures for seronegative spondyloarthropathies. Although viral or bacterial infections are associated with reactive arthritis in HLA-B27 positive patients, any small infection may lead to the development of arthritis, making it difficult to prevent.
 It is particularly important that patients with spondyloarthropathy, especially ankylosing spondylitis, stop smoking. The disease itself can cause shortness of breath, in addition to the dyspnea that smoking may cause.
 For patients with spondyloarthropathy, exercises that focus on increasing flexibility with low impact such Pilates or Tai Chi may improve function.
  
 Key Terms
 Seronegative spondyloarthropathy, ankylosing spondylitis, reactive arthritis, bamboo-spine
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		Early Onset Scoliosis

								

	
				Scoliosis is defined as a three-dimensional deformity of the spine that includes not only a more noticeable lateral deviation, but also rotation of the vertebrae within the (lateral) curvature. Scoliosis can be further classified by the age of a patient. Early onset scoliosis is defined as scoliosis diagnosed before the age of 10 years old due to any cause (Figure 1). Early onset scoliosis can be categorized by etiology: namely, congenital, syndromic, neuromuscular and idiopathic. The scoliosis might be present without a known cause too; this is termed idiopathic scoliosis. Idiopathic scoliosis is rare in children under the age of 10. (Adolescent idiopathic scoliosis is discussed in its own chapter.)
 	[image: ] 	Figure 1: Clinical photograph of a two-year-old girl with severe thoracic early-onset scoliosis (Courtesy of Treatment strategies for early-onset scoliosis. EFORT Open Reviews. 3. 287-293. 10.1302/2058-5241.3.170051.) 
  
  
 Structure and Function
 Growth of the spine and the chest wall are critical for lung growth and development. Without normal growth, alveolar hypoplasia and disturbance of chest wall function causes a restrictive lung disease and possible respiratory failure.
 The “golden time” for lung growth is from birth to the age of 5 years old and coincides with the period of most rapid growth of the thoracic spine and rib cage. Bronchial tree and alveolar complement are maximally developed by 8 years of age, and the thoracic volume at 10 years of age is 50% of the expected adult volume.
 Patients with congenital anomalies causing their early onset scoliosis often have rib fusions or other anomalies that can disturb the normal biomechanics of chest wall, leading to decreased forced vital capacity (FVC). The term thoracic insufficiency syndrome (TIS) has been coined to describe the inability of the thorax to support normal respiration and lung growth.
 Because the earlier that a spinal deformity appears, the greater the disturbance on thoracic cage, patients with early onset scoliosis have greater lung dysfunction and increased mortality rates compared to the general population, in proportion to the magnitude of the spinal deformity.
 Early onset scoliosis can be categorized by etiology, as follows: congenital, syndromic, neuromuscular and idiopathic.
 Congenital early onset scoliosis
 Congenital scoliosis (Figure 2) is defined as scoliosis caused by at least one bony anomaly of the spine which is present at birth (though the diagnosis may not be made until later in childhood). Congenital anomalies include failure of vertebral formation, such as hemivertebrae or wedged vertebrae, or failure of separation or segmentation, such as block vertebrae or unilateral bars. A unilateral unsegmented bar with a contralateral hemivertebrae is the anomaly known for the worst risk of progression of congenital scoliosis. A positive family history is found in 1% of patients with congenital spinal deformities, but a genetic cause has not been discovered.
 The neural axis, vertebral column, and other organ systems develop simultaneously at about five to eight weeks of gestation. Thus, congenital scoliosis may be associated with an intraspinal anomaly such as a tethered cord, diastematomyelia (a longitudinal cleft in the spinal cord), diplomyelia (duplication of the spinal cord), syringomyelia (fluid-filled cavity in the spinal cord), or Arnold-Chiari malformation (herniated cerebellar tonsils at the foramen magnum). Because the vertebral malformations form during embryogenesis at the same time the heart and kidneys are also developing, about 60% of patients will have abnormalities affecting these systems. Accordingly, a renal ultrasound and echocardiogram is often obtained to evaluate for concomitant pathology.
 A constellation of symptoms often diagnosed in patients with congenital scoliosis is the VACTERL syndrome, consisting of: vertebral defects, anal atresia, cardiac defects, tracheo-esophageal fistula, renal anomalies, and limb abnormalities. A patient must have at least three of the features to be diagnosed with VACTERL syndrome.
 	[image: ] 	Figure 2: A 3-dimensional reconstruction of a CT scan demonstrating congenital scoliosis with fused ribs. (Courtesy of Treatment strategies for early-onset scoliosis. EFORT Open Reviews. 3. 287-293. 10.1302/2058-5241.3.170051.) 
  
 Syndromic early onset scoliosis
 Syndromic scoliosis is defined as scoliosis that appears in conjunction with a recognized pediatric syndrome, such as Marfan’s, Ehlers-Danlos, trisomy 21 (Downs syndrome), Prader-Willi, Retts, neurofibromatosis, Noonan, or osteoporosis imperfecta.
 When a child is diagnosed with a syndrome known to be associated with scoliosis, it is important that physicians screen for scoliosis. The natural history of scoliosis associated with these syndromes varies, so the curves they cause progress at different rates and require personalized treatment approaches.
 Neuromuscular early onset scoliosis
 Neuromuscular scoliosis is defined as scoliosis caused by a neurologic disorder of the central nervous system or muscle, such as muscular dystrophy, cerebral palsy, spina bifida, spinal muscular atrophy, or Freidrich’s ataxia.
 The likelihood of developing neuromuscular scoliosis usually depends on the extent of nerve and muscle involvement with a specific disorder. Not all children with a neuromuscular disorder will develop scoliosis, but it is especially common in those who are not able to walk.
 Neuromuscular scoliosis differs in particular from other types of scoliosis as the deformity is often a long, sweeping curve, typically involving the thoracic spine, the lumbar spine, as well as the pelvis.
 Idiopathic early onset scoliosis
 Idiopathic scoliosis is defined as scoliosis without known cause; that is, when congenital, syndromic and neuromuscular causes have been excluded. Children with idiopathic early onset scoliosis are considered otherwise healthy.
 Idiopathic scoliosis can be of the infantile type (diagnosed at less than 3 years of age). This is very rare. Juvenile Idiopathic scoliosis is that diagnosed between 3 years and 10 years of age. (The most common form of idiopathic scoliosis, the Adolescent type, refers to scoliosis occurring after 10 years of age in the setting of an otherwise healthy child. This, by definition, is not a type of early onset scoliosis.)
  
 Patient Presentation
 Evaluation of a patient with concern for early onset scoliosis begins with a comprehensive prenatal and birth history, as well as a detailed review of other medical conditions.
 It is important that neurologic, pulmonary, urogenital, cardiovascular, and gastrointestinal systems have been evaluated if there is concern for congenital scoliosis.
 If surgery is ultimately planned, evaluation should also include the current nutritional and pulmonary status of the patient.
 A physical exam should start with measurements of height and weight. A full neurologic exam tests sensation, motor function and reflexes in the upper and lower extremities. Increased or decreased tone should be noted in patients with neuromuscular conditions. The skin should be examined for cafe-au-lait spots associated with neurofibromatosis, hair tufts or skin dimples near the sacrum associated with congenital scoliosis, and hypermobility associated with connective tissue disorders.
 Coronal and sagittal balance is assessed by observing the patient from the front and the side, to see if they are tilted to one side (coronal imbalance), or have increased or decreased lordosis or kyphosis (sagittal imbalance). The examiner should also assess whether the torso is level, by palpating the iliac crests and the top of the shoulders.
 The Adams forward bend test (Figure 3) has the patient bend at the waist, reaching toward their toes while the examiner stands behind the patient, looking at the back for asymmetric axial rotation of the trunk. If present, this will appear as a rib prominence on one side of the back. When the patient bends forward with the shoulders level with the hips, a scoliometer –a device similar to a carpenter’s level, with a cutout to rest on the spine and markings to indicate the angular deviation from the horizontal– is laid to rest atop the most severe part of the deformity. A scoliometer reading of seven degrees or more warrants a referral to a pediatric orthopaedist.
 [image: ]Figure 3: The Adams forward bending test, showing a scoliometer resting on the child’s back as she bends forward. As shown, the scoliometer is approximately 20 degrees off the horizontal, a clearly abnormal value. (Modified under a Creative Commons Attribution 4.0 International License from Application of two-parameter scoliometer values for predicting scoliotic Cobb angle. BioMed Eng OnLine 16, 136 (2017). https://doi.org/10.1186/s12938-017-0427-7) Note that performing the Adams forward bend test can be challenging in many children with EOS that are not independently ambulating; others may be unable to stay still for the scoliometer readings. In these cases, the spine exam can be performed while the child is sitting, with the examiner paying particular attention to shoulder or waistline asymmetry
  
 Objective Evidence
 The diagnosis of scoliosis is established with a plain radiograph in the posteroanterior plane. A lateral radiograph is also useful for evaluating for sagittal plane abnormalities and where a diagnosis of scoliosis is suspected. These two views should be obtained in most cases.
 Radiographs are important to the diagnosis of congenital scoliosis because bony anomalies can be identified that are causing scoliosis to occur. In the absence of congenital anomalies, plain radiographs are useful for assessing the severity of scoliosis and the risk of progression.
 The Cobb angle (Figure 4) describes the angle of the spinal curvature for each curve present in the spinal column resulting in a scoliosis. A patient may have cervicothoracic, thoracic, thoracolumbar, or lumbar curve(s) depending on which region of the spine is involved in scoliosis.
 [image: ]Figure 4: The Cobb angle, as shown, quantifies the magnitude of the curve. To measure the Cobb angle, one must first decide which vertebrae are the end vertebrae of the curve deformity, which means the vertebra whose endplates are most tilted towards each other. Lines are then drawn along the endplates, and the angle between where the two lines intersect is the Cobb angle.
 The vertebrae are also evaluated for the presence or absence of rib head overlap with the vertebral body at the apex of the curve (the vertebra that is located at the farthest point laterally from the midline of the body on the convexity of the curve). This assessment is termed the rib phase (Figure 5).
 Phase 1 ribs do not overlap the vertebral bodies, while Phase 2 ribs do overlap the vertebral bodies. Patients with Phase 2 ribs are more likely to have progressive scoliosis, and therefore should be treated more aggressively.
 [image: ]Figure 5: Phase 1 ribs, as shown to the left, do not overlap the vertebral bodies, whereas Phase 2 ribs, at right, do overlap the vertebral bodies. An MRI of the entire spine is indicated for all patients with early onset scoliosis to evaluate for intraspinal abnormalities that may not yet be detectable based on clinical exam. About 20-40% of early onset scoliosis patients will have an abnormality, such as a tethered cord, Chiari malformation, or syrinx. A CT, especially with a three-dimensional reconstruction, can be useful to better delineate bony abnormalities and for surgical planning.
  
 Epidemiology
 More than 100,000 children in the United States are diagnosed with scoliosis annually. The majority of those children are diagnosed with adolescent idiopathic scoliosis rather than early onset scoliosis. Because early onset scoliosis comprises a group of conditions with diverse etiologies and natural histories, the exact prevalence of early onset scoliosis is unknown. Idiopathic early onset scoliosis is estimated to account for less than one percent of all scoliosis.
  
 Red Flags
 There are several “red flags” in the history, physical exam, and radiographs of a patient that should concern the treating provider.
 An abnormal neurologic finding or a left thoracic curve can be predictive of an underlying pathologic condition of the spinal cord, although in early onset scoliosis, left thoracic curves are more common and less likely to be pathologic than in AIS.
 A painful scoliosis should prompt suspicion for an osteoid osteoma, a benign bone tumor that in the spine is most commonly found in the thoracic and lumbar posterior elements and releases prostaglandin.
 A rapidly-progressing scoliosis should raise concern for a tethered cord, also known as “tethered spinal cord syndrome.” A tethered cord syndrome is present when there is a pathological development of excess fibrous connective tissue (fibrosis) in the filum terminale that fixes (or tethers) on the caudal spinal cord to the sacrum, limiting its movement. When a child grows, this abnormal attachment causes stretching and tension on the spinal cord. This can cause scoliosis, motor and sensory changes in the legs, back pain, foot deformities, and urinary dysfunction. Scoliosis can be one of the early signs of a tethered cord, so if there is any concern then an MRI should be ordered.
  
 Treatment Options and Outcomes
 Historically, the standard of care for severe, progressive early onset scoliosis was early definitive anterior and posterior spinal instrumented fusion. It was thought that a short but straight spine was superior to a long but curved spine, but now our understanding is that a well-aligned spine with a thoracic cavity large enough to support pulmonary development is the proper goal.
 Nutrition is important in early onset scoliosis patients independent of treatment. Patients with severe spine deformity are often underweight, have poor soft tissue coverage over rib or spinal bony prominences/implants, and thus are a setup for complications. A nutrition consult can be helpful in advance of any treatment or at the time of the occurrence of wound complications in order to best optimize the patient pre-operatively or promote healing moving forward.
 Non-operative Treatment
 The first approach to a patient with early onset scoliosis is to use non-operative methods in an attempt to delay surgery. Some patients will in fact improve with non-operative treatment alone, such that later surgery is not needed. About 80% of children with idiopathic infantile scoliosis, for instance, will have resolution of scoliosis.
 Serial casting and bracing have both been used. The concept of serial casting is based on the fact that growth can drive correction of the three-dimensional deformity. Patients with documented progression of scoliosis but low magnitude curvature (less than 60 degrees) or low risk for anticipated progression are candidates for serial casting.
 A cast is applied on a special table that applies traction to the patient’s head and legs while anesthetized. The traction distracts the facet joints so that there can be increased movement between vertebrae, then the cast is applied with a mold over the ribs in order to rotate the spine and chest wall opposite the direction of the deformity. Windows are made in the cast anteriorly and posteriorly to allow room for normal expansion of the thoracic and abdominal cavities with respiration and eating. Casts are changed every 2 to 4 months based on age and growth and can be eventually replaced by a brace if the curve reduces to 10 to 20 degrees.
 Outcomes of casting are best when casting is initiated at a younger age and when performed for less severe, idiopathic curves. Concerns and potential complications of casting include skin breakdown, negative effects on quality of life, repetitive anesthesia events for cast changes, and superior mesenteric artery or brachial plexus compression from the cast. Casts may not be tolerated in patients with poor pulmonary function or sensory disorders. Bracing can be similarly used to control non-congenital early onset scoliosis deformities with a goal of delaying surgery, or after serial casting is successfully completed. When a brace is used in a rapidly growing child younger than 5 years old, the patient may develop rib deformity or loss of the normal sagittal profile from pressure from the brace.
 Operative Treatment
 Currently, the concept of allowing continued growth of the spine and chest instead of performing a spinal fusion, while still managing spinal deformity, is of great interest in early onset scoliosis patients. Growth-sparing techniques have been classified into distraction-based techniques (meaning distracting posteriorly on the spine to lengthen the spine and enlarge the thoracic cavity), convex compression-based growth inhibition (meaning inhibiting vertebral body growth on the convexity of the curve to correct a curve), and guided growth (meaning directing growth to correct a curve over time). Spinal fusion is typically delayed until at least age 10, at which point the thoracic cavity is sufficiently developed to support the child through adult life.
 Distraction-based techniques involve attaching rods to the spine or ribs proximally and to the spine or pelvis distally, while avoiding the spine in between the anchored segments. The rods are then distracted or lengthened by various mechanisms in order to produce growth of the spine and in turn the thoracic cavity. The options for distraction-based instrumentation include the “vertical expandable prosthetic titanium rib,” also known as the VEPTR, (Figure 6); a “traditional growing rod” (TGR) (Figure 7); and the magnetically-controlled growing rod (MCGR) (Figure 8).
 	[image: ]Figure 6: A patient with bilateral vertical expandable prosthetic titanium rib devices, VEPTRs, placed for congenital scoliosis and thoracic insufficiency syndrome. The VEPTR is a rib-distraction device that was designed specifically to address the thoracic insufficiency by expanding the thoracic cavity. As the child grows, VEPTR adjustment (under anesthesia) is performed every 6-8 months until the child reaches skeletal maturity.  	[image: ]Figure 7: A patient with bilateral traditional growing rods. In the technique, a combination of hooks, wires and screws are anchored both proximally and distally to the spine via a short fusion and are connected by tunneled rods beneath the soft tissue. This technique must be distracted surgically under anesthesia as well.  
  
 	[image: ] 	Figure 8: A patient with a unilateral magnetically-controlled growing rod, with rib anchors proximally and spine anchors distally. Magnetically-controlled growing rods are similar to traditional growing rods, with the notable difference being that the anchors can be distracted using a magnet in the out-patient setting. 
  
 Complications of these techniques include implant prominence which can eventually result in skin breakdown, surgical site infection, implant breakage, implant migration, and failure to lengthen, all of which result in return trips to the operating room and additional anesthetic events. Repeat lengthening surgery is problematic as with each additional surgical procedure the likelihood of a complication rises in an already risky/sick patient population. (This makes the MCGR so appealing: it helps avoid trips to the operating room.)
 Convex compression-based growth inhibits deformity progression by applying a compressive force on the convex side of the scoliosis deformity.
 Guided growth(Shilla system) relies on fixation at the apex of a scoliosis curve with gliding fixation proximally and distally so that the spine can continue to grow above and below while gradually correcting the scoliosis. Osteotomies are performed at the apex to correct as much deformity as possible and pedicle screws are placed at the apex over three or four vertebral segments.
 Resection and short fusion can be the treatment methodology employed when attempting to manage specific types of congenital scoliosis. A hemivertebra causing a progressive scoliosis in a very young child may be completely resected with a short (2-level) spinal fusion using pedicle screws/hooks to correct deformity and minimize the need for repeat surgical procedures. However, there are risks of neurological injury with hemivertebra resection, thus the decision to resect versus growth-sparing techniques may be a complicated one.
  
 Key Terms
 Early onset scoliosis, congenital scoliosis, neuromuscular scoliosis, syndromic scoliosis, idiopathic scoliosis, casting, growth-sparing spine surgery
  
 Skills
 Name the etiologies of early onset scoliosis. Understand the importance of spinal growth on thoracic cavity growth and pulmonary development. Describe the Adams forward bend test and how to use a scoliometer. Describe VACTERL syndrome. Understand the work-up, associated conditions or syndromes, and red flags important for a patient with concern for early onset scoliosis. Understand the measurements used in radiographic assessment of early onset scoliosis and measure the Cobb angle in plain x-rays.
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		Adolescent Idiopathic Scoliosis

								

	
				Scoliosis is a rotational deformity of the spine in both the coronal and sagittal planes (Figure 1). A diagnosis of idiopathic scoliosis is made when the coronal plane Cobb angle (see Figure 2 ) is >10 degrees on plain film radiographs and there is no underlying spinal cord pathology, neuromuscular disorder, or congenital malformation present. Adolescent idiopathic scoliosis is diagnosed in children between the ages of 10 and 18 years old and represents 80 percent or more of all cases. (Historically, if scoliosis is diagnosed in a patient 4 years of age or younger, it would be designated ‘infantile idiopathic scoliosis’ with the term ‘juvenile idiopathic scoliosis’ referring to patients ages 4-10, but more recently all cases of scoliosis diagnosed before the age of 10 are classified as ‘early onset scoliosis’ [discussed in another chapter.])
 Depending on the severity of the curve and age of the patient, scoliosis can be managed with observation, bracing, or surgery. While scoliosis is not generally associated with pain during adolescence, more advanced curves (>40 degrees) can be associated with higher rates of low back pain in adulthood.
 [image: ]Figure 1: A normal spine and one with scoliosis (Images from Medical gallery of Blausen Medical 2014. WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.010. ISSN 2002-4436. https://commons.wikimedia.org/w/index.php?curid=27796937) 	[image: ] 	Figure 2: The magnitude of a scoliosis curve is given by the Cobb angle. To measure the Cobb angle, one must first identify the “end vertebrae,” the top and bottom-most vertebral bodies in the curve. (As shown in the figure, this spine has 2 offsetting curves, denoted by green and red vertebral bodies.) Lines are then drawn along the superior endplate of the highest vertebral body (A) and the inferior endplate of the lowest vertebral body (B). These lines are then extended until they intersect; the angle between them is the Cobb angle (C). For smaller curves, the angle may be sufficiently small that the lines may not intersect on the films. In that case, the lines are extended only a short distance, but perpendicular lines are drawn from each towards the other line (as shown in D). The intersection of these perpendiculars (owing to geometry’s rule of similar triangles) likewise defines the Cobb angle. The curves shown here are approximately 40 and 90 degrees. (Modified from Wikipedia). 
  
  
 Structure and Function
 The spine consists of 7 cervical, 12 thoracic, 5 lumbar, and 5-7 sacro-coccygeal vertebrae. Normal alignment is critical to maintain the balance of the axial skeleton between the head and pelvis. This alignment is measured in both the coronal and sagittal plane using a plumb line starting at the base of C7. In neutral coronal balance, the C7 plumb line overlaps the center of the sacrum. When the C7 plumb line is to the left of the sacrum, there is negative coronal balance and when it is to the right there is positive coronal balance. In neutral sagittal balance the C7 plumb line touches the posterior-superior corner of S1. If the C7 plumb line falls anterior to S1 there is positive sagittal balance, and if it falls posterior to S1 there is negative sagittal balance.
 In the coronal plane, the spine should be straight (<10 degrees of curvature), but on the sagittal plane the lumbar spine typically has 20-55 degrees of lordosis (inward curving, as seen from the side), while the thoracic spine has a physiologic kyphosis (an outward curve or hunching of the spine) of 20-45 degrees.
  
 Patient Presentation
 Adolescent idiopathic scoliosis is classically described as a painless condition. Low back pain is becoming increasingly more common among adolescent patients, and some of them will have scoliosis; but scoliosis should not be the default explanation of the symptoms.
 A common complaint of adolescent idiopathic scoliosis patients is the appearance of the back and posture from a pronounced rib “hump,” trunk shift, and uneven shoulders. Appearance issues can range from mild dysphoria to debilitating psychosocial distress.
 Scoliosis may progress with growth. It is therefore important to establish the patient’s growth history and document growth at each follow-up visit. On average, boys grow until the age of 16 and girls grow until the age of 14, or 2 years after menarche. Predicting growth is difficult, but some tools to help predict remaining growth include the Risser sign and Sanders stage (discussed below).
 A complete physical exam begins with inspection of the patient standing upright facing away from the examiner. Scapular prominence, waist crease asymmetry and arm-side space can be observed. From a lateral view, the hypokyphosis of the thoracic spine can also be noted. Shoulder asymmetry, trunk shift and pelvic asymmetry can be observed and palpated. During the examination, it is important to identify a potential leg length discrepancy that can mimic scoliosis. If leg length difference is noted, the examiner can place a block under the shorter leg to assess if the curve corrects.
 The Adam’s forward bending test is an easy screening test. It is performed by having the patient lock his or her knees in extension and attempt to bend forward and touch toes. The patient is then observed from behind, to note the presence of an asymmetries of the rib cage and shoulder blades. Any rib prominence should be measured using a scoliometer (Figure 3). A rib prominence deformity greater than 7 degrees should prompt an evaluation by a pediatric spine specialist. As a rule of thumb, 7 degrees of prominence on Adam’s forward bending test corresponds curve measuring about 10 to 20 degrees on x-ray.
 	[image: ] 	Figure 3: The Adams forward bending test. (A scoliometer, as shown, is nothing more than a carpenter’s level with a cutout to rest on the spine and markings to indicate the angular deviation from the horizontal.) (Modified under a Creative Commons Attribution 4.0 International License from Application of two-parameter scoliometer values for predicting scoliotic Cobb angle. BioMed Eng OnLine 16, 136 (2017). https://doi.org/10.1186/s12938-017-0427-7) 
  
  
 Objective Evidence
 There are important radiographic parameters to help with diagnosis and management of adolescent idiopathic scoliosis:
 	Cobb angle: The angle between intersecting lines drawn perpendicular to the two end vertebrae (see Figure 1).
 	End Vertebrae: Top and bottom vertebrae maximally tilted into the concavity.
 	Neutral vertebra: Vertebra that are not rotated. Identified by symmetric pedicles in the coronal radiograph.
 	Stable vertebra: Most cephalad vertebra distal to end vertebra that is most closely bisected by the central sacral vertical line.
 	Apical vertebrae: Central vertebra within a curve, typically least tilted and most rotated.
 	Risser sign: Radiographic predictor of growth based on the amount of iliac crest apophysis ossification (Figure 4).
 	Sanders staging: Radiographic predictor of growth based on hand x-ray (Figure 5). In general, the bone epiphysis in the hand fuse from distal (phalangeal bones) to proximal (distal radius) and thus supports a staging system that ranges from 1 (skeletally immature) to 8 (skeletally mature).
 
 [image: ]Figure 4: The Risser classification grades skeletal maturity based on the degree of ossification of the iliac crest apophyses. It begins with Risser Stage 0, where there is no ossification center at the level of iliac crest apophysis, and ends with stage 5, where there is complete ossification. Stages 1, 2, 3 and 4 are defined as 0 to 25% ossification, 25 to 50% ossification, 50 to 75% ossification, and 75% but less than 100% ossification, respectively. A Risser Stage 0 is shown in the x-ray at left, with a line indicating where the Stages 1 to 4 are defined. At right, a pelvic x-ray shows a Risser Stage 3 apophysis (Case courtesy of Dr Bruno Di Muzio, Radiopaedia.org, rID: 38297) [image: ]Figure 5: A hand x-ray corresponding to Sanders Stage 3 on the left and Stage 7 on the right. Note that in Stage 7, all physes are closed except for the distal radius physis, whereas the phalangeal and metacarpal physes are open in Stage 3.  
 Epidemiology
 Adolescent idiopathic scoliosis is relatively rare, with a prevalence of 3% in the general population. The prevalence of severe curves (>30) is much lower, approximately 0.03%. When considering only large curves, females are ten times more commonly affected than males, but the ratio is closer to 1:1 for cases with smaller curves.
 There is thought to be a genetic component to adolescent idiopathic scoliosis, though the mode of inheritance is unknown. The risk of having adolescent idiopathic scoliosis is increased 50-fold when both parents have a history of scoliosis. In females whose mother has a curve >15º, the risk is 27%.
  
 Differential Diagnosis
 So-called neuromuscular scoliosis is found when there are irregular spinal curvatures in the presence of the central nervous system or muscular disorders. In contrast to adolescent idiopathic scoliosis, neuromuscular curves tend to progress more rapidly, involve more vertebral levels, progress after maturity, and are usually associated with pelvic obliquity.
 Scheuermann’s Kyphosis is a spinal deformity causing rigid thoracic hyperkyphosis (>45 degrees). In general, adolescent idiopathic scoliosis is associated with “flat back,” or loss of normal kyphosis and lordosis.
 A leg length discrepancy can cause an apparent scoliosis. If present, leg length discrepancy will result in pelvic obliquity, and with it, a compensatory curve to keep the head and upper body over the center of the pelvis (see Figure 6).
 [image: ]Figure 6: At left, a photograph of a patient with pelvic obliquity. This is defined (in the diagram at right) by the red line drawn across the iliac crests. The lumbar spine is accordingly tilted as well (blue line), with a compensatory curve above (intersection of green and blue lines) to keep the head centered over the body. (modified from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3282518/)  
 Red Flags
 It is important to identify red flags during adolescent idiopathic scoliosis evaluation, which will warrant further investigation such as MRI to assess for intraspinal abnormalities such as syrinx, Chiari malformation, or cord tethering that may need to be addressed prior to curve correction. These include left thoracic curves (right thoracic curves are far more common), apical kyphosis (kyphosis is rare in adolescent idiopathic scoliosis), rapid progression of a curve, structural abnormalities such as a hemivertebrae, neurologic findings such as pathologic reflexes or radicular pain, and foot deformities.
  
 Treatment Options and Outcomes
 The plan of treatment depends on the severity of the curve and patient age. After achieving skeletal maturity, curves <30 degrees are unlikely to progress in adulthood. In contrast curves >50 degrees are likely to progress 1 degree per year; and even higher rates are seen during pregnancy and menopause.
 Curves smaller than 20 degrees have a low probability of progressing and require only surveillance with periodic physical exams until skeletal maturity. (After skeletal maturity is reached, curves smaller than 20 degrees do not need close monitoring.)
 Curves measuring more than 20 degrees on initial presentation require intervention. The goal in treating patients with curves of more than 20 degrees but less than ~50 degrees (see Figure 7) is to prevent progression – not correction. This goal can often be achieved with thoraco-lumbar bracing. A landmark multicenter, prospective, randomized trial known as the Bracing in Adolescent Idiopathic Scoliosis Trial (BrAIST) demonstrated a 72% success rate at preventing curve progression to 50 degrees or more compared to 48% in the observation cohort. Given the effectiveness of bracing, the trial was terminated early. Multiple societies, including the Scoliosis Research Society (SRS), Pediatric Othopaedic Society of North America (POSNA), American Academy of Orthopaedic Surgeons (AAOS), and American Academy of Pediatrics (AAP) all recommend bracing in cases of adolescent idiopathic scoliosis with growth remaining and curves between 20-40 degrees to prevent progression and avoid surgical intervention. Needless to say, patient compliance is key: brace therapy is effective only if the brace is worn.
 [image: ]Figure 7: Anteroposterior plain film radiograph of a patient with major lumbar curve of 36 degrees prior to bracing [left] and a radiograph of the same patient in brace demonstrating curve correction while in a brace [right]. For patients with curves measuring more than 45 to 50 degrees, surgery may be the best option to correct the deformity and halt curve progression. In addition to the severity of the curve, it is ideal that patients be close to or have reached skeletal maturity.
 (The precise indication for surgery is based on expert opinion. According to the website of the American Academy of Orthopaedic Surgeons in August 2020, “Most scoliosis surgeons agree that children who have very severe curves (45-50° and higher) will need surgery to lessen the curve and prevent it from getting worse.”)
 Surgical techniques are variable and continue to evolve with emerging technology, but the ultimate goal is to help correct deformity and achieve a solid fusion. A common technique used today is stabilization of the spine with pedicle screws and long rods until posterior spinal fusion is achieved (Figure 8).
 [image: ]Figure 8: Surgical correction of scoliosis with a posterior spinal fusion, T4 to L3. Surgery is usually successful. In some patients who undergo posterior spinal fusion at a young age, the anterior column of the spine can continue to grow, creating a rotation deformity. This complication can be prevented by delaying surgery until skeletal maturity or performing anterior based spinal fusions to halt growth of the anterior vertebrae.
  
 Risk Factors and Prevention
 Currently, there are no known preventable risk factors for adolescent idiopathic scoliosis. As such, much effort has been focused on screening to help with early diagnosis and bracing to prevent the need for surgery.
 A few studies have reported on the relationship with scoliosis and exercise and/or posture. Although healthy ergonomic posture and core strengthening are encouraged, there is no Level 1 evidence that demonstrates prevention or reversal of scoliosis based on posture and exercise or physical therapy programs.
 Although adolescent idiopathic scoliosis is considered to be painless, residual curves (especially those measuring 50 degrees or more) may be associated with increased incidence of low back pain in adulthood.
  
 Miscellany
 Scoliosis need not interfere with high level athletic performance. Usain Bolt (Figure 9), one of the fastest sprinters in history, reported in his autobiography that he has scoliosis.
 [image: ]Figure 9: Usain Bolt (From Wikipedia https://commons.wikimedia.org/w/index.php?curid=7828074)  
 Key Terms
 Scoliosis, Cobb angle, Risser/Sanders Assessment of Skeletal maturity, Bracing, Posterior spinal fusion
  
 Skills
 Define scoliosis. Be able to measure the coronal plane Cobb angle on plain film radiographs. Identify coronal and sagittal plane global balance. Recognize red flags on history and physical exam that warrant advanced imaging with MRI in patients that present with Adolescent idiopathic scoliosis. Understand criteria for bracing and surgery based on curve severity and skeletal maturity.
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		Scheuermann’s Kyphosis

								

	
				Scheuermann’s kyphosis is a rigid sagittal plane deformity within the thoracic, thoracolumbar, or lumbar spine. The cause of Scheuermann’s kyphosis (often named as “Scheuermann’s disease,” or simply “Scheuermann’s”) is not known. This condition is characterized by uneven growth of the vertebrae in the sagittal plane. Posterior overgrowth results in wedging of the vertebrae and a rounded, hunched back that does not fully correct with active extension. Approximately 50% of cases of Scheuermann’s kyphosis are associated with back pain.
  
 Structure and Function
 Kyphosis refers to a convex curvature of the spine; the corresponding term, lordosis, refers to a concave curvature (see Figure 1). Normal thoracic kyphosis averages approximately 35 degrees with the cervical and lumbar spine both being lordotic.
 [image: ]Figure 1: Normal sagittal plane alignment is shown at left, with excessive lordosis (blue arrow) and kyphosis (green arrow) shown in the center and right panels, respectively. (Image modified from Wikipedia) Scheuermann’s kyphosis is an increased amount of kyphosis (>45 degrees) and is defined radiographically. (Because some kyphosis is normally present, technically speaking this condition should be called “Scheuermann’s hyperkyphosis.”) The radiographic definition is a patient having three or more contiguous vertebrae with at least 5 degrees of anterior wedging. There are vertebral endplate abnormalities resulting in disc space narrowing that may be caused by an error in collagen aggregation. Schmorl’s nodes, which are disc herniations into the vertebral endplate, are present.
 The true etiology of Scheuermann’s kyphosis is unknown but multiple theories exist. Scheuermann’s theory was that the growth disturbance is due to osteonecrosis of the vertebral ring apophysis. This causes a growth arrest in the anterior vertebral body and radiographically is depicted by wedging. Schmorl’s theory suggests disc material herniating through the vertebral end plate causes loss of height & ultimately the anterior wedging. Growth hormone abnormalities could possibly be a causative factor. Relative osteoporosis can lead to a compression deformity, thus causing the anterior vertebral wedging and increased kyphosis. There are possible genetic causes, as there is a high rate of heritability and an autosomal dominant inheritance pattern.
  
 Patient Presentation
 The most evident clinical manifestation of Scheuermann’s kyphosis comes with the physical exam. Patients will have increased kyphosis that is exacerbated with bending forward, (see Figure 2). The patients may also have compensatory hyperlordosis of the lumbar or cervical spine. This can lead to tightness in the hamstrings and iliopsoas muscles. Patients with more severe curves also have a higher incidence of back pain. Neurologic deficits, while rare, require a full neurologic exam.
 	[image: ] 	Figure 2: Clinical photograph of a 22-year-old male with a very extreme case of Scheuermann’s disease. (courtesy Wikipedia) 
  
  
 
 Objective Evidence
 After a patient’s physical exam is worrisome for Scheuermann’s kyphosis, an AP and lateral spine radiograph should be obtained (Figure 3).
 [image: ]Figure 3: Lateral radiographs of a patient with Scheuermann’s kyphosis (Case courtesy of Dr Bruno Lorensini, Radiopaedia.org, rID: 43740) On the AP radiograph, the presence or absence of scoliosis should be noted. Lateral radiographs must be scrutinized to detect spondylolysis and spondylolisthesis.
 Scheuermann’s kyphosis is defined by a rigid thoracic hyperkyphosis greater than 45 degrees, associated with anterior wedging of three consecutive vertebrae measuring at least 5 degrees per vertebral body (Figure 4).
 [image: ]Figure 4: Wedging of the vertebral bodies. (Case courtesy of Dr Dalia Ibrahim, Radiopaedia.org, rID: 58862) Disc space narrowing, endplate irregularities, and Schmorl’s nodes can be noted on the lateral radiograph. Endplate irregularities are more common in thoracolumbar and lumbar Scheuermann’s kyphosis compared to vertebral wedging.
 Sagittal balance can be noted on the lateral radiograph by using the C7 plumb line and the posterior sacral vertical line.
 The entire spine must be included on the x-ray as Scheuermann’s kyphosis can extend all the way to the thoracolumbar regions. Thoracolumbar Scheuermann’s is a far less common form, but is associated with increased back pain and more likely to be progressive.
 A supine hyperextension lateral radiograph over a bolster may be obtained to differentiate Scheuermann’s kyphosis from postural kyphosis. As opposed to postural kyphosis, Scheuermann’s kyphosis is relatively inflexible on the hyperextension lateral radiograph.
 MRI may be obtained at the discretion of the surgeon to identify disc herniations, spinal cord abnormalities, spondylolysis, spondylolisthesis, and spinal stenosis, among other spinal abnormalities. Any neurological deficit or symptom should be evaluated with an MRI.
  
 Epidemiology
 Scheuermann’s kyphosis affects men and women equally, with a prevalence between 0.4%-10%. Scheuermann’s kyphosis is the most common type of structural kyphosis in adolescents with a typical onset between the ages of 10-12. Thoracic Scheuermann’s kyphosis is by far the most common, which is classified as a curve apex between T6-T8.
  
 Differential Diagnosis
 The main differentiation that must be made is between Scheuermann’s kyphosis and postural kyphosis. Postural kyphosis will correct with extension, and radiographs will reveal the absence of anterior vertebral wedging.
 Severe hyperkyphosis can be caused by vertebral compression fractures; this would be on the differential diagnosis for older females much more than in the pediatric or adolescent male population normally affected by Scheuermann’s.
 Congenital kyphosis may be found if vertebrae are malformed or fused. A congenital kyphosis in the absence of neurological disorders is rare.
 Nutritional kyphosis can result from rickets, usually due to a vitamin D deficiency.
 If there is lower back pain, spondylolysis and spondylolisthesis must be ruled out.
  
 Red Flags
 Any neurologic deficit or complaint should be evaluated with a full physical examination, radiograph, and advanced imaging. Back pain along with constitutional symptoms should be investigated fully. Spinal deformity may happen in the setting of malignancy, therefore imaging should be thoroughly evaluated by a radiologist as well as the ordering physician.
  
 Treatment Options and Outcomes
 The treatment of mild to moderate (less than 50-80 degrees) Scheuermann’s kyphosis is non-operative. Non-operative treatment includes stretching and physical therapy with routine radiographic follow up. Therapy and exercises include postural improvement, thoracic extensor strengthening, and core strengthening.
 Bracing with an extension orthosis has been attempted (Figure 5). Bracing requires significant patient compliance with brace wear of 16-23 hours per day. As is the case with scoliosis, bracing is chosen not so much to affect a correction but to stop progression; thus, it is indicated only if there is remaining skeletal growth anticipated.
 [image: ]Figure 5: A thoraco-lumbar brace. (Photo modified from Wikipedia) Operative treatment should be considered only in severe curves. Other indications for surgery include progressive deformity, neurologic deficit, spinal cord compression, and severe pain. Although there is no precise Cobb angle above which surgery is recommended, curves of 80 degrees or more in patients who have failed nonoperative treatment are usually indicated for surgery.
 Surgery includes posterior instrumented spinal fusion with pedicle screw fixation (Figure 6). Anterior surgery is much less common with improvements in posterior surgical intervention. With severe, rigid curves posterior (Ponte) osteotomies may be performed. About 5 to 10 degrees of correction is anticipated with each posterior osteotomy performed. More aggressive osteotomies (pedicle subtraction or vertebral column resection) can be used with increased risk of complications. Intraoperative neuromonitoring is the standard of care in patients with spinal deformity.
 [image: ]Figure 6: Clinical photos and lateral x-rays of a patient with Scheuermann’s kyphosis before and after posterior instrumented spinal fusion. (Courtesy Surgical treatment of Scheuermann´s disease by the posterior approach. Case series. Coluna/Columna, 14(1), 14-17. https://doi.org/10.1590/S1808-1851201514010R120) Patients with curves less than 60 degrees typically have a benign course and a good clinical outcome with observation alone. Patients with kyphosis greater than 100 degrees have clinically significant impairment in  pulmonary function.
 The Scoliosis Research Society and Harms Study Group both reported an overall complications rate of approximately 15% in Scheuermann’s Kyphosis.
 Neurologic complications with posterior spinal fusion have a reported rate of 0.6-0.8%, which is slightly higher than the rates in idiopathic scoliosis. There is conflicting evidence on whether combined anterior/posterior procedures have higher neuromonitoring changes compared to posterior only procedures.
 Proximal and distal junctional kyphosis are complications that can be mitigated by selecting appropriate fusion levels, avoiding overcorrection >50% of original curve, construct choice, and correcting sagittal balance.
  
 Miscellaneous
 While the natural history of Scheuermann’s kyphosis tends to be benign, patients are more likely to pursue jobs that require less strenuous physical activity. Also, there is a cosmetic deformity. In all, there are important psychosocial considerations beyond the medical aspects of the condition.
  
 Key Terms
 Kyphosis, Schmorl’s node
  
 Skills
 Evaluate lateral x-rays of the spine and identify abnormal alignment. Identify signs of abnormal spinal alignment.
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		Spina Bifida

								

	
				Spina bifida is a spectrum of congenital malformations in which the neural tube does not close during embryonic development. Spina bifida represents a range of diseases including spina bifida occulta, in which the posterior bony elements fail to fuse but the dura and neural elements remain unaffected; meningocele, in which the posterior bony elements fail to fuse and the dura and arachnoid tissue form a sac that protrudes from the bony defect; and last, myelomeningocele, where posterior bony elements fail to fuse, and the sac that protrudes through the bony defect includes not only dura and arachnoid but spinal cord and neural elements (Figure 1). Spina bifida occulta is so named because it is “occult,” or hidden by a layer of skin that covers the malformation of the bone. Spina bifida occulta is present in 10% or more of the general population and rarely causes signs or symptoms. Some individuals with meningocele may have few or no symptoms yet some may have varying degrees of paralysis and bladder and bowel dysfunction. Myelomeningocele uniformly results in partial or complete dysfunction of the nerves below the spinal opening, which leads to paralysis and bladder and bowel dysfunction.
 [image: ]Figure 1: The spectrum of disease in spina bifida, ranging from fusion failure of posterior bony elements (spina bifida occulta); to protrusion of the dura and arachnoid tissue but without the spinal cord (meningocele); or protrusion of the spinal cord and neural elements within the dural sac (myelomeningocele).  
 Structure and Function
 Spina bifida (Latin, meaning “spine in two parts”) is caused by a developmental failure of fusion of the vertebral arches, with or without protrusion of the spinal cord (Figure 2).
 Spina bifida can occur at any level of the spine, but most lesions are found in the lumbo-sacral region (Figure 3).
 	[image: ]Figure 2: CT scan of the pelvis showing a failure of fusion. As shown (by the star), there is a gap in the posterior aspect of the spinal canal. (Case courtesy of Dr Hani Makky ALSALAM, Radiopaedia.org, rID: 8909)  	
 [image: ]Figure 3: Failure of fusion of the lumbo-sacral spine. (Case courtesy Radiopaedia.org, rID: 73276)  
  
 In cases of myelomeningocele, neurological function is impaired at the spinal level at which the defect is found. The lowest normal level determines function (Table 1). Patients with an L5 functional level, for example, will be community ambulators. An L3 level (with impaired quadricep function) limits a patient to ambulation in the home with an orthosis. Note, however, that body habitus and motivation to walk can influence function, and both body habitus and motivation vary from child to child. Accordingly, the relationships shown in the table are not ironclad. Nonetheless, independent of body habitus and motivation, quadriceps function is needed for community ambulation.
 Table 1: Functional Levels of Myelomeningocele  	Lowest  Level Intact 	Muscle Function Present 	Ambulatory Status 	Notes 
 	L2 	Some hip flexion (iliopsoas) may be preserved 	Minimal ambulation possible with a reciprocating gait orthosis 	 
 	L3 	Hip flexion and hip adduction 	Some household ambulation with reciprocating gait orthosis or hip, knee, ankle, and foot orthosis 	Highest risk of hip instability and dislocation 
 	L4 	Knee Extension (quadriceps), ankle dorsiflexion/inversion (tibialis anterior) 	Household ambulation, may require Ankle-Foot Orthosis and/or crutches 	Biggest difference in mobility prognostication is between L3 and L4 levels due to quadriceps function 
 	L5 	Hip Extension and hip abduction (gluteal muscles), knee flexion (medial hamstrings), toe dorsiflexion (extensor hallucis longus and extensor digitorum longus muscles) 	Community ambulation, may require Ankle-Foot Orthosis and/or crutches 	Medial hamstring function helpful for community ambulation 
 	S1 	Ankle plantarflexion (gastrocnemius-soleus complex) 	Community ambulation, may require Ankle-Foot Orthosis 	 
 	S2 	Toe plantar-flexion (flexor hallucis longus and flexor digitorum longus muscles) 	Community ambulation, may require Ankle-Foot Orthosis 	 
  
 In addition, the more rostral (toward the head) the defect is, the more severe the secondary orthopaedic manifestations, including scoliosis, hip dysplasia, knee contractures, and foot deformities.
 The risk of developing scoliosis correlates with the spinal level; those with thoracic lesions develop scoliosis in nearly all cases. Kyphotic deformity may be present and may be very focal in nature – a so-called “Gibbus deformity.”
 Flexion and adduction contractures near the hip are common in myelomeningocele patients. Muscles responsible for hip abduction and extension receive innervation largely from L4 and L5 nerve roots, while hip flexors and adductors are innervated by L1-L3 nerve roots. Accordingly, if the patient is functional through the L3 level, the hip flexors and adductors will work while hip extensors and abductors will not. The resulting muscle imbalance leads to hip subluxation, dysplasia and, in extreme cases, posterosuperior dislocation.
 Even without dislocation, contractures can cause sitting imbalance and pelvic obliquity. In turn, this can cause pressure sores and skin breakdown.
 Various knee deformities can be seen in myelomeningocele patients (Figure 4). Flexion and, less frequently, extension contractures may be seen. Patients with a mid-lumbar functional level often develop knee valgus due to their relative hip abductor weakness.
 [image: ]Figure 4: Radiograph of a knee in a patient with a high spinal lesion causing Charcot arthropathy. Deformity of the foot and ankle is frequently encountered among patients with myelomeningocele. Clubfoot, often bilateral, is the most common of these deformities. Clubfoot caused by myelomeningocele is typically more rigid than that seen in idiopathic clubfoot and therefore less amenable to treatment by casting. Equinovarus, equinus, cavovarus, calcaneal, calcaneovalgus deformities and congenital vertical talus may also be seen.
 Children with myelomeningocele are often osteopenic and lack protective sensation below the functional level. The combination of weak bones and a lack of protective sensation increases the chances of suffering pathologic fractures.
 Conditions such as spinal cord tethering, hydrocephalus, Arnold-Chiari malformation, or syrinx may be present or may develop in the neural axis.
 Failure of the neural tube to fuse posteriorly during embryonic development can be caused by genetic and environmental factors. Maternal folate deficiency is a well-known risk factor. From a genetic standpoint, certain chromosomal abnormalities may lead to spina bifida, such as trisomy 13 and 18 (Patau and Edwards syndrome, respectively). Many single gene mutations have also been linked to spina bifida.
  
 Patient Presentation
 Spina bifida may be diagnosed in utero by ultrasound. Myelomeningocele and meningocele may be directly visualized by examining the infant’s back where the lesion is obvious (Figure 5).
 [image: ]Figure 5: Clinical photo of a child with myelomeningocele (A) with corresponding MRI (B). (Image courtesy Bao N, Lazareff J. How I Do It: Management of spina bifida in a hospital in The People’s Republic of China. Surg Neurol Int 23-Jul-2015;6) As the name implies, spina bifida occulta may not be obvious. At times, there is a hairy patch or skin dimpling present. However, the overlying skin will often appear normal. The defect may be directly palpated, revealing lack of midline fusion of the bony posterior spinal elements. Note that most people with spina bifida occulta have no signs or symptoms; it is discovered incidentally when x-rays, CT scans, or MRI studies are obtained for other reasons.
 When examining patients with spina bifida, it is good practice to avoid wearing latex gloves as the incidence of latex allergy is high in this cohort of patients.
 The scoliosis associated with spina bifida may be progressive, so serial examination is recommended. Progression may be rapid if the scoliosis is in part due to a neural axis abnormality, such as tethering of the cord.
 As noted, the combination of osteopenia and lack of sensation increases the risk of pathological fractures. The classic presentation of a fracture associated with myelomeningocele is swelling, erythema, and warmth. These signs may be confused with infection. Thus, in the case of swelling, erythema, and warmth, both infection and fracture must be ruled out.
 The skin below a functional level must be checked regularly, as decreased sensation and contractures can lead to abnormal pressure points and ulcers.
 A vigilant neurological exam is warranted whenever these patients are seen. As noted, conditions such as spinal cord tethering, hydrocephalus, Arnold-Chiari malformation, or syrinx may be present or may develop in the neural axis. Any change in neurologic exam or suspicion should prompt a neurosurgical referral.
  
 Objective Evidence
 Various lab and imaging studies may be utilized to diagnose spina bifida in utero. Screening is often performed via α-fetoprotein assay of the mother’s serum. To confirm diagnosis, ultrasound may be used to visualize the fetal spine. Amniocentesis may also be employed to confirm a diagnosis, in which α-fetoprotein and acetylcholinesterase levels are measured.
 In patients with decreased to no ambulatory capacity, radiographs of the lower extremities will reveal osteopenia. Radiographs of the spine in patients with kyphoscoliosis often show a neuromuscular type curve, which may be long and C-shaped. The focal kyphotic “Gibbus deformity” may be seen on lateral spine imaging. Radiographs of affected hips may show underdeveloped acetabula with posterosuperior dislocation.
  
 Epidemiology
 Spina Bifida is the most common major birth defect. About 10-20% of people have spina bifida occulta. The risk of overt spina bifida is ~0.1% in the general population; there is a 5% chance of spina bifida in a given fetus if an older sibling had spina bifida and 40% if two siblings are affected. The incidence of spina bifida varies greatly by region, due to both environmental and racial factors. Caucasians are at a higher risk of giving birth to a child with spina bifida.
  
 Differential Diagnosis
 Spina bifida is usually diagnosed definitively, and thus there is no true differential diagnoses. Still, it is instructive to consider how the neuromusculoskeletal manifestations in patients with myelomeningocele may overlap with other pediatric conditions.
 Clubfoot in myelomeningocele patients may appear identical to idiopathic clubfoot, but is often much more rigid.
 Cavovarus feet seen in some patients may appear similar to those who are afflicted with Charcot-Marie-Tooth disease.
 The scoliosis and pelvic obliquity can appear similar to curves seen in other neuromuscular conditions, such as cerebral palsy or muscular dystrophy. The focal kyphotic deformity sometimes seen in these patients may appear similar to spinal deformity seen in patients with spinal tuberculosis (Pott’s disease) or MPS I (Hurler syndrome).
  
 Red Flags
 	Red, hot, swollen limb in a patient with myelomeningocele suggests fracture or infection until proven otherwise.
 	Facial swelling, shortness of breath, flushing, and other symptoms of anaphylaxis may be due to latex allergy and exposure.
 	Changes in neurologic examination may be caused by spinal cord tethering, syrinx or other cord abnormalities and should prompt a neurosurgery referral.
 
  
 Treatment Options and Outcomes
 There is no cure for spina bifida. The best treatment is prevention (through folate supplementation).
 Fetal surgery – to repair myelomeningocele in utero – has shown promise to limit clinical impairments but is “considered experimental” according to the National Institute of Neurological Disorders and Stroke.
 The treatment of patients with spina bifida involves the coordination of multiple different specialties, especially for patients with myelomeningocele, to address the complications caused by loss of neurological function.
 Neural axis abnormalities require neurosurgical care, and bowel and bladder issues may require pediatric general surgery and urology.
 Physical therapy and orthotics play a major role; depending on the functional level in myelomeningocele patients, braces might be necessary to maintain ambulatory ability. Focused rehabilitation exercises help to prevent formation of contractures. Appropriate fitting for crutches, walkers, or wheelchairs is necessary.
 As is the case with other neuromuscular scoliotic deformities, bracing for spina bifida scoliosis is not effective. Thus, surgical fusion may be necessary if the deformity is severe or progressive. Posterior spinal fusion often includes fusion to the pelvis to correct pelvic obliquity. Anterior spinal release and fusion might be needed because the posterior spinal elements may be absent or dysplastic, compromising available bone stock for posterior instrumentation.
 Kyphotic deformities are often progressive and treated surgically to prevent posterior skin breakdown and formation of pressure sores. However, due to the neural axis abnormalities common in these patients, a previous shunt may be present. It is of vital importance that shunt function is checked, as shunt compromise during surgical correction can lead to acute hydrocephalus in these patients, often resulting in death.
 Soft tissue contractures about the hip greater than 40 degrees are often treated with surgical release. The optimal treatment of dislocated hips in patients with myelomeningocele is still debated. Most surgeons will treat hip dislocations in these patients without surgery. Some advocate for surgical reduction of a unilateral dislocated hip in a patient who is a community ambulatory in an effort to preserve and prolong ambulatory ability. However, re-dislocation rates after surgery are high, leading some authors to advocate for non-operative management.
 Flexion contractures are common, and contractures of more than 20 degrees often require surgical management for those who are home or community ambulators. Hamstring lengthening, distal femoral hemiepiphysiodesis, and distal femoral extension osteotomy are commonly employed surgical techniques in this regard.
 Serial casting for knee extension contractures may be attempted. If this fails, surgical quadriceps lengthening may be utilized. The goal of treatment of extension deformities is usually to reach a comfortable position for ease of sitting position in the wheelchair.
 Clubfoot in myelomeningocele patients may be treated initially with the Ponsetti method in an attempt to provide non-operative correction, but the recurrence rates are high. Thus, surgical treatment with soft tissue releases or tendon transfers is often necessary to lessen the risk of recurrence.
 Because prolonged casting can worsen the underlying osteopenia, fractures are immobilized for relatively shorter periods. Further, given the lack of protective sensation in many of these patients, frequent cast changes and vigilant attention to adequate padding must be employed to prevent skin breakdown.
 Overall outcomes in spina bifida are strongly influenced by non-musculoskeletal issues, especially neurological complications such as Chiari malformations (with possible hydrocephalus), meningitis, and learning disabilities. Frequent urinary tract infections and pyelonephritis are common and may lead to sepsis.
 Within the musculoskeletal system, patients with myelomeningocele are at a higher risk for infection. Pressure sores may develop into pressure ulcers due to lack of protective sensation.
 Progressive kyphotic deformities can lead to pressure ulcers overlying a focal kyphotic segment. An ulcer markedly increases the risk of an infection that may travel to the central nervous system, owing to the posterior element defects. Untreated progressive scoliosis may lead to respiratory failure and restricted cardiac output. Because of the lack of adequate soft tissue posteriorly, myelomeningocele patients undergoing spinal fusion surgery are at a much higher risk of surgical site infection (Figure 6). These patients are also at a higher risk of non-union after fusion.
 [image: ]Figure 6: Clinical photograph of wound breakdown with exposed hardware in a patient after spinal fusion surgery.  
 Risk Factors and Prevention
 Maternal folate insufficiency is a well-known risk factor associated with spina bifida. The recommended folate intake for women of childbearing age is 0.4mg/day. Although sufficient folate intake does not completely abate the risk of having a child with spina bifida, it can greatly decrease the chances by about 70%.
 Taking certain anti-convulsant medications, such as valproic acid, increase the risk of having a child with spina bifida. In women who take such mediation, the recommended daily folate intake is about ten times higher.
 Obesity and maternal diabetes also increase the risk of giving birth to a child with spina bifida. To compensate for that, the recommended daily folate intake is higher in affected women.
  
 Miscellany
 In the United States, many foods are fortified with folic acid in an attempt to reduce the incidence of children born with spina bifida. The nationwide push to fortify many grains and grain-based foods decades ago has led to a decrease in spina bifida birth rates.
 Fetal surgery is proposed to work by shielding the nerves from amniotic fluid, which is thought to be toxic. For that reason, surgery must be performed before 25 weeks gestation.
  
 Key Terms
 Spina bifida occulta, meningocele, myelomeningocele
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		Spinal Muscular Atrophy

								

	
				Spinal muscular atrophy is a disease of progressive muscle wasting and motor weakness. In spinal muscular atrophy, the alpha motor neurons in the anterior horn of the spinal cord that are responsible for skeletal muscle control deteriorate and are lost over time. Affected individuals are plagued by muscle weakness that progresses in a proximal to distal fashion. As the motor neurons deteriorate, muscle wasting ensues. Three major types exist (Table 1) and differ based on age of onset and clinical severity of symptoms.
 Table 1: Types of Spinal Muscular Atrophy  	Spinal Muscular Atrophy Type 	Alternate Name 	Age of Onset 	Description 
 	I 	Werdnig-Hoffman disease 	Birth 	·         Most severe involvement of spinal muscular atrophy types ·         Death by 2 years of age
 
 	II 	Dubowitz disease 	6-18 mo. 	·         Able to sit (some can stand) but not walk ·         Commonly reach adulthood
 
 	III 	Kugelberg-Welander disease 	After 18 mo. 	·         Least severe of spinal muscular atrophy types ·         Normal life expectancy
 ·         Can walk, although often become wheelchair-bound later in life
 
  
 
  
 Structure and Function
 Spinal muscular atrophy is a genetic disease inherited in an autosomal recessive manner. It is caused by a mutation in the SMN1 (survival motor neuron) gene on chromosome 5 that codes for the so-called survival motor neuron protein – so-called, because without it, motor neurons do not survive.
 Even if the SMN1 gene is not functional, a similar gene, SMN2, found nearby on chromosome 5, can code for the production of some survival motor neuron protein. The SMN2 gene is able to produce only about 10-20% of the normal amount of SMN protein (Figure 1). People ordinarily have 2 to 4 copies of the SMN2 gene. The more copies of SMN2 that affected people have, the more SMN protein they produce and the milder their clinical presentation will be. Nonetheless, even with many copies of the SMN2 gene – and some people have up to 8 – the levels of SMN protein are still below normal if the main SMN1 gene is not functional.
 	[image: ] 	Figure 1: Genetic phenotype-genotype correlation of spinal muscular atrophy (SMA). In a healthy individual, full-length (FL) survival motor neuron (SMN) mRNA and protein arise from the SMN1 gene. Patients with SMA have homozygous deletion or mutation of SMN1 but retain at least one SMN2; and about 10% of SMN2 transcripts produce full-length (FL) survival motor neuron (SMN) mRNA and protein. (Courtesy of Int. J. Mol. Sci. 2020, 21(9), 3297; https://doi.org/10.3390/ijms21093297) 
  
 
  
 Patient Presentation
 Patients with spinal muscular atrophy type 1 are the most severely affected, with age of onset at birth and rapid progression, often leading to respiratory failure and death within the first two years of life (Figure 2).
 	[image: ] 	Figure 2: A reconstructed three-dimensional CT image of a person with spinal muscular atrophy type 1. Note the marked scoliosis (red arrow) but also the dysplasia of the hip (red star). (Courtesy of JA Clin Rep 6, 28 (2020). https://doi.org/10.1186/s40981-020-00334-7) 
  
 In these patients, deep tendon reflexes are absent, and muscle fasciculations may be seen. The spinal musculature is severely affected, leading to poor trunk control, often termed “floppy baby syndrome.”
 Patients with spinal muscular atrophy type 2 present later, between 6-18 months of age, and have a less severe and less rapidly progressive course. The proximal musculature is affected first, and progresses in a distal manner. Almost all patients will develop scoliosis as weakness progresses (Figure 3). The curve pattern is usually typical of a neuromuscular curve, but is often very flexible compared to scoliotic curves seen in other conditions. Soft tissue contractures around the hip, knee, and ankle are common. Hip dislocations (Figure 4) and equinovarus feet are often encountered in these patients as well. Patients usually do not have the ability to stand independently and rely on the use of a wheelchair for mobility. Deep tendon reflexes are absent.
 [image: ]Figure 3: Clinical photograph and anteroposterior radiographic view of a patient with spinal muscular atrophy type 2, demonstrating severe scoliosis. [image: ]Figure 4: Anteroposterior radiographic view of the pelvis of a patient with spinal muscular atrophy type 2, demonstrating bilateral hip dysplasia and dislocation. (The femoral heads are outlined in red and the approximate location of where the acetabulum should be is noted in green.) Spinal muscular atrophy type 3 patients are the least severely affected, and symptoms present later, during childhood or early adolescence. These children usually maintain the ability to stand independently but will usually become wheelchair-bound as an adult.
  
 Objective Evidence
 The diagnosis is suspected based on clinical signs and symptoms, but since spinal muscular atrophy is caused by a genetic mutation in the SMN1 gene, DNA analysis confirms the disease.
 Radiographs of the affected spine will show the scoliotic deformity, which is usually a long, sweeping curve commonly with associated pelvic obliquity. Hip radiographs reveal dysplasia, signs of acetabular dysplasia ranging from mild uncovering with instability to dislocation. Generalized osteopenia may be present in non-ambulatory patients.
  
 Epidemiology
 Spinal muscular atrophy, an autosomal recessive genetic disease, is seen in one in 10,000 live births. It is the most common cause of death due to a genetic disease in infants. There is no differential risk based on ethnic group.
  
 Differential Diagnosis
 Spinal muscular atrophy may be confused phenotypically with muscular dystrophy, and indeed it wasn’t until the mid-20th century that spinal muscular atrophy was distinguished as a separate entity. One classic differentiating factor between muscular dystrophy and spinal muscular atrophy is the absence of deep tendon reflexes in spinal muscular atrophy, with maintenance of the reflexes in muscular dystrophy.
  
 Red Flags
 Shortness of breath and respiratory distress is a common cause of death in spinal muscular atrophy type 1 infants and may require ventilator support in individuals with type 2 and 3 disease.
 Signs of choking and difficulty swallowing is common as the disease progresses, which may require speech therapy support.
  
 Treatment Options and Outcomes
 Medical treatment of spinal muscular atrophy has evolved over the past few years. Nusinersen, a medication that is injected intrathecally (into the spinal canal such that it reaches the cerebrospinal fluid), has been shown to slow the progression of disease in spinal muscular atrophy patients. Nusinersen acts on the SMN2 gene to modulate the splicing of the RNA transcript, leading to increased production of SMN protein.
 In 2019, a gene therapy treatment option was approved in the United States: onasemnogene abeparvovec (Zolgensma). The adenovirus-like vector is given intravenously and contains the SMN1 gene. It is currently approved for patients under 24 months of age.
 Ventilator support is a critical aspect of treatment as spinal muscular atrophy patients suffer from respiratory muscle atrophy. Much like patients with muscular dystrophy, nighttime ventilation is often required either via tracheostomy or CPAP/BiPAP.
 Patients with spinal muscular atrophy type 2 may develop progressive scoliosis. Bracing is sometimes used in an effort to slow progress but will not halt it. In young patients, often those with curves greater than 50 degrees are treated surgically to prevent respiratory compromise. Since younger patients still have substantial thoracic growth left, surgical strategies often involve placement of some sort of growing rod to allow for support and continued growth of the spine and chest wall. Once the patient reaches adolescence, the spine may be definitively fused with posterior spinal fusion. If scoliosis develops during adolescence, surgical treatment is usually performed for curves greater than 40 degrees, for progressive curves, or when lung function deteriorates.
 Unique to spinal muscular atrophy patients, now that Nusinersen treatment is available, is to perform a laminectomy at a single level in the lumbar spine to allow access for future intrathecal administration of the medication. Anterior release is rarely necessary in spinal muscular atrophy patients.
 Treatment of the hip dysplasia in spinal muscular atrophy patients remains controversial. Many advocate for observation, as dislocations tend to be asymptomatic and the recurrence rate after open reduction is higher than for idiopathic hip dislocations. If pain is present, the decision may be made to treat the dislocation surgically, with soft tissue releases and femoral/pelvic osteotomies.
 For soft tissue contractures of the lower extremity, optimal treatment also remains controversial. If the patient is ambulatory, knee flexion contractures may be addressed with hamstring lengthening, and foot and ankle deformities addressed with tendon lengthening procedures. However, many soft tissue contractures are left alone and observed, especially in non-ambulatory patients.
 Life expectancy in spinal muscular atrophy varies depending on the subtype. Spinal muscular atrophy type 1 patients usually die by 2 years of age. Type 2 patients may be expected to live to young adulthood. Type 3 patients have approximately normal life expectancy. Improvements in respiratory care and support have served to increase the life expectancy of these patients.
 Nusinersen leads to improved muscle function while retarding disease progression. Long-term outcomes of the medication wait to be seen, as the medication has only been approved for use in spinal muscular atrophy patients within the last 4 years.
  
 Risk Factors and Prevention
 Because spinal muscular atrophy is inherited in an autosomal recessive manner, if there is no known family history of the disease, parents may be unaware of their carrier status. Accordingly, spinal muscular atrophy was added to the Recommended Uniform Screening Panel for newborns in 2018. (This panel is a list of disorders that the federal government  recommends for states to screen as part of their newborn screening programs.)
  
 Key Terms
 Spinal Muscular Atrophy, Survival motor neuron, Werdnig-Hoffman disease, Nusinersen, Zogensma
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		Spinal Trauma & Spinal Cord Injury: General Principles

								

	
				Injuries to the spine – the vertebral bodies, their surrounding soft tissues, and the spinal cord itself – can cause devastating neurological consequences. Rapid evaluation of any patient with potential spinal trauma is crucial to rule out damage to the spinal cord and nerve roots. Even without neurological involvement, spinal injuries can be very painful and possibly disabling. In this section, the general principles of spinal trauma will be presented. A selection of more specific traumatic spinal conditions will be discussed in a separate chapter.
  
 Structure and Function
 The spinal column is divided into four main parts: cervical, thoracic, lumbar, and sacral (Figure 1). Twenty-four vertebral bodies (7 cervical, 12 thoracic, 5 lumbar) extend from the foramen magnum at the skull to the sacrum at the pelvis.
 [image: ]Figure 1: The regions of the spinal column. (From https://openstax.org/books/anatomy-and-physiology/pages/7-3-the-vertebral-column) The first cervical vertebra (C1) is known as the atlas, and the second (C2) is known as the axis. The atlas articulates with the occiput of the head above and the axis below. The morphology of the atlas and the axis differ markedly from the other vertebrae below them. The atlas has no vertebral body and no spinous process. Rather, there are lateral masses connected by anterior and posterior arches. The C2 vertebra has an odontoid process (also known as the dens) which is a peg or protuberance that enters the C1 body, creating the atlanto-axial joint for rotation of the head (see Figure 2).
 [image: ]Figure 2: A lateral x-ray of the cervical spine, with an annotated view at right. In this annotation, C1 is outlined in blue, C2 in red (showing the projection of the odontoid into C1), and the lower cervical vertebrae in yellow. (Courtesy of Wikimedia.org) The vertebral bodies are draped front and back by the anterior and posterior longitudinal ligaments, respectively. The ligamentum flavum covers the posterior aspect of the spinal canal and connects the lamina while the interspinal and intertransverse ligaments connect the spinous processes and transverse processes of adjacent vertebrae, respectively. Discs are situated between each vertebral body to act as cushions.
 The spinal cord travels through the spinal canal from the foramen magnum to (approximately) the caudal aspect of the L1 vertebral body. It is bordered in the front by the vertebral bodies, to the sides by the pedicles, and to the back by the laminae.
 At each vertebral level, the dorsal and ventral rami come together to create the nerve roots, which exit the spine through the lateral foramen.
 At that point, the cord forms the conus medullaris and gives off a collection of nerve roots called the cauda equina (as this collection is said to resemble a horse’s tail). These peripheral nerves travel through the spinal canal until their point of exit at a neural foramen. In the cervical spine, the vertebral arteries pass through the transverse foramina before entering the foramen magnum.
 Different portions of the spinal column have different propensities for injury. Most of the thoracic spine down to T10, for example, is relatively protected during trauma by its articulation with the inherently stable rib cage. On the other hand, the thoracolumbar region (T11-L2) has more flexibility and mobility, which enhances its daily utility, but makes the region more prone to injury in trauma. Likewise, at each of the junctions between regions –occipitocervical, cervicothoracic, thoracolumbar, and lumbosacral– mobility is maximized at the cost of stability.
  
 Patient Presentation
 Spinal trauma has a bimodal age distribution. Younger patients typically present after high-energy trauma such as motor vehicle collisions. Geriatric patients are injured by low-energy mechanisms such as falls in the setting of osteoporosis and degenerative changes in the spine.
 There are approximately one million spinal fractures each year in the US. Of those, approximately 75% involve the thoracolumbar spine. Spinal cord injuries occur far less frequently, with about 10,000 new cases per year. Approximately half of these cases involve the cervical region, with the remaining half divided between the thoracic or lumbar regions. The level of function after spinal cord injury can be assessed on physical examination by motor and sensory testing (see Tables 1 and 2) and is more commonly assessed using the American Spinal Injury Association (ASIA) scoring system (see Figure 3).
 Table 1: Upper extremity root levels.  	Root 	Motor Function 	Sensory area 
 	C5 	Elbow flexion 	Lateral shoulder 
 	C6 	Wrist extension 	Dorsum of thumb and index finger 
 	C7 	Elbow extension 	Dorsum of middle finger 
 	C8 	Finger flexors 	Dorsum of ring and small finger 
 	T1 	Finger abductors 	Medial forearm 
  
 Table 2: Lower extremity root levels. 	Root 	Motor Function 	Sensory area 
 	L2 	Hip flexors 	Anterior mid-thigh 
 	L3 	Knee extension 	Anterior knee 
 	L4 	Ankle extension (dorsiflexion) 	Medial leg 
 	L5 	Long toe extension 	Medial dorsum foot 
 	S1 	Ankle plantar flexion 	Lateral plantar foot 
  
 [image: ]Figure 3: The 2019 revision of the International Standards for Neurological Classification of Spinal Cord Injury. (Reproduced with permission of the American Spinal Injury Association (ASIA)) As a rule, the higher the level of injury, the greater the functional loss. If the functional injury is at the C6 level, wrist extension and supination are intact; thus, patients can often feed themselves. When C7 function is retained, patients can power a manual wheelchair or perform transfers from chair to bed, since they have persevered triceps function. T1 level function, which powers the hand intrinsic muscles, is needed to have full manual dexterity. Injuries in the lumbar spine cause lower extremity dysfunction and urinary/fecal continence.
 Cord injury can further be categorized as complete or incomplete. Incomplete injury leads to some measure of voluntary distal motor and/or perianal sensation. Neurological impairment can be classified using the American Spinal Injury Association Impairment Scale (see Table 3). Complete spinal cord injury can only be defined once the patient is no longer in spinal shock, a point defined by the return of the normal bulbocavernosus reflex arc.
 Table 3: American Spinal Injury Association Impairment Grades.  	American Spinal Injury Association Impairment Grade 	Physical Findings 
 	A: complete injury 	no motor or sensory function below the level 
 	B: incomplete injury 	no motor function but sparing of some sensory function 
 	C: incomplete injury 	sparing of some motor function but with strength grade 3 or less for most muscles. 
 	D: incomplete injury 	sparing of some motor function but with strength grade 4 or 5 for most muscles. 
 	E: minimal injury 	normal motor and sensory findings 
  
 In cases of incomplete spinal cord damage, symptoms will vary based on the portion of the cord affected.
 Central cord syndrome is the most common incomplete spinal cord injury syndrome. Central cord syndrome is most frequently seen after a fall in elderly patients who have a history of cervical spondylosis or spinal stenosis. Central cord syndrome results from a spinal cord contusion usually caused by hyperextension of the cervical spine. This contusion causes axonal disruption of the lateral columns selectively. Central cord syndrome affects fine motor control of the hands but may be seen distally as well, including loss of bladder control.
 Anterior cord syndrome is characterized by complete motor paralysis and loss of temperature and pain perception distal to the lesion. Since posterior columns are spared, light touch, vibration, and proprioceptive input (sensation) are preserved. Anterior cord syndrome is caused either by direct compression or indirect injury to the anterior spinal artery. The region affected includes the descending corticospinal tract, ascending spinothalamic tract, and autonomic fibers. It is characterized by a corresponding loss of motor function, loss of pain and temperature sensation, and hypotension. This incomplete spinal cord syndrome has the worst prognosis, as only about 15% of patients regain motor function in recovery.
 Brown-Séquard Syndrome is seen after damage to one side of the spinal cord, left or right, usually after penetrating trauma. It is associated with loss of function or impaired function on the side of the injury and altered pain and temperature loss on the opposite side of the injury. Among the incomplete spinal cord syndromes, Brown-Séquard has the best prognosis for functional recovery.
  
 Objective Evidence
 In any suspected spinal trauma, radiographic imaging is crucial. In most cases, CT scanning will be indicated for detailed assessment of the bony anatomy. MRI provides additional details about the  spinal cord and surrounding soft tissues. In general, both studies are usually warranted. CT scans provide bony detail, and MRI provides information about the spinal cord and soft tissues.
 A whole spine radiograph should be obtained to evaluate for any vertebral fractures. In the cervical spine, there are four parallel lines that should be assessed (see Figure 4). The anterior and posterior vertebral lines lie at the margin of the vertebral bodies front and back, respectively. The spinolaminar line defines the posterior margin of the spinal canal, and the posterior spinous line abuts the tips of the spinous processes. These lines should be smooth. Any so-called “step-off” is suspicious for ligamentous injury.
 [image: ]Figure 4: The “lines” of the cervical spine. (From https://upload.wikimedia.org/wikipedia/commons/1/10/X-ray_of_vertebral_lines.jpg) For suspected instability of the cervical spine, patients who can move their heads on their own may have radiographs made in flexion/extension (see Figure 5) to assess stability.
 [image: ]Figure 5: Flexion and extension radiographs of the cervical spine. Positioning and imaging are shown. These studies are normal: there is no step off in any of the four lines (see text) produced when the head is moved. (Modified from Radiopaedia.org, rID: 10338 and Radiopaedia.org, rID: 80305) The open mouth view allows assessment of the odontoid process of C2 (see Figure 6).
 [image: ]Figure 6: The open mouth view x-ray is to the left, in which normal anatomy is shown. In the annotated x-ray to the right, the lateral masses of C1 are in pink while C2 and its odontoid process are in yellow. (Case courtesy Radiopaedia.org, rID: 48418) Although x-rays have been historically  important, CT scans have replaced x-rays over the last two decades for the evaluation of bony injuries, given their higher resolution and sensitivity. CT scanning will detect most fractures (Figures 7 and 8). CT can also help evaluate the patency of the spinal canal, although direct visualization of the spinal cord is still poor.
 [image: ]Figure 7: A CT scan showing a small fracture (arrow) through an anterior/superior osteophyte of C5. (Courtesy of Radiopedia) [image: ]Figure 8: A CT scan of a thoracic fracture, seen in sagittal and axial CT images. The axial view to the right shows that the canal is patent. (Case courtesy of Radiopaedia.org, rID: 5274) The main indications of MRI (see Figures 9 and 10) in spinal trauma include the following:
 	X-ray or CT scan findings suggestive of ligamentous injury (e.g., spondylolisthesis or asymmetric disc space widening)
 	Concern for epidural hematoma, disc herniation or occult fracture
 	Suspected spinal cord abnormalities
 	Suspected cervical instability in trauma patients who are obtunded or otherwise unable to pose for flexion/extension radiographs
 	Neurological deficit detected on clinical examination.
 
 [image: ]Figure 9: An MRI can be used to identify soft tissue abnormalities not apparent on radiography. On the left is an MRI showing interspinous ligament injury (red arrows). On the right, the yellow arrow points to a non-hemorrhagic contusion in the spinal cord. (Courtesy of BMC Musculoskelet Disordv.17; 2016PMC4957861) [image: ]Figure 10: Sagittal CT image to the left did not show any sign of fracture but MRI (STIR) imaging of this patient shows bone marrow edema in the superior aspect of multiple vertebrae (yellow lines) suggesting bone contusions. (Courtesy of BMC Musculoskelet Disordv.17; 2016PMC4957861)  
 Treatment Options
 Non-operative treatment of spinal trauma often centers on immobilization. Various immobilization devices can be used (see Figures 11 and 12), including a Philadelphia collar, a thoraco-lumbosacral orthosis, a lumbosacral corset, or a halo vest.
 [image: ]Figure 11: Philadelphia (cervical) collar, thoraco-lumbosacral orthosis, and lumbosacral corset. (Courtesy of Effectiveness of orthoses for treatment in patients with spinal pain doi: 10.12701/yujm.2020.00150 PMCID: PMC7142031) [image: ]Figure 12: A halo vest is the most rigid form of external immobilization of the upper cervical spine. Fixation of the halo to a patient’s head relies on pins spaced around a ring which are (after injection of a local anesthetic) tightened against the head above the orbits and ears. 
 
 
 
 Surgery for spinal trauma (see Figure 13), in general, consists of decompressing the spinal cord (that is, relieving any pressure on it) and stabilizing the spine, usually by a spinal fusion with plates, screws, wires or rods. The construct can be supplemented with bone graft.
 [image: ]Figure 13: Preoperative CT midsagittal images of a right facet dislocation and left facet subluxation at the C5–C6 level. Images obtained after anterior cervical discectomy and fusion CT show an anterior plate holding the normal alignment of the facet joints. (From https://www.asianspinejournal.org/journal/view.php?number=1193) Spinal trauma leading to spinal cord damage will require immediate administration of certain medications. These include prophylaxis for deep vein thrombosis and fluids or vasopressors to treat or prevent shock. Administration of steroids in an attempt to reduce spinal cord edema is controversial, especially in the setting of conditions such as poly-trauma or open fractures, where the risk infection is elevated. According to a meta-analysis in the journal Neurology published in 2019, high-dose methylprednisolone early after acute spinal cord injury “does not contribute to better neurologic recoveries but may increase the risk of adverse events.”
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		Spinal Trauma & Spinal Cord Injury: Specific injuries

								

	
				In this section, a selection of notable spinal traumatic conditions will be reviewed: injuries to the upper cervical spine (C1, also known as the atlas and C2, the axis); lower (subaxial) cervical injuries; thoracolumbar fractures; and osteoporotic vertebral compression fractures. Injuries to the discs (including cauda equina syndrome) and spinal sprains and strains will be covered elsewhere.
  
 Atlas Fractures
 Atlas fractures are rare. They are usually caused by compression to the top of the skull, with force transmitted on the atlas into the axis. If the force causes the lateral masses to split, the injury is known as a Jefferson fracture (Figure 1). Jefferson fractures are reduced by traction and immobilized for about 12 weeks. This mechanism of injury can also cause rupture of the transverse ligament which normally prevents the atlas from slipping forward relative to the axis. In cases where the transverse ligament is ruptured, surgical arthrodesis (fusion) of C1 to C2 is indicated. If there is a dislocation of C1/C2 due to transverse ligament rupture without fracture, projection of bone into the neural canal can cause immediate death and thus are not seen clinically.
 [image: ]Figure 1: A Jefferson fracture. (From https://en.wikipedia.org/wiki/Jefferson_fracture)  
 Odontoid Fractures
 Odontoid fractures represent about 10% of cervical spine fractures and are the most common fracture of C2 itself. Odontoid fractures are seen in low energy falls in elderly patients. Odontoid fractures are also seen in younger patients after high energy mechanisms of injury causing cervical hyperflexion or hyperextension. Treatment is guided by the location of the fracture (Figure 2). Type I fractures are avulsions of the tip of the odontoid dens and are treated with a cervical orthosis. Type II fractures are at the junction of the odontoid and the body of C2. Younger patients can be treated with halo immobilization, but elderly people typically do not tolerate that and may need surgical stabilization. Surgery is more often chosen when there is comminution of the fracture or displacement or posterior angulation greater than about 5mm or 10 degrees, respectively. Surgery may also be especially indicated if there is a risk of poor bone healing (as suggested by a history of smoking or osteoporosis, for example). Type III fractures involve the body of the axis and are treated with immobilization because the cancellous bone typically heals.
 [image: ]Figure 2: Odontoid fracture patterns. (Modified from Cho EJ, Kim SH, Kim WH, et al. Clinical Results of Odontoid Fractures according to a Modified, Treatment-Oriented Classification. Korean J Spine. 2017;14(2):44-49. doi:10.14245/kjs.2017.14.2.44 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5518434/) An os odontoideum is a fragment that appears like a Type II odontoid fracture; it may represent failure of fusion during growth and development or may be a residual of prior trauma. It is managed by observation, without intervention. Os odontoideum is not uncommon in patients with Down Syndrome, and may be managed with observation or with surgery, depending upon the clinical situation.
  
 Hangman’s Fracture
 A hangman’s fracture is a bilateral fracture of the C2 pars interarticularis with a traumatic spondylolisthesis (slippage) of C2 on C3 (Figure 3). It is the second most common fracture of the C2 vertebral body, excluding injuries to the dens. Although the name suggests a hyperextension and distraction mechanism of injury (as would be seen in a judicial execution), hyperextension with axial loading is the more common mechanism. Common mechanisms of injury include motor vehicle collisions, diving, or high-velocity contact sports. Despite the traumatic spondylolisthesis of C2/C3, a hangman’s fracture rarely leads to spinal cord injury as the bony fractures, contrary to intuition perhaps, tend to increase the space for the spinal cord. A CT scan and MRI should be obtained to assess the fracture and soft tissues, respectively. Because the vertebral artery is at particular risk for injury with a hangman’s fracture, angiography may also be needed. Nearly all cases of hangman’s fracture can be managed successfully with immobilization with a halo or collar.
 [image: ]Figure 3: Hangman’s fracture. (From https://josr-online.biomedcentral.com/articles/10.1186/s13018-020-01911-3)  
 Extension Teardrop Fractures
 Extension teardrop fractures are small, stable avulsions that are usually not associated with cord injury (Figure 4). They are more commonly seen at C2. With forced extension of the neck, especially in the setting of stiffness caused by degenerative disease, there can be an avulsion of the anteroinferior aspect of the vertebral body with disruption of the anterior longitudinal ligament.
 [image: ]Figure 4: CT images of an extension teardrop fracture at C2. (Case courtesy of Dr M Venkatesh, Radiopaedia.org, rID: 26327) It is important to not conflate extension teardrop avulsion fractures with the more serious flexion teardrop fractures seen in the lower cervical spine. Both manifest as a (teardrop-shaped) fragment fractured from the anteroinferior aspect of the vertebra. Critical differences are listed in the table below.
 Table 1: Extension Teardrop Fracture vs. Flexion Teardrop Fractures  	 	Extension Teardrop Fracture 	Flexion Teardrop Fractures 
 	Common location 	C2 	C4-C7 
 	Mechanism 	Avulsion 	Compression/Shearing 
 	Ligament injury 	Anterior longitudinal ligament 	Posterior longitudinal ligament 
 	Spinal Cord injury 	Rare 	More common 
 	Stability 	Stable in flexion 	Unstable 
 	Treatment 	Non-operative 	Surgical 
  
  
 Cervical Facet Dislocations
 Cervical facet dislocations are often caused by a combination of flexion and distraction. They are seen in younger patients after high energy trauma such as motor vehicle accidents or contact sport collisions. Bilateral facet dislocation is characterized by 50% subluxation and is often associated with significant spinal cord injury. If rotational force is applied, it is possible to have only one facet dislocate (Figure 5). These unilateral dislocations are manifest with about 25% subluxation seen on x-ray and a single level nerve root injury. For example, a C6/7 unilateral dislocation presents with a C7 dysfunction: weakness, wrist flexion and numbness in the index and middle finger.
 In addition to subluxation, there may be increased lordosis, soft tissue swelling, and widening of the interspinous distance. If subluxation is seen on plain films, the bony anatomy of the injury can be confirmed with a CT scan. An MRI is used to identify disk herniation, spinal cord compression or myelomalacia. An MRI can also detect spinal cord hematoma and any disruption of the supraspinous/interspinous ligaments and facet capsules.
 If there is a bilateral facet dislocation with neurological deficits, and the patient is awake and cooperative, emergent closed reduction followed by urgent surgical stabilization is indicated. Closed reduction is carried out by gradually increased axial traction applied to tongs fixed to the skull with pins. If the patient is not awake and cooperative, MRI followed by open reduction is indicated. Stable, unilateral dislocations can be treated with immobilization alone.
 [image: ]Figure 5: A C3-4 unilateral facet joint dislocation. Lateral radiographs of the cervical spine show unilateral facet joint dislocation with anterior displacement (red arrow). (From https://synapse.koreamed.org/articles/1037797)  
 Cervical Body Fractures
 Cervical body fractures (Figure 6) in the lower cervical vertebrae include “compression fractures,” limited to the anterior vertebral body without retropulsion of bone into canal, or “burst fractures” which involve the posterior aspects of the body, with retropulsion of bone into the spinal canal and associated spinal cord injury. (The phrase “compression fractures” is surrounded by air quotes as it is referring to a specific pattern, as described. The mechanism of injury of other injuries may also involve “compression,” in the general meaning of the word.)
 Flexion teardrop fractures are caused by axial/flexion forces that compress the anterior-inferior aspect of the vertebra (usually C4, C5 or C6) and push the posterior portion of vertebra into the canal. They are associated with extensive injuries to both bone and ligament and thereby produce spinal instability. Associated spinal cord injury is common.
 [image: ]Figure 6: Cervical body fracture with anterior and posterior displacement. (From https://jkfs.or.kr/DOIx.php?id=10.12671/jkfs.2011.24.1.100)  
 Thoracolumbar Fractures
 Thoracolumbar burst fractures (Figure 7) most commonly present with symptoms of spinal cord injury. Due to the location of the injury distal to the cervical nerve roots, only the lower extremities are affected. If the spinal canal is compromised by the retropulsion of the vertebral body, maximal compression of the spinal cord occurs at the moment of trauma. Neurologic symptoms can occur with burst fractures. In the rare cases without significant neurologic symptoms, the patient will complain of severe, focal back pain over the injured vertebrae. Mobility of the thoracolumbar junction is limited both by pain and instability.
 Thoracolumbar burst fractures can be described in terms of their geographic limits: anterior, middle and posterior column injuries. Direct damage can be limited to the anterior column of the spine (anterior longitudinal ligament + anterior 2/3 of vertebral body) the anterior plus the middle column, which includes the posterior longitudinal ligament and posterior 1/3 of vertebral body; or the inclusion of the posterior column, containing the ligamentum flavum, the spinous processes, the pedicles and the posterior ligaments.
 [image: ]Figure 7: A) 35-year-old man with an L2 burst fracture; B) An axial computed tomography image shows comminution and canal encroachment; C) Two-level posterior fixation was done from L1 to L3. (From https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-020-3038-6 BMC Musculoskelet Disord 21, 17 (2020). https://doi.org/10.1186/s12891-020-3038-6)  
 Osteoporosis and Vertebral Compression Fractures
 Osteoporosis is characterized by poor bone mineral density and a propensity for so-called “fragility fractures” of the distal radius, the hip, and the vertebral bodies. Of these three fragility fractures, vertebral compression fractures (Figure 8) are the most common, with an annual incidence of 700,000. It is estimated that one in four postmenopausal women will suffer a vertebral compression fracture in their lifetime. Vertebral compression fractures are responsible for more than $10 billion of health care expenditure annually in the USA and are a harbinger of increasing morbidity and mortality.
 Most osteoporosis-related vertebral compression fractures are found in the thoracolumbar region (T12 to L2) in patients aged 50 to 60. (By contrast, wrist fractures are most common in the 5th decade and hip fractures are most common in the 7th decade.) In the case of a vertebral compression fracture, the onset pain is often insidious. If acute pain is noted, many patients may report that their pain started after a seemingly benign event like coughing, rolling over in bed, or lifting an object.
 Physical exam for osteoporosis is unrevealing, but a secondary vertebral compression fracture can cause tenderness to palpation over the fracture level. Other signs of compression fracture include progressing loss of height, kyphotic deformity, or paraspinal muscle contraction (necessary to maintain posture).
 It is unlikely that an osteoporosis-related vertebral compression fracture will cause any damage to the spinal cord. That is because the bone collapses on itself and does not create a mass effect in the central canal (as might be seen with a burst fracture of healthy bone in high energy trauma). The loss of height in the vertebral column may, however, compress the neural foramina and put pressure on exiting nerve roots.
 Because vertebral compression fractures can also be caused by metastatic cancer or infection, it is important to exclude these diagnoses when the presentation is not typical for an osteoporosis-related fracture. Suspicion should be raised in patients with a known cancer history; patients under age 50, especially with no history of overt trauma; a history of weight loss, fevers, or other constitutional signs and symptoms (e.g., fever); a vertebral compression fracture located at the T5 vertebra or above; or risk factors for cancer or infection, such as smoking and immunosuppression, respectively.
 A vertebral compression fracture is itself a red flag for the presence of osteoporosis, and a formal work-up (with treatment if the diagnosis is confirmed) should be initiated.
 X-ray imaging of the entire spine should be performed in patients with suspected vertebral compression fractures. A 20% or 4mm loss of vertebral height is consistent with the diagnosis (see Figure 8). A CT scan may be obtained if radiography is inadequate or if there are lower extremity neurologic findings. Magnetic resonance imaging is needed only if there is a question about the chronicity of the fracture or the presence of a spinal cord injury.
 [image: ]Figure 8: A vertebral compression fracture at L1 is shown at right. The red arrow points to an upper endplate fracture, and anterior cortex buckling is denoted by the green arrow. In the left panel, there is a T7 vertebral compression fracture with anterior cortex buckling also denoted by the green arrow, but there is no associated endplate fracture. (Images courtesy Osteoporotic vertebral endplate and cortex fractures: A pictorial review https://www.sciencedirect.com/science/article/pii/S2214031X18300986#fig3) A history of at least one prior vertebral compression fracture increases risk of a future vertebral compression fractures by a factor of five. Risk of future vertebral compression fractures is 12 times greater in those with two or more previous vertebral compression fractures.
 In patients with known osteoporosis of the spine, management of osteoporosis with light weight training, calcium and vitamin D supplementation, and bisphosphonate medications can reduce fracture risk by 25% to 75%.
 Most patients with a vertebral compression fracture have a stable spine and thus can be treated non-operatively. Surgery is reserved for patients with continued severe back pain after six weeks of conservative therapy, although evidence of surgical intervention efficacy is limited. Operative management of a vertebral compression fracture is usually achieved with vertebroplasty or kyphoplasty (see Figure 9).
 [image: ]Figure 9: During kyphoplasty, a tube is introduced into the vertebral body (as shown in the cadaveric specimen in the left panel) under fluoroscopic guidance (right panel). A balloon is then passed through the tube and then inflated to restore the geometry of the fractured bone. The balloon is then removed, and the cavity is filled with polymethylmethacrylate to stabilizing the bone. Rarely, surgical decompression and spinal stabilization with construct fixation are necessary to correct an injury to the posterior longitudinal ligament and prevent further deformity.
 Vertebral compression fractures that produce kyphotic deformities can negatively impact pulmonary function by decreasing forced vital capacity when the kyphosis angle is greater than 70 degrees. This may also increase a patient’s risk of developing atelectasis and pneumonia. Kyphosis can lead to GI symptoms such as constipation, early satiety, and even bowel obstruction due to the increase in abdominal cavity pressure. Vertebral compression fractures may cause poor balance (because the patient’s center of gravity is tilted forward), leading to the potential for further falls. Loss of mobility leads to muscle atrophy and increases a patient’s risk of DVT. Overall, vertebral compression fractures increase a patient’s five-year mortality by 15%. One-year mortality for a vertebral compression fracture is 15% and 2-year mortality is 20%.
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		Spinal Infection

								

	
				Infections of the spine can occur in several adjacent yet anatomically distinct locations: the vertebral bodies, the intervertebral discs and the epidural space (see Figure 1). Infection of the vertebral bodies is termed “osteomyelitis,” as it would be any other bone. Disc and epidural space infections are denoted as “discitis” and “spinal epidural abscess” respectively. In general, the most commonly implicated organisms are bacterial, but spinal infection can also be caused by mycobacterium, fungi or, less commonly, viruses.
 Spinal infections are relatively rare but are clinically important as they may cause significant morbidity and mortality – especially damage to the spinal cord and nerve roots that manifest as pain and dysfunction. Accordingly, suspected spinal infection requires urgent medical attention.
 [image: ]Figure 1: Sagittal drawing of the spine showing the three areas for potential infection: the vertebral body, the intervertebral disc and the epidural space. (Modified from Spinal Epidural Abscess: A Review Highlighting Early Diagnosis and Management. JMA J. 2020;3(1):29-40)  
 Structure and Function
 The primary anatomic regions of the spine that are susceptible to infection include the vertebral bodies, the intervertebral disc, and the epidural space. These distinct anatomic regions have different blood supplies and therefore different capacities to spread infections. Of the three, the epidural space is most vascular, followed by the bone; the intervertebral disc is the least vascular.
 The term vertebral osteomyelitis refers to an infection localized to the bones of the vertebral column. Vertebral osteomyelitis is usually seeded from a hematogenous source, that is, pathogens circulating in the blood which spread to the bones of the spine. If the vertebral bodies become infected, they can lose their structural integrity and collapse, leading to deformity.
 Discitis refers to an infection of the intervertebral disc space. If both the disc space and the adjacent vertebral body are infected, as is common with bacterial infections, the term “spondylodiscitis” may be used.
 An epidural abscess is a contained collection of purulent fluid in the area between the dura mater and the vertebral bone (see Figure 2). The epidural space contains arteries and veins which can be compressed by the abscess. An abscess can cause septic thrombophlebitis, which can further impede blood flow. A larger abscess can compress the spinal cord and nerve roots directly.
 [image: ]Figure 2: Drawing of an axial view of the spine, showing a posterior epidural abscess. This posterior abscess creates a mass effect that indents the spinal cord from behind. There is also compression of the vessels within the epidural space. (Image courtesy of Spinal Epidural Abscess: A Review Highlighting Early Diagnosis and Management. JMA J. 2020;3(1):29-40) Although osteomyelitis, discitis and spinal epidural abscesses refer to discrete infection patterns, these conditions can overlap when there is a progression of a single infectious focus. For example, osteomyelitis can extend posteriorly to form an epidural abscess or it might spread to the adjacent intervertebral disc and vertebral body, causing spondylodiscitis.
 The etiology of most spinal infections is usually seeding of the spine from a distant source of infection via the bloodstream, (so-called hematogenous spread).
 The age of the patient influences the specific location prone to infection, as the blood supply to the spine changes with age. In children, the nucleus pulposus of each intervertebral disc is well-vascularized. Thus, in children, infection from a distal origin will spread to the nucleus pulposus preferentially. In adults, the nucleus pulposus is avascular, whereas the vertebral bodies and end plates have a relatively higher volume/low velocity blood flow. Therefore, in the adult, streaming bacteria are more apt to land in the bone.
 Beyond arterial hematogenous spread, other modes of infection of the spine include direct inoculation of the spine and contiguous spread from adjacent soft tissues. Direct inoculation may occur due to iatrogenic injury during surgery or from penetrating trauma. An infected sacral decubitus ulcer or retropharyngeal/retroperitoneal abscess might be the source of contiguous spread. Contiguous spread may also be the result of a lung infection or psoas muscle abscess which, if left untreated, can extend into the nearby vertebral bodies.
 Vertebral osteomyelitis affects the lumbar spine in a majority of cases. The thoracic spine is affected in about 35% of cases and the cervical spine in about 10% of cases. S.aureus is the most common bacteria responsible for vertebral osteomyelitis accounting for 50% or more of cases; S.epidermis is the second most common organism. Other less common organisms include gram negative bacteria (often originating from septic genitourinary or respiratory tract infections), pseudomonas (most common in intravenous drug users), salmonella (as seen in patients with sickle cell disease), and Brucella (common in countries where unpasteurized sheep, goat, or camel milk is consumed).
 Vertebral osteomyelitis leads to abscess formation in about 20% of cases. Spinal epidural abscesses are almost always found due to progression of adjacent osteomyelitis or discitis.
  
 Patient Presentation
 The general complaints most often elicited on history from patients with an infectious diseases of the spine include severe and debilitating back pain for more than a week, fever, and malaise. In addition, it is important to elicit any relevant predisposing factors for spinal infection (see Risk Factors below), as this may help aid in forming the differential diagnosis. Any decline in motor or sensory function requires further diagnostic imaging and laboratory studies.
 The diagnosis of disc space infection in young children can be especially challenging given their limited ability to articulate their symptoms. Clinical clues in toddlers include a refusal to sit or walk and resistance to physical activity. In addition, painful limping, change in appetite, fever, and abdominal or back pain can be consistent with discitis.
 In older children or adolescents, focal back pain and point tenderness are the usual (and non-specific) findings for spinal infection.
 Vertebral osteomyelitis can present with an acute, subacute, or chronic disease course, most often in an adult 60 years of age or older. Back pain is the most common initial symptom, and is present in over 85% of cases. Fever, however, is a less reliable finding, occurring in only about half or less of cases. The absence of fever can be misleading, as patients are often taking NSAID analgesics that may suppress fever as well.
 Patients with a spinal epidural abscess most often have one or more predisposing risk factors or conditions such as diabetes, immunodeficiency syndromes, intravenous drug use, prior spine surgery, malnutrition, and recent systemic infection.
 Spinal epidural abscess can present with a classic triad of fever, spinal pain, and neurologic deficits, but the complete triad is found concurrently in only a fraction of patients. The most common symptom is severe back pain, which occurs in the majority of patients. Fever is present in only about 50% of patients. While neurologic deficits are the most feared complication of spinal epidural abscess, only about a third of patients will present with neurologic symptoms or exam findings. Nonetheless, it is important to inquire about numbness, paresthesia, bowel, bladder and sexual dysfunction, and lower extremity motor weakness.
  
 Objective Evidence
 The diagnosis of spinal infection is challenging given the nonspecific signs and symptoms. Thus, spinal infection should always be included on the differential for any patient with known risk factors or with constitutional symptoms suggestive of infection.
 Acute phase reactants, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and procalcitonin (PCT) levels are elevated in >80% of patients with disc space infection or vertebral osteomyelitis. Note, however, these lab tests could be elevated for a multitude of reasons. Thus, ESR, CRP and PCT are good screening tests in patients with symptoms concerning for spinal infection but do not establish the diagnosis themselves. Rather, elevated acute phase reactant values suggest the need for further investigation with advanced imaging.
 Despite its low specificity, the CRP trend can be used to monitor for effectiveness of treatment: baseline levels are expected to decrease as the infection is cleared.
 The white blood count (WBC) is only elevated in about half of patients with vertebral osteomyelitis or disc space infection.
 Blood cultures and urine cultures are also important in identifying a potential infection source and thus guiding treatment, though cultures are positive in only about 50% of patients. However, it is important to obtain cultures in patients suspected of having a spinal infection, as positive results would preclude the need for more invasive diagnostic procedures to identify the causative organism and antibiotic sensitivities. When the causative organism is not identified by blood culture, a vertebral body biopsy may be needed.
 Plain radiographs are routinely obtained, though they will often not show any changes until at least 2 weeks after infection. Some of the early findings for spondylodiscitis are loss of vertebral body architecture and paraspinous soft tissue swelling. Later findings include disc space narrowing, endplate erosion or vertebral body collapse, which begin to appear 10-21 days after the onset of infection. CT scans (Figure 3) are similar to what plain radiographs may show, only they are more sensitive for earlier changes in the bone.
 [image: ]Figure 3: A sagittal CT demonstrates osseous destruction of the endplates at the T2–T3 level (arrow) with reactive sclerosis of the adjacent vertebral bodies in a patient with pyogenic spondylodiscitis. (Image courtesy Imaging spinal infection https://doi.org/10.1016/j.jrid.2016.03.001) Radiographs have a very limited role in diagnosing an isolated spinal epidural abscess, as the collection usually cannot be visualized at all.
 MRI (see Figure 4) with contrast is the gold standard imaging modality, with approximately 95% sensitivity and specificity for spondylodiscitis. Findings include a decreased signal intensity in the focus of infection within the vertebral bodies and discs on T1-weighted images, increased vertebral body enhancement on T2-weighted images, and contrast (often gadolinium) enhancement of paraspinal and epidural processes.
 [image: ]Figure 4: Sagittal T1-weighted fat-saturated post contrast images of the patient shown in the figure above demonstrate enhancement of the intervertebral disk space and adjacent vertebral bodies at the T2–T3 level. (Image courtesy of Imaging spinal infection https://doi.org/10.1016/j.jrid.2016.03.001) MRI is particularly useful for visualizing the epidural space (Figure 5). Epidural abscesses tend to have low signal on T1-weighted images and high or intermediate intensity on T2-weighted ones.
 [image: ]Figure 5: Sagittal T1-weighted, T2-weighted images of the lumbar spine showing a lumbar epidural abscess. The T1-weighted image to the left shows low signal intensity whereas the T2-weighted image shows high signal intensity. (Image courtesy of Spinal Epidural Abscess: A Review Highlighting Early Diagnosis and Management. JMA J. 2020;3(1):29-40.) 
 
 
 
 Importantly, MRI can help rule out other items on the differential diagnosis list such as malignancy.
 For patients who cannot undergo MRI, technetium bone scan is a reasonable alternative for the diagnosis of spondylodiscitis, but it is less sensitive and far less specific.
 More invasive diagnostic procedures may be required in patients with clinical and radiographic evidence of osteomyelitis with negative blood/urine cultures, as identifying the organism is critical in choosing the appropriate antibiotic. The gold standard for these patients is a CT-guided biopsy with culture and histopathology (see Figure 6). This method of obtaining a culture reveals a higher diagnostic yield relative to blood culture, but is obviously more invasive with a higher rate of complications. Histopathology of the biopsy specimen may provide evidence of more rare infections (brucellosis or tuberculosis) characterized by granuloma formation. If the first biopsy is non-conclusive an additional biopsy is recommended as it increases the likelihood of identifying an infectious agent. As a last resort diagnostically, an open biopsy would be indicated in patients with a negative CT-guided biopsy in the setting of a very high suspicion for infection.
 [image: ]Figure 6: An abscess (white arrows) is identified in the left psoas muscle in the MRI image to the left. A CT-guided biopsy of the psoas abscess (red arrows) is shown in the figure to the right. (Image courtesy of CT-Guided Biopsy in Suspected Spondylodiscitis – The Association of Paravertebral Inflammation with Microbial Pathogen Detection https://doi.org/10.1371/journal.pone.0146399)  
 Epidemiology
 Spinal infections are relatively rare conditions. Discitis is estimated to occur in 3/100,000 pediatric patients annually, most often in children younger than 5 years old, males more than females.
 Isolated disc space infections in adults are rare; the most common cause of discitis is progression of adjacent vertebral osteomyelitis (spondylodiscitis).
 The incidence of vertebral osteomyelitis is approximately 2/100,000 per year. However, the incidence is increasing, likely as a consequence of the rising prevalence of intravascular devices and surgical procedures (usually spinal surgery), immunosuppressive medications, chronic diseases (e.g., diabetes), and the aging population.
 Spinal epidural abscess is seen in fewer than 1/100,000 people per year.
  
 Differential Diagnosis
 The differential diagnosis for spinal infection includes malignancy (primary or metastatic), inflammatory arthritis, vertebral compression fracture and visceral infection/abscess. Ordinary degenerative spondylosis and disc disease, owing to their prevalence, must also be considered.
 While there are features on history and physical exam that can help sort this differential diagnosis list, the nonspecific nature of the symptoms in spinal infection often leads to a reliance on objective findings such as imaging and laboratory tests.
  
 Red Flags
 The most feared complications of spinal infections are permanent neurologic damage and sepsis. Thus, the major red flag symptoms include any neurologic deficits suggesting involvement of the spinal cord or any hemodynamic instability or severe systemic symptoms concerning for sepsis. Therefore, a thorough neurological exam is warranted in all patients that exhibit these signs and symptoms since it helps increase our index of suspicion.
  
 Treatment Options and Outcomes
 Because one of the complications of infection includes hemodynamic instability, fluid resuscitation and intravenous broad-spectrum antibiotics (such as vancomycin and a third-generation cephalosporin) should be given to any patient presenting with signs of sepsis– even prior to confirmation of the offending microbe.
 Ideally, blood cultures are drawn before antibiotics are given, as a culture provides not only a general diagnosis but is critical for tailoring the appropriate antibiotic treatment. In the stable patient with a suspected disc space infection, vertebral osteomyelitis, or spondylodiscitis, antibiotics should ideally be withheld until a culture-proven diagnosis is made.
 The specific antibiotic will depend upon the causative organism, but patients will typically require 6-12 weeks of antibiotics. Potentially useful non-operative adjuncts include bed rest to reduce stress on the spine, analgesics for pain, and bracing to help reduce pain and prevent potential spinal deformity.
 The majority of cases of isolated spondylodiscitis without abscess formation do not require surgery: antibiotics and occasionally bracing will suffice.
 If a spinal epidural abscess is present, urgent surgical decompression might be required, especially in the presence of any neurological deficits. Traditionally, surgical decompression has been indicated for all cases of epidural abscess formation. However, more recent data has suggested that it may be reasonable to treat patients with antibiotics alone if three main criteria are fulfilled: 1) the abscess is small, 2) no neurologic deficits are present and 3) a microbiologic diagnosis can be made via blood culture or CT-guided aspiration. Needless to say, in cases that do not meet those criteria, or fail to respond to antibiotic treatment, surgical drainage with debridement of the infected tissues is recommended, especially given the morbidity associated with incompletely treated epidural infections.
 After surgical drainage of an abscess, a post-operative course of antibiotics for 2 to 4 weeks is thought to be sufficient if there is no bony involvement. On the other hand, if the bone is infected as well, the antibiotic treatment should be extended to at least 6 weeks and sometimes even to 12 weeks.
 Complications of isolated spondylodiscitis without abscess formation include narrowing of the disc space, spinal deformity, and persistent back pain. Overall, there is an 80% success rate with non-operative treatment, but morbidity and mortality of infections increase with age. The mortality rate is relatively low at <5%.
 The complication rate and prognosis are less favorable for spinal epidural abscess. There is an approximate 15% incidence of permanent neurological damage from either direct compression or infarction of the spinal cord. The mortality rate of spinal epidural abscesses is about 5%. Ultimately, the most important predictor of neurologic outcome is the patient’s neurologic status immediately prior to surgery, highlighting the importance of early and accurate diagnosis of this condition.
  
 Risk Factors and Prevention
 There are several risk factors associated with the development of a spinal infection. These include immunodeficiency or immunosuppression (diabetes, medications, primary immunodeficiency syndrome), intravenous drug use, increasing age, malignancy, trauma, existing degenerative spine disease, malnutrition, obesity, and recent systemic infection. Some of these risk factors are amenable to modification, often only with great effort and good luck.
 Two other risk factors are worthy of special mention: tuberculosis (TB) and prior spine surgery.
 Although tuberculosis is uncommon in the United States (with fewer than 3 cases per 100,000 persons), it is highly prevalent in other parts of the world. Thus, spinal tuberculosis should be considered and excluded in patients coming from countries where tuberculosis is endemic. Approximately 5% of all TB patients have spine involvement (see Figure 7). A chest x-ray should be ordered for any patients in which TB is a possibility, as late diagnosis is associated with severe and irreversible kyphosis (even after successful treatment).
 [image: ]Figure 7: Tuberculosis of the spine in an Egyptian mummy from approximately 1000 B.C.E. (Courtesy of Wikipedia) Brucellosis, uncommon in the USA, is more prevalent in parts of the world where people drink unpasteurized sheep, goat, or camel milk. Brucella, like other bacteria, may be identified by routine blood cultures and is not readily apparent on most radiographic tests unless signs of osteomyelitis are already present.
 Postoperative spine infections are relatively rare but can have catastrophic sequelae. Thus, they must be detected as quickly as possible. Post-operative patients, especially if there is implanted hardware, should be monitored closely with urgent treatment initiated when signs suggesting infection are present. Wound drainage is the most common presentation but often the presentation is more subtle. A good heuristic to detect a post-operative infection is to pay attention to the pattern of pain. In general, post-operative pain should decrease as time from surgery passes. Pain that increases with time is therefore suspicious.
  
 Miscellaneous
 Tuberculosis of the spine is known as Pott’s Disease (see Figure 8).
 [image: ]Figure 8: Percivall Pott was an English surgeon who described spinal tuberculosis, hence the eponym “Pott’s disease.” In 1769, he published one of the first books on orthopaedic surgery, Some Few Remarks upon Fractures and Dislocations.  
 Key Terms
 Vertebral osteomyelitis, disc space infection, discitis, spondylodiscitis, spinal epidural abscess
  
 Skills
 Understand the anatomic and pathophysiologic differences between vertebral osteomyelitis, discitis, and spinal epidural abscess. Perform a targeted history and physical exam with special attention to red flags concerning for spinal cord involvement or sepsis. Identify the appropriate labs and imaging studies that will help confirm the diagnosis of spinal infection.
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		Cerebral Palsy

								

	
				Cerebral palsy (CP) is defined by the US National Institute of Neurological Disorders and Stroke as a group of neurological disorders “that appears in infancy or early childhood and permanently affects body movement and muscle coordination. CP is caused by damage to or abnormalities inside the developing brain that disrupt the brain’s ability to control movement and maintain posture and balance. The term cerebral refers to the brain; palsy refers to the loss or impairment of motor function.”
  
 Structure and Function
 CP is a static encephalopathy (a non-progressive brain disorder) that usually manifests as a disorder of movement. Babies with cerebral palsy do not roll over, sit, crawl or walk normally; older children with CP can present with poor coordination, stiff and weak muscles.
 CP is primarily an upper motor neuron or movement disorder – however, depending on the size and location of the brain lesion, CP may affect speech, swallowing, and/or cognition. Cognitive problems can be a feature of CP, but are not always found. Any injury that occurs to the brain before the age of 2 may cause cerebral palsy.
 CP may be classified physiologically (Table 1), anatomically (Table 2), or functionally. The physiological classification is based on the affected location of the brain lesion. The anatomic classification is defined by the affected limbs. A functional classification is based largely on the individual’s mobility. Because certain levels of function that might be described in a classification system – jumping, for example – are not expected to be present in very young children, functional classification is not maximally reliable until approximately 6 years of age or older.
 Table 1: Physiologic Classification of Cerebral Palsy 	Type 	Location of Lesion in Brain 	Description 
 	Spastic 	Pyramidal structures 	·         Increased muscle tone, especially with rapid stretching ·         Hyperreflexia
 ·         Compared to other physiologic types, Spastic CP patients benefit more from orthopedic surgical treatments
 
 	Dyskinetic/ Athetoid 	Extra-pyramidal structures 	·         Involuntary, choreoathetoid movements ·         Dystonia
 ·         Less frequent than in the past due to improvement in prenatal care with Rh-immune globulin treatment of Rh incompatibility
 
 	Ataxic 	Cerebellum 	·         Impaired balance ·         Impaired coordination
 ·         Wide-based gait
 
 	Mixed 	Combination of the above  
 
  
 Table 2: Anatomic Classification of Cerebral Palsy 	Type 	Affected Anatomy 	Notes 
 	Diplegic 	Lower extremities 	·         Often still have some upper extremity involvement but not as severe as lower extremities ·         Brain lesion is midline
 
 	Hemiplegic 	Ipsilateral upper and lower extremity on one side of the body 	·         Walking ability almost universal 
 	Quadriplegic 	All four extremities 	·         Usually non ambulatory  
 
  
 The “static” aspect of the encephalopathy implies that the lesion which affects the brain does not expand or change with time – and that is true. However, the musculoskeletal manifestations of CP are not necessarily static. Indeed, the musculoskeletal manifestations of CP often worsen as the child grows. This occurs because normal muscle development depends on the appropriate neurological signals – and in CP, the damaged upper motor neuron fails to provide those signals. Normal bone and joint development, in turn, depend on normal muscle function and development.
 The static brain lesions may also give rise to seizures, which is an additional cause of morbidity (and sometimes mortality) in patients with CP.
 In simple language, CP is caused by brain damage during development in utero, during birth, or during very early infancy. There are a multitude of known factors that are linked to a higher chance of causing CP (see “Risk Factors,” below). In many cases, the cause of CP is unknown.
  
 Patient Presentation
 Children with CP will present with delayed developmental milestones, especially with independent sitting and ambulation.
 The degree of severity varies greatly. Depending on the physiologic type of CP, general spasticity or dystonia and choreoathetosis (Involuntary muscle contractions causing writhing or twisting movements) may be appreciated.
 Contractures of joints are common findings. Gait disturbances such as toe-walking, crouched gait, scissoring (Figure 1), among others, are frequently seen.
 	[image: ] 	Figure 1: A scissor gait pattern. Relative tightness of the thigh adductors produces extreme adduction, causing the knees to cross in a scissors-like fashion. 
  
 Torsional deformities of the long bones may be present. These develop via a normal remodeling response to the abnormal muscle forces acting across the joints of developing bones.
 People with cerebral palsy often have low bone mineral density and thin cortices of the long bones. Contractures may impede full development of the articular surfaces.
 Common deformities include increased femoral anteversion and external tibial torsion. Often, knee valgus, pes planovalgus or pes equinovarus are also present.
 The hips in people with cerebral palsy are often subluxated or dislocated posterosuperiorly, due to a combination of abnormal muscle tone leading to abnormal acetabular development, increased femoral anteversion, and hip adduction and flexion contractures.
 Neuromuscular scoliosis is also common in CP patients, especially in those with high levels of functional impairment (Figure 2).
 [image: ]Figure 2: Clinical photograph and anteroposterior radiographs in a patient with CP. Note the severe scoliotic curve, increased kyphosis, and pelvic obliquity.  
 Objective Evidence
 There are no laboratory tests with which to diagnose CP; it is a clinical diagnosis based on clinical manifestations.
 As the child grows, radiographs of the spine, hips, lower/upper extremities, and feet may show the effects of abnormal bone and joint development due to the underlying upper motor neuron lesion.
 The spine may show a scoliotic curve, which is usually long and C-shaped (as shown above in Figure 2).
 The hips may show increased femoral anteversion with apparent coxa valga, shallow acetabula and femoral head subluxation or dislocation (Figure 3).
 [image: ]Figure 3: Anteroposterior radiographic views of a patient with CP showing bilateral hip dislocations. Radiographs of the long bones may reveal evidence of abnormal axial plane malrotation due to abnormal growth and development.
 The feet radiographs may reveal pes planovalgus, calcaneovalgus, or cavovarus deformities as well as hallux valgus and hallux interphalangeus (Figure 4).
 [image: ]Figure 4: Anteroposterior and lateral radiographic views of a patient with CP and severe calcaneovalgus deformity of the hindfoot and ankle, as well as hallux valgus. Gait analysis – often paired with dynamic EMG –  is routinely used as objective evidence when evaluating cerebral palsy, specifically for the disorders of movement and gait. Results from gait studies can guide surgical treatment in patients with CP.
  
 Epidemiology
 CP is the most common cause of chronic disability in childhood. It occurs in about 1 to 3 per 1000 live births. However, if the child is born prematurely or with low birth weight, the incidence increases to around 90 per 1000 live births. The incidence may be slightly higher in families of lower socioeconomic status, although this difference is small.
 The incidence of CP has remained stable in recent decades, despite improvements in neonatal care that have increased the survival rates among babies at risk for perinatal brain damage. These greater survival rates have been matched with improvements in perinatal care that help avert anoxic brain injury and CP.
  
 Differential Diagnosis
 The spine and hip pathology seen in CP patients can be seen in other neuromuscular disorders. However, proper history and physical exam can often distinguish between the various diagnoses.
 A condition called familial spastic paraparesis may also look very similar to CP phenotypically. In this inherited condition, affected patients display weakness and spasticity, especially in the lower extremities. This condition, in contrast to CP, is progressive – that is, weakness and spasticity usually worsen as the patient ages.
  
 Red Flags
 Seizure activity can be seen in patients with CP. This may lead to further brain damage if left untreated. Choking and trouble swallowing may be present in those patients with CP who also have bulbar involvement. This may require G-tube placement for nutrition if the airway cannot be protected and there is a risk of aspiration. (Note that some children who can swallow normally may nonetheless benefit substantially from G-tube placement, simply as a means to ensure adequate nutrition.)
  
 Treatment Options and Outcomes
 The treatment of patients with CP is often complex and multi-disciplinary. Musculoskeletal providers treating CP patients often follow them from infancy through adulthood. Apart from assisting with the coordination of care to other providers, the musculoskeletal needs change throughout the life of the child living with CP.
 The skills and services of physical therapists, occupational therapists, and orthotists are central to the treatment of children with CP. Physical therapy (PT) serves to help train and maintain mobility, which often relies on the use of aids such as crutches or walkers. PT programs focusing on stretching and specific muscle strengthening to help with ambulation and mobility are important, as are the use of various braces and orthoses to help prevent joint contractures and maintain appropriate joint alignment for ambulation. The treating orthopedist should also check at each visit to ensure that orthoses are still fitting appropriately, as children may grow out of their orthoses, or sometimes due to worsening deformity.
 Medical treatment of the neuromusculoskeletal manifestations of CP is widely used. Common medications prescribed to combat global spasticity include baclofen and diazepam. Baclofen may be taken orally or administered intrathecally with an implantable pump to non-ambulatory patients. (Intrathecal pumps deliver the medication directly to the central nervous system and hence decrease the risk of systemic side effects.) Diazepam is taken orally. Both of these medications allow the musculature to relax but may lead to profound sedation if the dosage is too high. A neurologist skilled in the treatment of CP should follow these patients closely to help and strike the right balance between muscle relaxation and sedation.
 Botulinum toxin A (“Botox”) may also be given to treat spastic CP patients. This medication is injected at the neuromuscular junction, and acts as an irreversible inhibitor to proteins at the axon terminal responsible for the release of acetylcholine, thereby disrupting the neuromuscular signal chain and preventing muscle fiber depolarization. Even though the toxin acts in an irreversible manner, after 3-6 months the clinical effect wears off due to protein turnover in the cell and new, uninhibited protein targets replace the inhibited ones. Patients treated with botulinum toxin A are then usually prescribed a physical therapy and bracing regimen. It is important to note that this therapy is only intended for spasticity; it is ineffective alone to correct a fixed joint contracture (though it can be a helpful adjunct to physical therapy which can decrease contracture).
 When scoliosis is present, bracing may be employed to assist with sitting balance. However, unlike for idiopathic scoliosis, bracing does not prevent progression in neuromuscular scoliosis. Furthermore, unlike idiopathic scoliosis, curves tend to progress in neuromuscular scoliosis after skeletal maturity.
 Surgical treatment may become necessary when following patients with CP. Surgery may be performed in an effort to improve ambulatory function, improve standing ability, relieve pain, improve hygiene, prevent worsening scoliosis and thus respiratory decline, prevent pressure ulcers, and sometimes for cosmetic concerns.
 Contractures may be treated with tendon or muscle releases or lengthening procedures, especially in the lower extremities to improve gait. The treating surgeon should be warned, however, to avoid overlengthening the Achilles tendon, which may convert one gait problem into another. Crouch gait can be treated with distal femoral extension osteotomies and patellar tendon shortening or advancements. In-toeing or external rotation deformities may be treated with de-rotational osteotomies at the site of pathology (tibia or femur). Foot deformities, such as cavovarus foot, pes planovalgus, calcaneovalgus, and/or hallux valgus may be treated with tendon transfers, osteotomies, and/or fusions, as appropriate (Figure 5). When performing tendon transfers, split tendon transfers are often recommended to prevent over-correction.
 [image: ]Figure 5: Post-operative lateral fluoroscopic view of the patient shown in Figure 4. This patient underwent talectomy and hindfoot fusion to address the calcaneovalgus deformity of the hindfoot and ankle, and an MTP fusion to address the hallux valgus. Hip subluxation may be treated with adductor tenotomy, but only in mild cases in younger patients. In the setting of more severe subluxation, adductor tenotomy alone is not apt to be effective. Thus, when there is severe subluxation (or worse, when frank dislocation is present), femoral and/or pelvic osteotomies are often necessary in addition to adductor release. A common option for the femoral osteotomy is a varus de-rotation osteotomy of the proximal femur (Figure 6). Options for pelvic osteotomies include Dega osteotomy (if the triradiate cartilage is still open) or a Ganz versus shelf osteotomy (if the triradiate cartilage is closed). In addition, total hip replacement can also be used to address CP-associated hip arthrosis in adult patients (teens and older).
 [image: ]Figure 6: Post-operative anteroposterior radiographic views of the patient shown in Figure 3. The bilateral hip dislocation was relocated with bilateral femoral varus denotational osteotomies of the femurs, as well as a Dega acetabular osteotomy on the left (red arrow). Scoliosis is often progressive and may be treated with posterior spinal fusion. Fusion to the pelvis is recommended if pelvic obliquity is present, especially in non-ambulators to improve wheelchair balance (Figure 7). Very stiff curves and large curves may require anterior release as well.
 [image: ]Figure 7: Radiographs of the patient shown in Figure 2, after posterior spinal fusion from T2 to the pelvis. Life expectancy in CP is inversely correlated with the severity of disease. Patients with mild CP may have a normal life expectancy. By contrast, as many as 10% of severely affected patients will die in childhood. Respiratory failure is the most common cause of mortality in CP patients.
 Outcomes following surgery are generally worse than outcomes for similar surgeries in unaffected patients. For example, the infection rate following spinal fusion surgery is much higher for CP patients than it is for idiopathic scoliosis patients.
  
 Risk Factors and Prevention
 Many known risk factors exist for CP (Table 3). Many of these environmental risk factors can be mitigated before & during pregnancy. However, controlling for these risk factors does not completely reduce the chances of being born with CP to zero.
 Table 3: Risk Factors of Cerebral Palsy.   	Prenatal Factors 		TORCH infections 	Toxoplasmosis
 	“Other” Infections (chiefly syphilis but also varicella-zoster, parvovirus B19)
 	Rubella
 	Cytomegalovirus
 	Herpes
 
 
 	Placental complications
 	Maternal Epilepsy
 	Maternal Drug and Alcohol Abuse
 	Teratogenic medications
 	Radiation exposure
 	Rh incompatibility
 
  
 	Perinatal Factors 		Prematurity (birth prior to 37 weeks gestation) – most common
 	Low birth weight ( < 1,500 g)
 	Chorioamnionitis
 	Anoxia
 
  
 	Postnatal Factors 		Meningitis
 	Anoxia
 	Intraventricular hemorrhage
 	Brain trauma (including child abuse)
 
  
  
  
 Miscellany
 Although the term “cerebral palsy” was not used until the late 1800s, the condition has been described since ancient times. William Osler was the first to coin the term “cerebral palsy.” During the polio epidemic, cases of polio and cerebral palsy were often confused, and CP was thought to be due to the polio virus to some extent.
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		Down Syndrome

								

	
				Down syndrome, or Trisomy 21, is the most common genetic disorder caused by a chromosomal abnormality. The presence of three copies of chromosome 21, rather than the usual two, leads to characteristic facial features, developmental delay, intellectual disability, and impaired immune function. Down syndrome is also associated with an increased risk of congenital heart defects, epilepsy, leukemia, and other diseases. Approximately 20% of all patients with Down syndrome have an associated musculoskeletal condition. The main effects of Down syndrome on the musculoskeletal systems are due to ligament laxity, excessive joint flexibility, and loss of muscle tone. Beyond generalized laxity and hypotonia, musculoskeletal manifestations of Down syndrome include cervical spine instability, hip subluxation, patellofemoral instability, scoliosis, and flatfoot deformity (also known as pes planus or pes planovalgus).
  
 Structure and Function
 Trisomy 21 is usually due to duplication of one of the parental copies of chromosome 21 (most commonly the mother’s). This occurs due to failure of the diploid chromosome to separate into haploid gametes during meiosis (termed “nondisjunction”). In rare cases, Down syndrome is due to a chromosomal translocation.
 The ligament laxity and excessive joint flexibility seen in Down syndrome likely arise from the production of abnormal or excess Type VI collagen. The production of Type VI collagen is encoded by a gene found on the 21st chromosome.
 There is an increased incidence of polyarticular rheumatoid factor-negative arthritis in children with Down syndrome. This typically causes erosive changes of the small joints of the hands and wrists. The mechanism of this arthropathy is not known.
  
 Patient Presentation
 Growth in children with Down syndrome is commonly delayed and stunted, as are many other developmental milestones. The typical facial appearance includes flattening of the nasal bridge, with upward-slanting eyes and epicanthal folds. The mouth is typically small with a large tongue, which commonly leads to obstructive sleep apnea. The neck may be stout or shortened, often with redundant skin posteriorly. The hands are shortened with a single palmar crease (Figure 1). The feet are usually flat (pes planus) and may have an unusually large space between the 1st and 2nd toes (Figure 2). Classically, the gait is waddling and broad based.
 [image: ]Figure 1: Shown at left is a hand with a single palmar crease (yellow arrow); a normal hand crease pattern is shown at right. (image courtesy Wikipedia) [image: ]Figure 2: Clinical photograph of the feet of a boy with Down syndrome, showing a large gap between the first and second toes bilaterally. (image courtesy Wikipedia) Most patients with Down syndrome have some degree of intellectual disability. Hearing and vision problems are fairly common; the incidence of epilepsy is also elevated.
 Congenital heart disease is common in individuals with Down syndrome. This usually takes the form of a septal defect, although valve pathology may be seen. More serious defects can include tetralogy of Fallot. Hypothyroidism, type 1 diabetes mellitus, duodenal atresia, and leukemia are also seen at higher rates in patients with Down syndrome. Additionally, the overall occurrence of infection is greater, leading to elevated surgical site infection risk as compared to the general population.
 Approximately 20% of all patients with Down syndrome have an associated musculoskeletal condition. Occipito-cervical and atlanto-axial instability are common. Atlantoaxial instability can be assessed on lateral cervical spine radiographs or sagittal CT scans by measuring the atlanto-dens interval (Figure 3). This interval should be 5mm or less.
 [image: ]Figure 3: Mid-sagittal slice of a cervical spine CT scan. The image on the left (A) is of a 14-year-old boy with Down syndrome who was experiencing myelopathic symptoms due to atlantoaxial instability. The atlanto-dens interval, indicated by the yellow line, is ~13mm. The image on the right (B) is of a normal C-spine with a normal atlanto-dens interval for comparison. Down syndrome is associated with high rates of scoliosis and slipped capital femoral epiphysis (Figure 4).
 Hypotonia and ligamentous laxity commonly lead to hip instability and recurrent patellofemoral dislocation in these individuals (Figure 5).
 [image: ]Figure 4: Frog-leg lateral radiographic view of the bilateral hips in a patient with Down syndrome, demonstrating a left slipped capital femoral epiphysis. [image: ]Figure 5: Anteroposterior radiographic view of the left knee in a patient with Down syndrome, demonstrating lateral dislocation of the patella (red arrow).  
 Objective Evidence
 Chromosomal analysis in Down syndrome reveals three copies of chromosome 21, which is diagnostic for this syndrome.
 On an AP pelvis radiograph, the iliac wings are commonly flared, with flat acetabula. Prior to the advent of chromosome analysis for diagnosis, the pelvis radiograph was often used to confirm the diagnosis of Down syndrome.
 [image: ]Figure 6: Pelvic radiograph showing “flaring” of the iliac wing, outlined in red, with the normal contour outlined in yellow. (Case courtesy of Radiopaedia.org, rID: 43579)  
 Epidemiology
 Down syndrome is the most common chromosomal abnormality, occurring about once per 700 to 1000 live births. This occurrence, however, increases with the mother’s age at conception. Down syndrome does not have a predilection for certain races or geographic regions. Life expectancy for patients with Down syndrome averages around 50-60 years. Individuals with Down syndrome also suffer premature aging, with a high prevalence of Alzheimer’s disease in those who reach mid-adulthood.
  
 Differential Diagnosis
 Diagnosis can usually be made based on the typical phenotypic characteristics described above. However, other conditions exist that may overlap phenotypically including congenital hypothyroidism, trisomy 18 and
 Zellweger syndrome. When the diagnosis is in question, a chromosomal analysis may provide confirmation.
  
 Red Flags
 Down syndrome is itself a red flag for atlantoaxial instability. This must be considered before any surgical procedure requiring intubation is contemplated. Many clinicians recommend radiographic evaluation of the cervical spine before patients with Down syndrome are cleared to play sports, though this is not universally accepted.
 When evaluating a Down syndrome patient with a limp or vague lower extremity pain, pelvis radiographs must be studied closely for a subtle slipped capital femoral epiphysis of the hip. This condition is otherwise easily missed, as these patients may have trouble articulating their symptoms.
  
 Treatment Options and Outcomes
 When treating musculoskeletal manifestations in Down syndrome, non-operative modalities should be exhausted prior to surgical intervention as complication rates tend to be higher in this population.
 Pes planovalgus and patellar subluxation can be treated initially with stabilization braces and physical therapy. Hip subluxation can be treated initially with hip abduction braces. When non-operative treatments fail, any surgical strategy must consider that patients with Down syndrome have generalized hypotonia and ligamentous laxity; thus, typical soft-tissue stabilization procedures alone are often ineffective. Osteotomies, such as tibial tubercle osteotomies for patellar instability or acetabular osteotomies for hip dislocation, are needed to address the generalized hypotonia and ligamentous laxity typically encountered.
 If a slipped capital femoral epiphysis occurs in a Down syndrome patient, pinning the unaffected side prophylactically is usually undertaken at the same time.
 Treatment of various degrees of atlantoaxial instability is controversial. Although the normal atlanto-dens interval is 5 mm or less, asymptomatic patients with an interval measuring between 5–10 mm can simply be observed initially. Surgical fusion and stabilization should be reserved for when symptoms develop.
 Fusion options include C1-C2 fusion, or even occiput-C2/C3 if greater instability exists. However, it should be cautioned that complication rates in Down syndrome patients following fusion are high; overall complication rates can approach 50%, and mortality rates are quoted as high as 25%.
 The spinal curvature that occurs in many patients with Down syndrome often resembles that of idiopathic scoliosis and treatment is similar: bracing and observation for small curves and surgical fusion for larger curves (Figure 7).
 [image: ]Figure 7: Preoperative (left) and post-operative (right) views of a patient with Down syndrome and scoliosis. (image courtesy Scoliosis 10, 14 (2015). https://doi.org/10.1186/s13013-015-0035-x) Although life expectancy for individuals with Down syndrome is shorter than normal, many patients routinely live into their 6th decade of life. Reasons for earlier mortality include cardiac disease and infections.
  
 Risk Factors and Prevention
 The most well-known risk factor for Down syndrome is advanced maternal age. This risk is < 0.1% when the mother is < 30 years old at conception, and increases more than 10-fold as the mother reaches her late 30s to early 40s. Parents of a child with Down syndrome are at increased risk of a subsequent child being affected. There is no known modifiable risk factor, other than maternal age, at which prevention can be aimed. For rare cases of Down syndrome due to a translocation, parents who carry the translocation are at an increased risk of having another child with the condition.
  
 Miscellany
 Down syndrome is named after John Langdon Down, who first described the condition in 1862. However, it wasn’t until the late 1950s that the genetic cause of the condition was identified, after the advent of technology that made karyotyping possible.
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		Fractures of the Growth Plate

								

	
				The Physis
 The physis, or growth plate, is a complex cartilaginous structure that is responsible for longitudinal growth of the skeleton. In order to allow for bone growth, the physis is not fully ossified. That makes it an area of weakness and prone to fracture.
  
 Anatomy and Structure
 Long bones in children have four distinct segments (Figure 1): The epiphysis is the region of bone adjacent to the joint surface. Below it lies the physis, the area where growth occurs. Distal to that is the metaphysis, a flared region of bone, and below that lies the narrower shaft of the bone, or diaphysis. (A nice way to remember the meaning of these terms is to consider the etymology: “physis” means “origin” (of bone); “epi” means “above”; “meta” means “beyond”;  and “dia” means “through” or “towards”.
 	[image: ] 	Figure 1: Bone segments of the femur. As the figure makes clear, in a long bone there is only one diaphysis, but there can be physes and associated regions at both ends. Also shown are the apophyses, the growth plates of the secondary growth centers where tendons attach [In the proximal femur, these will become the trochanters.] (Modified from Dr Matt Skalski, Radiopaedia.org. From the case https://radiopaedia.org/cases/29729) 
  
 The physis is found between the epiphysis and the metaphysis. Here cartilage cells progress through a series of layers and mature to create new bone that is added to the metaphysis. The physis itself can be broken down into four zones, beginning at the epiphysis and ending with new bone formation at the metaphysis (Figure 2). The germinal or reserve zone contains chondrocytes, or cartilage cells, in a relatively quiet state that will serve as the source of cells for growth. In the proliferative zone, the cells begin to divide, flatten, and form columns. Next, in the hypertrophic zone, the cells grow, mature and spread out as they produce additional extracellular matrix. This is the weakest layer of the growth plate and the most common location of physeal fractures. Finally, in the zone of provisional calcification the cartilaginous matrix begins to calcify, and immature bone formation occurs.
 [image: ]Figure 2: Physeal anatomy showing the four zones. (Case courtesy of Dr Matt Skalski, Radiopaedia.org. From the case https://radiopaedia.org/cases/27354) Horizontal growth also occurs at the physis, through a circumferential collection of immature cells at the periphery known as the Node (or groove) of Ranvier. Overlying this is a layer of strong fibrous tissue that stabilizes the physis by connecting the epiphysis to the periosteum of the metaphysis, known as the perichondral ring of LaCroix. Blood supply to the growth plate comes from several sources. Epiphyseal vessels supply the resting and proliferative zones. Additionally, metaphyseal-sided blood supply comes from perforating metaphyseal and diaphyseal intramedullary nutrient vessels. There is also a perichondral artery that enters at the Node of Ranvier. Damage to these blood vessels can contribute to growth arrests that occur after fractures through the growth plate.
  
 Epidemiology
 Physeal fractures make up 15-30% of all fractures in children. They are more common in boys than in girls (2:1), and occur more frequently in adolescents during periods of rapid growth when the physis is weaker. Growth plate fractures are typically the result of trauma and often occur due to falls engaging in sports and other recreational activities. Physeal fractures can, however, be caused by high energy mechanisms as well as physical abuse. The physis is an area of weakness and is less resistant to stress than the surrounding bone, ligaments, and other soft tissues. As such, mechanisms of injury that in an adult would cause sprain ligaments more likely will cause physeal fractures in skeletally immature patients.
  
 Evaluation
 Patients presenting after mechanisms of injury suggestive of physeal fractures report pain at the end of the bone (near the joint), an inability to use or put weight on the extremity, and possible visible deformity. The skin should be carefully examined for signs of soft tissue injury including bruising, swelling, bleeding, open wounds, and exposed bone. The joints above and below the area of suspected injury should be palpated and brought through a range of motion as pain allows. Particular attention should be paid to confirming the presence of distal pulses and capillary refill and whether they are symmetric to the contralateral side. As with all orthopaedic injuries, it is important to evaluate for other associated injuries by checking for tenderness, deformity, crepitus, and pain with range of motion in all four extremities, the pelvis, and spine. Biplanar radiographs, typically anterior-to-posterior and lateral views, should then be obtained.
  
 Salter-Harris Classification
 There are several classification systems describing physeal fractures, however Salter-Harris is the most commonly used (Figure 3). It describes the anatomic location of the fracture while also providing prognostic information for outcomes and complications. The Salter-Harris classification of a given fracture is determined by following the path of the fracture line through the physis and the surrounding metaphysis and epiphysis bone segments.
 [image: ]Figure 3: The Salter-Harris classification system for physeal fractures. (Case courtesy of Dr Matt Skalski, Radiopaedia.org. From the case https://radiopaedia.org/cases/27144) Type I – The fracture travels transversely through the growth plate. Also known as a physeal separation, there is no extension into the metaphysis or epiphysis (Figure 4). If non-displaced, they can be difficult to diagnose on radiographs. In these cases, tenderness directly over the growth plate is the best indication of injury.
 [image: ]Figure 4: Salter-Harris I fracture of the distal femoral physis, treated with closed reduction and percutaneous pinning. 
Type II – The fracture travels transversely through the growth plate and extends vertically into the metaphysis, typically resulting in a triangular fragment of metaphysis of variable size that remains attached to the physis and epiphysis (Figure 5).  Among the definitively diagnosed fractures, these are the most common Salter-Harris fracture type (noting that non-displaced Type I fractures, which are likely the most common, may be under-diagnosed).
 [image: ]Figure 5: Salter-Harris II fracture of the distal femoral physis showing a large metaphysis fragment (Thurston-Holland fragment). Treated with open reduction and cannulated screw placement. Type III – The fracture travels transversely through the growth plate and extends vertically into the epiphysis and typically to the articular surface of the joint (Figure 6). These are more prevalent in older children in whom the physis has begun to close.
 [image: ]Figure 6: Salter-Harris III fracture of the distal femoral physis showing the fracture line splitting the epiphysis and continuing to the knee joint. Treated with open reduction to ensure restoration of the articular surface and held with cannulated screws. Type IV – The fracture travels vertically through the metaphysis, across the physis, and through the epiphysis (Figure 7).
 [image: ]Figure 7: Salter-Harris IV fracture of the distal tibia fracture showing the fracture line traveling through the metaphysis, through the physis, and into the epiphysis exiting in the ankle joint. Treated with open reduction and cannulated screw fixation. Type V – Crush injury to the growth plate resulting from a compression force. This type might be difficult to appreciate on radiographs, but may be recognized by narrowing of the physis or compression of the nearby metaphysis.
  
 Differential Diagnosis
 If a fracture is visible on an x-ray, there is no differential diagnosis per se: the injury is seen and diagnosed definitively. In those cases, the “differential diagnosis list” is really the “additional diagnosis list” – that is, the physician must exclude other injuries. It is possible, however, that a growth plate fracture is present yet the fracture is not visible on an x-ray because it is not displaced – the x-ray will appear normal. Here, the differential diagnosis is that of a sprain. However, as noted, a growth plate fracture is more likely, owing to the relative strength of the ligament to that of the physis.
  
 Red Flags
 Mechanisms of injury that in an adult would cause sprain ligaments more likely will cause physeal fractures in skeletally immature patients. Thus, a 12 year old who twisted his ankle and had normal appearing x-rays may nonetheless not have sprained his ankle (as would be assumed in the adult) but indeed have a growth plate fracture. This patient needs to have his ankle immobilized, and either treated empirically as if a fracture were present (see below) or re-assessed 10-14 days after injury.
  
 Treatment Options and Outcomes
 Treatment of physeal fractures is determined on a case-by-case basis depending on the anatomic location, amount of displacement, Salter-Harris type, and involvement of the articular surface. To limit the potential for growth arrest and to maintain function, the goals of treatment are to restore alignment of the growth plate and any involved joint surface.
 In general, Type I and II fractures with minimal or no displacement are treated with closed reduction (if needed) and immobilization (Figure 8). Most patients have a good clinical outcome. However, fractures that are widely displaced and or unstable may require surgical stabilization (Figures 5 and 6). Bear in mind as well that widely displaced fractures often have soft tissue blocks to reduction (typically a piece of periosteum, muscle, or tendon). If a reduction is difficult, one should not force it.
 [image: ]Figure 8: Displaced Salter-Harris II fracture of the distal radius, treated with closed reduction and casting. Salter-Harris Type III, IV and V require surgical intervention to realign the physis and ensure articular congruity (Figures 7 and 8). In all fracture types, the number of reduction attempts should be limited to prevent damage to the growth plate. If possible, it is best to avoid crossing the growth plate with implants. This is however necessary in some cases to maintain stability, and when needed smooth, small diameter implants should be used preferentially.
 The most concerning potential complication from a fracture involving the growth plate is growth arrest. In any physeal fracture there is the potential for damage to the growth plate tissue with formation of a “bony bar” across the physis that can disrupt the normal bone growth. Partial growth arrests can lead to asymmetric growth and result in angular deformities (as say the lateral aspect of the bone continues to grow whereas the medial does not). Complete growth arrests can result in a clinically significant limb length discrepancy.
 The risk growth disturbance increases with increasing Salter-Harris type number.  In Type I and Type II injuries, the fracture typically travels through the hypertrophic zone and the germinal and proliferative zones stay in continuity. The likelihood of growth disturbance is therefore lower. In some regions of the body, such as the distal femur and proximal tibia, where the growth plate is undulated (that is, more curvilinear), Type I and II fractures are at higher risk of growth disturbance.
 In Type III and IV fractures, the germinal and proliferative zones are interrupted leading to higher rates of physeal bar formation and growth disturbance. Type V crush injuries cause severe damage to all layers of the physis and have a very high rate of growth arrest.
 Growth arrest and physeal bars can be treated in a variety of ways. If relatively small, the bone that crosses the growth plate can be removed and that space filled with bone wax, fat or other fillers. Typically, this is best reserved for bony bars that are less than 50% of the growth plate surface area and in patients who have at least two years of growth remaining. Larger bars are usually best treated by completing the growth arrest and addressing any resulting deformities. In the case of angular deformities, osteotomies can be used to restore mechanical alignment of the limbs. For unequal limb lengths, procedures to lengthen the short bone can be performed or the growth of the longer bone can be stopped at the appropriate time to allow the shorter limb to “catch up”.
  
 Miscellany
 The Salter-Harris classification was developed by two orthopaedic surgeons. Dr. Robert B. Salter was a Canadian pediatric orthopaedic surgeon who also created the Salter osteotomy for treatment of developmental dysplasia of the hip. Dr. William H. Harris is an American orthopaedic surgeon best known for developing the Harris Hip Score, an outcome studies measurement (and the focus of the most highly cited paper in orthopaedic surgery [as of 2020]).
  
 Key Terms
 Growth plate, physis, epiphysis, metaphysis, diaphysis, reserve zone, proliferative zone, zone of hypertrophy, zone of provisional calcification, Salter-Harris classification, fracture, growth arrest, physeal bar, reduction
  
 Skills
 Identify the four basic segments of a long bone. Identify and describe the four cellular layers of the physis. Describe the Salter-Harris classification and correctly apply it to radiographs of bone injuries.
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		Muscular Dystrophy

								

	
				Muscular Dystrophy is a group of more than 30 genetic diseases that are characterized by the production of abnormal muscle proteins leading to progressive weakness and loss of muscle mass. There are various types of Muscular Dystrophy and the severity of symptoms, location, and age of occurrence vary between the various types. The most common form of muscular dystrophy is Duchenne Muscular Dystrophy (DMD). Duchenne Muscular Dystrophy primarily affects boys and is caused by the absence of dystrophin, a protein involved in maintaining skeletal muscle. Onset is at approximately 3 years of age and is progressive: the initial presentation is lower limb muscle weakness and gait impairment but eventually, there is loss of muscle strength in the upper limbs and impairment of the diaphragm and heart leading to cardiopulmonary failure.
  
 Structure and Function
 In the cytoplasm of normal skeletal muscle, there is a protein called dystrophin that connects the cytoskeleton of a muscle fiber to the surrounding extracellular matrix through the cell membrane. Dystrophin plays an important role in cell signaling, muscle cell membrane stabilization, and the transmission of force from the contracting sarcomere to the muscle cell membrane. In Duchenne Muscular Dystrophy, dystrophin is absent. In Becker Muscular Dystrophy, dystrophin is present but in lower quantity compared to normal muscle cells.
 A lack of dystrophin leads to necrosis and fibrosis of the muscle cells (Figure 1). On gross examination, healthy skeletal muscle tissue in Muscular Dystrophy is replaced with fibrous and fatty tissue. On microscopy, immunoblot preparations with stains for dystrophin will show absent dystrophin in Duchenne Muscular Dystrophy and decreased intensity of the signal in Becker Muscular Dystrophy due to the quantitative decrease in dystrophin.
 [image: ]Figure 1: Biopsy of the calf muscle from a person with Duchenne Muscular Dystrophy showing replacement of muscle fibers by fat cells. The muscular dystrophies are genetic disorders which may be inherited in an autosomal dominant, autosomal recessive, or X-linked recessive fashion. Duchenne Muscular Dystrophy is due to a point deletion causing a nonsense mutation in the gene which encodes the dystrophin protein. The result is an inability to produce dystrophin. This mutation is inherited in an X-linked recessive manner (Figure 2). Becker Muscular Dystrophy, also X-linked recessive, is due to a mutation in the non-coding region of the gene encoding dystrophin, which does not shift the translation reading frame like the Duchenne Muscular Dystrophy mutation. The mutation in Becker Muscular Dystrophy leads to the production of a truncated version of dystrophin, and smaller quantities of the protein are produced.
 [image: ]Figure 2: X-linked recessive transmission. (image modified from Wikipedia)  
 Patient Presentation
 Duchenne Muscular Dystrophy generally presents between 3 and 6 years of age. The condition first affects muscles near the hip and shoulder, leading to difficulty in jumping, running, climbing stairs, and toe walking.
 In most patients, the classically-described calf pseudohypertrophy may be seen. This phenomenon is due to fatty and fibrotic infiltration in the calf muscles. Increased lumbar lordosis may be present, as this compensates for the gluteal muscle weakness present (Figure 3).
 [image: ]Figure 3: A drawing of a 7-year-old boy with muscular dystrophy. Note the lower limb pseudohypertrophy, relative thinness of the arms and increased lumbar lordosis. (Image from Duchenne’s original manuscript) To compensate for the muscle weakness first affecting the hip, when patients are rising from the floor, they will walk their hands up their legs and push their knees into extension to assist in standing themselves up. This maneuver is termed “Gower’s sign” (see Figure 4). If nearby objects such as tables, chairs or walls are present, patients may use these to achieve standing posture as well.
 [image: ]Figure 4: Gower’s sign is seen when children with proximal muscle weakness stand up by first placing their hands on the ground and then walking towards their hands and pushing up along their own legs. Patients with weak lower limbs are able push up against their own bodies due to relative preservation of distal arm muscle strength. (Modified from https://www.wikihow.com/Diagnose-Muscular-Dystrophy#/Image:Diagnose-Muscular-Dystrophy-Step-2.jpg). As patients age, the muscle weakness becomes more severe and progressive, leading to upper limb girdle weakness and trunk weakness which often results in scoliosis. Eventually, patients lose the ability to ambulate independently and will become wheelchair-bound by 10-15 years old. The progressive weakness leads to respiratory issues and often cardiomyopathies.
 Symptoms in patients with Becker Muscular Dystrophy present later than those in Duchenne Muscular Dystrophy, often after age 7, due to a less severe disease course. Becker Muscular Dystrophy patients maintain ambulatory ability well into their teenage years.
 Becker Muscular Dystrophy patients have a higher incidence of cardiomyopathy than those with Duchenne Muscular Dystrophy. Respiratory problems in Becker Muscular Dystrophy are also common, but occur later than Duchenne Muscular Dystrophy.
  
 Objective Evidence
 Elevated levels of creatine phosphokinase (CPK), leaking from damaged muscle, is a specific test for muscular dystrophy. Due to the abnormal muscle composition and progressive skeletal muscle breakdown, CPK levels in patients with Duchenne Muscular Dystrophy are elevated and can be as high as 200x normal values. Becker Muscular Dystrophy patients also show elevated CPK on lab testing, but levels are not as elevated as in Duchenne Muscular Dystrophy.
 Genetic testing is available for detecting the abnormal gene which codes dystrophin. A polymerase chain reaction assay can detect deletions of the dystrophin gene.
 A muscle biopsy may also be taken for the purposes of diagnosis (as shown in Figure 1), but genetic tests are the more common route to diagnosis.
 When the child develops scoliosis, radiographs of the spine typically may show a long, C-shaped or S-shaped curve which may differ from the typical patterns seen in adolescent idiopathic scoliosis (Figure 5).
 	[image: ] 	Figure 5: An anteroposterior radiograph of the spine in a patient with Duchenne Muscular Dystrophy showing a scoliosis with a characteristic long, sweeping S-shaped curve. 
  
  
 Epidemiology
 Because Duchenne Muscular Dystrophy and Becker Muscular Dystrophy are X-linked recessive, only male patients are affected, except in very rare cases (for fascinating reasons, including missing, damaged or inactivated second X chromosomes — all beyond the scope of this text).
 The incidence of Duchenne Muscular Dystrophy is one in 5,000 male live births. Becker Muscular Dystrophy is around 1/10th as rare, with an incidence of one in 30,000 male live births.
  
 Differential Diagnosis
 Differential diagnoses for Duchenne Muscular Dystrophy and Becker Muscular Dystrophy include the other muscular dystrophies, such as limb girdle muscular dystrophy or myotonic muscular dystrophy. Other progressive neuromuscular conditions can have similar symptoms as Muscular Dystrophy, such as spinal muscular atrophy (SMA). One way to tell them apart clinically is that in Duchenne Muscular Dystrophy and Becker Muscular Dystrophy, deep tendon reflexes are preserved, unlike in SMA. Guillain-Barre syndrome (GBS) can present with progressive weakness as well, but tends to progress faster. GBS also characteristically lacks deep tendon reflexes, and creatine phosphokinase levels will be normal.
  
 Red Flags
 	Inability to climb, run, jump, or keep up with peers as a child should prompt investigation into Muscular Dystrophy.
 	Shortness of breath or murmurs necessitate a cardiac evaluation to rule out cardiomyopathy or respiratory failure.
 	The risk of malignant hyperthermia is increased in patients with Muscular Dystrophy. Vigilance of the anesthesia and surgical teams is required when patients are undergoing surgery.
 
  
 Treatment Options and Outcomes
 Corticosteroids may be used to treat children with progressive symptoms. Corticosteroid therapy has been shown to slow overall progression. It can delay the deterioration of ambulatory and lung function and can delay the progression of scoliosis. However, corticosteroid treatment is not without well-known side-effects, which include weight gain and Cushingoid appearance, osteonecrosis, headaches, cataracts, GI symptoms, and stunting of growth.
 Supporting respiration during sleep with a ventilator has also been shown to lengthen lifespan in Muscular Dystrophy patients. In some patients, a tracheostomy may be required to facilitate this, but most individuals with Muscular Dystrophy can use Continuous Positive Airway Pressure (CPAP) or Bi-level Positive Airway Pressure (BIPAP) machines.
 Physical therapy and orthotics also play a large role in the treatment of Muscular Dystrophy patients. Maintaining strength and range of motion may serve to prolong ambulation and prevent contracture formation. Targeted orthoses and braces may help maintain mobility and independence. When ambulatory function is lost, custom or adaptive equipment including a motorized wheelchair allows patients to maximize independence.
 The degree of surgical treatment necessary for the care of patients with Muscular Dystrophy is still debated. Contracted joints (ankle plantarflexion contractures due to tight Achilles, knee contractures due to tight hamstrings, etc.) may be targets for surgical lengthening in an effort to prolong ambulatory ability, but the rehabilitation phase of surgical treatment must not be overlooked. Vigilance with early post-operative physical therapy is necessary to prevent deconditioning and limit the progress achieved by the surgical intervention itself.
 The development of scoliosis is extremely common in this patient population, especially after ambulation is lost. Bracing should not be used in these patients – it does not prevent curve progression, and more importantly, may restrict pulmonary function in a patient with already tenuous pulmonary status.
 A scoliosis measuring 20 to 30 degrees is usually an indication for posterior spinal fusion (with an anterior release sometimes added for severe, stiff curves). Often, fusion to the pelvis must be performed to correct pelvic obliquity. Rapid progression of the curve or severe restrictive lung disease (manifested as low forced vital capacity, the amount of air that can be forcibly exhaled from the lungs after taking the deepest breath possible) are also used as indications for surgery.
 The goals of surgical treatment in scoliosis for Muscular Dystrophy patients is to prevent further spine deformity, thus preventing further worsening of restrictive lung disease, and a balanced spine over a balanced pelvis to facilitate sitting posture, comfort, and care.
 Patients with Duchenne Muscular Dystrophy may survive, on average, into their mid-20s. This life expectancy, however, is greatly dependent on the quality of care, with some patients who have access to excellent care and caregivers living into their 30s or even 40s.
 The cause of death is usually respiratory failure, highlighting the need for appropriate respiratory care in these patients (including nighttime ventilation and well-timed spine fusion). Heart failure due to dilated cardiomyopathy is another common cause of death. Those with Becker Muscular Dystrophy, due to a milder and more delayed constellation of symptoms, live much longer.
 Patients with Duchenne Muscular Dystrophy have a higher complication profile following surgical procedures. As mentioned above, malignant hyperthermia is common in these patients, and so appropriate steps must be taken by the anesthesia and surgical teams prior to operating.
  
 Risk Factors and Prevention
 Duchenne Muscular Dystrophy and Becker Muscular Dystrophy are both genetic diseases inherited in an X-linked recessive manner. Thus, females who are carriers of the disease have a 50% chance of passing the disease on to their offspring. However, around 1/3rd of cases are due to a spontaneous mutation.
  
 Miscellany
 The gene which codes for Dystrophin is one of the longest, representing almost 0.1% of the entire human genome.
 Although the condition now known as Duchenne Muscular Dystrophy was described by Giovanni Semmola in 1834 and Gaetano Conte in 1836, Duchenne Muscular Dystrophy is named after Guillame-Benjamin-Amand Duchenne, a French physician who described the condition in a series of patients. Notably, Duchenne was the first physician to perform a surgical biopsy, that is, taking tissue from a living patient for the purposes of diagnosis.
 Since Duchenne Muscular Dystrophy and Becker Muscular Dystrophy are both due to mutations in a single, known gene, ongoing research is focused on targeted gene therapy in an effort to replace the mutated gene in affected individuals via a viral vector.
  
 Key Terms
 Duchenne muscular dystrophy, Becker muscular dystrophy, Dystrophin, Gower’s sign
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		Non-Accidental Trauma / Child Abuse

								

	
				Non-accidental trauma or child abuse is the leading cause of childhood traumatic injury and death in the United States. It is essential that medical providers recognize non-accidental trauma in order to prevent further morbidity or even mortality. Child abuse can present in a wide spectrum of forms: physical, sexual, psychological and neglect.
 According to The Child Abuse Prevention and Treatment Act and the Keeping Children and Families Safe Act, the legal definition of child abuse is defined as “any recent act or failure to act on the part of a parent or caretaker which results in death, serious physical or emotional harm, sexual abuse or exploitation, or an act or failure to act that presents an imminent risk of serious harm.”
  
 Patient Presentation
 The clinical manifestations of child abuse can present in a wide range of pathology. Careful history, physical examination and an appropriate radiographic exam should always be performed.
 The history should be detailed and thorough and note any prior injury or diseases that might be associated with bone fragility. The caregiver’s description of when and how the injury occurred should be recorded. Any delays to seeking treatment must be noted. All witnesses to an injury should give their account. A patient’s medical and developmental stage is important when considering the possibility of non-accidental trauma.
 A full physical exam must be conducted; all clothes should be removed. The child’s general appearance, weight, nutritional status, affect, and demeanor should be noted. The child’s general appearance, weight, nutritional status, attained or unattained developmental milestones, affect and demeanor should be noted. The affect and demeanor of siblings are also important when considering the mechanism of injury.
 The skin exam is used to identify any bruising. Bruises are the most common physical finding of abuse and if found, the size, location, shape and pattern should be recorded. Multiple bruises in various stages of healing are worrisome. Similarly, burns may be a sign of abuse. Burns and bruises in certain shapes or patterns may raise suspicion of abuse (e.g. fork, cigarette, hand, belt). Photo documentation of any bruises or burns should be obtained if possible.
 The head of the patient should be carefully evaluated. Skull fractures may present as swelling, crepitus, depression, or bulging of the fontanelles. Head trauma should also be suspected if the child is obtunded or lethargic. A head CT scan and ophthalmologic exam should be performed if head trauma is suspected.
 Fractures are common and are a present in about one-third of abused children. On physical exam, fractures may occult or be readily apparent. Gross deformity or angulation is rare. Swelling and bruising may be visible. On palpation, the child may grimace or cry. The limb may be held in a fixed position for comfort.
 About three quarters of abused children have multiple fractures. A skeletal survey – total body x-rays – should be ordered for all children suspected of traumatic abuse.
 Metaphyseal corner or chip fractures are very suspicious for child abuse and are the result of longitudinal traction and torsion of the affected limb (Figure 1). Posterior rib fractures (Figure 2) and fractures of the hand or foot in non-ambulatory infants are concerning for abuse.
 [image: ]Figure 1: Metaphyseal Corner Fracture of the Tibia. [image: ]Figure 2: Posterior Rib Fractures. Femur fractures in a non-ambulatory child (Figure 3) should mandate an abuse evaluation. Fractures in various states of healing are not uncommon in children suffering from abuse.
 [image: ]Figure 3: Femur fracture in a non-ambulatory infant. (Case courtesy of Dr Andrew Dixon, Radiopaedia.org, rID: 10321) 
 Epidemiology
 Child abuse is both serious and under-recognized despite getting an abundance of attention in medical education, literature, and the news. Reports have estimated that non-accidental trauma is the second leading cause of infant death. According to the Children’s Bureau in 2017, 9.1 per 1,000 children were the victims of child abuse. Often the pediatric orthopaedic surgeon may be the first physician to recognize a child suffering from non-accidental trauma.
 Infants are at the greatest risk; incidence of child abuse in the first year of life is 25.3 per 1,000 children. Neglect is the most common form of abuse and physical abuse is the second, accounting for 74.9% and 18.3% of reports, respectively. In 2017, 1,720 children died of abuse/neglect at a rate of 2.32 deaths per 100,000 children.
  
 Differential Diagnosis
 Other conditions that may produce “unusual” musculoskeletal findings include osteogenesis imperfecta, congenital pain insensitivity, scurvy, infantile cortical hyperostosis, birth trauma, osteopenia of prematurity, rickets, congenital syphilis, coagulation disorders (von Willebrand, hemophilia, thrombocytopenia), and leukemia.
  
 Red Flags
 In all realms of diagnosis, there is usually a sensitive/specificity trade-off: that is, false negatives (missing a case) can be decreased only by increasing false positives (over-diagnosis). In the case of child abuse, the need to protect children demands that the sensitive/specificity thresholds are tilted towards higher sensitivity. Yet recognizing that high sensitivity might lead to more false positives, a two-pronged approach is needed, whereby any worrisome finding will trigger a close and detailed investigation. This investigation can then exclude the false positives.
 This two-pronged approach requires a certain equanimity on the part of caregivers and physicians alike: an investigation of suspected child abuse is not to be considered as an accusation.
 Elements of the history and physical that should prompt a closer look include the following:
 	Vague or inconsistent history from the caregivers.
 	Delayed presentation of the injury.
 	Abnormal interactions between the caregiver and patient.
 	A history of other injuries.
 	A mechanism of injury that is insufficient to explain an injury or inconsistent with the developmental level of the child.
 	A history of domestic abuse.
 	Premature infants or those with low birth weight are at higher risk (as are those with chronic medical conditions).
 	Metaphyseal fractures.
 	Scapula fractures.
 	Spinous Process fractures.
 	Sternal fractures.
 	Rib fractures.
 	Any fracture or bruise in a non-ambulating child.
 	Detection of a previously undiagnosed healing fracture.
 	Bruising on the torso, ear, or neck for a child younger than four years of age.
 
  
 Treatment Options and Outcomes
 Treatment for non-accidental trauma is focused on the presenting problem, includes a thorough evaluation to avoid missed injuries, and prioritizes preventing another injury or problem. The safety of the child and children within the household is a priority.
 A multi-disciplinary approach is best used. Sub-specialists should be consulted as the evaluation dictates. Social workers should be notified to help with care and the transition of care to home.
 All US states have mandatory reporter laws that dictate that medical providers must report child abuse if it is suspected. The rules established by these laws differ by state. Providers should be familiar with their responsibilities under the law.
 The patient should remain under medical care and only be discharged once a plan has been determined that ensures the patient’s safety.
 Outcomes from non-accidental trauma are largely determined by the extent of injury.
 Figure 4 demonstrates the routine healing response of a femur fracture. Acceptable alignment has been maintained and abundant callus is present at 16 days after initial diagnosis.
 [image: ]Figure 4: An x-ray of the femur taken approximately 16 days after a fracture. Abundant callus is present. It is important to mention that unrecognized child abuse can be disastrous. In one series of 54 children with head injuries caused by non-accidental trauma but not initially recognized as such, 15 were reinjured after the missed diagnosis and five children ultimately died of further abuse.
 Holistic Medicine
 Care of the abused child and family should be thorough and thoughtful. A non-accusatory discussion with the patient’s caregivers is essential. The history and physical should be focused on the care of the patient. Objective findings should be well documented in the Electronic Medical Record and conjecture or accusations should be avoided.
 Caring for a victim of child abuse requires a multi-disciplinary team. Social workers and child protection teams should be contacted once suspicion has been raised to coordinate care. Sub-specialists in neurosurgery and ophthalmology should be consulted if there is evidence of head trauma. Good communication among team members helps to ensure quality care for the patient and family.
  
 Risk Factors and Prevention
 Child abuse affects all races, religions, and classes of society, but epidemiology studies have elicited that some populations are a greater risk. It is important to remember that each case must be taken on an individual basis and the absence of risk factors does not preclude abuse.
 Risk factors can be categorized into three groups.
 	Risk factors intrinsic to the child.
 	Risk factors intrinsic to the perpetrator.
 	Risk factors intrinsic to family structure and society.
 
 (I)
 The risk of non-accidental trauma is inversely related to age with the majority of victims younger than two years of age. First born and step children are at an increased risk of abuse. In addition, any condition that makes the child more difficult to care for predisposes them to maltreatment. Examples include children with behavioral issues, chronic illness, and premature delivery.
 (II)
 Factors which are intrinsic to the perpetrator of abuse are many. Parents with limited knowledge of child development, low sense of parental competence, or inconsistent parenting may predispose a caregiver to abuse children. Having been a victim of child abuse or in an abusive relationship are predisposing factors as well.
 Drug or alcohol abuse, mental illness, low income, unemployed parents, and a lack of social support increase the risk of Non-accidental trauma within the household.
 (III)
 Looking within the family and societal structure reveals many risk factors. Abuse is more common when families perceive a lack of community support and lack of connection to the community. Abuse is more common in communities of lower socioeconomic status, as well. Within the US, the rate of abuse varies amongst race and culture. According to the 2017 Child Maltreatment Report, African American children are at an increased risk of abuse. The rate of African American child fatalities due to non-accidental trauma is more than double the rate of Caucasian children and three times greater than the rate of Hispanic children.
  
 Miscellany
 Here are some helpful memory aids:
 	If you don’t cruise, you don’t bruise.
 	TEN-4 (Bruises on Torso, Ears, Neck before the age of 4 raise concern).
 	3 S’s: Scapula, Spinous Process & Sternal fractures.
 
  
 Key Terms
 Non-accidental trauma, Child abuse
  
 Skills
 Perform a thorough history and physical exam on infants suspected of experiencing abuse. Recognize the history and physical exam “Red Flags” of non-accidental trauma. Be able to clearly and objectively document findings in writing. Communicate clearly with family in a non-accusatory manner, focusing on care and safety of the child.
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		Osteogenesis Imperfecta

								

	
				Osteogenesis imperfecta is a connective tissue disease characterized by extremely fragile bones due to an autosomal dominant genetic defect in type 1 collagen production. There are four main types of osteogenesis imperfecta: type I is the most common and the mildest form of the disorder, and is caused by an inadequate production of type 1 collagen. The remaining types are characterized by abnormal type 1 collagen formation. In addition to bone disorders, osteogenesis imperfecta is associated with blue sclera (Figure 1); lax ligaments; hearing impairments; facial abnormalities; short stature; scoliosis or kyphosis; and dental abnormalities.
 [image: ]Figure 1: The classic “blue sclera” of osteogenesis imperfecta (courtesy Wikipedia).  
 Structure and Function
 Osteogenesis imperfecta is a disease caused by a genetic mutation that causes abnormal type 1 collagen cross-linking. Patients either have insufficient production of type 1 collagen or they produce an abnormal version of type 1 collagen.
 The lack of normal type 1 collagen leads to insufficient production of osteoid (the organic matrix of bone). The bones in osteogenesis imperfecta are brittle and fracture easily (hence the synonym “Brittle Bone Disease”). In some cases, the bones may be bowed or otherwise severely deformed.
 Four main types of osteogenesis imperfecta have been identified. Osteogenesis imperfecta type I is the most common and mildest form; type II is the most severe. In most cases, osteogenesis imperfecta is inherited in an autosomal dominant pattern. Type III patients are most commonly seen in clinics because of their frequent fractures and need for surgery.
 Although the name “osteogenesis imperfecta” implies imperfection (to say the least) in the bones, the disease can in fact affect all connective tissues in which type 1 collagen is found. Clinically, patients usually present with ligamentous laxity. Other clinical findings include basilar invagination of the skull (which may cause neurological symptoms), blue sclera, and abnormalities of the teeth (termed “dentinogenesis imperfecta”). Patients can also have structural abnormalities in and around the heart such as mitral valve prolapse and aortic dissection.
 In the vast majority of cases, osteogenesis imperfecta results from a mutation in the COL1A1 or COL1A2 genes which encode proteins involved in the formation of type 1 collagen.
 Mature collagen contains a large triple helix region in which two alpha1 chains (from the COL1A1 gene) and one alpha2 chain (from COL1A2) assemble together to form this triple helix. Normally, in the triple helix region of the chains, glycine occurs every third amino acid position in the chain in a glycine-X-Y pattern, where X and Y are frequently proline or hydroxyproline (Figure 2). This pattern allows the collagen fibrils to coil into the triple helix and helps define the unique biochemical properties of the protein.
 [image: ]Figure 2: Multiple collagen fibrils form into collagen fibers. Amino acids on the alpha chain shown here are proline (PRO), glycine (GLY) and hydroxyproline (HYP). Substitution of the glycine by a larger amino acid, as in osteogenesis imperfecta, inhibits the formation of the normal helix. (Courtesy of Journal of Children’s Orthopaedics https://doi.org/10.1302/1863-2548.13.180190) Glycine is the simplest amino acid, with its side chain simply consisting of a hydrogen. With this simplicity, having glycine occur at every third spot in the amino acid chain allows the alpha chains to form a tight “twist.” This spatial arrangement wouldn’t otherwise be possible if an amino acid with a bulkier side chain were substituted for glycine.
 In the most well-studied genetic abnormality in osteogenesis imperfecta, a point mutation in the COL1A1 and COL1A2 genes leads to the substitution of another amino acid in place of glycine. This impedes the correct association of alpha chains when forming the triple helix. This abnormal protein is then either hydrolyzed by the cell or simply fails to function properly.
 Both autosomal dominant and autosomal recessive forms of the disease have been described.
  
 Patient Presentation
 Any organ system in which type 1 collagen plays a structural role can be affected. The severity and phenotype vary widely depending on the type of osteogenesis imperfecta. While four types of osteogenesis imperfecta have been classically described (see Table 1), as many as 15 more have been added since.
 Table 1: Classification of osteogenesis imperfecta  	Type 	Description 
 	I 	·         Most common type ·         Least severe type
 ·         Blue sclerae
 
 	II 	·         Lethal (respiratory compromise); most do not survive past early infancy 
 	III 	·         Most sever form that is compatible with life ·         Early and numerous fractures leading to deformed limbs
 ·         Progressive in nature
 ·         Normal sclerae
 
 	IV 	·         Not as severe as Type III ·         Fractures are common
 ·         Bowed long bones
 ·         Normal Sclerae
 
  
 Classically, patients with osteogenesis imperfecta have diminished growth. The face may have an atypical triangular shape, and the eyes may have blue sclera. The teeth are commonly affected, termed “dentinogenesis imperfecta,” due to abnormal dentin. This condition can lead to discolored, soft teeth with a predilection for dental caries. Hearing loss is commonly seen as well, which may be due to conduction abnormalities from the bones in the middle ear, sensorineural abnormalities from abnormalities of the inner ear organs, or a combination of the two.
 The lungs and cardiovascular system may be affected. Patients with osteogenesis imperfecta can have abnormal valvular tissue leading to mitral valve prolapse or aortic regurgitation. The connective tissue of vessel walls is weakened which can lead to easy bruising.
 Often musculoskeletal complaints will cause the patient to present to the orthopedist. Ligamentous laxity is characteristic, which leads to hypermobility of the joints. Basilar invagination, a condition in which the occipito-cervical junction gradually deforms and the edges of the foramen magnum fold inward, may be seen in some subtypes of osteogenesis imperfecta, leading to neurologic compromise. Scoliosis may be present to some degree, which may be quite severe in some subtypes.
 Generalized bone brittleness and fragility are common. Recurrent fractures may lead one to suspect the diagnosis in otherwise mild forms of the disease. Olecranon apophyseal fractures are usually pathognomonic for osteogenesis imperfecta (Figure 3). Notably, the risk of fracture drops dramatically after puberty.
 [image: ]Figure 3: Lateral radiographic view of the right elbow in a patient with osteogenesis imperfecta, demonstrating an olecranon apophyseal fracture. Severe bowing of the limbs is usually present in more severe forms (Figure 4A). The legs may exhibit the classic “saber shin” appearance due to anterior bowing of the tibiae (Figure 4B). The femora may be severely bowed. Compression fragility fractures of the spine lead to the classic “codfish vertebrae” appearance on lateral spine radiographs (Figure 4C).
 [image: ]Figure 4: A) Anteroposterior radiographic view of the right humerus in a patient with osteogenesis imperfecta. Note the severe bowing deformity present. Also noticeable are multiple growth arrest lines in the proximal half of the humerus. B) Lateral radiographic view of the tibia in a patient with osteogenesis imperfecta. Note the anterior bowing of the tibia, the so-called “saber shin” deformity. C) Lateral radiographic view of the spine of a patient with osteogenesis imperfecta. Note the biconcave appearance of multiple vertebral bodies due to multiple compression deformities over time. This appearance is termed “codfish vertebrae.”  
 Objective Evidence
 A diagnosis of osteogenesis imperfecta can usually be made based on family history and typical radiographic findings. Although DNA analysis may reveal mutations, especially in COL1A1 and COL1A2, due to the variety of mutations that lead to an osteogenesis imperfecta phenotype, there is no one simple lab test that can lead to diagnosis.
 Radiographic analysis of patients with osteogenesis imperfecta will show osteopenia and thinned cortices. There may be radiographic evidence of multiple prior fractures – these may be pseudarthroses (a “false joint”) if the bones failed to heal.
 Long bones are typically thin and have variable degrees of progressive bowing and general deformity. As mentioned above, the radiocapitellar joint may be dislocated, and ossification of the interosseous membrane can be seen. The pelvis may show coxa vara due to the stress seen at the proximal femur and an inability to remodel correctly in response to this stress.
 In patients who have been treated with bisphosphonates, multiple radio-dense lines may be seen in long bones which correlate to growth arrest and subsequent recovery during treatment (Figure 5).
 [image: ]Figure 5: Anteroposterior radiographic view of the tibia and fibula in a patient with osteogenesis imperfecta. Radiographic growth arrest lines are appreciated in the proximal and distal metaphyses of both the tibia and fibula. Multiple compression fractures in the spine may lead to a biconcave appearance of the vertebral bodies, the classic “codfish vertebrae” appearance, or even a complete flattening of the bone called platyspondyly (Figure 6) if the compression was more severe.
 [image: ]Figure 6: Lateral radiographic view of the spine of a patient with osteogenesis imperfecta. Note the multiple vertebral compression deformities and flattening of the vertebra (“platyspondyly”), especially at L2. Basilar invagination can be evaluated with lateral cervical spine radiographs or sagittal views on CT scan or MRI. Basilar invagination is present when the dens protrudes superior to the McRae line, drawn from the caudal aspects of the basion and opisthion (Figure 7).
 [image: ]Figure 7: Basilar invagination at right, normal at left as shown on mid-sagittal cuts of the cervical spine of two different patients. On the right, basilar invagination is present. Shown in green and red is the approximate location of the foramen magnum. Note that in the image on the right, the dens (also known as the odontoid process) is protruding cranially, through the foramen magnum to the level of the basion. The dens normally lies about 5 mm below this point.  
 Epidemiology
 Considering all subtypes, osteogenesis imperfecta occurs about once per 15,000–20,000 live births with no known variability across races and geographic regions. Type I osteogenesis imperfecta is the most common, found in one in 30,000 live births; osteogenesis imperfecta type II, the most severe form, is happily the rarest. Osteogenesis imperfecta affects males and females in equal numbers. In most cases, osteogenesis imperfecta is inherited in an autosomal dominant pattern. Osteogenesis imperfecta type II can occur as a spontaneous genetic mutation, which is then transmitted in an autosomal dominant pattern. Rare forms of osteogenesis imperfecta are inherited as autosomal recessive genetic traits.
  
 Differential Diagnosis
 Any disorder that presents with frequent or recurrent fractures may share some phenotypic characteristics with osteogenesis imperfecta. Importantly, if a child presents with multiple fractures, child abuse (non-accidental trauma) must be investigated and ruled out. Indeed, the possibility of child abuse must not be ignored merely because a diagnosis of osteogenesis imperfecta is present!
 Other conditions which may have a musculoskeletal presentation similar to osteogenesis imperfecta include vitamin-D homeostasis deficiencies and hypophosphatasia, celiac disease, some forms of Ehlers-Danlos syndrome, Menkes disease, and I-cell disease.
  
 Red Flags
 	Any child presenting with skin lesions and/or fractures otherwise unexplained must be worked up for non-accidental trauma. As mentioned above, just because a diagnosis of osteogenesis imperfecta is made does not mean child abuse is not present.
 	Myelopathy or other motor/sensory changes, ataxia, decreased mental status, or apnea suggest possible basilar invagination.
 	Easy fatigability, shortness of breath and murmurs must prompt an evaluation for mitral valve prolapse, aortic regurgitation, aortic dissection.
 	The risk of malignant hyperthermia is increased in patients with osteogenesis imperfecta. Vigilance on the part of the anesthesia and surgical teams is required when patients are undergoing surgery.
 
  
 Treatment Options and Outcomes
 Treatment of the clinical effects of osteogenesis imperfecta is specific to each patient and subtype of disease. Many clinicians recommend early bracing to correct deformities and/or physical therapy in an effort to prevent fractures from occurring.
 Bisphosphonates are also commonly used in patients with osteogenesis imperfecta, which have been shown to decrease the incidence of fractures as well as pain from impending fractures and brittle bones. Bisphosphonates work by inhibiting osteoclasts, which thereby effectively decreases bone resorption and leads to thicker cortical walls.
 Certain fracture patterns treated non-operatively in children without osteogenesis imperfecta may also often be treated non-operatively in children with osteogenesis imperfecta. In an effort to prevent further fractures in this fragile population, the caveat with non-operative treatment is that light splints may be favored over rigid casts, and immobilization times generally are shortened.
 Fractures of the femur and tibia may be treated with rods that span the entire bone to allow simultaneous support and continued growth. Load sharing devices that protect the whole bone should be used. Plates should be avoided due to the propensity for creating stress risers and increasing the risk of peri-implant fracture.
 In the setting of bowed long-bones, single or multiple re-alignment osteotomies can be performed. These are secured with traditional (non-telescopic) rods (Rush) or telescopic rods (Fassier-Duval) which allow the rod to expand as the child continues to grow (Figure 8). A “bisphosphonate holiday” must be taken around the time leading up to long bone surgery and for some time thereafter, as bisphosphonates can impair the fracture and osteotomy healing process.
 [image: ]Figure 8: Anteroposterior radiographic views of the bilateral lower extremities showing telescopic rods that have been placed after osteotomies to correct deformity and allow for continued growth. Basilar invagination, if severe, may be treated with surgical decompression and fusion from the occiput to either C2 or C3. This is done to prevent neurologic compromise. Scoliosis in children with osteogenesis imperfecta cannot be well controlled with bracing, as the bones are simply too fragile to allow that. Surgical fusion is sometimes performed when the curve progresses beyond 45 degrees, but may prove challenging due to the poor bone quality.
 Life expectancy in osteogenesis imperfecta relates to the subtype of disease: Type II disease often results in perinatal death, whereas a normal lifespan can be expected in more mild Type I cases. Respiratory failure is the most common cause of death in patients with osteogenesis imperfecta.
 Outcomes following fracture are poorer compared to the general population. The healing at the fracture site will not be as strong as fracture healing in an individual without osteogenesis imperfecta. This lack of strength is due to the defects in type I collagen and the important role that type I collagen plays in fracture remodeling.
 Although patients with osteogenesis imperfecta experience a much higher fracture burden than the general population, most patients with the condition lead normal lives, work normal jobs, and have families. In general, patients with osteogenesis imperfecta should be counseled on optimizing bone health; this includes avoidance of smoking, excessive alcohol intake, appropriate calcium and vitamin D intake, and avoidance of high-risk activities that would put them an increased risk of skeletal trauma.
  
 Risk Factors and Prevention
 As osteogenesis imperfecta is a disease due to a genetic mutation, children of parents with known osteogenesis imperfecta are at higher risk of having the disease.
 Respiratory failure (due to scoliosis, narrowed thorax, and basilar invagination) is the most common cause of death in patients with osteogenesis imperfecta.
  
 Key Terms
 osteogenesis imperfecta, COL1A1, COL1A2, blue sclera
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		Acute Compartment Syndrome

								

	
				Compartment syndrome describes the state of increased pressure in a closed tissue space that impairs blood flow to that space. In turn, the lack of perfusion leads to hypoxia and damage to the muscles and nerves in the space or passing through it.
 Compartment syndrome is often caused by trauma, such as a tibia fracture, but can be seen after vascular surgery (a so-called reperfusion injury). Compartment syndrome can also be caused by tight casts, or by infiltration of an intravenous line. Avoiding complications from compartment syndrome requires timely diagnosis and expeditious treatment. The diagnosis can be made on the basic clinical signs and symptoms (especially increasing pain as lactate – the product of anaerobic metabolism – builds up). Diagnosis can be confirmed with measurement of the pressure inside the compartment, but diagnosis can be made on clinical grounds alone in high-risk patients to expedite treatment. Definitive treatment is surgical with urgent fasciotomy: cutting the fascia that surrounds the compartment, thereby relieving the pressure.
  
 Structure and Function
 Muscles in the extremities are enveloped by a band of strong connective tissue known as fascia. The space surrounded by a given fascial covering is known as a compartment.
 The lower leg, the region most commonly involved in compartment syndrome, has four anatomical compartments: the anterior, lateral, deep posterior, and superficial posterior compartments (Figures 1 and 2).
 [image: ]Figure 1: The four compartments of the leg and their contents are shown in a cross-section (modified from Wikipedia.) The anterior compartment is shown in red, lateral in blue, deep posterior in green, and superficial posterior in purple. [image: ]Figure 2: The four compartments of the leg and their contents are shown in situ. (From Wikipedia) The anterior compartment contains the muscles that primarily dorsiflex (extend) the ankle and the toes: the tibialis anterior, extensor hallucis longus, and extensor digitorum longus. Also in this compartment are the deep peroneal nerve and the anterior tibial artery and vein.
 When the anterior compartment is under pressure, patients may complain of a “pins and needles” sensation in the first web space of their foot, which is innervated by the deep peroneal nerve.
 Missed compartment syndrome in the anterior compartment can result in “foot drop,” a condition where patients cannot dorsiflex their foot when ambulating.
 The lateral compartment contains the peroneus longus and peroneus brevis muscles and the superficial peroneal nerve. The vascular supply is through the peroneal artery. Notably, the peroneal artery lies in the posterior compartment and supplies the lateral compartment through anastomotic branches that course around the fibula. (That this compartment does not contain an artery is of particular interest to those who write student examination questions.)
 The superficial posterior compartment contains the gastrocnemius, soleus and plantaris muscles, along with the sural nerve — a purely sensory nerve.
 The deep posterior compartment contains the following muscles: tibialis posterior, flexor hallucis longus, and flexor digitorum longus. The neurovascular contents comprise the tibial nerve and posterior tibial vessels. The tibial nerve is exceptionally important as it provides sensation to the plantar surface of the foot. Without normal function of the tibial nerve, a person can begin to damage the skin on the sole of the foot without being aware of it; inevitably, the skin will break down. (Loss of protective sensation is commonly seen with diabetic peripheral neuropathy.)
 Compartment syndrome may also affect more than one compartment at a time, causing a variety of symptoms during presentation.
  
 Pathophysiology
 When there is bleeding or edema within a compartment, the pressure within the compartment increases, because the surrounding fascia does not stretch. The increased pressure impairs blood flow to the tissues (see Figure 3).
 [image: ]Figure 3: Clinical appearance of a patient with a right fractured tibia and suspected compartment syndrome. In the setting of decreased perfusion and resulting ischemia, the tissues within a compartment will switch from aerobic to anaerobic metabolism. This causes increased production of lactate (lactic acid). The increased level of lactate creates the burning pain characteristic of compartment syndrome.
 Ultimately, increased pressure and decreased perfusion leads to necrosis of the muscles and nerves within the compartment.
 Critical to an understanding of compartment syndrome is that capillaries are occluded by an increasing compartment pressure before arteries are occluded. Arteries may still flow, and distal pulses may still be palpable, even if capillary perfusion is blocked. As such, ordering serial vascular observations (“check pulses every 2 hours”) to detect compartment syndrome is unhelpful and indeed potentially harmful: if distal pulses are charted as present, a physician may gain a false confidence that all is well and ignore other signs and symptoms of ischemia.
  
 Patient Presentation
 Compartment syndrome may result from a decrease in compartment size, or an increase in compartment pressure.
 A decrease in compartment size can occur with: constrictive dressings, tight casts, burns (eschar tissue), or localized external pressure that occurs in crush injuries or prolonged immobilization in drug overdose.
 An increase in intra-compartmental pressure leading to acute compartment syndrome may be seen in a variety of conditions. These associated conditions include fractures, internal bleeding, extensive damage of the muscles (“rhabdomyolysis”), infiltration of IV infusions, increased capillary permeability caused by trauma (including surgical procedures) or burns, and reperfusion after a prolonged period of ischemia (e.g., after performing surgery to re-vascularize a limb).
 Acute compartment syndrome may be iatrogenic. For example, anticoagulants (leading to bleeding in the compartment) and constrictive dressings are possible physician-induced causes.
 Traditionally, students have been taught to memorize the “six P’s” of compartment syndrome. Reliance on the presence of these features can be misleading and delay diagnosis. (For that reason, the “six P’s” are not listed here but in the miscellaneous section below.)
 The most sensitive and important finding is “pain out of proportion to the injury,” in association with a tense compartment.
 Paresthesia in the distribution of the sensory nerve of the affected compartment(s) may present after 2 hours of ischemia, due to hypoxic injury of the nerve. Sensory fibers are more sensitive to ischemia and hence sensory changes will generally precede motor changes. The additional presence of paresthesia therefore indicates that irreversible muscle damage will soon follow if it hasn’t already started (from about 4 hours).
 On examination, muscle compartments are swollen; they are often described as “tense and non-compressible.”
 Paralysis, pallor, and pulselessness suggest arterial compromise and are not usually seen in acute compartment syndrome until irreversible damage has already occurred.
 It is reasonable to ask what exactly is “pain out of proportion to the injury?” After all, it is impossible to truly know what another person is feeling. It would seem that “pain out of proportion to the injury” requires not only knowing how the person feels, but how much a given injury should hurt. One could hazard a guess based on clinical experience, but that method is still imprecise and will be colored by the patient’s anxiety and baseline pain tolerance. Yet an outsider can know something: namely, the expected time course of symptoms and a particular patient’s deviation from that. Specifically, a reduced fracture in a splint should hurt a bit less than one that is not reduced; it certainly should not hurt more. Thus, if the patient reports an increase in pain an hour after having the fracture immobilized, that suggests a problem. If in doubt, seek a second opinion, or refer the patient to another consultant. It is better to incorrectly make a diagnosis of compartment syndrome than to miss the diagnosis and have the patient develop ischemic contractures or lose a leg.
  
 Objective Evidence
 Plain x-rays are useful in the case of trauma to evaluate the fracture pattern if one is present.
 Laboratory values such as elevated serum creatine kinase can be used to quantify muscle injury; however, this alone is not diagnostic of acute compartment syndrome, and the time taken to get the results may be detrimental to the viability of the patient’s leg.
 First and foremost, however, compartment syndrome remains a clinical diagnosis. Objective confirmation is reassuring but waiting for that evidence must not create an unacceptable delay.
 In a patient who is awake and cooperative, diagnosis is based on the exam and patient history – e.g., is the pain “out of proportion” to the injury?
 In cases in which the patient is unable to participate in the exam, compartment pressures can be measured using needle manometry (see Figure 4).
 Although it has been suggested that a given value for compartment pressure can be used to make the diagnosis, the best criterion for the diagnosis is the pressure differential between the mean arterial blood pressure and the measured compartment pressure. (The mean arterial blood pressure can be calculated as [(diastolic blood pressure x 2) + systolic blood pressure] divided by 3.)
 Considering the difference (or “delta”) between compartment pressure and mean arterial blood pressure accounts for not only increased resistance from high compartment pressures but also decreased driving pressure and in turn represents the extent to which tissue perfusion might be limited. Specifically, perfusion may be limited not only because of elevated compartment pressure, but also because mean arterial pressure is low or some combination of the two. For example, a compartment pressure of 25 mm Hg ordinarily would not lead to tissue ischemia if mean arterial pressure were normal; it very well might if the patient is hypotensive because of hemorrhage.
 Although the precise “delta” value to diagnose compartment syndrome is perhaps debatable and should be governed by clinical judgment (with lower values having greater sensitivity at the price of lost specificity), a commonly used consensus criterion is that if the difference is less than 40 mm Hg, perfusion will be impaired.
 [image: ]Figure 4: Measuring compartment pressure with needle manometry. As shown here, a needle is inserted in the lateral compartment of the leg and is connected to a pressure-measuring device. The manometer reveals that the compartment pressure is 65 mmHg, diagnostic of a compartment syndrome. (Pro tip: hold the manometer at the same level as the point of skin penetration. Tilting the manometer may result in incorrect pressure readings.)  
 Epidemiology
 Acute compartment syndrome is most commonly associated with fractures. Tibia fractures have the highest association, followed by distal radius fractures.
  
 Differential Diagnosis
 The differential diagnosis of acute compartment syndrome includes conditions that may lead to compartment syndrome, such as an arterial thrombus leading to ischemia, necrotizing infection, or rhabdomyolysis. A deep venous thrombosis may also present with seemingly disproportionate pain with passive stretch of the great toe; however this is unlikely in the acute trauma setting.
  
 Red Flags
 Here are some ways to miss the diagnosis of compartment syndrome. Avoid them all.
 	“One and done.” That is, after demonstrating one normal examination, the patient is assumed to be forever fine. As noted, ‘pain out of proportion to the injury’ is best determined by consideration of the symptoms over a period of time, and thus multiple serial exams are required.
 	The extremity is not properly immobilized, or the fracture is inadequately reduced.
 	There are tight bandages or casts around the extremity, which can cause external compression and limit the ability of soft tissue to swell.
 	A patient is given (or allowed to self-administer) ever-increasing doses of narcotic medications without repeat evaluation.
 
 In addition, conditions beyond fracture have a higher association with compartment syndromes. Suspicion for acute compartment syndrome should be raised if a patient has increasing pain with a gunshot wound, a circumferential cast or dressing, an extravasated intravenous infusion, a burn, coagulopathy, or recent arterial injury or surgery.
 In a patient that is intubated and sedated, it is not possible to gather a clinical history or perform an exam. Therefore, any injury classically associated with compartment syndrome should result in a low threshold to measure the compartment pressure in order to obtain a diagnosis.
  
 Treatment Options and Outcomes
 Acute compartment syndrome is a surgical emergency. Treatment requires surgical release of the fascia around the compartments to allow the contents to expand. This procedure is known as a fasciotomy (see Figure 5).
 [image: ]Figure 5: The lateral incision of a four-compartment fasciotomy. The wounds were closed with Vacuum-Assisted Closure [VAC] dressings attached to suction. Typically, all compartments of the affected extremity will be released at the same time; for example, acute compartment syndrome of the anterior compartment of the leg will result in fasciotomies of all four compartments of the leg. This procedure allows direct visualization of the muscles, and diagnosis is often confirmed by seeing muscle bulge out of the compartments as the pressure is released.
 During the procedure, sections of muscle that appear necrotic should be excised (“debrided”), as they can be a source of infection. The skin incisions can be covered with Vacuum-Assisted Closure [VAC] dressings. VAC dressings, as their name implies, can suction fluid from the wound, reduce swelling and help pull the edges of the wound together. Alternatively, incisions may be left open and covered with conventional dressings for a few days. The patient should return to the operating room every 2-3 days for irrigation and debridement. Skin coverage is typically delayed 7-10 days after the fasciotomy and may require the use of a skin graft (see Figure 6).
 [image: ]Figure 6: Fasciotomy wound with a skin graft. (From https://en.wikipedia.org/wiki/Compartment_syndrome) Note that even if the fracture is an open one (that is, the skin is broken), a compartment syndrome may still develop: the wound may simply be insufficient to relieve the pressure.
 Failure to treat compartment syndrome can result in muscle ischemia or necrosis, resulting in muscle contractures, infection and/or loss of limb. Again, note that loss of nerve function will lead to loss of protective sensation and skin breakdown distally – and whereas muscle loss may be tolerated by use of an orthosis, for example, continual skin breakdown is not tolerated well at all.
  
 Risk Factors and Prevention
 Again, the conditions associated with compartment syndromes include fracture, gunshot wound, circumferential casts or dressing, extravasation of intravenous lines, burns, coagulopathy and arterial injury, or surgery. Compartment syndrome cannot be prevented, per se, but its complications can be prevented by vigilance and expeditious treatment.
  
 Miscellany
 The discussion above, as the chapter title suggests, centers on acute compartment syndrome, but there is a chronic form as well: the chronic exertional compartment syndrome. Chronic exertional compartment syndrome typically is seen in young endurance athletes, especially runners. Because muscle volume can increase during exercise, some people may experience increased pressure within a muscle compartment with activity. Why some people suffer chronic exertional compartment syndrome is not known with certainty but may relate to a person’s greater propensity to increase muscle volume or to an individual’s stiffer, less compliant fascia around the muscles. The symptoms of chronic exertional compartment syndrome usually abate with rest without causing tissue damage, but a full-blown compartment syndrome can occur in rare circumstances. (Technically speaking, this is not a “chronic” compartment syndrome, but rather a chronic condition of recurrent and reversible acute events.) The diagnosis of chronic exertional compartment syndrome is made by measuring compartment pressures before and after activity. Non-operative treatment, including activity modification, non-steroidal anti-inflammatory medication, and use of orthotics, is usually successful, but in rare cases fasciotomy is needed.
 Acute compartment syndrome can be seen with seizures. The mechanism of injury is likely ischemia caused by prolonged and uncontrolled muscle contractions. Acute compartment syndrome can also be seen in obstetrics, especially in cases with eclampsia, constriction of blood vessels by prolonged use of the lithotomy position and hypotension induced by postpartum hemorrhage.
 The “beetle in the box” paradox introduced by the philosopher Ludwig Wittgenstein in his book, Philosophical Investigations, hints at the problem of comprehending a patient’s report of pain. Wittgenstein imagined a scene where people are each holding a box that only they can examine. When a person reports that her own box contains a “beetle,” we don’t know what is in the box because we can’t be sure what that person means by the word “beetle.” On the other hand, if that the person had two boxes, and said that both held a beetle, we can know that the boxes have similar contents. Likewise, if a person says that his or her pain is “7 out of 10,” we really don’t know how much pain that signifies – for pain scales are certainly not universal – yet if an hour ago the pain was reported as “6 out of 10,” we do know that pain has subjectively increased. All this to say, serial observations can “objectify” subjective symptoms, and are thus required to avoid the complications of compartment syndrome.
 The 6 P’s of compartment syndrome – in case somebody were to ask – are pain, pallor, paralysis, paresthesia, pulselessness, and poikilothermia (cold limb). These “classic” findings are more accurately associated with acute vascular occlusion rather than with compartment syndrome.
  
 Key Terms
 Fasciotomy, compartment syndrome, high-energy trauma, crush injuries
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		Fibromyalgia

								

	
				Fibromyalgia is a disorder of chronic, widespread musculoskeletal pain associated with fatigue, cognitive dysfunction, mood disorders, and sleep disturbances. Fibromyalgia is a controversial disease entity because there is disagreement about what causes it, how to diagnose it, and how to treat it. Indeed, fibromyalgia cannot be established with an objective laboratory test or imaging.
 Many of the presenting symptoms are suggestive of psychological overlay, including ubiquitous pain with a lack of objective signs, allodynia (pain with tactile stimuli that would normally not be painful, such as brushing the skin) and symptoms of depression and anxiety. Regardless, quality of life for patients with fibromyalgia can be severely diminished.
  
 Structure and Function
 The underlying pathophysiology of fibromyalgia is unknown. One widely supported mechanism is known as “central sensitization,” whereby central nervous system pain processing becomes dysfunctional and leads to increased sensitivity to pain. Why patients develop this central sensitization with fibromyalgia is thought to be a combination of genetics and environment stimuli.
 There is no objective evidence of pathology in the muscles, bones, or soft tissue and there is no evidence of autoimmune or inflammatory processes at work either.
  
 Patient Presentation
 The hallmark of fibromyalgia is diffuse pain for more than three months, present at multiple sites, accompanied by fatigue, sleep disturbances, and cognitive complaints. Patients may have episodic pain with exacerbations and times of improvement.
 Patients often have somatic complaints such as headache or dizziness, bloating, nausea, and diarrhea. Depressed mood, irritability and anxiety are also frequently reported.
 Cognitive symptoms reported by fibromyalgia patients include issues with memory, concentration, and attention, so-called “fibro fog.”
 Because fibromyalgia does not cause inflammation, erythema and edema should be absent. Of note, tenderness at a specific number of specific points was, but no longer is, a diagnostic criterion.
  
 Objective Evidence
 Fibromyalgia is not diagnosed objectively. Rather, the diagnosis is based on the subjective history of widespread, chronic pain.
 Radiographic studies and laboratory testing are recommended not to establish the diagnosis of fibromyalgia (for there are no studies or tests that are able to do that). Rather, tests are used to exclude other diagnoses. The tests that might be used include the following:
 	Antinuclear antibody tests to rule out autoimmune conditions,
 	C-reactive protein levels (or other indirect measures of the acute phase inflammatory response, such as the erythrocyte sedimentation rate) to exclude an inflammatory form of arthritis,
 	Celiac serology to rule out celiac disease,
 	Cyclic citrullinated peptide (ACCP) test, as a positive test for this autoantibody might indicate a diagnosis of rheumatoid arthritis,
 	Thyroid function tests, as low thyroid hormone levels are associated with muscle aches, fatigue, poor concentration and weakness.
 
  
 Epidemiology
 It is estimated that fibromyalgia affects approximately 2-4% of the population, with the prevalence in women twice as high as in men. Patients with other painful conditions, such as irritable bowel syndrome, rheumatoid arthritis, and lupus are at greater risk for fibromyalgia.
  
 Differential Diagnosis
 When considering a diagnosis of fibromyalgia, the differential diagnosis list can be extensive due to the varied and nonspecific symptoms that might be present. A partial differential diagnosis can include adrenal insufficiency, bursitis, hyperparathyroidism, hypothyroidism, Lyme disease, multiple sclerosis, myasthenia gravis, osteoarthritis, peripheral neuropathies, rheumatoid arthritis, Sjogren’s syndrome, systemic lupus erythematous, and tendinitis.
 Patients with fibromyalgia may have coexisting disease or syndromes such as irritable bowel syndrome, chronic fatigue syndrome, interstitial cystitis, temporomandibular joint disorder, depression, and anxiety.
  
 Red Flags
 Signs of inflammation are not characteristic of fibromyalgia and warrant investigation. Complaints of fatigue, sleep disturbances, and cognitive, psychological, or somatic complaints in patients with another known musculoskeletal diagnosis may reflect concurrent fibromyalgia.
  
 Treatment Options and Outcomes
 The goals for treatment are reducing symptoms and improving the quality of life for patients. There is no singular treatment that works for all patients. Non-pharmacological interventions such as cognitive behavioral therapy, low-impact cardiovascular exercise, and patient education can be beneficial. Other non-pharmacological options include acupuncture, massage, and stress management.
 There are only pharmacological agents approved by the US Food and Drug Administration to treat fibromyalgia: Pregabalin (trade name: Lyrica), an antiepileptic; and Duloxetine (Cymbalta) and Milnacipran (Savella), both serotonin/norepinephrine reuptake inhibitor antidepressants.
 Muscle relaxants such as Cyclobenzaprine (Flexeril) and Tizanidine (Zanaflex), anti-seizure medicines such as Gabapentin (Neurontin) and other antidepressants such as Amitriptyline (Elavil) have been used “off-label” by many practitioners.
 Analgesics have not been found effective in pain reduction for fibromyalgia patients in multiple studies.
 Maintaining a healthy weight, regular exercise, along with treatment of mental health conditions and sleep disturbances might be protective. Exercise and physical activity should be highly encouraged in high-risk individuals.
 Management of fibromyalgia can be challenging for patient and provider. There is no cure, there is no one treatment regimen that works for all. Indeed, many pharmacological options that work for one patient might have adverse effects that are poorly tolerated by others.
  
 Risk Factors and Prevention
 Risk factors for fibromyalgia include female sex, obesity/overweight, physical inactivity, and poor sleep. Roughly half of the patients diagnosed with fibromyalgia also have a co-morbid psychiatric condition.
  
 Key Terms
 Fibromyalgia, Chronic Pain
  
 Skills
 Recognize the history and symptoms suggestive of fibromyalgia. Identify the likely differentials and limit diagnostics based on presentation. Recognize signs of inflammation and infection that are not associated with fibromyalgia. Maintain an open attitude and establish a therapeutic relationship with the patient.
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		Gout and Pseudogout

								

	
				Gout and pseudogout are crystalline arthropathies, that is, diseases producing recurrent attacks of acute inflammatory arthritis due to the deposition of crystals in the joints. Gout is caused by an imbalance in uric acid intake, synthesis or excretion that leads to the periodic deposition of monosodium urate crystals in joints. Pseudogout has a similar clinical presentation, but is due to deposition of a different crystal, calcium pyrophosphate dihydrate (CPPD). Gout is subject to flares and periods of remission, but over time, repeated gouty flares can cause enduring joint damage. Gout usually affects one joint at a time, often the metatarsophalangeal joint of the great toe.
  
 Structure and Function
 Uric acid is the final breakdown product of degradation of the purines (Figure 1).
 [image: ]Figure 1: Purine metabolism (modified from https://doi.org/10.3389/fmed.2018.00160). The conversion of xanthine to uric acid, shown by the green arrow, is catalyzed by xanthine oxidase. This step can be inhibited by Allopurinol, a medication commonly used for the treatment of gout. Hyperuricemia, namely elevated uric acid in the blood, can be caused by increased purine breakdown or reduced elimination by the kidney. When the concentration of uric acid in blood is elevated beyond ~6.8 mg/dL, it can precipitate as monosodium urate crystals (see Figure 2).
 [image: ]Figure 2: Monosodium urate crystals (reproduced from https://commons.wikimedia.org courtesy of Gabriel Caponetti). Under polarized light microscopy, monosodium urate crystals have a needle-like morphology and strong negative birefringence. A common location for monosodium urate deposition is the first metatarsophalangeal joint (possibly related to its lower body temperature), but the hand, wrist and knees – indeed any joint – can be involved. These monosodium urate crystals can also deposit in soft tissues and form masses known as tophi.
 Pseudogout is caused by the deposition of calcium pyrophosphate dihydrate (CPPD) crystals in the joints. The cause of CPPD crystal deposition is not well understood. There are associations with underlying metabolic disorders such as hyperparathyroidism and hemochromatosis (CPPD deposition seen in 40% of cases), as well as with local joint trauma. There may also be a hereditary component as well. Common locations of pseudogout include the knees, wrist, and pelvis.
 Both crystalline arthropathies have acute and chronic phases. Acute attacks lead to an inflammatory response. Monosodium urate crystals are phagocytosed and initiate a cascade resulting in the release of proteases, prostaglandins, leukotrienes, and formation of oxygen free radicals. Pseudogout presents similarly. Chronic gout develops as the result of frequent and recurrent acute episodes resulting in the formation of crystal deposits called tophi.
  
 Patient Presentation
 Gout presents in three distinct stages: acute attacks, periods between attacks, and chronic tophaceous gout.
 In an acute gout attack, a single joint – the first metatarsophalangeal (MTP) joint most likely – becomes inflamed, painful, hot, erythematous, and swollen. Initial attacks begin with monoarticular involvement and can become polyarticular over time if untreated. Attacks often occur in the early morning and symptoms increase rapidly over the ensuing 24 to 48 hours. Patients describe pain with any movement of the joint as well as hypersensitivity to the touch of the affected area. The erythema and swelling of the joint or affected area make distinguishing a crystalline arthropathy from cellulitis or septic arthritis clinically difficult. Gout may also cause acute bursitis or tenosynovitis of structures located around the affected joint.
 Gout of the 1st metatarsophalangeal joint of the foot (Figure 3) is known historically as “podagra.” Other lower extremity joints involved include knee, ankle, and midtarsal joints. Gout is less commonly seen in the upper extremities.
 [image: ]Figure 3: Swelling and erythema of the left 1st metatarsophalangeal joint in a patient with gout. (Modified from https://commons.wikimedia.org/wiki/File:Gout_Comparison.jpg) Pseudogout is more likely to involve the upper extremity such as the wrist, as well as more proximal joints such as the knee.
 In between gouty attacks, patients are at first remarkably unremarkable: they have no symptoms and normal joint examinations. In patients with longstanding gout, crystal deposits can be seen over the soft tissue near the interphalangeal joints of the hands (Figure 4) and feet, olecranon process, and the helix of the ear. This is known as chronic tophaceous gout. If left untreated, chronic tophaceous gout results in periarticular erosions and joint destruction resulting in end-stage arthritis. Tophi can also be found is the subcutaneous tissues, which can resemble rheumatoid nodules.
 [image: ]Figure 4: Large tophi in the hands bilaterally. (Courtesy Pan Afr Med J. 2015; 22: 132.)  
 Objective Evidence
 The diagnosis of gout is established if there are monosodium urate crystals found in synovial fluid or tophi. In the absence of that “gold standard” evidence, gout can be diagnosed clinically based on a combination of findings such as asymmetric swelling within a joint on radiograph, 1st metatarsophalangeal joint tenderness or swelling, hyperuricemia greater than 6mg/dL, redness over observed joint, among others. (See for example 2015 Gout Classification Criteria: An American College of Rheumatology/European League Against Rheumatism Collaborative Initiative https://onlinelibrary.wiley.com/doi/full/10.1002/art.39254.)
 Laboratory studies include basic labs such as a complete blood count as well as inflammatory markers. Patients may have leukocytosis and fever, which may make distinguishing gout/pseudogout from infection difficult.
 Hyperuricemia may be seen, however a normal serum uric acid level does not exclude an acute gout attack. Likewise, asymptomatic hyperuricemia is common and does not always present as gout clinically.
 Radiographs should be obtained of the affected joints. Asymmetric swelling on radiographs is a specific finding, but is often absent. Chronic gout will demonstrate periarticular erosions with sclerotic overhanging borders (Figure 5). Tophi may be seen on radiographs as well.
 [image: ]Figure 5: Radiograph of both hands of the patient shown in Figure 4, demonstrating soft-tissue swelling and periarticular erosions in metacarpophalangeal and interphalangeal joints. (Courtesy of Pan Afr Med J. 2015; 22: 132.) Pseudogout can be diagnosed with the radiographic findings of chondrocalcinosis, namely calcification of cartilaginous structures. This is often seen in the menisci of the knee (see Figure 6), the triangular fibrocartilage complex of the wrist, the hip labrum, or annulus of the intervertebral discs.
 [image: ]Figure 6: Knee radiograph demonstrating chondrocalcinosis of the menisci. (https://radiopaedia.org/articles/chondrocalcinosis) The gold standard for diagnosis is arthrocentesis. Synovial fluid analysis should include white blood cell count and differential, crystal analysis, gram staining, and cultures.
 Normal synovial fluid will be clear or yellow and transparent, have fewer than 200 WBC/mm3 and no crystals; the gram stain and cultures should be negative as well. Inflammatory arthritis, including gout and pseudogout, will result in synovial fluid that is cloudy with an elevated white cell count. Patients with gout or pseudogout will have crystals in their fluid, with a negative gram stain and cultures.
 Crystals can be analyzed with polarized light. Monosodium urate crystals are needle shaped and demonstrate negative birefringence, namely, they are yellow when aligned parallel to direction of light polarization and red when perpendicular to it. By contrast, CPPD crystals are rhomboid shaped and demonstrate weak positive bifringence.
  
 Epidemiology
 In the United States, the prevalence of gout is approximately 4% of adults. The prevalence of gout is influenced by ethnicity (highest among Blacks), advancing age and sex (males more than females, until menopause).
  
 Differential Diagnosis
 The differential diagnosis of the crystalline arthropathies included cellulitis, bursitis, septic arthritis, trauma, and osteoarthritis.
 Septic arthritis presents very similarly to gout. If a septic cause is suspected, it must be ruled out through arthrocentesis. Septic arthritis fluid will be cloudy or purulent and analysis will demonstrate often demonstrate more than 50,000 WBC/mm and have a positive gram stain and cultures. Typically, fluid will not have crystals, but the presence of crystals does not exclude the diagnosis of concomitant septic arthritis. It is also possible that gout will have white cell counts in excess of 50,000 WBC/mm.
 Cellulitis presents as superficial erythema, pain, and swelling. There are often breaks in the skin which leads to the infection. Cellulitis can be seen overlying a joint with gout, as desquamation of skin can occur in the area. The swelling may be associated with the affected joint, but may also extend proximally or distally from the joint.
 Bursitis can be a rival diagnosis or can be present as the result of gout. Crystals can deposit within the bursa, causing inflammation, swelling, and pain. Isolated bursitis presents as superficial bogginess and swelling over the joint.
 Periarticular or articular fractures can be ruled out with radiography.
 Osteoarthritis can present similarly to a gout flare. Diagnosis can be made with careful history and exam, as well as with radiographs. Gout and especially pseudogout can be present with osteoarthritis, and joint aspiration can be useful for diagnosis.
  
 Red Flags
 The presence of crystals does not exclude a septic joint. Cell count and differential, gram stain, and cultures should be used to rule out a septic joint. In certain clinical situations, empiric treatment for septic arthritis may be initiated while awaiting the results of bacterial cultures.
  
 Treatment Options and Outcomes
 Once diagnosed, the goals for treatment of gout are control of symptoms, risk factor modification, and prevention of recurrence, and the development of chronic gout.
 First line interventions for gout include NSAIDs and corticosteroids. Indomethacin, naproxen, and suldinac are common NSAID options. They function by inhibiting phagocytosis of crystals and decreasing the inflammatory response.
 Intra-articular corticosteroids injections a reasonable option for acute relief. Steroids should be avoided in patients with septic joints and must be carefully used in diabetics at risk for hyperglycemia.
 Second line treatment includes colchicine. Colchicine inhibits the acute inflammatory response by decreasing neutrophil mobility and inhibiting inflammatory mediators. It works best when administered within 24 hours of onset of symptoms.
 Given the high rate of recurrent flares, treatments to address hyperuricemia should be started after the initial gout episode. Dietary modifications, including reducing red meat and seafood, and reducing alcohol intake, should be followed. Altering diuretic therapies to other antihypertensives that do not alter renal function can help as well.
 For patients with persistent disease, medications are recommended. Allopurinol is the first line urate-lowering medication. Its action is to inhibit xanthine oxidase, lowering production of uric acid from purines (see Figure 1).
 If Allopurinol cannot be used or if it is found ineffective, Probenecid can be tried. This medicine promotes excretion of uric acid through the kidneys, therefore requires adequate kidney function to work effectively. It is important to note that Probenecid is not indicated for patients at risk of kidney stones. Determining this might require 24-hour urinary uric acid testing. Febuoxostat, a non-purine xanthine oxidase antagonist, is an option for patients with renal inefficiency who are unable to use Probenecid.
 End stage arthritis can be addressed surgically with arthroplasty or fusion if appropriate.
 The treatment for acute pseudogout attacks is similar to that of gout, with NSAIDs and corticosteroids being mainstay of treatment. Chronic pseudogout can be managed with prophylactic colchicine.
  
 Risk Factors and Prevention
 Risk factors for primary gout include a purine rich diet, alcohol abuse, obesity, and diuretic use. Red meat and seafood consumption increase the risk for an acute gout flare. Secondary gout is seen with diseases of high metabolic turnover, such as psoriasis, hemolytic anemias, leukemias, and patients undergoing chemotherapy. In addition, infections, trauma, and surgery can trigger flares.
 Pseudogout tends to show a higher predisposition to elderly patients, and it is rarely seen as a primary finding in younger patients without concomitant diseases. CPPD crystal deposition is associated with hemochromatosis, hyperparathyroidism, systemic lupus erythematosus, gout, rheumatoid arthritis, Wilson’s disease, hemophilia, and long term dialysis. Asymptomatic chondrocalcinosis is found in 7% of the general population.
 Dietary modifications including reducing red meat and seafood, and reducing alcohol intake are first line steps to preventing recurrences. Both work by lowering the uric acid concentration in the blood. Choosing diuretic therapies, if needed, to those that do not affect renal function can help as well, as this can help promote excretion of uric acid.
 Medication prophylaxis can be used in the setting of cancers and those at risk for tumor lysis syndrome.
  
 Miscellany
 Most animals produce a urate oxidase enzyme, uricase, which converts uric acid into a form more readily excreted in urine. Humans (and higher primates) lack this enzyme. We thus excrete uric acid directly and are prone to gout when the excretion is incomplete.
 The term gout is derived from the Latin word gutta, meaning a drop of liquid. Randolphus of Bocking in 1200 AD initially coined the term, referring to “dropping of morbid material from the blood in and around the joints” (see Figure 7).
 Historically, gout was known as “the disease of kings,” and a “rich man’s disease,” as the condition was more prevalent among those who could afford to eat and drink in excess.
 [image: ]Figure 7: The Gout, by James Gillray in 1799. (Reproduced from wikimedia.org)  
 Key Terms
 Gout, pseudogout, septic arthritis, arthrocentesis
  
 Skills
 Recognize effusions when present. Perform Knee arthrocentesis.
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		Low Energy Trauma and Frailty

								

	
				Frailty is a state of vulnerability associated with aging, physiological decline, and depleted reserves. Frail people have impaired homoeostasis. As such, a relatively minor stressor event (such as a fall from a standing height) brings with it a disproportionately high risk of adverse outcomes including disability, prolonged hospitalization, and mortality.
 In musculoskeletal medicine, the term “frailty” calls to mind osteoporosis and weakening of the bones, Additionally, there is loss of muscle mass (so-called sarcopenia), and with that, muscle weakness and impaired exercise tolerance. Nonetheless, even within musculoskeletal medicine, frailty is best understood as a whole-person concept, incorporating not only senescence of the musculoskeletal system, but declining endocrine, neurological, cardiovascular, immune and psychological function as well.
 Because frailty increases with age, and because the world’s population is getting older, it is likely that the incidence of frailty-associated injuries will rise as well. To optimize outcomes if an injury is sustained despite efforts at prevention, it is important to recognize frailty, if present, and to choose treatments appropriate for a patient’s fragile state.
  
 Structure and Function
 Patients with advanced age, co-morbidities, and disabilities are at increased risk for frailty. Nevertheless, frailty can exist independent of these factors, so physicians must remain vigilant to detect frailty in all patients. The hallmark of frailty is a physiologic decline in systems leading to decreased reserve. That is, frail patients may succumb to stressors that would not cause lasting effects in otherwise healthy, non-frail patients.
 Structurally, musculoskeletal decline manifests as osteoporosis, or loss of healthy bone mass, and sarcopenia, or loss of muscle mass. Functionally, loss of muscle leads to poor balance, weakness and decreased endurance. These functional impairments increase the risk of falls, and are compounded by increased injury susceptibility to injury if a fall were sustained. As such, structural and functional deficits should be addressed to reduce patient risk.
 In addition to its overt objective signs, frailty has psychological and social components that may further decrease patient resilience. Depression, social isolation, and poverty are psychosocial factors associated with frailty that may impair resistance to external stressors.
  
 Patient Presentation
 Frailty can be defined with two different models. The frail phenotype model defines frailty through observable physical characteristics while the frailty index model defines frailty based on the accumulation of functional deficits.
 In the frail phenotype model, frailty is diagnosed based on the presence or absence of five variables: unintentional weight loss, self-reported exhaustion, low energy expenditure, slow walking speed, and weakness (Table 1). Patients with three or more of these variables present are characterized with frail, and patients with one or two of these variables are considered “pre-frail”.
 Table 1: The Frail Phenotype Model 	Frail Phenotype Model 
  	Variables 	Objective evidence 
 	Unintentional weight loss  
 	Reported loss > 10lbs in last year or ≥ 5% of measured body weight compared to presentation in prior year. This is associated with chronic under nutrition and sarcopenia. 
 	Self-reported exhaustion  
 	Self-reported. Patients are asked How often in the last week did you feel that everything you did was an effort? And How often in the last week did you feel that you could not get going? Subjects answering, “a moderate amount of the time” (3–4 days), or, “most of the time” are categorized as frail by the exhaustion criterion. 
 	Low energy expenditure  
 	Self-reported, based on the short version of the Minnesota Leisure Time Activity questionnaire, asking about walking, chores, and exercise. Kcals per week expended are calculated using standardized algorithm. Males burning fewer than 383 Kcals in physical activity per week are frail; for females the criterion is 270 Kcals. These values defined 20th percentile for reported physical activities in the general population. 
 	Slow walking speed  
 	Based on the average of 3 timed walks at normal pace over 15 feet and adjusted for gender and height. (All patients should be able to walk 15 feet in approximately 7 seconds; taller patients should complete this distance in 6 seconds) 
 	Weakness  
 	Grip strength weakness, as detected using a handheld dynamometer. Weakness is defined as strength at or below the 20th percentile, adjusted for gender and body mass index (approximately 30 Kg in males and 17 Kg in females). 
  
 In the frailty index model, frailty is seen as a quantifiable property of multidimensional risks, rather than a binary state of “present” or “absent”. In this model, frailty is represented as a cumulative decline of function across multiple physiological systems.
 To provide a compressive and reliable quantitation, a frailty index should consider many variables covering multiple organ systems and patient characteristics. These include reported symptoms, functional deficits, chronic diseases, and laboratory abnormalities. Each variable is considered as binary, either present or absent. The presence of a variable thereby indicates a discrete increase in the overall frailty metric. The frailty index is then calculated as the percent of variables which are present. Individuals above a certain, pre-established threshold are considered “frail”.
 For example, consider a frailty index with 80 variables and a frailty threshold of 20%. A patient who has 20 variables present will have a frailty index of 25%. Such a patient is designated as frail because the threshold was crossed, but likewise, the severity of the frailty can be measured. Also, one can assess changes in the score over time, especially after injury or in response to treatment.
 Because of the significant resources required to conduct the comprehensive evaluations an index demands, a preliminary assessment tool, such as the “Frailty Assessment Form” may be useful (Figure 1, Fairhall et al.). This form can help the clinician decide whether a more comprehensive frailty index assessment should be performed and may help identify the frailty phenotype.
 [image: ]Figure 1: The “Frailty assessment form” reproduced from Fairhall, et al. (Treating frailty-a practical guide BMC Med. 2011; 9: 83. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3146844/) Research is ongoing for the development and validation of trauma-specific frailty indices. This research aims to identify the most sensitive and specific variables that predict poor outcomes after trauma. At the least, a validated trauma specific frailty index may help identify those patients in need of particular attention, or to help guide the appropriate treatment after injury. Just as standard treatment approaches may not apply in the case of fractures caused by metastatic cancer, standard treatment approaches might need to be altered for frail patients as well. This requires, foremost, identifying frailty in the initial assessment.
  
 Objective Evidence
 Objective markers of frailty in the musculoskeletal system can be quantified with imaging modalities. Dual-energy X-ray absorptiometry scans can be used to track bone mineral density changes and diagnose osteopenia and osteoarthritis.
 Although sarcopenia is typically first identified with a clinical muscle strength assessment, imaging with CT or MRI scans can confirm the diagnosis (Figure 2). Abdominal CT scan may be particularly useful for making the diagnosis of sarcopenia: decreased cross sectional area of the psoas major muscle at the L4-L5 intervertebral disc level as seen on CT correlates with increased need for dependent living support.
 [image: ]Figure 2: Muscle tissue area (red) is reduced in sarcopenic (bottom) compared to healthy patients (top) on abdominal CT. (Image courtesy of Giovanni Marasco https://www.hindawi.com/journals/cjgh/2021/6669480/)  
 Epidemiology
 Because of the strong correlation between aging and frailty, the aging of the world’s population is expected to increase the incidence and prevalence of frailty. In 2004, there were approximately 461 million people older than 65 years; by 2025, there will be an estimated 2 billion people older than 65 years, with most of the growth in the cohort older than 80 years.
 Globally, the reported prevalence of frailty rises from 4% for people 65-69 years of age to 26% for those older than 85 (Figure 3).
 [image: ]Figure 3: Increasing prevalence of frailty as a function of 5-year age cohort. Frailty is also more common among biological females. The incidence of frailty in females is higher because they typically have less bone and muscle mass at baseline. Additionally, the prevalence of frailty in females is higher because females tend to live longer than males. In the United States, for example, approximately 75% of all people older than 90 years are female.
 Data from an Australian trauma registry showed older patients accounted for one-third of all major trauma cases in 2010. The relative contribution of falls to major trauma cases increased from 46% in 1990 to 69% in 2010 (an average of 2.1% per year).
  
 Treatment Options and Outcomes
 When treating patients after acute trauma, consideration of frailty risk is paramount. Notably, higher scores on frailty indexes are independent predictors of in-hospital complications, increased likelihood of dependency upon discharge, and death. Despite the higher risk for adverse outcomes in frail patients overall, conscientious, frailty-informed care can limit the risks.
 When treating frail patients in the acute trauma setting, appropriate fluid resuscitation and maintenance is critical. Frail patients require meticulous hemodynamic monitoring so that adequate resuscitation is achieved without volume overload. Similarly, pain management must be carefully and sparingly dosed, to avoid adverse effects of too much medication.
 Because injured frail patients have lower physiologic reserves and are vulnerable to relatively minor physiological stress, “damage control orthopaedics” may be preferable for them. Damage control orthopaedics limits the initial treatment to simple stabilization techniques. This allows the patient to at least partially recover from the physiologic stress of injury prior to definitive surgical intervention.  After a period of recovery following injury and damage control treatment, additional surgical intervention may be pursued, if the patient’s condition allows it. Attempting definitive orthopaedic care at the outset increases the risk of hypothermia, acidosis, coagulopathy, adult respiratory distress syndrome, and multiple organ dysfunction, among others.
 In addition to using a damage control approach, orthopaedic surgeons should carefully consider whether any surgical intervention should be chosen. For many frail patients, non-operative care alone might be sufficient for achieving reasonable treatment goals and will reduce unnecessary medical risk.
 Independent of the question whether the injured frail patient should be admitted to a medical service or to the orthopaedic service, it should go without saying that all caregivers must be aware of, and attentive to, the patient’s physiological vulnerability. Evidence supports this interdisciplinary approach: older patients with hip fractures achieve better outcomes when their care is managed jointly by geriatricians and orthopaedic surgeons.
 Best practice for management of older patients also includes consideration of advance directives and wishes for end-of-life care.
 In addition to these strategies, progress over the last 20 years has focused on improving management of older trauma patients from the time of presentation. For example, a collaborative effort between emergency medicine, geriatrics, and nursing organizations yielded guidelines for establishing geriatric emergency departments. These specialized departments implement gerontology principles universally to improve management of trauma in the acute setting as well as management of possible comorbidities (e.g., dementia, delirium, and malnutrition).
  
 Risk Factors and Prevention
 The main risk for developing frailty is aging. In turn, frailty, as a marker of vulnerability, is itself a risk factor for poor outcomes after trauma.
 A glib means of avoiding frailty is to not live long, just as one can avoid all income taxes by not earning any money. Neither are necessarily appealing solutions.
 Although conclusive evidence showing how to reduce frailty is lacking, there are many proposed steps that seem to have the capacity to improve quality of life with little risk. Such steps include optimizing nutrition, exercising, ensuring adequate sleep and rest, and maintaining social connection and self-expression.
 Sarcopenia and weight loss may be ameliorated by exercise programs and nutrition supplementation.
 Efforts to reduce polypharmacy are imperative to minimize medication-related adverse events. Moreover, patients with frailty should be assessed for visual and hearing difficulties as sensory deficits can lead to falls and social isolation.
  
 Key Terms
 Damage Control Orthopaedics, frail phenotype, frailty index, sarcopenia, trauma specific frailty index
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		Metastatic Bone Disease and Pathological Fractures

								

	
				Metastasis is the process by which cancer spreads from its primary site of origin to other places in the body. Tumor cells escape from the primary tumor and travel in the blood stream or lymphatics to reach distal sites such as the skeleton.
 Skeletal metastases from carcinomas are the most common malignant tumors involving bone, far more common than primary bone tumors. Solid organ cancers most likely to spread to bone include cancers of the breast, lung, thyroid, kidney, and prostate. Blood cell cancers such as lymphoma and multiple myeloma are also commonly detected in the skeleton.
 Metastatic lesions are of course not made of normal bone tissue and therefore are at risk for a so-called pathological fracture. (The term “pathological fracture,” seemingly redundant, refers to fracture in a bone that is itself not normal, as discussed below.)
 Typically, skeletal metastases are osteolytic (Figure 1); the tumor cells in the bone increase osteoclast activity, eroding the bone. This bone lysis can cause pain, increase the risk of fracture, and produce hypercalcemia as calcium is released from the breakdown of mineralized bone.
 Lesions can also be osteoblastic, that is, characterized by increased bone formation. Osteoblastic metastases are common in prostate cancer. Metastatic lesions can also be mixed (i.e., osteoblastic and osteolytic), as may be seen with breast cancer. Though the risk of fracture is greatest with an osteolytic lesion, the bone architecture in osteoblastic or mixed lesions is also abnormal and thus prone to fracture as well.
 [image: ]Figure 1: A renal cell carcinoma metastatic lesion to the humerus. There is a pathological fracture through this lytic lesion. If a lesion is painful (Figure 2) and fracture risk is low, external beam radiotherapy alone may be used to provide symptomatic relief. It is also possible for patients with cancer to present with diffuse skeletal pain without a focal lesion. For these patients, bisphosphonate medication can be effective.
 [image: ]Figure 2 If there is a focal lesion that is at high risk for fracture, or worse, has fractured already, orthopaedic surgical intervention will be needed.
 Treatment of an impending or established pathologic fracture draws on many of the techniques that have been developed for the treatment of ordinary fractures in normal bone. There are, however, several important differences that must be kept in mind, including the following:
 	Patients with pathologic fractures from cancer metastases are suffering from a progressive systemic disease. As such, clinical deterioration should be anticipated.
 	Patients with metastases may be immunosuppressed – either by the cancer or its treatment.
 	Wound healing is often compromised and requires special attention by surgeons regarding closure techniques and the obliteration of dead space.
 	The timing of surgery, and the care needed before and after it, must be coordinated with medical and radiation oncologists, among other providers.
 	Normal bone healing processes are largely absent. In addition, the tumor may be interposed between the ends of the fractured bone. Both factors point to a need for liberal use of bone cement at the time of surgery to fill in the gaps.
 	The patient’s prognosis may influence treatment decisions. Specifically, it is usually beneficial to offer a patient with metastatic cancer a procedure with the shortest recuperation time. That is, it might be reasonable to consider a more extensive surgery as the initial procedure to minimize the risk of re-operation. Surgery for tumor metastases is guided by the axiom: “do the last surgery first.” (This principle also applies to treating fragility fractures in older patients without cancer.)
 
  
 Diagnosis
 Prior to treating a pathologic lesion in bone, it is essential to fully understand the lesion in question.
 In a patient with numerous pre-existing bony metastases, it may be very reasonable to assume that a newly detected bone lesion is yet another a manifestation of the established disease. However, the first time a lesion is detected in bone, a tissue diagnosis of the lesion must be made by biopsy prior to definitive treatment, even if there is a prior diagnosis of a cancer (see Figure 3).
 Consider, for example, a woman with known breast cancer who presents with a lytic lesion of the femoral shaft. It should not be assumed that the femoral lesion is a metastasis from the breast, even though breast cancer commonly spreads to the bone. Assuming without evidence that the bone lesion is a metastasis from the breast risks operating in what may turn out to be a sarcoma of the femur, for example, or a renal cell carcinoma. Notably, the standard operation used for a breast metastasis (the insertion of a nail) would spread sarcoma cells down the shaft of the bone and may lead to an extensive (and otherwise preventable) amputation. Likewise, operating on a renal cell cancer – a very vascular tumor – without appropriate precautions (such as pre-operative blood vessel embolization, as discussed below) may lead to massive blood loss.
 [image: ]Figure 3 All biopsy procedures must be preceded by a thorough history, physical exam, laboratory investigations (e.g. complete blood counts, platelets, coagulation studies, among others), and imaging to evaluate the local anatomy (see Figure 4).
 [image: ]Figure 4 Most importantly, the biopsy should only be performed by members of a team with the expertise and capabilities to properly evaluate and treat the tumor.
 There are several ways to establish a histologic (tissue) diagnosis of a particular lesion in bone. For small, deep lesions which would require significant surgical dissection to reach, needle biopsies (see Figure 5) are a reasonable first choice. The major challenge with needle biopsy lies in obtaining a specimen sufficient for the pathologist to make a diagnosis.
 [image: ]Figure 5: CT guided bone biopsy of the lumbar spine. (Case courtesy of Dr Salem Bauones, Radiopaedia.org, rID: 26115) If a needle biopsy cannot be performed, or if it does not provide a diagnosis, open biopsy may be considered. Open biopsies should be performed in a manner that does not interfere with any subsequent surgery. Thus, the surgeon should use the smallest possible incision and position it in line with any incisions that might be used in a future procedure. Meticulous hemostasis should be maintained, with all efforts taken to not contaminate other structures.
 It is advisable to obtain a frozen section at the time of the open biopsy to ensure that sufficient tissue is available, even if a definitive diagnosis cannot be made on frozen section.
  
 Adjuvant Treatment
 In many instances, patients with skeletal metastases will benefit from adjuvant treatment, that is, a treatment beyond the primary therapeutics for the metastatic lesion itself. The adjuvant treatment typically employs chemotherapy or radiation.
 Patients with metastatic disease will frequently be on chemotherapy protocols for their primary diagnosis prior to fracture. If so, the timing of the surgery should consider the effect of chemotherapy on marrow suppression and wound healing. Ideally, surgery would be deferred until blood counts have rebounded to safer levels.
 It is essential that once a pathologic fracture is fixed, some treatment – chemotherapy or radiation – is given to prevent local recurrence or progression.
 Radiation reliably limits tumor progression for most, but not all, metastatic lesions. Carcinomas and round cell tumors (e.g., lymphoma and plasmacytoma) account for the vast majority of metastatic lesions and are usually radiosensitive. Renal cell carcinomas are usually resistant to radiation. The radiation dose needed for control of metastatic lesions (~30 Gy) is sufficiently low as to not significantly impede wound healing.
 Preoperative embolization can also be used to mitigate the problem of metastatic tumor vascularity. Metastatic renal cell carcinoma, for example, is notorious for its tremendous vascularity. It is very difficult and dangerous to operate in the presence of excessive bleeding. Thus, a patient with a known diagnosis of metastatic renal cell carcinoma should undergo preoperative embolization. Multiple myeloma/plasmacytoma and thyroid carcinomas can also be exceedingly vascular. When in doubt, requesting preoperative embolization is a safe option; the interventional radiologist will only take action if excessive vascularity is identified.
  
 Prophylactic Fixation
 Prophylactic fixation refers to operating on an impending pathologic fracture before it occurs to prevent the bone from actually breaking (Figure 6). However, the decision to operate can be complex. On the one hand, unnecessary surgeries should obviously be avoided. On the other hand, sustaining a fracture is painful, and avoiding that pain is beneficial. In addition, prophylactic fixation surgery is usually less extensive than surgery to fix an already-broken bone and is also likely to have a better outcome. Thus, shared decision making is imperative.
 [image: ]Figure 6: An impeding fracture of the humerus is shown in the image to the left (arrow). This was prophylactically fixed with a locked nail, as shown in the image to the right. (Courtesy of Treatment of Pathological Humerus-Shaft Tumoral Fractures with Rigid Static Interlocking Intramedullary Nail-22 Years of Experience. Rev. bras. ortop. [online]. 2019, vol.54, n.2 https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-36162019000200149) To help identify patients likely to benefit from prophylactic fixation surgery, the surgeon can calculate a “Mirel’s score” (see Table 1). A score of 9 or above (on this 12-point scale) indicates a high risk of a lesion fracturing, hence representing an indication to fix the lesion prophylactically.
 Table 1: The Mirel’s system, in which a score between 1 and 3 is assigned to each of 4 categories. Thus, the total score ranges from 4 to 12. A score of 9 or more indicates prophylactic fixation. 	Variable 	Score 
 	Site 	1 	2 	3 
 	Pain 	Upper Limb 	Lower Limb 	Peritrochanteric 
 	Lesion 	Mild 	Moderate 	Provided by ordinary activity (so-called “functional pain”) 
 	Size (relative to diameter of bone) 	<1/3 	<1/3 – <2/3 	>2/3 
  
 It is also reasonable to operate because of mechanical pain, that is, a marked increase in pain with load-bearing stress. Especially if an initial decision was made to not prophylactically fix a lesion, the onset of mechanical pain might prompt surgical treatment.
  
 Surgical Considerations
 Before surgery, a bone scan and complete radiographs of the affected bone should be obtained to detect any additional lesions. A new fracture just beyond the edge of a prior fixation is a surgical challenge best avoided. For this reason, a fixation device spanning the whole length of the bone, e.g., a long intramedullary nail, is often chosen.
 Because patients with skeletal metastases usually have short life expectancies, it is particularly important that the surgeon establishes fixation that is strong enough for immediate weight bearing. “The surgical construction should be so strong that patients could push their stretchers back to the recovery room,” is the traditional teaching.
 Pathologic fractures can be assumed to never heal normally, so there is no role for bone grafts or other biologic agents. Rather, all gaps should be filled with a generous application of bone cement to provide structural support.
 Minimally invasive procedures have become popular for the treatment of ordinary fractures, but these techniques are less appropriate for pathological fractures. During surgery for a pathologic fracture, open reduction with wide exposure is often needed to understand the anatomy at the fracture site and to detect and fill gaps at the fracture site.
 There are, unfortunately, instances in which the tumor has damaged the bone so much that there is inadequate bone to hold the fixation device. In those cases, use of a segmental replacement prosthesis should be considered. A prosthesis provides immediate structural integrity with much lower risk of failure (see Figure 7).
 [image: ]Figure 7: To the left is a radiograph of the left hip of a 76-year-old male patient with a renal cell carcinoma metastasis and pathological fracture of the proximal femur. The x-ray to the right shows a modular proximal femur replacement after resection of the fractured proximal femur. (Reprinted from Henrichs, MP et al. Modular tumor endoprostheses in surgical palliation of long-bone metastases: a reduction in tumor burden and a durable reconstruction. World J Surg Onc 12, 330 (2014). https://doi.org/10.1186/1477-7819-12-330) Surgeons should aim to perform the last operation first. A “perform the last operation first” rule does not, however, mean that excessive and unnecessary procedures are desirable: they are not. This rule does, instead, suggest that seemingly conservative surgery may be the riskier strategy if this minimalist approach is associated with a high risk of failure.
  
 Miscellany
 Pathological Fracture
 By definition, a structure will fracture when it is subjected to a load which exceeds its strength. When bone is weakened by disease and the amount of force required to break it is reduced, the fracture is said to be a “pathological fracture.” In other words, a pathological fracture is one that results from a load that would not cause injury if the bone were of normal strength. The two most common causes of pathological fracture are tumors and metabolic bone diseases such as osteoporosis. In patients with cancer, a pathological fracture can occur because the bone is replaced by tumor. A tumor can also weaken the remaining bone due to the actions of hormones released by or in response to the tumor. Last, treatment of the tumor can also weaken the bone (e.g., drug therapies such as steroids).
 Mirel’s score
 Mirel’s score was published in 1989 based on retrospective observations of patients with known lesions that did not undergo prophylactic fixation. Patients were noted to either progress to fracture or not. The score was seen to have high sensitivity (91%) but low specificity (35%). In other words, a low score can be used as a screening tool to identify patients at low risk for fracture, but a high score will capture both high and low risk patients. Indeed, if the score were used alone, up to two-thirds of patients could receive unnecessary prophylactic surgery. Furthermore, although the site of the lesion is included in the score, further work elucidated that the site is in fact not an independent predictor of fracture. Another major limitation is that the score can only be used for long bone metastases and not very commonly found spinal lesions. It is likely that as imaging modalities improve and machine learning techniques are applied to large series of patients, future protocols will be both more sensitive and more specific than the Mirel score.
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		Orthopaedic Oncology

								

	
				Musculoskeletal tumors are a diverse group of neoplasms that arise from various tissues of the musculoskeletal system, including bone, cartilage, muscle, and connective tissue. These tumors can be benign or malignant and can present in any age group.
 The World Health Organization classifies musculoskeletal tumors (Table 1) as chondrogenic (cartilage forming), osteogenic (bone forming), fibrogenic, vascular, those derived from the notochord (an embryonic spinal structure), those with many osteoclastic cells, and hematopoietic neoplasms of bone. In addition, there is the large and important category of “other mesenchymal tumors of bone”, which includes more commonly seen conditions such as simple bone cysts, fibrous dysplasia, lipomas, and metastatic disease.
 Beyond considering the cell of origin, evaluating and classifying musculoskeletal neoplasia considers the grade and stage of the lesion. The grade represents the degree of aggressiveness of the lesion and is based primarily on histology, but also incorporates imaging features, such as the growth and destruction associated with the tumor. Grading is usually on a 0 to 3-point scale: benign (0), low grade, intermediate grade, and high grade (3). Grade predicts biological behavior and, thereby, assists in planning treatment. The stage of a tumor is based on its geographic location(s) in the body: that is; whether it is localized to one site, has spread to nearby tissues or organs (regional metastases) or has spread to distant sites (metastatic). These categories influence treatment decisions. A common way of describing the stage of a tumor is the TNM system provided by the AJCC (American Joint Commission on Cancer), where “T” is the size, “N” is the status of lymph node involvement, and “M” is the presence or absence of metastatic disease (local or distant). In musculoskeletal neoplasia, the Enneking Staging System provides another alternative and incorporates the tumor grade, its anatomical features, and the status of metastatic behavior.
 Table 1: The 2020 WHO Classification of Bone Tumors, with examples of benign and malignant lesions in each category. 	Chondrogenic tumors
 	Benign: chondroma; enchondroma; osteochondroma; chondroblastoma; chondromyxoid fibroma
 	Malignant: chondrosarcoma
 
  
 	Osteogenic tumors
 	Benign: osteoid osteoma
 	Intermediate (locally aggressive): osteoblastoma
 	Malignant: osteosarcoma
 
  
 	Fibrogenic tumors
 	Benign: fibroma, non-ossifying fibroma
 	Intermediate (locally aggressive): desmoplastic fibroma
 	Malignant: fibrosarcoma
 
  
 	Vascular tumors of bone
 	Benign: hemangioma
 	Malignant: angiosarcoma
 
  
 	Osteoclastic giant cell-rich tumors
 	Benign: aneurysmal bone cyst; Non-ossifying fibroma
 	Intermediate (locally aggressive): giant cell tumor of bone
 	Malignant: giant cell tumor of bone, malignant
 
  
 	Notochordal tumors
 	Benign: benign notochordal cell tumor
 	Malignant: chordoma
 
  
 	Other mesenchymal tumors of bone
 	Benign: simple bone cyst; fibrous dysplasia; lipoma
 	Malignant: adamantinoma of long bones; leiomyosarcoma; liposarcoma; bone metastases
 
  
 	Hematopoietic neoplasms of bone
 	plasmacytoma of bone (myeloma); lymphoma; Hodgkin disease.
 
  
  
  
 Epidemiology
 Musculoskeletal tumors are rare. Indeed, a malignant lesion found in the bone is more likely to be a metastasis from another primary cancer than a primary bone lesion. Further, the most common oncologic condition that originates within the bone, multiple myeloma, is of blood cell, not bone cell, origin.
 The incidence of musculoskeletal tumors varies according to tumor type and age group. Osteosarcoma is the most common primary bone cancer, followed by chondrosarcoma and Ewing sarcomas. The peak incidence of most malignant bone tumors is associated with a specific age group. For example, Ewing sarcoma, osteosarcoma, neuroblastoma, retinoblastoma, and rhabdomyosarcoma are the most common malignant lesions in patients under 20 years old, but relatively unlikely in adults over 40 years old.
 In older patients, metastatic carcinoma, myeloma, and non-Hodgkin lymphoma are more likely than primary bone sarcoma. Benign lesions also have age predilections, with simple bone cysts and chondroblastomas typically occurring in skeletally immature individuals, and giant cell tumors occurring in skeletally mature individuals.
 There are exceptions to the general rules of age distribution. For example, osteosarcoma has a second peak in adults older than 50 years who have Paget’s disease, as the Pagetic bone can undergo malignant transformation. Likewise, patients treated with radiation therapy or chemotherapy for other cancers are susceptible to developing bone malignancies at any age.
  
 Clinical Features
 The clinical presentation of musculoskeletal tumors can vary depending on the type and location of the tumor. Patients may experience pain, swelling, or other non-specific complaints. A palpable mass may also be present due to the expansion of the tumor. Tumors can compress nearby structures, especially nerves, leading to local or distal symptoms.
 When a musculoskeletal tumor grows within a bone, it can weaken the bone and make it more prone to breaking, even with minimal trauma. This condition is known as a pathological fracture. In some cases, a fracture without significant injury may be the first sign of a tumor’s presence.
 Constitutional symptoms, such as fatigue, malaise, unexplained weight loss, fevers, and night sweats, may also occur with musculoskeletal malignancies. Sometimes, tumors may be discovered incidentally during imaging studies performed for other reasons, especially in the case of benign or non-aggressive tumors.
  
 Radiologic Features
 Radiology plays a critical role in the diagnosis and management of musculoskeletal tumors. X-ray is often the first imaging modality and, in conjunction with the patient’s history and clinical findings, can usually lead to a diagnosis of a lesion involving the bone. Advanced imaging studies, including computed tomography (CT), magnetic resonance imaging (MRI), and positron emission topography (PET) scans, are used for evaluation of soft tissue musculoskeletal malignancies and can provide more detailed information regarding tumor extent and metastases for bony lesions.
 When evaluating a radiograph of a suspected bone tumor, the first feature to note is the number of foci. Multiple lesions typically indicate osteomyelitis. However, bone islands, fibrous dysplasia, and enchondromatosis (a proliferation of enchondromas) are also associated with multiple lesions visible on x-ray.
 The next considerations are the size and location of the lesion within the bone. Size is an important diagnostic criterion for some tumors. A tumor that would otherwise be classified as an osteoid osteoma becomes an osteoblastoma, for example, if larger than 1.5 cm. Even in cases where size of the lesion is not part of the diagnostic criteria, lesion size can indicate biological behavior. For instance, a thick cartilage cap on an osteochondroma (measuring more than 1.5 – 2.0 cm) suggests that it has transformed into a chondrosarcoma.
 When considering the location of a lesion, two aspects are critical: the specific bone affected and the site within the bone where the lesion is found. Many bone tumors are associated with specific bones. For example, adamantinoma is classically found in the tibia, and osteoblastoma develops in posterior elements of spine. The site within the bone can be defined by longitudinal descriptors (e.g. diaphyseal, metaphyseal, or epiphyseal) and transverse descriptors (e.g. medullary, endosteal, cortical, or periosteal).
 Other radiographic features indicative of aggressiveness include the margins of the lesion (also known as the “zone of transition” between the lesion and adjacent bone), and whether there is any periosteal reaction, mineralization or soft-tissue component associated with the lesion (Figure 1).
 If a lesion has a so-called “geographic” or well-defined and narrow zone-of-transition or a sharp sclerotic margin, it is more likely to be benign. By contrast a non-geographic, poorly-defined, poorly-marginated infiltrative lesion with a wide zone-of-transition is more likely to be aggressive and malignant. Notably, osteomyelitis can have a non-geographic, poorly-defined, poorly-marginated, infiltrative appearance, reflective of aggressiveness but not malignancy.
 [image: ]Figure 1: A scalloped, eccentric geographic lesion of the proximal tibia with a sclerotic margin, is consistent with a non ossifying fibroma. (Courtesy of https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5732632/) The periosteum (the membrane on the cortex) can “react” to the bone lesion. Periosteal reactions have a variety of presentations on radiographs. A solid periosteal reaction of mature new bone deposited adjacent to the cortex, suggests a slow growing and less aggressive lesion: the solid reaction reflects the body’s ability to respond to the lesion with new bone growth. If the periosteal reaction is disorganized, showing hair-like or sunburst patterns, a more aggressive malignancy is likely. An “onionskin” or lamellar-appearing reaction indicates a lesion progressing with intermittent surges of growth.
 There may also be reactions within the medullary canal, causing erosion of the inner surface of the cortex, known as endosteal scalloping. If the lesion is sufficiently slow-growing that the bone can form new tissue on the periosteal surface in response to the neoplasm, then the bone may expand in width. Simultaneous expansion of the cortex with endosteal scalloping may create a so-called “soap bubble” appearance. If the lesion is not slow-growing, it may simply break through the cortex and form an extra-cortical soft tissue mass.
 Tumors may be lytic (due to stimulation of osteoclasts), sclerotic (due to stimulation of osteoblasts making new bone), or have a mixed pattern. The mineralization pattern of the matrix can help distinguish fibrous, osteoid or chondroid lesions. For example, a chondroid matrix (Figure 2) often has linear or lobular mineralization whereas a fluffy, cloudlike mineralization pattern suggests an osteoid matrix.
 [image: ]Figure 2: A bone lesion with a chondroid matrix, suggests chondrosarcoma. (Courtesy of https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5732632/) The presence of an extra-osseous soft-tissue mass suggests the presence of osteosarcoma, Ewing sarcoma, lymphoma, or infection.
 CT scans are particularly useful in the evaluation of bone tumors as they provide high-resolution images of the bone structure (Figure 3). They can help identify the location, size, and extent of a bone tumor, as well as evaluate the involvement of adjacent soft tissues and organs. CT scans can also be used to guide a biopsy or other diagnostic procedures. CT scanning of the chest can be used as part of the staging workup of musculoskeletal tumors such as osteosarcoma, which are known to spread to the lungs.
 [image: ]Figure 3: A coronal CT image shows a cortically based lucent non-ossifying fibroma in the proximal tibia (Courtesy of https://link.springer.com/article/10.1007/s00256-022-04022-8) MRI scans (Figure 4) are particularly useful in the evaluation of soft tissue tumors as they provide detailed images of the soft tissue structures. They can help identify the location, size, and extent of a soft tissue tumor. MRI can provide detailed information about the bone structure, including the bone marrow, cortical bone, and periosteum. It can also help identify the degree of bone destruction caused by the tumor, as well as its relationship to adjacent soft tissues and organs, notably the neurovascular bundles near the lesion.MRI can also be used to evaluate the response of the tumor to treatment, such as chemotherapy or radiation therapy.
 [image: ]Figure 4: A patient with chronic left knee pain, showing normal plain radiographs (left) but the MRI images (right) showed high T2-weighted signal intensity in the bone (marrow replacement) related to a bone lymphoma. (Courtesy of https://insightsimaging.springeropen.com/articles/10.1007/s13244-014-0339-z) Positron Emission Tomography (PET) scans are useful in evaluating the metabolic activity of tumors. PET scans can help differentiate between benign and malignant tumors and identify the spread of cancer to other parts of the body.
 Ultrasound can be useful in the evaluation of soft tissue tumors, particularly in the extremities. It can help identify the location, size, and extent of a soft tissue tumor and can also be used to guide biopsy procedures.
  
 Differential Diagnosis
 Often the combination of patient age and radiographic appearance provides sufficient information to arrive at a diagnosis. Nevertheless, there are many instances in which a biopsy is needed.
 Tissue specimens can be obtained by fine needle aspiration, core biopsy, and open techniques. An open biopsy is term incisional if a sample is removed; an excisional biopsy removes the entire lesion, or at least the grossly appreciable disease.
 Fine needle biopsy is a quick and minimally invasive procedure that can be guided by palpation in a superficial location or, if necessary by ultrasound or CT. Fine needle biopsy is often used in conjunction with cytology but may not provide enough tissue for a definitive diagnosis. As true of any biopsy approach, there is a risk of sampling error (i.e., the tissue sample is not representative of the tumor as a whole).
 Core needle biopsy attempts to increase diagnostic accuracy by using a larger gauge needle to remove a cylinder-shaped sample of tissue, but still carries a risk of sampling error. Core biopsy may not be suitable for tumors adjacent to organs and neurovascular bundles, even with image guidance.
 Open biopsy utilizes a small incision to remove a larger sample of tissue from the tumor for analysis and might even be able to remove the entire tumor if it is small enough (i.e. an excisional biopsy). An open biopsy is of course a more invasive procedure with its attendant complication risks.
 A biopsy will, foremost, identify the type of tumor that is present. Examination of the sample includes noting the degree of differentiation of the tumor cells and whether they are actively dividing. (The ratio of the number of cells undergoing mitosis to the number of cells not undergoing mitosis, the so-called mitotic index, quantifies that parameter.) The shape, size, and arrangement of the cells can help determine the type of tumor that is present. For example, large and irregularly shaped cells with a high degree of nuclear pleomorphism are indicative of a high-grade sarcoma. Gene profiling may also predict drug treatment efficacy. Special stains, such as immunohistochemistry, can identify specific proteins or markers that are associated with particular types of tumors.
 In addition to examining the cells themselves, the pathologist will also look at the extracellular matrix surrounding the cells, i.e. the presence of collagen fibers, or demonstrating the presence of mucin or other substances within the matrix that may be characteristic of particular types of tumors. Additional molecular testing of the biopsy sample looks for specific genetic mutations or alterations that may be associated with particular tumors. For example, the presence of a specific translocation involving the EWSR1 gene can help confirm a diagnosis of Ewing sarcoma.
  
 Disease Course: Treatment and Prognosis
 The surgical management of bone and soft tissue tumors remains the mainstay of treatment. The surgical options available for the management of bone and soft tissue tumors are curettage (scraping out the tumor from within the bone), marginal resection (cutting out the tumor and a small layer of surrounding normal tissue), wide resection (removal, but with an additional, larger layer of normal tissue around the tumor mass), and amputation. Wide resection is also referred to as a limb-sparing or limb-salvage approach. The choice of surgical option depends on the location, size, and aggressiveness of the tumor, as well as the patient’s age, general health, and functional goals.
 Curettage can be used to treat benign bone tumors and some low-grade malignant tumors (Figure 5). After the tumor is removed, the cavity is filled with bone cement or bone graft. Curettage is often used in combination with adjuvant therapies such as cryotherapy, phenolization, or high-speed burring to ensure that all neoplastic cells are destroyed. In cases where the tumor has caused significant damage to the bone, bone grafting may help restore the structural integrity of the bone. Internal fixation may be needed to help support the bone and prevent fracture. Curettage is a less invasive procedure compared to resection but has a higher local recurrence rate. This approach may preserve function, particularly around joints.
 [image: ]Figure 5: A) An X-ray shows an expansile lytic lesion in the right proximal humerus consistent with a simple bone cyst. B) A post-operative x-ray after curettage and grafting with synthetic bone substitute. (https://www.sciencedirect.com/science/article/pii/S1726490118300911) Resection is a surgical option for aggressive bone and soft tissue tumors. Resection involves the removal of the tumor along with a margin of normal tissue. The extent of the resection depends on the type, size, and location of the tumor as well as the grade (aggressiveness) of the neoplasm.
 En bloc resection refers to a surgical technique in which a tumor or a portion of bone is removed intact, generally with a rim of surrounding soft tissues, rather than being dissected out piece by piece (Figure 6). The goal of en bloc resection is to minimize the risk of leaving behind any residual tumor cells and to prevent the spread of tumor cells into adjacent tissues. During en bloc resection, the tissues removed may include nearby muscles, nerves, and blood vessels, adding morbidity to the procedure in exchange for more complete removal of intermediate to high grade tumor cells and a lower incidence of local recurrence. While en bloc resection offers the advantages of reduced risk of local and systemic spread of disease, it is a more complex and technically demanding surgical technique that requires specialized training and experience.
 [image: ]Figure 6: En bloc marginal resection (dashed lines [right] indicate the osteotomy plane) with the reconstruction of the knee using an articulated prosthesis. (Courtesy of https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5101496/figure/f5/) Limb-sparing surgery involves the removal of the tumor while preserving as much of the affected limb as possible. This approach is typically used for musculoskeletal tumors that are sufficiently localized and have not spread to other parts of the body (metastasized). The goal of limb-sparing surgery is to remove the entire tumor while preserving function, mobility, and a higher quality of life than amputation offers. The surgical procedure for limb-sparing typically involves a combination of tumor resection, bone reconstruction, and soft tissue repair. In some cases, the surgeon may use a bone graft or a metal implant to replace the removed bone. Following surgery, the patient may require physical therapy and rehabilitation to regain strength, range of motion, and function. Advantages of limb-sparing include the preservation of the affected limb and improved functional outcomes at the cost of a longer recovery time compared to amputation. Disease-free survival is the same with amputation and a well-executed limb-sparing procedure.
 The choice between limb-sparing and amputation depends on several factors, including the type and stage of the tumor, its location, the patient’s age and overall health, and the potential for retaining functional outcomes. In general, limb-sparing surgery is preferred whenever possible, as it allows for the preservation of the affected limb and better functional outcomes.
 Prophylactic internal fixation of long bones affected with progressive metastatic disease can reduce the incidence and morbidity of sustaining a fracture. The prediction of impending pathological fracture is based upon the degree of cortical destruction caused by the tumor, and the presence of activity-related pain. Another crucial factor to consider is the precise location of the lesion within the bone. Areas that experience particularly high forces with weight-bearing, the calcar region of the proximal femur, for example, are at higher risk of fracture and thus may be treated prophylactically more readily.
 Radiation therapy is a non-surgical treatment option for musculoskeletal tumors that can be used alone or in combination with surgery and chemotherapy. Radiation therapy works by preferentially damaging the DNA of highly active cancer cells (with less impact on surrounding normal tissues). This prevents the tumor cells from dividing, growing and metastasizing. The targeted radiation can be delivered externally, using a machine called a linear accelerator that directs high-energy radiation beams at the tumor from outside the body, or internally, using a radioactive source that is implanted directly into or near the tumor.
 One of the challenges of radiation therapy for musculoskeletal tumors is that bone and soft tissues have different radiation sensitivity. Bones are more resistant to radiation than soft tissues and, therefore, require a higher radiation dose to achieve the same level of tumor cell death. This increases the risk of radiation-induced bone complications such as osteoradionecrosis and pathologic fractures. To minimize complication risk, radiation therapy is usually delivered in a series of daily treatments over several weeks to allow healthy tissues to recover between treatments. The radiation dose and schedule are carefully planned by a team of radiation oncologists and medical physicists based on specific characteristics of the tumor and the patient’s health.
 In addition to killing cancer cells, radiation therapy can also cause side effects, such as skin irritation, fatigue, and damage to surrounding healthy tissues. The severity and duration of these side effects depend on the dose and duration of radiation therapy, as well as the patient’s individual sensitivity and overall health.
 Chemotherapy is commonly used in the treatment of musculoskeletal tumors to kill cancerous cells, reduce the size of the tumor, or prevent spread to other parts of the body. Chemotherapy can be used as adjuvant therapy, neoadjuvant therapy, or palliative therapy depending on the stage and type of musculoskeletal tumor.
 Adjuvant chemotherapy is given after the surgical removal of the tumor, to kill any remaining cancer cells that may not be visible on imaging or may have spread to other parts of the body. It can reduce the risk of local recurrence, metastatic disease and improve overall survival. Adjuvant chemotherapy is commonly used for high-grade bone and soft tissue sarcomas, as these tumors are more likely to spread to other parts of the body.
 Neoadjuvant chemotherapy is given before surgery, to shrink the tumor and make it easier to remove. It can also help determine the tumor’s responsiveness to chemotherapy, which can guide the choice of further treatment after surgery. Neo-adjuvant chemotherapy is commonly used for locally advanced or difficult to resect tumors, to improve the chances of successful surgical removal.
 Palliative chemotherapy is given to relieve symptoms and improve quality of life in patients with advanced or metastatic tumors, by slowing tumor growth to reduce symptom severity. Palliative chemotherapy may be given in combination with other treatments, such as radiation therapy, to maximize patient comfort.
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		Osteonecrosis

								

	
				Osteonecrosis is a disease process characterized by the ischemic death of subchondral bone, that is, bone under the cartilage near the joint surface, culminating in the possible collapse of the bone and damage to the joint. Osteonecrosis is distinguished from “bone infarction,” which is also characterized by ischemic death of bone – but in the diaphyseal shaft, and thus not associated with a risk of arthritis. Osteonecrosis is also known as “avascular necrosis” or “aseptic necrosis,” older terms that are no longer preferred. Osteonecrosis has many causes, including trauma, sickle cell disease, corticosteroid use, and excessive alcohol intake, though in many instances a cause is not identified. In those cases, the osteonecrosis is labeled “idiopathic.” Osteonecrosis is frequently encountered in the femoral head, proximal humerus, medial femoral condyle, talus, scaphoid, and lunate.
  
 Structure and Function
 Interruption of the supply of oxygen-rich blood is the key step to the development of osteonecrosis, as this causes ischemia of the bone, though the interruption may be subtle. For example, sickled red blood cells may clog flow in small spaces without any frank arterial occlusion. An overt interruption of blood flow via trauma, especially in bone regions with a tenuous blood supply, can lead to osteonecrosis. Osteonecrosis can be painful, but its main clinical significance is that death of sub-chondral bone can lead to collapse of the joint surface and end stage arthritis.
 Bone remodeling – namely, the biologic processes of osteoclasts removing older, worn out pieces of bone, with osteoblasts synthesizing new bone to replace them – requires oxygen and nutrients. When the blood supply to the bone is interrupted, these necessary supplies are not provided, and the bone can die. However, dead bone, at the instant of death, is structurally indistinguishable from living bone. Thus, it is the later consequences, namely the loss of bone remodeling, that causes the joint to fail via the following cascade:
 	Ischemia → cell death,
 	Cell death → decreased bone remodeling,
 	Less bone remodeling → poorer structural properties of bone (notably loss of compliance),
 	Decreased bone compliance → increased chance to collapse with load (see Figure 1),
 	Collapse of subchondral bone → irregularities of the joint surface above that bone,
 	Irregularities of the joint surface on one side of the joint plus motion → damage to the other side of the joint.
 
 [image: ]Figure 1: Osteonecrosis of the femoral head with subchondral collapse. The region of dead bone and the area of collapse are shown [black and red arrows, respectively]. Notably, the surface in this specimen removed at surgery looks remarkably smooth [yellow arc] yet with any loading, this sphericity can be lost.  
 Patient Presentation
 Most patients with osteonecrosis present because of pain, either from the infarction itself or from the resulting arthritis. Rest pain occurs in about two-thirds of patients, while night pain occurs in about one-third of patients. Osteonecrosis can also be asymptomatic and found incidentally on imaging. In some cases, known risk factors of osteonecrosis are present, but not always.
 The initial physical exam findings are often non-specific. As osteonecrosis progresses and joint function deteriorates, the patient will present with the usual findings of arthrosis: swelling, tenderness, restricted motion, and deformity.
 Osteonecrosis of the hip can be caused by a femoral neck fracture or dislocation. Branches of the femoral circumflex arteries are prone to disruption with a femoral neck fracture (see Figure 2). With a dislocation, the blood vessels might remain in continuity but can be stretched. This stretching might damage to the inner lining (endothelium) of the vessel, causing thrombosis and occlusion.
 Osteonecrosis of the hip may be seen in patients with sickle cell disease, steroid use, and alcoholism as well. When the etiology is not traumatic, both hips are usually involved.
 [image: ]Figure 2: The medial and lateral femoral circumflex arteries branch off the profunda femoris (blue arrow). The green arrow points to a branch from the lateral femoral circumflex ascending the femoral neck to supply the femoral head. Disruption of this artery in the region shown by the orange box can cause osteonecrosis in the area of the head (pink circle). (Image modified from https://www.cureus.com/articles/13561-osteonecrosis-of-the-femoral-head-etiology-investigations-and-management) Osteonecrosis of the proximal humerus may be found after fracture, but dislocation usually is not the cause. That is because normal glenohumeral mechanics are not as tightly constrained as the hip and the nearby neurovascular structures are more accommodating of displacement.
 Patients may present with spontaneous osteonecrosis of the knee (known as “SONK”). SONK is most commonly seen in middle-aged females, and almost always is found in the epiphysis of the medial femoral condyle. The typical presentation is a sudden onset of severe knee pain without trauma (Figure 3).
 [image: ]Figure 3: MRI imaging of spontaneous osteonecrosis of the knee (SONK) showing bone marrow edema and flattening of the medial femoral condyle. (Case courtesy of Dr Fazel Rahman Faizi, Radiopaedia.org, rID: 66265) In the wrist, osteonecrosis of the scaphoid usually follows fracture. The lunate may also be affected without a fracture, called Kienbock’s Disease.
 Like the scaphoid, the talus does not have any muscles/tendons inserting on it, so it too has a more tenuous blood supply and is accordingly prone to osteonecrosis when there is a fracture.
  
 Objective Evidence
 No laboratory test findings specifically confirm the presence of osteonecrosis, though testing may identify conditions that increase its likelihood.
 Because dead bone does not have active osteoclasts, old and worn bone is not removed. This is seen on plain x-rays as increased density and sclerosis.
 Osteonecrosis of the hip can be staged according to its appearance on imaging.  There are several popular classification systems, but all unite around a similar theme of evaluation of the lesion based on plain radiographs and other modalities, especially MRI.
 In its initial stage, osteonecrosis is not detectable. As osteonecrosis progresses, a subchondral radiolucency can be seen. This so-called crescent sign is produced by subchondral trabecular fracture and is a sign of impending collapse (see Figure 4).
 [image: ]Figure 4: Imaging of osteonecrosis of the femoral head, including MRI (left), CT (center) and plain x-ray (right) demonstrating “crescent sign,” outlined in red. (Reproduced from https://eor.bioscientifica.com/view/journals/eor/4/3/2058-5241.4.180036.xml) In late stages of AVN, loss of sphericity and collapse of the femoral head, joint space narrowing, and degenerative changes in the acetabulum can be seen.
 Bone scanning can show increased bone turnover at the junction of dead and reactive bone, but it is significantly less sensitive than MRI in diagnosing osteonecrosis.
 MRI has very high sensitivity, and changes can often be seen on MRI early in the course of disease.
  
 Epidemiology
 There is no single demographic for osteonecrosis, but the following observations apply to the various “bones at risk”:
 	Hip. The femoral head is the most commonly affected area. The US incidence is ~20,000 cases annually. Osteonecrosis is thought to account for 10% of all total hip arthroplasties. The average age of patients with osteonecrosis of the hip is about 50, and males are more commonly affected. Fracture or dislocation is implicated in about 10 to 25% of cases.
 	The shoulder is the second most commonly affected area. Osteonecrosis of the shoulder is often bilateral, because systemic factors, not trauma, are the cause (Figure 5).
 	Osteonecrosis of the knee commonly seen a middle-aged female without identifiable risk factors. The prevalence is unknown, as cases of arthritis may have been caused by undetected spontaneous osteonecrosis.
 	Osteonecrosis of the lunate (Kienböck’s disease) most commonly affects males aged 20 to 40 years old. There is a higher incidence of Kienböck’s disease in patients with negative ulnar variance (Figure 6).
 
 [image: ]Figure 5: Osteonecrosis of the proximal humerus. (Case courtesy of Dr Jeremy Jones, Radiopaedia.org, rID: 7404) [image: ]Figure 6: Radiograph of the wrist showing negative ulnar variance, namely, a “short” ulna that does not reach as far distally as the radius. The blue lines show the area where the ulna does not make contact with the lunate. This loss of contact creates greater pressure from the radius, which is thought to be the cause of the disease. (The articulation between the radius and the scaphoid and lunate is shown in red.)  
 Differential Diagnosis
 The differential diagnosis can be thought of in a few separate ways. That is, the clinician may wonder “why does this person (with normal x-rays) have pain?” or “why does this fairly young person have arthritis?” or “what could be the cause of this lesion I see on x-rays?”.
 To be sure, osteonecrosis is a possible cause of pain in the setting of normal x-rays, but is likely only in patients with known risk factors (see below). Without risk factors present, hip pain is the setting of normal x-rays is more reasonably attributed to common causes of joint symptoms, such as sprains/strains or mild arthritis.
 Labral tears of the hip may be a source of pain, but can be missed on MRI if contrast is not used [see https://orthopaedia.com/page/Labral-Tears-of-the-Hip-and-FAI ])
 Similarly, osteonecrosis is a possible reason that a person may have premature osteoarthritis. Again, the likelihood of this without a risk factor is low.
 The differential diagnosis for an isolated lesion within the bone includes osteonecrosis but osteomyelitis and bone tumors must be excluded.
  
 Red Flags
 Severe bone pain, especially in patients with known risk factors for osteonecrosis, as listed below, should prompt consideration of a diagnosis of osteonecrosis. It is theoretically helpful to detect osteonecrosis before there is joint collapse, as protecting the joint while the infarcted area might heal may be able to prevent end-state arthrosis.
 Reperfusion and healing of the infarcted area, if there is no collapse, should lead to resolution of the condition. On the other hand, there is little evidence that interventions such as limiting weight bearing are actually effective to promote healing and prevent collapse when the osteonecrosis is related to systemic factors. What is clear is that preventing displacement of a fracture can protect the blood supply. Thus, for example, if patient falls on an outstretched hand and has tenderness in the “anatomic snuff box” (Figure 6), such a patient should be temporarily immobilized in a splint or cast – even if x-rays are normal. Snuff box tenderness suggests a scaphoid fracture, an injury that can be difficult to detect on routine radiographs if there is no displacement. Immobilization of the wrist can prevent displacement, which thus decreases the risk of osteonecrosis by protecting the scaphoid’s tenuous blood supply.
 [image: ]Figure 7: The white arrow points to the center of “anatomic snuff box.” The lateral (radial/thumb sided) border of this box is formed by the extensor pollicis brevis and abductor pollicis longus tendons. The medial (ulnar) border is the extensor pollicis longus tendon. The scaphoid lies directly below the skin here.  
 Treatment Options and Outcomes
 Treatments of hip osteonecrosis in the pre-collapse stage include physical therapy and restricted weight-bearing, though robust evidence of efficacy is absent. (That is, these treatments are offered empirically. Some lesions apparently resolve spontaneously, and it cannot be known with certainty if an empirically employed intervention actually affected the natural history of the disease.)
 Various medications, such as vasodilators to promote increased blood flow, anticoagulants to prevent thrombosis, and bisphosphonates to decrease bone resorption, have been tried.
 Joint preservation surgical interventions include core decompression, bone grafts, and osteotomy. Core decompression is a completed by drilling a channel in the femoral head, to decrease pressure and increase perfusion (Figure 8). Some surgeons advocate using a vascularized bone graft to increase the blood supply.
 Treatment of avascular necrosis of the femoral head after collapse of the articular surface is dictated by the extent of arthritis. Osteotomies can move a collapsed region of the femoral head away from points of maximal weight-bearing regions to less central locations. In patients with sufficiently severe signs and symptoms, total hip arthroplasty is indicated.
 [image: ]Figure 8: Core decompression of an area of osteonecrosis in the femoral head (shown in red). (Reproduced from DOI: https://doi.org/10.1016/j.eats.2021.08.015) In the initial stage of disease, spontaneous osteonecrosis of the knee can be treated with analgesics and protected weight-bearing. If there is no subchondral collapse, arthroscopy, core decompression, and osteochondral autologous transplantation have been recommended. Advanced disease is treated with either unicompartmental knee arthroplasty or total knee arthroplasty.
 For osteonecrosis of the lunate in patients with negative ulnar variance and no extensive degenerative changes, a radial shortening osteotomy to balance the radio-lunate joint can be tried. When more extensive degenerative changes are present, proximal row carpectomy or fusion may be needed.
  
 Risk Factors and Prevention
 The following is a list of some of the more common causes of osteonecrosis:
 	trauma
 	corticosteroid use or Cushing’s disease
 	alcohol abuse
 	Sickle cell disease/Hemoglobinopathies
 	Systemic lupus erythematosus
 	Antiphospholipid antibody syndrome
 	metabolic diseases such as hyperlipidemia
 	renal failure (in renal transplantation, medication may be responsible)
 	HIV
 	prior radiation therapy
 	chemotherapy
 	decompression sickness (diving)
 	bisphosphonate use
 
 There are no proven steps to prevent osteonecrosis, but some advice can be offered on that basis of rationale. For instance, if corticosteroids are medically indicated, the minimum effective dose should be used, for the shortest possible duration.
 Trauma should be avoided, but if a bone at risk is injured, maximal care should be taken to help preserve the blood supply. As noted, possible non-displaced fractures of the scaphoid should be protected. In the case of a femoral neck fracture, open (as opposed to percutaneous) surgery for fixation may be preferable, to ensure anatomic reduction and to decompress the fracture hematoma (which might otherwise impede blood flow via a tamponade effect).
 Also, patients at high risk of osteonecrosis should be educated about osteonecrosis to facilitate early (and perhaps less extensive) intervention.
  
 Miscellany
 Specific sites of osteonecrosis are known by eponyms, including the following: Freiberg infraction, denoting osteonecrosis of the second metatarsal head; Legg-Calvé-Perthes disease, denoting osteonecrosis of the femoral head in the pediatric population; Panner disease, which is osteonecrosis of the humeral capitellum; and Sever disease, for osteonecrosis of the calcaneal epiphysis.
 Acute decompression syndrome (Caisson’s disease) is a neurological condition seen in divers when nitrogen gas emerges from the blood as bubbles after ascending from underwater too rapidly, leading to decreased blood flow to the brain and other tissues. Nitrogen bubbles can also impede blood flow to the bone, causing dysbaric osteonecrosis.
 Hyperbaric oxygen treatment may be useful for patients with osteonecrosis without collapse.  Patients receiving hyperbaric oxygen are placed in a special chamber and breathe pure oxygen at approximately double normal atmospheric pressure. This treatment may increase oxygenation of the bone but also may modulate inflammation.
  
 Key Terms
 Osteonecrosis, Subchondral collapse, Bone remodeling
  
 Skills
 Recognize patients at risk for osteonecrosis. Describe imaging findings.
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		Osteoporosis

								

	
				Osteoporosis (Greek for “porous bone”) is a disease of decreased bone density leading to a predisposition to fractures. Osteoporosis is extremely common, affecting more than 200 million people worldwide. Osteoporosis is defined by having a bone mineral density that is more than 2.5 standard deviations lower than the young adult mean. Osteoporosis most commonly affects the wrist, hips, and vertebrae. Osteoporosis is more common in women, who have an accelerated loss of bone density after menopause due to the decline in estrogen, in addition to normal age-related bone loss. A pre-osteoporosis state, osteopenia, is said to be present when bone mineral density is decreased, but not to the extent that osteoporosis can be diagnosed.
  
 Structure and Function
 Osteoporosis is a disease of imbalanced bone remodeling. “Bone remodeling” refers to the biologic processes of osteoclasts removing older, worn out pieces of bone, with osteoblasts synthesizing new bone to replace them. There are two phases of bone remodeling: resorption and ossification. In the bone resorption phase, osteoclasts break down the organic tissue in bones and release minerals into the bloodstream, especially calcium, but also magnesium and phosphate. Ossification is the process of laying down new organic matrix by osteoblasts (Figure 1).
 [image: ]Figure 1: A simplified depiction of bone remodeling (modified from Wikipedia). Panel 1 shows worn out bone (red); panel 2 shows osteoclasts removing the old bone; panel 3 shows the site of bone breakdown before restoration; panel 4 shows osteoblasts synthesizing new matrix (blue); and panel 5 shows restored normal bone after this matrix is mineralized. In any given year, about 10% of the adult skeleton is remodeled. Normally, osteoblast and osteoclast activity are tightly coupled to ensure maintenance of normal bone density. When osteoblasts are more active than osteoclasts, more bone is formed than resorbed and bone density increases (such as with load bearing). When osteoclasts are more active than osteoblasts, more bone is resorbed and bone density decreases.
 With age, osteoblasts become less active and the osteoclasts begin to outwork the osteoblasts. Therefore, bone resorption occurs at a faster rate than bone formation and bone density is lost. Ultimately, there is increased bone fragility.
 At the smallest microscopic level, the bone is apparently normal, there is just less of it (see Figure 2). Notably, very little bone has to be lost for the mechanical properties of the bone to be altered significantly. (Older readers may recall that small perforations in a checkbook or a book of stamps allow easy removal of the check or stamp, respectively – though the mass lost when making this perforation is very small, of course.)
 [image: ]Figure 2: A microscopy comparison of normal (left) and osteoporotic bone (right). (From Wikipedia)  
 Patient Presentation
 Osteoporosis is considered a “silent” disease, in that a person can have it without symptoms and becomes aware of it only when there is a fracture. In the United States, the prototypical patient is a thin, Caucasian or Asian post-menopausal female, though osteoporosis occurs in patients of all ages, sexes, races and sizes.
 The physical exam can be entirely normal in early osteoporosis. However, as the disease progresses there may be loss of vertical height and development of kyphosis in the thoracic spine (see Figure 3). More subtle loss of vertical height can be identified by asking the patient about their height and then measuring them (as most people do not mentally update their height as they age, and report their young-adult maximum).
 [image: ]Figure 3: A photograph of a woman with osteoporosis showing a curved back from thoracic compression fractures. (Reproduced from https://en.wikipedia.org/wiki/Osteoporosis) There are three fractures (Figure 4) typically associated with osteoporosis: Colles’ fractures of the distal radius, vertebral body compression fractures, and hip fractures involving the femoral neck or intertrochanteric regions. Commonly, wrist fractures occur at age 50-60, vertebral fractures in the 60-70 window, and hip fractures after age 70.
 [image: ]Figure 4: Osteoporosis-related fractures. At left, a fracture of the distal radius (Case courtesy of Radiopaedia.org, rID: 12382); in the center panel, a severe osteoporotic fracture of the T12 vertebral body (red arrow) with a mild osteoporotic fracture of the L1 vertebral body (green arrow) (Courtesy of https://qims.amegroups.com/article/view/7221/7971 James F. Griffith). At right is a fracture of the hip (Modified from Wikipedia).  
 Objective Evidence
 X-rays are very insensitive for measuring bone mineral density. By the time thoracic osteoporosis can be identified on a chest x-ray, for example, approximately 50% of total bone mass has already been lost. Late in the course, a lateral chest x-ray may show anterior collapse of the thoracic vertebrae, which causes the deforming shown in Figure 2.
 The U.S. Preventive Services Task Force recommends screening for women over age 65 and women of any age who have risk factors for developing osteoporosis.
 Dual-energy X-ray absorptiometry (DEXA) of the hip (Figure 5) and lumbar spine is the test most frequently used to measure bone mineral density. The actual density is reported in grams/cubic centimeter, but a more useful description is a comparison to the peak bone mass achieved in young adulthood, reported as the T score.
 The T score describes how many standard deviations an individual’s bone density differs from the average peak bone density of a (sex and race-matched) young adult. A T score of -1.0 means the bone is one standard deviation less dense than the average young adult, for example. Osteoporosis is diagnosed when the lumbar T score is -2.5 or lower. Osteopenia is said to be present when the value is 1 to 2.5 standard of deviations below the reference mean.
 [image: ]Figure 5: Dexa scan of the hips. In this particular case, the T-score was approximately -1, though this is not visually apparent and must be calculated. (Image courtesy of Afzelius et al Diagnostics. 2017;7(3):41. Published 2017 Jul 9. doi:10.3390/diagnostics7030041) The Z score is a similar score but compares the individual to a cohort of the same age. The T score is used to diagnose or define osteoporosis whereas the Z score is used to help determine if something other than age is causing additional bone loss. For example, a healthy 65-year-old woman with menopause-related osteoporosis and no other illness may have a T score of -2.5 but the Z score may be close to 0.
 In the absence of a secondary cause for osteoporosis, routine laboratory tests will be normal. If a recent fracture exists, alkaline phosphatase may be elevated due to increased bone repair and remodeling. Vitamin D, calcium, and parathyroid hormone levels should be assessed in patients sustaining low energy fragility fractures. Lab tests can be used to rule out secondary causes of osteoporosis.
  
 Epidemiology
 Osteoporosis affects more than 200 million people worldwide; there are approximately 10 million fractures per year due to osteoporosis. Although most patients with osteoporosis will be female, males can also be affected. It is estimated that in persons older than 50 years, the prevalence of osteoporosis is 15% in women and 5% in men, though this varies considerably by geography (for example, regions closer to the equator have lower fracture rates, likely on the basis of greater sunlight exposure leading to greater vitamin D synthesis).
 Bone mass decreases with age (see Figure 6). Women experience an accelerated rate of loss at menopause, and thus have a distinctly higher risk at that point in the life cycle. The lifetime risk of an osteoporotic fracture is more than double for women compared to men. Within the female population, women of northern European descent have the highest risk of osteoporosis. In men, osteoporosis is most likely to be secondary to other underlying conditions such as low testosterone, alcohol abuse, smoking, and steroid use.
 [image: ]Figure 6: Bone mass as a function of age. (Reproduced from Wikipedia)  
 Differential Diagnosis
 All forms of osteoporosis will have a low T score. Osteoporosis related to a secondary metabolic disorder can be differentiated from senile or postmenopausal osteoporosis by noting a low Z (age-matched) score as well as a low T score. Many underlying conditions can result in secondary osteoporosis.
 Common causes of secondary osteoporosis include anorexia, chronic steroid use, HIV, hyperparathyroidism, hyperthyroidism, hypogonadism, inflammatory bowel disease and malabsorption syndromes, multiple myeloma, renal failure, rheumatoid arthritis, use of certain medications like proton pump inhibitors and anti-epileptic drugs, and vitamin D/calcium deficiency.
  
 Red Flags
 A fracture with a low-energy mechanism of injury (e.g., a wrist or hip fracture after a fall from a standing height, or vertebral fracture without any overt trauma at all) is a red flag for osteoporosis and fragility. A wrist fracture, especially, should prompt a work-up for osteoporosis, as this normally precedes the hip fracture by a few decades and timely treatment may help avert this latter complication.
 Features suggesting the presence of osteoporosis include a previous fracture, excessive alcohol use, and smoking history. Loss of height and weight and changes in posture are also signals of underlying osteoporosis.
  
 Treatment Options and Outcomes
 The primary goal of osteoporosis management is prevention of adverse outcomes: reducing the risks of complications, especially fractures. Lifestyle modifications are the first step. Appropriate nutrition, weight-bearing exercise, and avoiding unhealthy habits are recommended for all patients.
 In patients prone to falls, prevention programs such as exercises to improve balance (i.e., tai chi), removing area rugs and loose wires, and adequate lighting can be helpful.
 Supplementation of vitamin D and calcium is recommended especially for patients with low baseline levels. Between diet and supplements, the daily intake of calcium should be at least 1200 mg/day; vitamin D should be between 800-2000 IU units daily. The dosage may be adjusted if indicated by labwork.
 The pharmacological treatment of osteoporosis is divided in two categories: antiresorptive (reduces bone resorption) and anabolic (increases bone formation) agents. Among antiresorptive agents, bisphosphonates are the most commonly used class. Bisphosphonates work by inhibiting the osteoclast activity. Common side effects are upper gastrointestinal symptoms, myalgia, arthralgia, and hypocalcemia. Osteonecrosis of the jaw and atypical fractures of long bones are rare.
 A special characteristic of bisphosphonates is their long-term retention in bony tissue. After 5 years of oral use or three years of IV therapy, non-high-risk patients can be given a “drug holiday” with resumption of the medication after re-evaluation in the following year.
 RANK ligand inhibitors can be used as well. The RANK ligand is a protein which normally activates osteoclasts to increase bone resorption. By binding to the RANK ligand, medications in this class reduce bone resorption by preventing activation of osteoclasts. In contrast to the bisphosphonates, RANK ligand inhibitors are not retained in bony tissue for long periods and accelerated bone resorption begins very shortly after the drug is discontinued. The benefit of this class of medication is that it can be used in patients with renal dysfunction, whereas bisphosphonates might be contraindicated.
 Hormone replacement therapy is not a recommended treatment for osteoporosis because of its associated risks. Estrogen is only recommended as a treatment for osteoporosis in postmenopausal women in whom other medical therapies for osteoporosis are contraindicated.
 Anabolic agents, such as parathyroid hormone receptor agonists, can stimulate osteoblast activity and increase bone mineral density. These medicines are reserved for patients with severe osteoporosis and high risks of fracture.
 In general, if osteoporosis is detected and treated early, prognosis is good. On the other hand, untreated osteoporosis can lead to fracture. Hip fracture, in particular, has a dismal prognosis, with about only 30% of patients returning to their pre-injury state. Vertebral fractures can also cause a loss of independence, can be painful, and can lead to a distressing loss of height.
  
 Risk Factors and Prevention
 Non-modifiable risk factors for osteoporosis include female sex, menopause, age, Caucasian race, and family history. Potentially modifiable risk factors include immobility and tobacco and alcohol use. Chronic use of certain medications (e.g., glucocorticoids and thyroid hormone) are known to cause bone mineral loss but may be unavoidable.
 Bone strength develops during childhood, but bone density accumulation is not complete until the third decade of life. Peak bone mass acquired during this time will influence future risk of developing osteoporosis. Adequate nutrition with supplementation of calcium and vitamin D if necessary, normal body weight, and weight-bearing exercise can optimize bone density during this time. Avoiding excess alcohol and tobacco also plays a key role in prevention. Underlying secondary causes of bone density loss should be addressed as well.
  
 Miscellaneous
 Neurological complications from an osteoporosis-related vertebral body compression are very unlikely because the bone essentially collapses on itself– there are no bone fragments pushed into the canal to compress the cord or nerve roots.
  
 Key Terms
 Bone mineral density, Bone remodeling, Bone resorption, DEXA scan, Osteopenia, Osteoporosis
  
 Skills
 Identify patients in need of screening. Interpret bone densitometry. Master risk reduction, fall prevention, exercise, and nutritional recommendations.
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		Paget’s Disease

								

	
				Paget’s disease of the bone is a condition of dysregulated bone remodeling, characterized by rapid osteoclastic bone resorption followed by increased osteoblastic bone formation. The resulting new bone is dense but structurally weak. The spine, skull, pelvis, femur, and tibia are the most common sites of disease. Bone overgrowth may cause pain, arthritis, and deformities (the latter giving rise to the condition’s historical name, osteitis deformans). The bone in Paget’s disease is also susceptible to fracture. Although rare, a region of bone affected by Paget’s disease can undergo malignant transformation into a sarcoma. Many cases of Paget’s disease are asymptomatic and detected incidentally on radiographs.
  
 Structure and Function
 Paget’s disease may affect any bone in the body, though the pelvis, spine, skull, femur, and tibia are most commonly affected.
 Paget’s disease is a condition of abnormal bone remodeling. During normal bone remodeling, there is a balance between bone resorption by osteoclasts and new bone formation by osteoblasts. In Paget’s disease, there is increased bone resorption by osteoclasts, followed by an associated burst of osteoblast activity. While the exact cause is unknown, a viral infection is suspected.
 Paget’s disease encompasses three phases: lytic, mixed, and sclerotic. During the lytic phase, osteoclastic resorption predominates. In the mixed phase, equal rates of bone resorption and bone formation occur simultaneously (Figure 1). In the sclerotic phase, osteoblastic bone formation predominates. All three phases of Paget’s disease may occur simultaneously in the same bone.
 [image: ]Figure 1: Paget’s disease under light microscopy. (Left) Low-power magnification reveals a predominance of lamellar bone. (Right) High-power magnification reveals both prominent osteoblastic and osteoclastic activity. Many nuclei are visible within osteoclasts. (Courtesy of Human Pathology Reports Volume 26, November 2021, 300562)  
 Patient Presentation
 Individuals with Paget’s disease may be asymptomatic and diagnosed incidentally. Other individuals may experience pain and swelling of the affected extremity. Acute onset pain may be caused by pathologic fracture of the affected bone.
 The bone overgrowth seen in Paget’s disease may cause spinal stenosis, with resulting lower extremity or spinal signs and symptoms.
 Additionally, patients may present with abnormal angulation or bowing (Figure 2).
 [image: ]Figure 2: Bowing of the right leg due to Paget’s disease involving the right tibia. (Courtesy of https://www.ncbi.nlm.nih.gov/books/NBK279033/figure/pagets-disease-bone.F2/) Increased bone formation in the skull can lead to cranial nerve compression, resulting in hearing loss and vision changes. Increased bone formation in the skull can also cause loosening of the teeth.
 Individuals with Paget’s disease may develop high-output heart failure secondary to increased blood flow within the bones.
 The most serious complication of Paget’s disease is the transformation of a lesion into a malignant tumor, such as osteosarcoma. Other tumors such as fibrosarcomas or chondrosarcomas may also develop. Thus, if a known Paget’s patient develops acute worsening pain and swelling of the affected extremity, a clinician must suspect and rule out malignant transformation.
  
 Objective Evidence
 X-rays are often the initial imaging modality used to evaluate patients for Paget’s disease. The affected bone may demonstrate different radiographic findings depending on which phase is occurring.
 During the lytic phase, there are regions of lucency with thinned cortices from the increased osteoclastic resorption. These areas are often described as a “blade of grass” or “flame-shaped” (Figure 3).
 [image: ]Figure 3: The “blade of grass” sign is a lucent area in a long bone seen during the lytic phase of Paget’s disease. (Courtesy of Radiopaedia.org, rID: 51018) During the sclerotic phase, there are thickened cortices due to the increased osteoblastic activity and subsequent bony formation.
 During the mixed phase, there are regions suggestive of both the lytic and sclerotic phases (Figure 4).
 [image: ]Figure 4: Paget’s disease of the right femur, with cortical thickening and prominent trabeculations. End-stage hip arthritis is present as well. (Courtesy of Radiopaedia.org, rID: 19779) Pathologic fractures may be identified as a result of weakened bone from increased osteoclastic resorption.
 Classically, “cotton wool exudates” may be observed in the skull–a highly specific finding for Paget’s disease known as osteoporosis circumscripta (Figure 5).
 [image: ]Figure 5: Osteoporosis circumscripta with “cotton wool exudates” of the skull. (Courtesy of Radiopaedia.org, rID: 7477) If a patient is known to have Paget’s disease and a radiograph identifies cortical bony destruction with an associated soft tissue mass, Paget’s secondary sarcoma is a likely diagnosis that must be excluded.
 A bone scan may be obtained to identify the sites of disease (Figure 6). The lesions will demonstrate increased uptake (“hot lesions”) in the lytic and mixed phases secondary to increased osteoblastic activity.
 [image: ]Figure 6: Technetium 99m-methyl diphosphonate (99mTc MDP) bone scan in a patient with Paget’s disease demonstrating increased uptake (“hot lesions”) in the right humerus and left pelvis (A=anterior P=posterior). Routine blood tests are not particularly helpful for diagnosing Paget’s disease, as even calcium levels are often normal. However, specialized tests, particularly alkaline phosphatase, can be useful. Alkaline phosphatase is an enzyme of osteoblasts, and its level reflects osteoblastic synthetic activity.
 A biopsy from a Paget’s bony lesion will reveal woven bone with irregular broad trabeculae in a mosaic pattern with interspersed fibrous vascular tissue. There will be numerous multinucleated osteoclasts with virus-like inclusion bodies. The osteoclasts in a Paget’s lesion can be distinguished from normal osteoclasts by their increased nuclei and larger size.
  
 Epidemiology
 Paget’s disease is found in approximately 3% of all people over 50 years of age in the United States, with its prevalence rising to 10% in people over 80 years of age. The disorder rarely presents before age 40, making its overall prevalence about 1% of the entire US population. Paget’s disease is approximately four times more common in people who have relatives with the condition. Paget’s disease is also more prevalent in countries such as England, western Europe, and the United States, and less prevalent in countries such as China, Japan, and India. These data suggest a genetic contribution to the risk of disease.
 Lesions may occur singularly or multiply in numerous bones. The bones most commonly affected are the femur, pelvis, tibia, skull, and spine.
  
 Differential Diagnosis
 If a patient presents with a bony lesion and is older than 40 years of age, a clinician must always suspect bony metastasis, lymphoma, and myeloma. If the patient is over 50 years of age, hyperparathyroidism and bony infarcts must also be included in the differential. Infection, as a general rule, must be considered and excluded for all bony lesions.
  
 Red Flags
 Paget’s disease can appear in more than one bone. If a single lesion is found, a skeletal survey (complete body radiography) is indicated to look for other lesions. Alternatively, a bone scan can be performed first so that radiographic examinations can be limited to sites of “hot lesions” on the scan.)
 If a patient is known to have Paget’s disease and presents with an acute worsening of pain and swelling in the affected extremity, a clinician must suspect malignant transformation. Although secondary sarcomas occur in less than 1% of all patients with Paget’s, the rate is considerably higher than that for the general population. A bone biopsy may be indicated.
  
 Treatment Options and Outcomes
 Individuals who are asymptomatic may be treated with observation and supportive therapy, such as physical therapy and anti-inflammatories.
 Bisphosphonates can be used for patients with symptomatic Paget’s disease. Bisphosphonates target osteoclasts to decrease bone resorption activity. Bisphosphonates may be administered orally or intravenously. Calcitonin is another treatment for Paget’s disease that also targets osteoclasts. Calcitonin may be administered intramuscularly or subcutaneously.
 Patients with severe knee and hip osteoarthritis may be candidates for total joint arthroplasty. Total hip replacement in Paget’s is associated with significant blood loss. Thus, preoperative medical treatment (bisphosphonates or calcitonin) to decrease disease activity and intraoperative bleeding is indicated. The extent of preoperative disease reduction can be assessed by monitoring serum alkaline phosphatase levels.
 Patients with significant angulation or bowing of the femur or tibia may be candidates for realignment osteotomies.
 Patients who have sustained pathologic fractures are candidates for operative fixation. Those with impending fractures may be fixed prophylactically.
  
 Risk Factors and Prevention
 Most cases of Paget’s disease occur spontaneously. Genetic mutations appear to play a role in Paget’s disease, but the specific genes/mechanisms are not well known.
  
 Miscellany
 Paget’s disease of the bone is named after Sir James Paget, who also described Paget’s disease of the breast, a form of breast cancer involving the nipple.
  
 Key Terms
 Bone remodeling, high-output heart failure
  
 Skills
 Recognize Paget’s disease on imaging. Recognize signs of malignant transformation.
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		Stress Fractures and the Female Athletic Triad

								

	
				The Female Athlete Triad was initially defined as the constellation of three interrelated clinical entities typically found in active young women: amenorrhea, osteoporosis, and disordered eating. The definition has now been broadened to recognize that each component of the triad exists on a spectrum. Thus, menstrual irregularities (without amenorrhea), low bone mineral density (without full-blown osteoporosis) and deficits of energy availability due to a deficient nutrition (without a formal diagnosis of an eating disorder) may be sufficient to prompt this diagnosis. Notably, the Triad can appear when there is not enough caloric intake to balance caloric expenditure, independent of whether that imbalance is intentional or unintentional. For example, many runners do not realize how much to increase intake as they ramp up their training.
 The Female Athlete Triad can have significant medical ramifications outside of musculoskeletal medicine – notably gynecological and psychological. Patients with the Female Athlete Triad usually come to attention of musculoskeletal practitioners because of stress fractures: skeletal damage caused by repetitive loading forces that exceed the bone’s mechanical resiliency.
 The Female Athlete Triad is also relevant to musculoskeletal medicine in that even without a stress fracture, patients with this condition may fail to attain an optimal peak bone mass in adolescence –the time of maximal bone formation– and thus place themselves at higher risk for osteoporosis later in life.
  
 Structure and Function
 Female athletes, especially those who participate in an activity that values a thin physique, may choose to eat too little or exercise too much. In the extreme, some may starve themselves (anorexia nervosa) or overeat and purge (bulimia).
 Insufficient nutrition has two important consequences for bone health. For one thing, a calcium deficiency may be present. Also, decreased body fat is associated with decreased estrogen levels as well. Low estrogen can be recognized by amenorrhea, but its deficiency can also cause clinically silent damage to the bone. Estrogen is a potent mediator of both osteoclast and osteoblast activity. Without appropriate levels of this hormone, bone remodeling is disrupted.
 Bone remodeling is the process that repairs the (micro)damage induced by regular activity. It also adjusts the bone’s architecture to better withstand the mechanical stresses placed on it.
 Remodeling is achieved through the coupled action of osteoclasts and osteoblasts. Osteoclasts resorb bone, and osteoblasts synthesize new bone matrix which then becomes mineralized.
 Activities that apply cyclic loading forces can lead to the formation of microfractures. (Running is the prototypical “cyclic loading forces” activity but not the only one; rowing and throwing are commonly seen causes as well.) When the rate of damage accumulation becomes greater than the rate of remodeling, these microfractures can lengthen and coalesce, resulting in a stress fracture.
  
 Patient Presentation
 Patients with stress fractures will classically present with insidious onset of pain that acutely worsens with high impact activity and improves with rest. Pain onset is often several weeks after a notable increase in a familiar physical activity and is not associated with a specific injury. For example, a runner who recently increased her training from 5 to 10 miles per day may present with new symptoms.
 Any female athlete who presents with a stress fracture should be questioned for the presence of factors associated with the Female Athlete Triad. The patient should first be asked about activities and nutrition. As a first approximation, athletes should eat about 45 kCal per Kg of lean body mass, in addition to the sports-specific energy demands (e.g., approximately 100 kCal for every mile ran). In addition, they should be asked about their menstrual history and use of birth control pills. A history of prior stress fractures, weight changes or other diseases that may affect bone health (e.g., thyroid disease) should also be reviewed.
 The first physical finding to assess is the body mass index (BMI). BMI is defined as the body mass divided by the square of the body height. Because self-reporting is imprecise, formal measurement should be made. According to the 2014 Female Athlete Triad Coalition Consensus Statement, a BMI below 18.5 kg/m2 represents moderate risk and a BMI below 17.5 kg/m2  is high risk.
 On physical exam, stress fractures often have no objective findings at all. Point tenderness or swelling may or may not be present. If there is a high index of suspicion, a thorough exam of the implicated bone is warranted. The 3-point fulcrum test is useful in identifying femoral shaft stress fractures and is considered positive if pain is elicited. Additionally, a calcaneal squeeze test that elicits pain can indicate a calcaneal stress fracture of the foot (See Figure 1).
 [image: ]Figure 1: Squeezing calcaneus side to side may reveal a stress fracture. Soft, thin hair on the extremities (so-called “lanugo”), scarred knuckles, and parotid gland enlargement are physical exam findings seen in patients with anorexia or bulimia nervosa. Bradycardia and low blood pressure can be signs of malnutrition or low energy availability, but this is difficult to differentiate from a physically fit athlete with a slow baseline resting heart rate.
  
 Objective Evidence
 In Female Athlete Triad, each of the three components can be assessed independently, which can help guide treatment. In low energy availability states, electrolyte abnormalities such as hypokalemia, hyponatremia, or an acid-base disturbance may be present.
 Menstrual disturbances should first be assessed with a urine pregnancy test. Other lab values can provide insight on the functioning of the hypothalamic pituitary adrenal axis including luteinizing hormone (LH) and follicle-stimulating hormone, prolactin, and thyroid stimulating hormone (TSH).
 Assessing bone mineral density with dual-energy x-ray absorptiometry (DEXA) is critically important for patients with Female Athlete Triad, especially if she has already had a stress fracture. A Z-score less than +1.0 in a young athlete should prompt further evaluation because bone mineral density is expected to be higher in those who regularly participate in weight-bearing activity.
 Typically, patients with stress fractures will have normal radiographic findings. Positive findings are more likely to be found several weeks after symptom onset. These findings include cortical radiolucency, periosteal reaction (see Figure 2), endosteal or cortical thickening, and (in the rare case) a fracture line.
 [image: ]Figure 2: Stress fracture of 2nd metatarsal identified by the surrounding periosteal reaction. (Case courtesy of Dr. Vikas Shah, rID 62575, Radiopaedia.org) MRI and technetium bone scans are the best diagnostic imaging tests for identifying occult stress fractures (see Figure 3). T1 and T2-weighted MRIs will pick up marrow edema and delineate clear fracture lines. Tc99m bone scan will show focal uptake at the stress fracture site.
 [image: ]Figure 3: Stress fracture of distal tibia. Radiograph on left shows a subtle area of sclerosis whereas the T1-weighted MRI on the right clearly demonstrates the incomplete fracture line at the distal tibial metaphysis. (Case courtesy of Dr. Hani Salam, rID 8720, Radiopaedia.org) [image: ]Figure 4: Calcaneal stress fracture. A nuclear bone scan shows tracer uptake at the stress fracture location. (Case courtesy of Radswiki, Radiopaedia.org, rID: 11969)  
 Epidemiology
 Female Athlete Triad is most commonly seen in adolescents and young adults. Sports in which a thin figure and light weight are competitively advantageous, such as ballet, cheerleading, gymnastics, and cross-country running, are often implicated. Athletes of any sport can develop the condition.
 According to the American Academy of Pediatrics, it is difficult to estimate the true prevalence of the triad as each of the components may be expressed in varying severity. Moreover, not all components are present simultaneously. Beyond that, prevalence is assessed by self-reported (and possibly imprecise) metrics in cross-sectional studies. With that caveat, the frequently used approximation is that 1% of high school athletes have all three components and that the prevalence of at least one component may be as high 50%.
 It is also difficult to estimate the true prevalence of stress fractures, primarily because many cases do not present for medical attention. Also, among those fractures that are seen, treatment (in the form of relative rest) is often initiated empirically without objective confirmation. Stress fractures are most commonly seen in weight bearing bones of the leg (e.g. the metatarsals and calcaneus most commonly). They can also occur in the tibia, fibula, navicular, femur and bones of the upper body. Young military recruits are another population where stress fractures are commonly identified, especially within the first several months of their training. In this population these injuries are often called “March Fractures,” and classically occur in the 2nd metatarsal.
  
 Differential Diagnosis
 Lower extremity pain in an athlete without a history of overt injury suggests the diagnosis of stress fracture, but this may also be the presentation of a simple muscle strain. Pain that does not get better with rest may suggest more serious conditions such as bone tumors or infection.  Radiographs in patients with suspicious symptoms are essential. Because the x-ray presentation of stress fractures, tumors, and infections can be similar, MRI or other advanced testing may be needed as well.
  
 Red Flags
 A diagnosis of Female Athlete Triad should be high on the differential when any of the following are present:
 	Any female athlete that presents with a stress fracture,
 	Body mass index below 20,
 	Oligomenorrhea or amenorrhea in a competitive athlete,
 	Concerning comments about weight gain, weight loss, calorie restriction, or body image.
 
 
There should be a high index of suspicion for a stress fracture when any of the following are present:
 	An athlete who presents with pain in the lower extremity without a clear history of an injury,
 	History of dramatic increase in a specific physical activity,
 	Acutely worsening and localizing pain with exercise and significant relief with rest.
 
 The Female Athlete Triad is itself a “red-flag” for the presence of other conditions that may be beyond the expertise of a musculoskeletal medicine specialist. These include gynecological abnormalities, endocrine disorders (e.g. polycystic ovary syndrome, hyper/hypothyroidism), complications of pharmaceuticals (both prescribed and illicit), and psychological disorders. It is critical to make the appropriate referral to a provider with the relevant expertise.
 Stress fracture of the superior femoral neck (the so-called “tension side” of the neck) can propagate and displace the femoral head from the shaft. (This contrasts with such fractures on the inferior neck, the “compression side” (see Figure 5), which, should they propagate, will collapse upon themselves.)  In turn, such displacement may disrupt the blood supply to the femoral head and cause osteonecrosis. This is a rare complication of a rare condition, but the consequences of missing it can be catastrophic. Thus, a presentation suggesting a stress fracture of the hip demands diligent attention, prompt imaging and referral to an orthopaedic surgeon if the diagnosis is confirmed.
 [image: ]Figure 5: MRI showing stress fracture of the inferior femoral neck with surrounding edema. (Courtesy of https://radiopaedia.org/cases/femoral-neck-stress-fracture-3)  
 Treatment Options and Outcomes
 The primary goal in treating Female Athlete Triad is restoring energy balance, which will help restore menstrual regularity and improve bone mineral density. Nutrition education, modifying diet and physical activity, and partnering with mental health services are important methods in treating energy availability.
 Calcium and vitamin D supplementations are also important in restoring bone health. Contrary to recommendations for the older population, bisphosphonates are not recommended in treating low bone mineral density or osteoporosis in patients with Female Athlete Triad, as their use increases the risk of stress fractures.
 The treatment goal for Female Athlete Triad is restoring energy balance and improving bone mineral density. Clinical success can be gauged by weight gain and resumption of menses. Screening and early diagnosis of this condition is essential as bone loss during adolescence and early adulthood is not recoverable and impacts the patient’s peak bone mineral density later in life.
 The mainstay of treatment of stress fractures is rest and avoidance. Activity is restricted, and athletes cannot return to play until pain subsides, tenderness has resolved, and radiographic findings are negative.
 Stress fractures of metatarsals, femoral shaft, and tibial shaft can generally be managed with modified weight bearing. Fractures in the calcaneus and navicular may require a stricter non-weight bearing status.
 Open reduction and internal fixation (ORIF) may be considered in elite or professional athletes who require a faster recovery and are at high risk of complications, such as displacement or nonunion.
 Operative treatment is also indicated for fractures in locations at high risk of fracture propagation or poor healing, such as on the tension side of the femoral neck or on the anterior cortex of tibia. Surgery is also indicated when non-operative measures have failed.
 Persistent weight bearing on a stress fracture may cause arrest of bone healing or lead to a complete fracture, increasing the risk of displacement and nonunion. Stress fractures have an overall excellent prognosis when treated appropriately (operative vs non-operative, non-weight bearing vs modified weight bearing) and the patient is educated on physical activity modification.
  
 Risk Factors and Prevention
 Participation in sports that place value on thinness, either for esthetic reasons (e.g. gymnastics) or performance (e.g. long-distance running) may increase the risk of developing the Female Athlete Triad. Another risk factor is playing a sport in which athletes compete in weight divisions (e.g. light-weight rowing).
 Lack of nutritional education in a competitive athlete is also a known risk factor.
 Prevention of the Female Athlete Triad may be helped by screening and early recognition. Screening can be accomplished during sports physicals with questionnaires or through targeted history-taking. Information such as menstrual history, dietary habits, body image assessment, and eating behaviors can identify females at risk and aid in the diagnosis if Female Athlete Triad is already present.
 Athletes with a sudden increase in their level of activity are at risk for stress fracture: the process of bone remodeling is overwhelmed. This can be mitigated by well-conceived training schedule.
  
 Miscellany
 The Female Athlete Triad is typically not denoted by the acronym FAT–perhaps because the syndrome is characterized by a lack of fat.
  
 Key Terms
 Female Athlete Triad, stress fractures, low energy availability, amenorrhea, bone mineral density, osteoporosis, insufficiency fractures, march fractures, bone remodeling
  
 Skills
 Identify athletes at risk of Female Athlete Triad. Obtain the relevant history in a respectful manner likely to elicit complete information. Recognize the signs, symptoms and radiographic findings of stress fracture. Educate the patient on activity modification and strategies to prevent future stress fractures.
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		Lyme Disease

								

	
				Lyme disease results from infection of a tick-borne spirochete, Borrelia burgdorferi. It usually presents with a characteristic rash (“erythema migrans”) at the site of the tick bite. Often, symptoms are limited to headache, fever, muscle aches, and joint pain, though some patients may develop cranial nerve palsies, meningitis, or myocarditis/pericarditis. A late manifestation of Lyme disease is arthritis, typically affecting the knee. Lyme disease is named for the town in Connecticut where it was first diagnosed.
  
 Structure and Function
 Lyme disease is a multisystem inflammatory disease caused by infection of Borrelia burgdorferi or some other spirochete within the Borrelia genus (Figure 1). It is transmitted to humans through the bite of an infected deer tick, most commonly Ixodes scapularis.
 [image: ]Figure 1: Photomicrograph of Borrelia burgdorferi. The corkscrew shape gives rise to the designation of this bacterium as a spirochete. Lyme disease is a multisystem inflammatory disease caused by infection of Borrelia burgdorferi or some other spirochete within the Borrelia genus (Figure 1). It is transmitted to humans through the bite of an infected deer tick, most commonly Ixodes scapularis.
  
 Patient Presentation
 The first presenting sign of Lyme disease is a rash that appears one to two weeks after a tick bite. This rash, known as erythema migrans, is found in ~75% of cases. The prototypical appearance is a “bull’s eye” target, with a red macule or papule at least 5 cm in diameter with an area of central clearing (Figure 2), though a diffuse rash without central clearing is frequently seen as well. The rash itself typically produces no symptoms beyond mild warmth.
 [image: ]Figure 2: The classic appearance of erythema migrans: a bull’s eye pattern. (Reproduced from https://commons.wikimedia.org/wiki/Lyme_disease#/media/File:Bullseye_Lyme_Disease_Rash.jpg) The course of Lyme disease follows three stages. Stage 1, which occurs within the first month of infection, is characterized by nonspecific symptoms such as fever, headaches, and fatigue. Muscle aches and neck stiffness may be present.
 Stage 2, which occurs weeks to months after the original tick bite, is caused by disseminated infection. Stage 2 findings occur in about 20% of untreated patients. The stage 2 findings that prompt medical attention include facial palsy or joint pain–at times with the patient unaware of a tick bite, rash or even exposure, for that matter. Lymphocytic meningitis and cardiac are possible, but rare.
 Stage 3 of Lyme disease is characterized by arthritis and recurrent effusions of a single large joint such as the knee or shoulder.
  
 Objective Evidence
 The presence of a characteristic rash following recent tick exposure is sufficient evidence to diagnose Lyme disease.
 In the absence of a rash or history of tick exposure, the diagnosis of Lyme disease can be made by detecting antibodies according to a two-stage protocol. First, a sensitive enzyme-linked immunosorbent assay (ELISA) test is performed. A negative ELISA effectively rules out the diagnosis, but because 20% of the normal population have antibodies against Lyme, a positive test does not definitively establish the diagnosis. Thus, a more specific Western blot is needed for confirmation. The Western blot looks for both immunoglobulin M (IgM) and IgG antibodies. IgM antibodies usually are detected first at 2–4 weeks post-infection, while IgG antibodies appear later at the 4–6 week point.
 Notably, all patients with Lyme arthritis can be expected to have positive IgG serology as arthritis is a late manifestation of the infection.
 In the case of suspected Lyme arthritis, joint effusions can be aspirated to help exclude other diagnoses such as gout and septic arthritis. The synovial fluid in Lyme arthritis typically shows an elevated white blood cell (WBC) count in the range of about 10,000 WBC/mm3. This cell count is lower than what is seen in gout (~20,000-50,000 WBC/mm3) and septic arthritis (>50,000 WBC/mm3).
 Culture of the synovial fluid is not sensitive, as the joint fluid itself may impede the growth of Borrelia burgdorferi. Polymerase chain reaction (PCR) testing is sensitive for detecting Borrelia burgdorferi DNA but may be nonspecific, especially for active infections.
 Peripheral WBC counts are usually in the normal range, though the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels may be elevated.
 Imaging studies are not diagnostic and only performed to exclude alternative diagnoses.
  
 Epidemiology
 There are approximately 25,000 confirmed cases of Lyme disease reported in the United States each year, though this number is thought to understate the true incidence by a factor of ten (i.e., there are 250,000 cases annually).
 In the United States, Lyme disease is most prevalent in the northeast (e.g., places like Lyme, CT), though any area with a high deer population can be affected; indeed, Lyme has been reported in every state in the continental United States. Outside the northeast, the upper midwest (Minnesota and Wisconsin) and the west coast (northern California and Oregon) are the areas that are most affected.
 Lyme disease is more common in the months of May to September, owing to both the life cycle of the Ixodes tick as well as the increased likelihood of people being in the woods with exposed skin.
 Lyme disease is more common in children ages 5 to 15, and in adults older than 50 years. There is a slight (approximately 3:2) female-to-male predominance.
 Notably, fewer than 1% of tick bites result in Lyme disease.
 Having Lyme disease does not generate enduring protective immunity; reinfection may occur.
  
 Differential Diagnosis
 Lyme arthritis can be distinguished from ordinary bacterial septic arthritis in that most cases of septic arthritis are characterized by an inability to bear weight, elevated serum WBC count, and a considerably higher synovial fluid WBC count (>50,000 versus ~10,000 for Lyme).
 Lyme arthritis can also be distinguished from other forms of arthritis on clinical grounds. For example, unlike osteoarthritis, Lyme arthritis typically causes minimal pain with motion and, unlike rheumatoid arthritis, usually involves only a single large joint. Furthermore, unlike the chronic and progressive nature of both osteoarthritis and rheumatoid arthritis, Lyme disease is more likely to have intermittent symptoms.
 Fibromyalgia generally causes more diffuse pain and lacks objective evidence of inflammation.
 Lyme disease affecting the nervous system can create radiating arm or leg pain similar to that seen with a disc herniation, though there is no preceding history of a traumatic event as might be reported in the case of a disc herniation.
  
 Red Flags
 Lyme disease can cause enduring problems if not treated, and thus an appropriate index of suspicion must be applied to all patients presenting with a history or findings suggestive of the condition.
  
 Treatment Options and Outcomes
 The recommended treatment of Lyme arthritis is a 28-day course of antibiotics. A typical regimen would be oral doxycycline 100 mg twice daily or amoxicillin 500 mg 3 times daily. Doxycycline should be avoided in children.
 If detected early, treatment with antibiotics is usually curative. According to the Centers for Disease Control, a second course of the same oral antibiotic can be considered for patients with improving but persistent symptoms after an initial course of oral antibiotics.
 In addition to antibiotics, nonsteroidal anti-inflammatory drugs such as ibuprofen may be used. Intraarticular corticosteroid injections should be avoided until antibiotic treatment is completed.
 Physical therapy should be provided especially if prolonged activity modification is needed to control the effusions.
 About 5% of patients develop so-called post-treatment Lyme disease syndrome, with lingering musculoskeletal symptoms despite treatment. More powerful medications such as hydroxychloroquine or methotrexate or arthroscopic synovectomy can be employed in cases not responsive to first line therapies.
  
 Risk Factors and Prevention
 The risk of Lyme disease can be reduced by minimizing contact with ticks and avoiding wooded areas, especially during warmer months. If such exposure cannot be avoided, treating clothing and gear with an insecticide such as permethrin can help decrease the risk of tick bites.
 People in high-risk areas should wear long-sleeved shirts tucked into pants and pants tucked into socks to decrease exposed skin. Once inside, a full body skin and clothing exam should be performed to check for any attached ticks or tick bites (Figure 3). Showering can also help wash off unattached ticks.
 [image: ]Figure 3: Sites for a full body skin exam upon return from potentially tick-infested areas. (Reproduced from https://www.cdc.gov/lyme/prev/on_people.html) Attached ticks should be removed as soon as possible, ideally within 36 hours. If ticks are found on the skin, they should be removed using tweezers (Figure 4).
 [image: ]Figure 4: Tick removal per CDC recommendations: “Use clean, fine-tipped tweezers to grasp the tick as close to the skin’s surface as possible; Pull upward with steady, even pressure. Don’t twist or jerk the tick; this can cause the mouth-parts to break off and remain in the skin. After removing the tick, thoroughly clean the bite area and your hands with rubbing alcohol or soap and water. Never crush a tick with your fingers.” (Figure and legend from https://www.cdc.gov/lyme/removal/index.html) Currently, there is no available human vaccine against Borrelia burgdorferi.
  
 Miscellany
 The bacteria that causes Lyme disease was named Borrelia burgdorferi in honor of Wilhelm Burgdorfer who discovered it.
  
 Key Terms
 Borrelia burgdorferi, erythema migrans
  
 Skills
 Recognize the presenting signs and symptoms of Lyme disease. Perform an inspection for ticks.
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		Pediatric Musculoskeletal Infections

								

	
				Osteomyelitis
 Osteomyelitis represents an infection of bone. In children, it occurs most commonly in the metaphysis of long bones. About two-thirds of cases occur in the lower extremity, with the femur and tibia most often affected. Osteomyelitis is subdivided based on chronicity into acute osteomyelitis (symptom duration less than two weeks), subacute osteomyelitis (symptom duration from two to six weeks), and chronic osteomyelitis (symptom duration longer than six weeks).
 Osteomyelitis in children most commonly occurs due to hematogenous seeding, that is, circulating bacteria in the bloodstream land in the bone. Osteomyelitis can also occur as a result of local spread of bacteria from an adjacent infection or from direct inoculation due to an open fracture or puncture wound.
 In children, the metaphyseal capillaries make a sharp hairpin turn as they approach the physis. This turn decelerates the blood flow, which can allow bacterial seeding of bone to take place.
 When bacterial seeding occurs, a local immune response leads to increased vascular permeability, edema, increased vascularity, and recruitment of polymorphonuclear leukocytes (PMNs). This purulence increases pressure within the medullary canal and can further obstruct blood flow. It can also cause extrusion of purulent fluid through the bone’s surface to the periosteum, resulting in a subperiosteal abscess. Increased pressure can cause venous stasis and thrombosis, leading to necrosis of bone. The necrotic and infected bone might become sequestered by new bone formation, making the eradication of bacteria difficult or impossible without surgical excision. (The new bone tissue is called an “involucrum” and the infected bone it surrounds is called the “sequestrum.”) At times, an involucrum may spontaneously break down and drain purulent fluid through a sinus tract to the skin.
 In children under 18 months, the metaphyseal capillaries extend across the physis to the epiphysis. This allows infection to possibly damage the physis and seed the joint causing septic arthritis (see below).
 Osteomyelitis in pediatric patients is most commonly caused by Staphylococcus aureus, followed by group A beta-hemolytic Streptococcus. Haemophilus influenzae infections were previously common, however the prevalence has decreased due to widespread immunization. Group B streptococcus and Enterobacter infections occur more commonly in infants and very young children. Salmonella infections may occur in children with Sickle Cell disease. Immunocompromised patients can develop infections from atypical pathogens.
 The annual incidence of acute and subacute osteomyelitis in children is about 13 per 100,000, and there is no significant difference in occurrence rates between males and females. Children with immunodeficiency, diabetes, hemoglobinopathy, and systemic inflammatory conditions are at increased risk.
 In acute osteomyelitis, patients typically present with fever and progressive pain. If the lower extremity, pelvis, or spine is involved, it is common for the patient to have a limp or refuse to walk. If the upper extremity is involved, it is common for the patient to refuse to use the extremity.
 On physical exam, the patient usually does not look well. The affected region is typically swollen, warm to the touch, and tender to palpation. The patient may also have limited motion of the joint adjacent to the region of pain.
 In subacute and chronic osteomyelitis, patients typically present with vague discomfort, but no fever or constitutional symptoms. Their primary complaint is typically well localized pain in the metaphysis of the long bone; however, this can also occur in the epiphysis or diaphysis. Patients typically report pain that is worse with activity and temporarily improved by rest. On physical exam, the patient typically does not look sick. The affected region is typically tender to palpation with mild swelling and possible limitations in range of motion of the joint adjacent to the region of pain. The patient may also have an antalgic gait.
 Other diagnoses to consider include other musculoskeletal or soft tissue infections (e.g. septic arthritis, pyomyositis, cellulitis), inflammatory diseases (e.g. acute rheumatic fever), trauma, benign tumors (e.g. eosinophilic granuloma), and malignancies (e.g. leukemia, Ewing sarcoma, osteosarcoma).
 If a patient presents with findings concerning for osteomyelitis, the following should be obtained as part of an initial work-up: a complete blood count (CBC) with differential, erythrocyte sedimentation rate (ESR or “sed rate”) and C-reactive protein (CRP), blood cultures, and x-rays of the affected region.
 The CRP will typically become elevated within eight hours of onset of the infection. The ESR may not become elevated until 24 to 48 hours after infection onset. Although ESR and CRP are nonspecific, they are helpful in establishing a diagnosis. CRP is also useful for monitoring response to treatment. The white blood cell (WBC) count may also be elevated; however, a normal WBC does not exclude a diagnosis of osteomyelitis.
 Blood cultures are helpful as they are able to identify the infecting organism in 40 to 50% of patients and allow targeted antibiotic therapy.
 X-rays tend to be normal or only demonstrate soft tissue swelling in the acute phase, however periosteal reaction, osteolysis, joint space widening, and soft tissue changes may develop. X-rays are also useful to rule out other disorders.
 MRI represents the best available imaging modality for diagnosing osteomyelitis. Typical findings include bone marrow edema manifested as increased marrow intensity of T2 sequences and decreased intensity on T1 sequences. MRI may also reveal intra-osseous or subperiosteal abscesses (Figure 1).
 [image: ]Figure 1: MRI of a patient with distal tibia osteomyelitis and an associated subperiosteal abscess, outlined in red. (Image courtesy of Dan Miller, MD.) Features of chronic osteomyelitis such as cloaca, sinus tracts, or sequestra are also well demonstrated on MRI. MRI is particularly useful in that it has superior soft tissue contrast and can reveal other musculoskeletal pathology that may mimic osteomyelitis (e.g. cellulitis, pyomyositis, fracture etc.). Other modalities such as radionucleotide bone scan, CT, or ultrasound may be useful adjuvants, particularly with patients for whom MRI is contraindicated or not feasible.
 If the diagnosis of acute osteomyelitis is suspected, the patient should undergo an MRI of the involved area. The presence of an intraosseous or subperiosteal abscess warrants surgical debridement.
 Patients who do not require surgical debridement initially can be treated empirically with a trial of empiric intravenous antibiotics which are later tailored to the results of blood cultures. If patients fail to improve from a clinical and laboratory standpoint after 48-72 hours of empiric IV antibiotic therapy, repeat imaging and surgical debridement are indicated (Figure 2).
 [image: ]Figure 2: Intraoperative fluoroscopic images demonstrating corticotomy and irrigation of the infected intraosseous space for distal tibia osteomyelitis. (Image courtesy of Dan Miller, MD.) Antibiotics are typically continued for four to six weeks in total assuming clinical improvement and resolution of inflammatory markers. The timing of transition from IV to oral antibiotics is controversial, however it is often feasible to make this transition after several days, provided the patient is clinically improved.
 If acute osteomyelitis is not treated, it can develop into chronic osteomyelitis and cause destruction of bone as well as extension of the infection to surrounding tissues.
 With appropriate treatment, the patient’s clinical exam should normalize over six to twelve weeks. Skeletally immature patients with a history of osteomyelitis near the ends of long bones should be monitored long term for signs of physeal arrest. Other potential complications of osteomyelitis include venous thromboembolic disease, pathologic fracture, and avascular necrosis.
  
 Septic Arthritis
 Septic arthritis is an infection of a joint. It occurs most commonly in the large joints of the lower extremities, such as the knees and hips, however it can occur in other locations as well.
 Septic arthritis most commonly occurs due to hematogenous seeding of the synovium from an infection elsewhere in the body such as pneumonia, impetigo, or other skin infections. It can also occur as a result of local spread of bacteria from an adjacent osteomyelitis. This tends to happen in the setting of metaphyseal osteomyelitis when the metaphysis is intracapsular (hip, shoulder, elbow, ankle). Although much less common, penetrating wounds into the joint can also cause septic arthritis.
 When spread hematogenously, bacteria travel via the bloodstream to the synovial capillaries, at which point they form microabscesses that rupture into the joint. When spread locally, bacteria in the epiphysis perforate the articular cartilage to enter the joint. When this occurs, the patient typically presents with an acute episode of septic arthritis and the osteomyelitis does not tend to become apparent for several days.
 Once bacteria find their way into the joint, the acute synovial reaction results in the formation of a seropurulent exudate, ultimately leading to a painful joint effusion. During the inflammatory reaction, leukocytes release proteolytic enzymes, which can cause progressive and irreversible erosion of the articular cartilage, as well as the largely cartilaginous epiphysis. The increased intra-articular pressure can also reduce perfusion of the epiphysis, leading to avascular necrosis if left untreated. If the infection is not treated, loss of articular cartilage, joint fibrosis, bony alkalosis, bone destruction, and joint deformity can all occur.
 The bacteria responsible for septic arthritis vary by the age of the patient.
 In children under one month of age, the common causes are Staphylococcus aureus, Group B strep, Gram negative organisms, and Streptococcus pneumoniae.
 In children between one month and three years of age, Staphylococcus aureus and Streptococcus pneumoniae are also common, but Streptococcus pyogenes, Kingella kingae, and Haemophilus influenza Type B are seen (the latter in unimmunized children in particular). These bacteria, with the exception of Kingella kingae, are seen in children older than three years of age as well.
 In adolescents, the common causes are Staphylococcus aureus, Nisseria gonorrhoeae, Streptococcus pneumoniae, and Streptococcus pyogenes.
 The annual incidence of septic arthritis in children in developed countries is about 4-5 per 100,000. It is more common in boys than girls, with a ratio of 2:1. Septic arthritis is not uncommon in healthy children, however children with immunodeficiency are at an increased risk.
 In septic arthritis, patients typically present with acute onset guarding of a joint. Initially, pain is often poorly localized. A history of mild trauma is common (and might be coincidental);  patients often have a history of a viral illness in the days to weeks prior to symptom onset.
 If the lower extremity is involved, patients often have a limp or will completely refuse to bear weight on the extremity. If the upper extremity is involved, patient will often refuse to use the extremity. Patients typically also have systemic symptoms, such as malaise, fever, and poor appetite.
 On physical exam, patients will often appear ill. They tend to hold the affected joint in a position to accommodate joint distention. Patients with septic arthritis of the hip tend to hold the hip in a flexed, abducted, and externally rotated position, whereas if the knee is involved, the joint is held in a slightly flexed position. Children are typically apprehensive, and resist attempts to examine the affected extremity. Any movement of the joint is typically painful. The joint is often tender to palpation. Joint effusions can be seen in subcutaneous joints such as the knee, elbow, and ankle. Effusions are often difficult to appreciate in less subcutaneous joints such as the hip, shoulder, and SI joint.
 Other diagnoses to consider include transient synovitis, hemarthrosis, other infectious etiologies, inflammatory diseases, Legg-Calve-Perthes disease, and neoplastic processes. Hemarthrosis can occur secondary to hemophilia or trauma. Infectious etiologies to consider include osteomyelitis, pyomyositis, and Lyme disease. Inflammatory diseases to consider include juvenile idiopathic arthritis, reactive arthritis, and rheumatic fever. Neoplastic processes to consider include leukemia and pigmented villonodular synovitis (PVNS).
 If a patient presents with findings concerning for septic arthritis, the following should be obtained as part of an initial work-up: CBC with differential, ESR, CRP, and x-rays of the affected region. The CRP will typically become elevated within six to eight hours of the onset of symptoms. The ESR may not be elevated until 24 to 48 hours after the onset of symptoms. Although ESR and CRP are nonspecific, they are helpful in establishing a diagnosis. CRP is also useful for monitoring response to treatment. WBC may be elevated; however, it is often not elevated early on. Initial x-rays are often normal; however, they may reveal joint space widening. X-rays are also useful to rule out other disorders. Ultrasound may be helpful to confirm the presence of a joint effusion (Figure 3). Blood cultures can also be helpful and are able to identify the infecting organism in 40 to 50% of patients.
 [image: ]Figure 3: Ultrasound of a patient with a large hip effusion. Note the elevation of the thickened capsule off the anterior femoral neck. (Image courtesy of Dan Miller, MD.) The Kocher criteria can be used to assist with diagnosis of septic arthritis of the hip. The four criteria are as follows: a history of fever over 38.5 degrees Celsius, an inability to bear weight on the affected extremity, an ESR greater than 40 mm/hr, and WBC greater than 12,000 cells/microliter. If the patient has three or four of these predictors, their predicted probability of having septic arthritis is 93.1% and 99.6% respectively. A CRP > 2.0 mg/dL is also a strong independent predictor for septic arthritis.
 If the diagnosis of septic arthritis is suspected, the patient should undergo urgent aspiration of the joint and analysis of the joint fluid consisting of at minimum a cell count, gram stain, and cultures. A cell count of over 50,000 WBC/mm^3, a positive gram stain, and positive cultures are all suggestive of septic arthritis, however the absence of those findings does not exclude this diagnosis.
 Once the joint is aspirated (Figure 4) and the synovial fluid is sent for cultures, the patient should be started on empiric IV antibiotic therapy. Antibiotic coverage should then be narrowed based upon the culture results. The patient should then undergo urgent surgical debridement of the joint via either open arthrotomy or arthroscopic washout. IV antibiotics are continued until the patient improves clinically, followed by oral antibiotics for another two to four weeks.
 [image: ]Figure 4: Purulent material obtained from joint aspiration in a patient with septic arthritis of the knee. Due to the appearance of the aspirate, the patient underwent immediate arthrotomy with irrigation and debridement. The cell count later revealed 96,000 WBC with 90% PMNs and cultures grew Methicillin Sensitive Staph Aureus (MSSA). (Image courtesy of Dan Miller, MD.) If septic arthritis is not treated, the release of enzymes into the joint by leukocytes to destroy the bacteria will also destroy the articular cartilage (hence the urgent need to remove the fluid, not only for diagnosis).
 The increased intra-articular pressure during the inflammatory reaction can also decrease perfusion of the epiphysis, leading to avascular necrosis. Long-term, untreated septic arthritis can lead to joint fibrosis, bony alkalosis, bone destruction, and joint deformity.
 With appropriate treatment, patients generally have good outcomes. Possible complications of septic arthritis include contracture, growth disturbance, and avascular necrosis. Patients who have recovered from septic arthritis should be monitored radiographically for sequelae of infection, particularly in cases of septic arthritis of the hip.
  
 Transient Synovitis
 Transient synovitis is self-limited inflammation of the synovium. It can occur in any large joint, however it most commonly occurs in the hip.
 The pathophysiology of transient synovitis is poorly understood, however there is thought to be a link between transient synovitis and antecedent viral infections. Patients often have a history of a recent upper respiratory infection.
 The annual incidence of transient synovitis in children ages one to thirteen is 0.2%. It is more common in boys than girls, with a ratio of 2:1. The average age at presentation is six. Transient synovitis is the most common cause of hip pain in children.
 In transient synovitis, patients typically present with joint pain and a limp. If the lower extremity is involved, patients may refuse to bear weight on the extremity. On physical exam, patients are usually afebrile and generally do not appear ill. On examination of range of motion of the affected joint, pain tends to be most severe at the extremes of motion and minimal in the middle of the range of motion arc.
 Transient synovitis is a diagnosis of exclusion. If the diagnosis of transient synovitis is suspected, it is important to ensure the patient does not have septic arthritis, in which case the patient would need IV antibiotics and an urgent debridement of the joint in the operating room to prevent rapid joint destruction.
 The Kocher criteria are useful in helping to differentiate between transient synovitis and septic arthritis of the hip. If the patient meets one or two of the criteria, their predicted probability of having septic arthritis drops to 3% and 40% respectively, and transient synovitis rises on the differential.
 Other differential diagnoses to consider include traumatic injury, Legg-Calvé-Perthes disease, juvenile inflammatory arthritis, Lyme arthritis, osteomyelitis, and slipped capital femoral epiphysis.
 If the patient presents with findings concerning for transient synovitis, the following should be obtained as part of an initial work-up: CBC with differential, ESR, CRP, and x-rays of the affected region. In transient synovitis, WBC, ESR, and CRP are usually normal, however they may be slightly elevated. X-rays tend to be normal, however they are useful to rule out other disorders. If there is any suspicion for septic arthritis, the patient should undergo joint aspiration and the synovial fluid should be sent for testing. MRI may also be useful to evaluate for osteomyelitis.
 Transient synovitis is usually self-limited and spontaneously resolves in one to two weeks. Patients may be treated symptomatically with rest and anti-inflammatories. Patients should be observed closely by a primary care physician or pediatric orthopedic surgeon. If symptoms persist beyond a few weeks, a diagnosis of transient synovitis is less likely and the patient should undergo work-up for other etiologies.
 Symptoms of transient synovitis generally begin to improve within 24 to 48 hours; however, it may take a few weeks for joint irritation to completely resolve. The recurrence rate of transient synovitis is as high as 20%. There are no known long-term sequelae of transient synovitis.
  
 Lyme Disease
 Lyme disease is an illness that affects multiple body systems. It is caused by the spirochete Borrelia burgdorferi, which is transmitted by the Ixodes tick.
 Ticks are generally located on low-lying vegetation. Once they become transmitted to the host, they attach themselves to the host’s skin to feed on the blood. The ticks may attach to the skin on any part of the body; however, they often attach in areas that are difficult to see such as the groin, armpits, and scalp. They must generally be attached to the skin for 36 to 48 hours before bacteria can be transmitted.
 Ixodes ticks have a two-year life cycle consisting of four distinct developmental stages: egg, larva, nymph, and adult. The lifecycle begins when an adult tick lays eggs in the spring. In the summer, the eggs emerge as larva, which feed on small invertebrates such as mice and squirrels. The larvae emerge as nymphs the following spring, and also feed on small invertebrates such as mice and squirrels. The nymphs then mold into adult ticks in the fall and feed on larger animals, such as deer. Ixodes ticks acquire the Borrelia burgdorferi spirochete by feeding on infested animals during the larva, nymph, and adult stages. Mice and deer are able to carry the spirochete, however they do not become infected. Only ticks in the nymph and adult stages are able to transmit Borrelia burgdorferi. Most humans become infected through nymph bites, as the nymphs are small (less than 2 mm) and often hard to see. Adult ticks tend to be seen and removed before they can transmit the bacteria.
 During an Ixodes tick bite, the tick saliva disrupts the local immune system, which creates a protective environment for spirochete replication. Replication of the spirochetes within the dermis leads to a localized post inflammatory response, which causes a bull’s-eye rash termed erythema chronicum migrans. Over a period of days, the spirochetes spread via the bloodstream to the joints, nervous system, and cardiac tissue. Once present in the joint, the spirochete leads to an inflammatory response, which ultimately resulted in synovial hypertrophy and accumulation of immune complexes in the synovial fluid.
 The annual incidence of Lyme Disease is 7.9 per 100,000. The incidence is higher in the northeast (Maryland to northern Massachusetts), the upper Midwest (Minnesota and Wisconsin), and the west (northern California and Oregon). Lyme disease is most common in children aged five to nine, and infection most often occurs during the summer.
 Lyme disease is characterized by three distinct phases: the early localized phase, the early disseminated phase, and the late phase.
 The early localized phase tends to occur within one month of the tick bite. This phase consists of the erythema chronicum migrans skin lesion (Figure 5). The skin lesion expands over a period of days to weeks, reaching a diameter of up to 20 cm. At this point, patients may have systemic symptoms similar to those of a viral syndrome, including: fatigue, fever, anorexia, headache, neck stiffness, myalgias, and arthralgias.
 [image: ]Figure 5: Example of the erythema migrans skin lesion associated with Lyme disease. (Case courtesy of Dr Mark Thurston, Radiopaedia.org, from the case rID: 55288) The early disseminated phase tends to occur weeks to months after the tick bite. During this phase, pediatric patients often have multiple erythema migrans skin lesions. Conjunctivitis is also common and occurs in up to 10% of patients. Although rarer, patients may have cardiac or neurologic involvement. The most common neurologic manifestation is a Bell’s palsy, or paralysis of the facial nerve. Other neurologic abnormalities that can occur include radiculopathy, cranial neuropathy, and meningitis. Cardiac manifestations that can occur include pericarditis and atrioventricular heart block.
 The late phase tends to occur several months to years after the tick bite. During this phase, patients often have intermittent or persistent arthralgias of one or a few large joints, with the knee being most commonly affected. Radicular pain, distal paresthesias, and Lyme encephalopathy which leads to mild cognitive difficulties can also occur.
 The differential diagnosis for Lyme disease includes acute rheumatic fever, idiopathic Bell’s palsy, multiple sclerosis, peripheral neuritis, and reactive arthritis (formerly known as Reiter’s syndrome).
 If a patient presents with the classic erythema chronicum migrans rash, no further diagnostic testing is needed and the patient can be assumed to have Lyme disease. If a patient does not have the classic rash at the time of evaluation, however, there is concern that a patient may be in the early localized phase of Lyme disease. The following labs should be obtained as part of an initial workup: CBC with differential, ESR, CRP, LFTs, and a Lyme enzyme immunoassay or immunofluorescence assay. WBC may be elevated; however, a normal WBC does not exclude a diagnosis of Lyme disease. ESR and CRP are often elevated, albeit to a lower level when compared to values reached in the setting of septic arthritis. LFTs may demonstrate liver function abnormalities. If initial serologic tests are equivocal or positive, a Western immunoblot test should be obtained to confirm the diagnosis.
 If a patient is experiencing joint pain, x-rays of the affected region should be obtained. These will often be normal; however, they are useful to rule out other disorders. Distinguishing between septic arthritis and Lyme arthritis is quite difficult but Lyme arthritis tends to have less significant reduction in joint passive range of motion and the child will often be willing to bear weight or use the extremity. If septic arthritis is on the differential, the joint should be aspirated and the synovial fluid should be sent for cell count, gram stain, and cultures. In Lyme arthritis, the synovial fluid WBC is typically elevated, but to a less significant level than in other forms of septic arthritis. It is generally very difficult to culture Borrelia burgdorferi from the synovial fluid, and serologic tests are generally sufficient to support a diagnosis of Lyme arthritis. An ECG should be obtained if Lyme carditis is suspected. A lumbar puncture should be obtained if Lyme meningitis is suspected.
 In the early stages of infection, Lyme disease is treated with oral antibiotics (typically doxycycline, amoxicillin, or cefuroxime) for two to four weeks. Children under eight should not receive doxycycline. If there is no resolution in symptoms after an initial course of antibiotics, a second course may be needed. If patients have neurologic or cardiac involvement, they may need IV antibiotics (typically ceftriaxone, cefotaxime, or penicillin G). Patients with chronic Lyme arthritis that does not respond to IV antibiotics may need to undergo surgical removal of the joint synovium.
 If Lyme disease is not treated in the early stage, it can progress and the infection can spread to the joints, heart, and nervous system. If Lyme disease is treated in the early stages, patients tend to recover quickly and completely without long term sequelae. Even after treatment, patients can sometimes have Post-Treatment Lyme Disease Syndrome, which can include persistent joint pain, fatigue, and cognitive impairment.
 Currently, there is no available vaccine against Borrelia burgdorferi, however there are steps that can be taken to decrease the risk of Ixodes tick bites. People in high risk areas can wear long sleeved shirts tucked into pants and pants tucked into socks to decrease exposed skin. Skin and clothing can be checked for ticks once inside. Insect repellant can also be used to decrease the risk of tick bites. If ticks are found on the skin, they should be removed using tweezers. The tweezers should be used to pull traction on the tick until it releases the skin. Alcohol should then be applied to the skin.
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		Osteomyelitis

								

	
				Osteomyelitis is an infection of the bone caused by bacteria, fungi, or mycobacteria. The infection can land in the bone via the bloodstream (hematogenous spread), contiguous spread from adjacent soft tissues, or direct inoculation during trauma, or surgery. The disease process is characterized by the progressive destruction of bone at the center of infection and new appositional bone growth around it. Osteomyelitis is found in both adults and children, though its presentation and prognosis are different in the two groups. Pediatric patients, whose bones have open growth plates, are accordingly more susceptible to infection, but this infection is likewise more amenable to antibiotic treatment. By contrast, osteomyelitis in adults often requires surgical debridement and still has poorer outcomes, owing to both host and disease factors. The major risk factors for osteomyelitis include diseases that compromise the immune system, IV drug use, vascular disease, diabetes mellitus, sickle cell anemia, peripheral neuropathy, prior trauma, and retained orthopaedic implants.                      
  
 Structure and Function
 Osteomyelitis in children occurs most commonly in the metaphysis of the femur or tibia due to hematogenous seeding; that is, circulating bacteria in the bloodstream land in the bone. In children over the age of 18 months, the metaphyseal region has straight, narrow capillaries coursing to, but not across, the growth plate. These vessels then turn back at a 180-degree angle to drain into the veins. This “hair pin” turn decelerates the blood and allows any bacteria within the bloodstream to escape and lodge within the bone (Figure 1).
 [image: ]Figure 1: Schematic drawing of the vascularization of long bones in children between 18 months and 16 years of age. Capillaries in the metaphysis do not cross the physis and instead make a “hair pin” turn that allows circulating bacteria to deposit and infect the bone. (Modified from doi: 10.5334/jbr-btr.1300 The Many Faces of Osteomyelitis: A Pictorial Review) In children under 18 months, the metaphyseal capillaries extend across the physis into the epiphysis. As a result, any circulating bacteria may not only infect the bone but seed the joint and cause septic arthritis as well.
 In healthy adults, most cases of osteomyelitis are caused by direct inoculation from trauma. Hematogenous osteomyelitis is more prevalent among IV drug users and typically affects the vertebrae. Contiguous osteomyelitis tends to occur in older patients with sensory neuropathy (often secondary to diabetes mellitus) or vascular insufficiency, leading to skin ulceration and breakdown.
 When bacterial seeding occurs, regardless of mechanism, a local immune response leads to increased vascular permeability, edema, and recruitment of polymorphonuclear leukocytes. This purulence increases pressure within the medullary canal and can further obstruct blood flow. Extrusion of purulent fluid through the bone’s surface to the periosteum, resulting in a sub-periosteal abscess, can occur as well. Increased pressure leads to ischemia and bone necrosis. The necrotic and infected bone may become sequestered during the formation of new bone, making the eradication of bacteria difficult or impossible without surgical excision. The new bone is called an “involucrum,” and the infected bone it surrounds is called the “sequestrum” (Figures 2 and 3).
 [image: ]Figure 2: Schematic drawing of the consecutive events of acute osteomyelitis: (a) initial metaphyseal focus, (b) lateral spread to the cortex, (c) cortical penetration and periosteal elevation, (d) formation of a thick involucrum, (e) further expansion of the metaphyseal focus with extensive involucrum. (Courtesy of doi: 10.5334/jbr-btr.1300 The Many Faces of Osteomyelitis: A Pictorial Review) [image: ]Figure 3: Plain radiograph of chronic osteomyelitis of the femur. The focal area of increased opacity represents necrotic bone or sequestrum (blue arrow). (Courtesy of doi: 10.5334/jbr-btr.1300 The Many Faces of Osteomyelitis: A Pictorial Review) Osteomyelitis can be classified according to its duration (e.g., acute, subacute, chronic) and mode of origin (e.g., hematogenous, contiguous, direct inoculation). The disease can also be categorized by the Cierny-Mader classification to be in one of four anatomic stages. In stage 1, infection is confined to the medullary cavity of the bone. In stage 2, there is a superficial infection affecting the cortex of the bone. Stage 3 involves both cortical and medullary bone but without loss of structural stability; in stage 4, there is loss of stability. This classification further subdivides patients according to the presence or absence of local and systemic factors that affect the health status of the host, such as diabetes mellitus, vascular insufficiency, malnutrition, peripheral neuropathy, smoking, and others.
  
 Patient Presentation
 In pediatric patients, acute osteomyelitis typically presents with fever and progressive pain. If the infection involves the lower extremity, pelvis, or spine, the patient may limp or refuse to walk. If the upper extremity is involved, the patient may refuse to use that extremity. On physical exam, the patient usually does not look well. The affected region is typically swollen, warm to the touch, and tender to palpation. The patient may also experience limited range of motion of the nearby joint.
 In contrast to acute osteomyelitis, subacute and chronic osteomyelitis in pediatric patients typically presents with pain but no fever or constitutional symptoms. The primary complaint is typically well localized pain in the metaphysis of the long bone; however, this can also occur in the epiphysis or diaphysis. Patients typically report pain that is worse with activity and temporarily improved with rest. On physical exam, the patient may appear well. The affected region is typically tender to palpation with mild swelling and possible limited range of motion of the nearby joint. The patient may also have an antalgic gait.
 The signs and symptoms of osteomyelitis in adults can be subtle, so a careful history taking of the risk factors for osteomyelitis is essential. Acute osteomyelitis may present with erythema, swelling, and pain; the presence of fever is variable. In chronic osteomyelitis, there is also erythema, swelling, and pain typically at a site of high risk, such as prior injury, surgery, or ulceration. If an abscess is present in the soft tissues, a fluctuant swelling with overlying redness may be seen.
  
 Objective Evidence
 Although osteomyelitis is associated with an elevated white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) level, these abnormal lab tests are nonspecific. A normal ESR and CRP level can help exclude a diagnosis of osteomyelitis. Although the white blood cell count can be elevated, a normal value does not exclude a diagnosis of osteomyelitis. CRP levels can also be used to monitor response to treatment.
 Blood cultures are helpful in pediatric osteomyelitis; they can identify the infecting organism in 40-50% of cases and allow for targeted antibiotic therapy.
 Radiographic assessment includes plain radiographs, magnetic resonance imaging (MRI), and bone scans. A plain radiograph can help rule out other diagnoses such as fracture or metastasis. MRI is both sensitive and specific for detecting osteomyelitis and should be ordered if the diagnosis of osteomyelitis is suspected (Figure 4).
 [image: ]Figure 4: (Left) Plain radiograph of osteomyelitis of the tibia demonstrating a lytic lesion in the metaphysis (red arrow) with periosteal reaction (green arrow). (Right) Coronal T1-weighted MRI demonstrating intramedullary bone edema. (Courtesy of BMC Infectious Diseases volume 18, Article number: 665 (2018)) Three-phase technetium-99 bone scans and tagged WBC scans are commonly used modalities. A bone biopsy is helpful not only for making the diagnosis of osteomyelitis but also for identifying the offending pathogen and its antibiotic susceptibilities. 
  
 Epidemiology
 Osteomyelitis occurs in all age groups. The annual incidence of osteomyelitis in children is about 13 per 100,000 persons, with no significant difference in occurrence rates between males and females. Children with immunodeficiency, diabetes, hemoglobinopathy, and systemic inflammatory conditions are at increased risk. The incidence of adult osteomyelitis in the United States is estimated to be about 21 per 100,000 persons. The incidence is slightly higher in men, perhaps related to a higher prevalence of trauma or risk factors such as comorbid disease.
 Most cases of adult osteomyelitis in healthy individuals are due to open fractures or postoperative infection. Direct spread from diabetic ulcers is also common.
  
 Differential Diagnosis
 Note the maxim: “What looks like a tumor might be an infection, and vice versa.” Moreover, Ewing’s sarcoma, like osteomyelitis, is frequently associated with fever.
 Trauma to bone and the ensuing periosteal reaction produced by the healing process can mimic early osteomyelitis as well.
 Bone pain from a sickle cell crisis can mirror that of acute osteomyelitis.
 Sensory neuropathy leading to skin ulceration can cause both osteomyelitis and Charcot arthropathy, namely the destruction of a joint resulting from lysis and fragmentation of the bone in the setting of neuropathy. The radiographic appearance of a Charcot joint is similar to that of osteomyelitis and ultimate differentiation may require biopsy and microbiological culture (Figure 5).
 [image: ]Figure 5: Radiographic changes in a foot with Charcot arthropathy; the appearance is very similar to that of osteomyelitis. (Courtesy of David E. Oji, M.D. Stanford University School of Medicine) Scurvy, although rare in developed countries, may be seen in malnourished populations.
  
 Red Flags
 Because osteomyelitis in young children is often seen concurrently with septic arthritis of a nearby joint, the presence of one requires additional workup to rule out the other.
 There should be a high index of suspicion for patients with risk factors for osteomyelitis, as initial radiographs can be normal and lab test abnormalities are usually nonspecific.
 IV drug users are at increased risk for vertebral osteomyelitis. Sudden, severe back pain in a patient who uses IV drugs should be suspected to have osteomyelitis until proven otherwise.
  
 Treatment Options and Outcomes
 Pediatric patients are usually treated empirically with intravenous antibiotics, later tailored to the results of blood cultures. If patients fail to improve from a clinical and laboratory standpoint after 72 hours of antibiotic therapy, repeat imaging and surgical debridement are indicated. Otherwise, antibiotics are typically continued for four to six weeks. The timing of transition from IV to oral antibiotics is controversial, though it is often feasible to make this transition after several days provided that the patient is improving.  With appropriate treatment, the patient’s clinical exam should normalize over six to twelve weeks. If acute osteomyelitis is not treated, it can develop into chronic osteomyelitis and cause destruction of bone as well as extension into surrounding tissues.
 Skeletally immature patients with a history of osteomyelitis near the physis should be monitored long-term for signs of growth arrest.
 Osteomyelitis in adults is treated with antibiotics and often surgical debridement as well. Empiric antibiotic therapy is used at first, while culture and sensitivity data are pending. Empiric antibiotic selection guided by patient-specific factors that can point to the etiology of the osteomyelitis. For example, Staphylococcus aureus is the most common offending organism in normal hosts, whereas salmonella is most common in individuals with sickle cell disease. Generally, a broad-spectrum regimen against both Gram-positive and Gram-negative organisms is best.
 Acute osteomyelitis in adults can be treated with antibiotics alone, if it is diagnosed within 48 hours after the onset of symptoms and there is no abscess. If there is an abscess or avascular tissue, surgical debridement is needed to clear the infection, as antibiotics reach necrotic bone poorly if at all. All sequestra, necrotic bone, and retained hardware should be removed.
 Local antibiotics can also be administered by implanting polymethyl methacrylate (PMMA) or calcium sulfate that contains and elutes antibiotics (Figure 6). Calcium sulfate is biodegradable and does not need to be removed; PMMA cement is not resorbed and thus a subsequent procedure may be needed for its removal. On the other hand, PMMA can provide structural support. Additional procedures such as bone grafting or soft tissue coverage may be required.
 [image: ]Figure 6: Surgical debridement and antibiotic placement. In the panel at left, the area of osteomyelitis is exposed (green arrows). In the center panel, all infected bone is removed, creating a trough (black arrows). In the panel at right, the area is filled with antibiotic-impregnated calcium sulfate (blue arrows). (Modified from Zhou et al, Journal of Orthopaedic Surgery and Research volume 15, Article number: 201 (2020)) If osteomyelitis is caused by infection of a prosthetic joint, that joint must be removed, ideally as part of a two-stage revision (i.e., the infected arthroplasty is removed and not re-implanted until the infection clears).
 In extreme cases involving extensive bone damage or irremediable vascular disease, amputation may be needed. Even in less extreme cases, treatment of osteomyelitis is not always successful. Possible complications include failure to eradicate the infection (about 25% of cases of chronic osteomyelitis), bone deformity (malunion), failure of fracture healing (nonunion) (Figure 7), septic arthritis of adjacent joints, systemic or contiguous soft tissue infection, and, in rare instances, sinus tract formation at risk for a resultant squamous cell carcinoma.
 [image: ]Figure 7: Radiographs demonstrating nonunion of a tibia and fibula fracture in the setting chronic osteomyelitis. There is increased lucency around the external fixator’s pin tracts. (Courtesy of https://www.cureus.com/articles/20536-chronic-osteomyelitis-revisited-a-case-report)  
 Risk Factors and Prevention
 The major risk factors for osteomyelitis include diseases that compromise the immune system (either directly or because of their associated medications), IV drug use, vascular disease, diabetes mellitus, sickle cell anemia, peripheral neuropathy, prior trauma (especially open fractures), and retained surgical hardware such as fracture fixation devices or joint replacement prostheses.
 Children who are immunodeficient are more likely to suffer from osteomyelitis due to atypical organisms and may benefit from vaccination. For example, individuals with sickle cell anemia can be immunized against salmonella, though the efficacy of this approach still requires confirmation with randomized controlled trials.
 Patients with diabetic neuropathy should perform daily foot exams and complete early treatment of minor foot injuries to prevent potentially devastating complications of osteomyelitis.
   
 Key Terms
 Bone infection, Joint infection, Osteomyelitis
  
 Skills
 Recognize risk factors for osteomyelitis. Identify osteomyelitis on plain radiography.
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		Septic Arthritis

								

	
				Septic arthritis is an infection of the joint space caused by bacteria, fungi, mycobacteria, and viruses. Septic arthritis typically involves large joints such as the knee, hip, and shoulder, though any joint can be affected. The knee is most commonly affected in adults, while the hip is most commonly affected in children. The bacteria responsible for septic arthritis vary by the age of the patient, though Staphylococcus aureus is a common pathogen across all age groups. Septic arthritis can lead to permanent joint damage unless treated expeditiously with joint irrigation and appropriate antibiotic treatment.
  
 Structure and Function
 A microbe can infiltrate the joint via three methods: hematogenous spread, contiguous spread, or direct inoculation. Hematogenous spread is the most common mechanism: because the articular capsule lacks a basement membrane, the joint space is susceptible to invasion from organisms in the bloodstream. Contiguous spread occurs when a nearby infection, such as osteomyelitis in an adjacent bone or cellulitis of the skin overlying the joint (Figure 1), reaches the joint. Direct inoculation of the joint space can occur either through trauma or iatrogenic causes, such as surgeries or injections.
 [image: ]Figure 1: Cellulitis near the knee. Infection of the skin overlying a joint can be a source of septic arthritis via contiguous spread. When the body senses the infection, it mounts an acute inflammatory response. Local macrophages and dendritic cells are activated. These cells release molecular signals that increase blood vessel permeability and recruit neutrophils. Neutrophils then release proteolytic enzymes that kill the invading organisms, but these enzymes are also toxic to the native articular cartilage. Thus, treatment involves removing the joint fluid as well as directing antibiotics against the offending organisms.
 The bacteria responsible for septic arthritis vary by the age of the patient. In children under one month of age, the common causes are Staphylococcus aureus, Group B streptococcus, Gram-negative organisms, and Streptococcus pneumoniae. In children between one month and three years of age, Staphylococcus aureus,  Streptococcus pneumoniae, Streptococcus pyogenes, Kingella kingae, and Haemophilus influenza type B are seen. These bacteria, with the exception of Kingella kingae, are also seen in children older than three years of age. In adolescents, the common causes are Staphylococcus aureus, Neisseria gonorrhoeae, Streptococcus pneumoniae, and Streptococcus pyogenes.
 Among adults, the most common organism is Staphylococcus aureus, which accounts for the majority of cases. Neisseria gonorrhea accounts for ~20% of cases and Gram-negative bacilli such as E. coli, Klebsiella, and Enterobacter account for another 15%.
  
 Patient Presentation
 In pediatric septic arthritis, patients typically present with acute onset guarding of a joint. Initially, the pain is often poorly localized. A history of mild trauma is common but might be coincidental. If the lower extremity is involved, patients often have a limp or will refuse to bear weight. If the upper extremity is involved, patients might refuse to use that extremity. Patients typically also have systemic symptoms, such as malaise, fever, and poor appetite.
 On physical exam, the child often appears ill and will tend to hold the affected joint in a position to accommodate joint distention. Patients with septic arthritis of the hip tend to hold the hip in a flexed, abducted, and externally rotated position; if the knee is involved, the joint is held in a slightly flexed position. Children are typically apprehensive and resist attempts to examine the affected extremity. Any movement of the joint is typically painful. The joint is often tender to palpation.
 Septic arthritis in the adult typically presents as an acute condition of a single joint (monoarthropathy), usually the knee, with joint pain, swelling, warmth, and restricted movement (Figure 2).
 [image: ]Figure 2: A patient with septic arthritis of the right knee. The effusion filling the supra-patellar space is easily seen (red lines), especially in comparison to the normal contralateral side. (Courtesy of https://www.heraldopenaccess.us/openaccess/post-covid-19-reactive-arthritis-an-emerging-existence-in-the-spectrum-of-musculoskeletal-complications-of-sars-cov-2-infection) Adults suffering from septic arthritis also tend to hold the joint in a rigid position that maximizes the joint space, thereby minimizing pressure from the effusion. Passive motion by the examiner will be very painful.
 Fever can be present in septic arthritis, especially if the mode of infection is hematogenous seeding, but can be absent in up to 40% of cases. Thus, normal temperature does not rule out the presence of septic arthritis.
 Polyarticular infections occur in 20% of cases of septic arthritis. Such cases of septic arthritis involving multiple joints are more commonly seen in patients with rheumatoid arthritis or underlying immune compromise.
  
 Objective Evidence
 Objective evidence related to the diagnosis of septic arthritis comes from three sources: blood tests; synovial fluid aspiration and examination; and medical imaging.
 Inflammatory markers such as the peripheral white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) level can be increased in septic arthritis but are nonspecific. These values can also be normal early in the disease course.
 Blood cultures are positive in ~25% of cases of septic arthritis. Although blood cultures neither confirm nor exclude the diagnosis of septic arthritis, positive results can be used to confirm the infectious pathogen and tailor antimicrobial therapy.
 Joints that are suspected of having an infection should be aspirated (Figure 3). Removing the joint fluid can provide pain relief by dissipating the pressure within the joint space. However, the main purposes of aspiration are removing the WBCs that can damage the cartilage and providing a specimen for definitive diagnosis. The synovial fluid aspirate of a septic joint is often yellow and turbid, though the appearance of the fluid is not diagnostic. For that reason, laboratory analysis is routine.
 [image: ]Figure 3: Aspiration of the knee joint. The patella is outlined in red. As seen in Figure 5, the joint cavity extends well above the patella, such that fluid can be removed with a needle placed well away from the cartilage surfaces. The gold standard for diagnosing septic arthritis is a positive bacterial culture of synovial fluid obtained from a joint aspiration. However, culture results may not be known for 24 to 48 hours, and waiting that long to treat can be harmful. Thus, information that could be obtained immediately – namely, the number of WBCs per microliter – is used as a proxy.
 A common clinical decision rule is that a synovial WBC count of 50,000 cells should be treated as if an active infection were present. However, there is an overlap in the distributions of cell counts seen in people with infection and those without infection (Figure 4). Thus, there is an inevitable sensitivity-specificity trade-off.
 [image: ]Figure 4: A hypothetical distribution of WBC counts in both normal and septic joints. As shown, if a threshold corresponding to the orange arrow were used to signify an infection, no cases will be missed, but this would require treating more than half of the normal population! On the other hand, a threshold suggested by the green arrow would eliminate all false positives, but at the price of failing to treat more than half of the truly infected. In practice, a compromise value, as shown by the purple arrow, is often used. This value is adjusted to suit the clinical scenario. Although an elevated WBC count in the synovial fluid suggests septic arthritis, it can also be seen in other inflammatory conditions such as rheumatoid arthritis. Accordingly, it may be helpful to examine the fraction of WBCs that are polymorphonuclear leukocytes. When a borderline WBC count is composed of more than 90% polymorphonuclear leukocytes, it is highly likely that an infection is present.
 The Kocher criteria can be used to assist in diagnosing pediatric septic arthritis of the hip. The four criteria are 1) fever over 38.5 degrees Celsius, 2) inability to bear weight on the affected extremity, 3) ESR greater than 40 mm/hr, and 4) WBC count greater than 12,000 cells/uL. If a patient has three of these factors, the probability of septic arthritis is more than 90%. If all four factors are present, the diagnosis of septic arthritis is a virtual certainty.
 Analyzing the fluid for crystals can rule out crystal arthropathy, though a joint with gout or pseudogout can be infected as well. Gram staining and culturing the fluid will aid in tailoring the appropriate antimicrobial therapy. Gram stains are positive in ~70% of cases of nongonococcal septic arthritis. Cultures may be negative in the setting of recent antibiotic use or with certain pathogens such as Neisseria gonorrhoeae.
 Radiographic findings for septic arthritis are nonspecific. As septic arthritis progresses and causes more damage and inflammation, X-rays will reveal an enlarged joint space and joint effusion. Later in the course, plain X-rays may show juxta-articular osteopenia from hyperemia, joint space narrowing from cartilage destruction, and destruction of subchondral bone.
 Ultrasound and MRI are useful for evaluating the presence of joint effusions (Figures 5 and 6).
 [image: ]Figure 5: This MRI was obtained for the patient shown in Figure 2. As shown, there is a large effusion. (The extent of the effusion is seen more easily in the call-out figure to the right, which is a reproduction of the figure to the left, with the joint fluid highlighted in blue.) (Courtesy of https://www.heraldopenaccess.us/openaccess/post-covid-19-reactive-arthritis-an-emerging-existence-in-the-spectrum-of-musculoskeletal-complications-of-sars-cov-2-infection) [image: ]Figure 6: Ultrasound of a patient with a large hip effusion. Note the elevation of the thickened capsule off the anterior femoral neck. (Courtesy of Dan Miller, MD.)  
 Epidemiology
 The overall incidence of septic arthritis ranges from 4 to 29 cases per 100,000 persons around the world. The incidence in the United States is ~8 cases per 100,000 persons. While people of any age can have septic arthritis, about half of the cases in adults occur in individuals 65 years of age or older.
  
 Differential Diagnosis
 In children with suspected septic arthritis, other diagnoses to consider include transient synovitis, hemarthrosis, inflammatory diseases, Legg-Calve-Perthes disease, and neoplastic processes. Hemarthrosis can occur secondary to hemophilia or trauma. Other infectious etiologies to consider include osteomyelitis, pyomyositis, and Lyme disease. Inflammatory diseases to consider include juvenile idiopathic arthritis, reactive arthritis, and rheumatic fever. Neoplastic processes to consider include leukemia and pigmented villonodular synovitis (PVNS).
 Acute monoarthropathy in the adult has a broad differential. These can be split into infectious and noninfectious causes. Infectious causes include septic arthritis, septic bursitis, and overlying cellulitis. It is important to discern if the infection is intra-articular before proceeding with joint aspiration. Sticking a needle through a cellulitis into a joint and causing septic arthritis is considered poor form, to say the least.
 Non-infectious causes of acute monoarthropathy include crystal arthropathy (gout and pseudogout), reactive arthritis, rheumatoid arthritis, and osteoarthritis. Joint aspiration is required to discern septic arthritis from a crystal arthropathy. Specific tests for Lyme disease are helpful after first taking a careful history.
  
 Red Flags
 Acute onset pain and reluctance to move a joint is a red flag finding suggesting septic arthritis.
 Any recent history of invasive procedures or trauma near the affected joint, IV drug use, or an immunosuppressed state raises suspicion for septic arthritis as well.
  
 Treatment Options and Outcomes
 Septic arthritis should be treated urgently. The treatment for septic arthritis of any joint is drainage of the fluid and initiation of antibiotic coverage. One treatment approach is surgical: joint irrigation and drainage via arthroscopy (see Figure 7) or (less commonly) open arthrotomy. Another option is drainage via serial needle aspirations. Both approaches are demonstrably effective.
 [image: ]Figure 7: Arthroscopic photo of a shoulder joint, taken during irrigation for septic arthritis. There is synovial inflammation and [white] fibrin deposits seen to the right. (Image courtesy of Knee Surg Sports Traumatol Arthrosc. 2021; 29(10): 3149–3158. doi: 10.1007/s00167-021-06525-8) Empiric antibiotics need to be started after joint aspiration is completed. Vancomycin provides broad coverage for gram positive bacteria. If the gram negative bacteria are suspected or identified on gram stain, a 3rd or 4th generation cephalosporin should be added. If the patient has a history of IV drug abuse and Pseudomonas coverage is needed, a 3rd or 4th generation cephalosporin with an aminoglycoside like gentamicin should be administered. Antibiotics can be tailored to a specific pathogen if and when one is identified on synovial fluid cultures.
 Serial synovial fluid analyses can be monitored for WBC counts reverting to normal; additional cultures can be obtained from that fluid as well.
 The correct duration of antibiotic treatment is not known with certainty. Many physicians treat septic arthritis with intravenous antibiotics for 2 weeks followed by another 2 weeks of oral therapy. Physical therapy is often recommended to regain strength and full range of motion.
 Outcomes from treatment depend on host factors, the offending organism, and timing. About 50% of normal hosts will completely recover. Patients with underlying joint disease develop functional impairment in about 1/3rd of cases. In-hospital mortality rates of 15% or greater have been cited, though it may be that the septic arthritis is simply a manifestation of terminal decline (i.e., not the true cause of the patient’s demise).
  
 Risk Factors and Prevention
 Risks for septic arthritis include age >80 years old, diabetes mellitus, immunosuppressed states, immunosuppressive medications, underlying arthritis but especially rheumatoid arthritis, recent exposure of the joint from trauma or surgery, and other infections, either nearby (e.g., cellulitis and osteomyelitis) or distal. As seen, very few of these factors are “modifiable,” and thus the true role of prevention is to prevent complications of septic arthritis by timely diagnosis and treatment.
  
 Miscellany
 Septic arthritis in a joint with a prior arthroplasty is of special concern because unless the infection is caught early, it is extremely difficult to eradicate the bacteria and prevent failure of the arthroplasty. Most cases of prosthetic joint infections found within the first weeks after surgery are caused by seeding at the time of implantation. Late cases are usually secondary to hematogenous spread from oral, urinary tract or visceral infections. (This topic is beyond the scope of this volume but the interested reader might wish to consult an open-access review such as this one: Li, C. et al. Twenty common errors in the diagnosis and treatment of periprosthetic joint infection. International Orthopaedics (SICOT) 44, 3–14 (2020). https://doi.org/10.1007/s00264-019-04426-7.)
 Staphylococcus aureus is the most common organism causing septic arthritis. Some elements of the patient’s history can suggest other organisms, as shown in the table.
 	Identifying Factor 	Pathogen 
 	Sexually active young adults with urethral symptoms 	Neisseria gonorrhea 
 	Sickle cell disease patients 	Salmonella 
 	A history of IV drug abuse or foot puncture wounds 	Pseudomonas aeruginosa 
 	Cat bites 	Pasturella multocida 
 	Human bites (especially as seen with hand lacerations after punching someone in the mouth) 	Eikenella corrodens 
  
  
 Key Terms
 Septic arthritis, joint aspiration, joint irrigation
  
 Skills
 Recognize signs and symptoms of septic arthritis. Perform joint aspiration using sterile technique.
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		Study Guide Preface

								

	
				What follows is a sample of the Orthopaedia Study Guide, the full contents of which are available here: https://orthopaedia.com/page/Study-Guide.
  
 This study guide consists of a set of questions that I have used for the Orthopaedics 200 required clerkship at the University of Pennsylvania School of Medicine. These questions and their answers were distributed to the students on the first day of the clerkship. The students were informed that at the end of the week they would be tested. This final exam would be a set of six (somewhat) randomly selected questions, taken verbatim from the Guide,  to be answered in writing as a free response text.  After the test was administered, the students would then remain in class for a discussion of each of the questions.
  
 As you see, many of these questions have “Additional Points to Consider” listed explicitly though the aim was to have all of the questions stimulate thinking, and not pure factual regurgitation. (There was plenty of opportunity for  pure factual regurgitation  on other required clerkships.) For those questions that emphasize facts, I found it useful to compose a somewhat controversial statement and have the students debate it. For example, for the question “What is a compartment syndrome and how is it prevented, diagnosed and treated?”, I would ask the students, Is a patient developing a compartment syndrome from a tibia fracture in the setting of poly-trauma is MORE or LESS likely to have his compartment syndrome missed by the treating physicians compared to a patient with an isolated leg injury? (I can think of reasons supporting either claim.)
  
 No doubt, in the coming years (maybe even “in the coming months”!) students will be assessed by interactive artificial intelligence.  In that brave new world, they probably will be taught by that AI system too–and not a text like Orthopaedia. In that sense, this study guide is at risk for obsolescence, but no more so than the whole project. So use it well, while it still counts.
  
 -Joeseph Bernstein, MD
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		Why is arthroscopic irrigation and debridement of arthritis ineffective?

								

	
				Why is arthroscopic irrigation and debridement of arthritis ineffective?
 (And more to the point, what is known about the histology of articular cartilage that could have anticipated this discovery of ineffectiveness?)
  
 Arthroscopic irrigation and debridement is a proposed treatment for mitigating the symptoms of osteoarthritis, especially in the knee. Irrigation, also known as “lavage,” is essentially rinsing out the knee with fluid. Debridement refers to surgically removing damaged tissue.
 In arthritis, the joint surface is rough and irregular, and smoothing it out should make it better. In theory, it should decrease friction, limit mechanical symptoms such as catching/locking, and overall dampen the inflammation that particulate debris may cause.
 Arthroscopic irrigation and debridement sounds like a clear and simple solution to a complex problem. Yet as noted by Mencken, “for every complex problem there is an answer that is clear, simple, and wrong”– arthroscopic irrigation and debridement of arthritis is one such example. Rationales notwithstanding, debridement is an ineffective treatment.
 The discovery that arthroscopic irrigation and debridement of arthritis is ineffective made it to the front page of the New York Times on July 11, 2002 (see Figure 1). This article described a randomized trial reported in the New England Journal of Medicine, titled “A Controlled Trial of Arthroscopic Surgery for Osteoarthritis of the Knee” by J. Bruce Moseley et al. (N Engl J Med . 2002 Jul 11;347(2):81-8. doi: 10.1056/NEJMoa013259.)
 [image: ]Figure 1 Investigators found “the outcomes after arthroscopic lavage or arthroscopic débridement were no better than those after a placebo procedure.”
 Interestingly, though, the study found that both real and sham surgery could provide subjective, symptomatic relief, though neither provided objective benefit.
 When considering the histology of articular cartilage, the results of the Moseley study may make more sense. Specifically, articular cartilage is organized, such that the superficial layer is qualitatively different from the deeper layers (Figure 2).
 The superficial (tangential) zone has the highest concentration of collagen and its collagen is oriented parallel to the joint. This facilitates gliding and also protects the deeper layers. The intermediate zone has collagen fibers with an oblique or random organization; and in the deep (or basal) layer, the collagen is perpendicular to the joint. This orientation acts like a spring and allows the cartilage to accept compressive loads.
 [image: ]Figure 2: Here is a highly simplified representation of articular cartilage. The superficial/tangential zone is shown in purple; the collagen (black lines) are parallel to the joint. The intermediate zone is in yellow and its collagen fibers are more haphazardly arranged. The deep/basal layer, just above the subchondral bone and shown in pink, has collagen fibers that are aligned perpendicular to the joint. Because articular cartilage is organized, the loss of cartilage at the surface (as seen in arthritis) is not just a quantitative loss, it is qualitative: the remaining cartilage is deficient. The loss of the parallel fibers means that the cartilage is more susceptible to damage as the protective layer is absent (see Figure 3).
 [image: ]Figure 3: A modification of Figure 2, in which there is loss of cartilage from (primarily) the superficial (tangential) zone. [image: ]Figure 4: A modification of Figure 3, in which the surface has been made more smooth by debridement. [image: ]Figure 5: The inevitable recrudescence of arthritis. In this instance, “recrudescence” is particularly apt, as its origin is the Latin verb recrudescere, meaning “to become raw again.” Making the joint “raw” again is exactly what is happening here.  
 Additional Points to Consider
 The finding of ineffectiveness might have been assumed by radiologists as well. They are quite aware that arthritis is not simply a disease of the cartilage surface but also one affecting the bone. In that regard, arthroscopic irrigation and debridement does nothing to directly affect subchondral sclerosis, subchondral cysts or problems with alignment that also occur in arthritis.
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				Describe the two main types of bone healing.
  
 One of the two methods looks a lot like bone formation. What are the implications of that similarity?
 The two mechanisms of bone healing are primary bone healing and secondary bone healing, just as there are two mechanisms of skin healing: you can sew it up (primary) or it can scab (secondary).
 Primary bone healing involves a direct attempt by the cortex to re-establish itself after interruption, without the formation of a fracture callus.
 Just like in skin, primary healing only works when the edges are closely approximated and held there without much motion. Because such close approximation/rigid fixation is required, primary bone healing is usually seen only after surgical plating (Figure 1).
 [image: ] Figure 1: Plating a fracture [right] is similar to suturing a laceration in that both methods approximate the ends of the disrupted tissue, compress them and hold them together tightly. These three conditions are needed for primary healing (image modified from https://en.wikipedia.org/wiki/Internal_fixation#/media/File:X_ray_internal_fixation_leg_fracture.jpg and https://commons.wikimedia.org/wiki/File:Sutures.jpg) Primary bone healing is explained in greater detail in this excellent review*, paraphrased here: If the gap between bone ends is less than 0.01 mm and the interfragmentary strain is less than 2%, “cutting cones” consisting of osteoclasts can cross the fracture. These cones generate cavities that are then filled by bone produced by osteoblasts at the rear of the cutting cone. This reestablishes bridges of osteons across the fracture line which then remodel into normal lamellar bone. This will result in fracture healing without the formation of periosteal callus.
 Secondary bone healing occurs when the ends of the fractured bones are near enough to heal** but not perfectly opposed, or when there is some motion at the fracture site. This motion is commonly seen with cast immobilization or with the placement of an intramedullary nail or rod.
 Secondary bone healing involves the classical stages of injury, hemorrhage, inflammation, and “scar” formation. In bone, the “scar” is a soft callus made of cartilage; this callus then undergoes mineralization and remodeling such that, unlike skin, the tissue ultimately can become normal tissue (without any permanent scarring) (see Figure 2).
 [image: ] Figure 2: A healed tibia fracture (from Radiopedia) with a large amount of fracture callus. The nail keeps the ends of the fracture near each other, but the bone is not held as rigidly as would be seen with a plate. Over time, this callus will remodel to more normal contours. The steps of secondary bone healing are thus as follows: injury; hemorrhage/inflammation; callus formation; callus mineralization; and bone remodeling. (see Figure 3)
 [image: ] Figure 3 (from left to right): (1) Bone breaks; (2) Hematoma (blood clot) forms at the site of the break with migration of cells (inflammation); (3) a primary callus composed of granulation tissue, fibroblasts, and new blood vessels forms from the hematoma; (4) callus cells produce cartilage, which is eventually mineralized to form woven or lamellar (disorganized bone); (5) the woven bone remodels into normal bone. Secondary bone healing closely resembles the normal endochondral ossification of growth and development: namely, the formation of a cartilage template which is then replaced by bone. This analogy correctly suggests that secondary bone healing can lead to the formation of essentially normal tissue.
  
 Additional Points to Consider
 The formation of normal tissue after injury without scar formation is a property that bone shares with only one other organ: the liver. Like in the liver, injury to bone can be so overwhelming that no healing takes place, but under the right circumstances (of sufficiently minimal injury) recovery leads to the regeneration of normal tissue.
 Note that if the ends of the fractured bones are too far apart**, or if there is too much motion at the fracture site (strain > 10%) the fracture will not heal at all.
 * The Biology Of Fracture Healing. Injury. 2011 Jun; 42(6): 551–555. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3105171/
 ** You may be wondering what “near enough to heal” really means; that is, how far apart is too far apart? Well, we know this: The original textbook definition of a “critical-sized” defect (at least in the tibia) was displacement of >50% of the cortical diameter and >1 cm in length. This was then examined in the paper, “Critical-Sized Defect in the Tibia: Is it Critical? Results From the SPRINT Trial” by Sanders, et al [https://pubmed.ncbi.nlm.nih.gov/25233157/]. This reported that “Tibial diaphyseal defects of >1 cm and >50% cortical circumference healed without additional surgery in 47% of cases. This definition of a critical-sized defect is not “critical.” However, as compared with the overall cohort of tibial fractures, patients with these bone defects had a higher rate of reoperation and worse patient-based outcomes.” So those parameters, “>50% of the cortical diameter and >1 cm in length”, are reasonable, but not fixed guidelines. (It’s also interesting to note that some biological communication between the edges of the fracture is needed. A tibia that is transected, as may be seen with an amputation, makes little if any attempt to grow bone.)
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				What are the advantages of treating a mid-shaft femoral shaft fracture with an intramedullary nail as compared to casting or traction?
 (Also: what complications/patient morbidity may be seen despite this treatment?)
  
 A mid-shaft femoral fracture in a skeletally mature individual is most commonly treated with an intramedullary (IM) nail (Figure 1). Other treatment options include casting and traction. Unless the patient is not stable enough for surgery, IM nail is the preferred treatment for two major reasons: a nail preserves bone alignment and maximizes patient mobility.
 The goal of treatment in fracture is restoration of function, and for a femur fracture, that means (at the minimum) the limb’s original length and alignment must be restored.
 By using an IM nail, the bone is fixed at its intended length, alignment and rotation. Without a nail, the pull of muscles still attached might tend to shorten, bend, or rotate the bone (Figure 2).
 [image: ] Figure 1: Left, Midshaft fracture of the femur. (Image courtesy of Radiopedia.org rID: 22120); Right, Femur fixation with IM nail (Image courtesy of orthopaedicsone.com) 
 
 
 [image: ] Figure 2: Without a nail, the fracture depicted in Figure 1 and again on the left of this image might heal in a short and bent position because of the pull of the adductor muscles, as shown here. (Image modified from Wikipedia.org) Although traction can keep a fractured bone reasonably aligned and held at its normal length, traction is even more restrictive than casting. This is because the patient must remain in bed. Prolonged bed rest can produce complications such as bed sores, blood clots, and atelectasis.
 While a common definitive treatment before the mid-1900s, traction is still used today, but primarily as a temporizing treatment: holding the bone in reasonable position for a short period as the patient is optimized for surgery.
 While IM fixation is the preferred treatment for patients with mid-shaft femoral fractures, it is associated with complications of its own. For example, while inserting a femoral nail, the surgeon may create a fracture of the femoral neck. Also, the hardware is a foreign body that can get infected.
 Another complication can occur when the nail is inserted in the medullary canal and bone marrow is pushed into the systemic circulation: namely, “fat embolism”. Fat emboli from the bone marrow travel to the lungs. In severe cases, they can cause adult respiratory distress syndrome (ARDS).
 In sum, IM nail is a preferred method of treatment for mid-shaft femoral fractures because it allows for restoration of the normal skeletal anatomy and promotes mobility. Nailing, like all surgery, carries risks of complications that must be considered and mitigated by the surgical team.
  
 Additional Points to Consider
 As noted, a mid-shaft femoral fracture in a skeletally mature individual can also be treated with plate and screws. The question above addressed the advantages of nailing over casting or traction, but discuss playing. So ask yourself now: why might a nail be a better treatment than plates and screws?  (In general, for a mid-shaft femoral fracture a nail is decidedly better.)
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				Why is the prototypical patient with a ruptured Achilles tendon about 40 years old? What are the biological and mechanical steps leading to tissue failure?
 (Hint: these steps help answer the first question.)
  
 As a person ages, there are changes in collagen cross-linking that result in increased stiffness and loss of elasticity. As the tendon stiffens, it becomes predisposed to rupture. Furthermore, habitual loading of the Achilles tendon with walking causes wear and tear. With age, this wear and tear is imperfectly repaired and damaged tissue accumulates.
 Thus, a person at age 40 is much more likely to suffer an Achilles tendon rupture than a person at 20, as the 40-year-old tendon is stiffer and weaker.
 If the integrity of a tendon decreases with aging, you might assume that a person at age 60 is even more likely to suffer an Achilles tendon rupture than a 40-year-old. However, this is not what we see in clinical practice. The prototypical patient with an Achilles tendon rupture is typically under the age of 50.
 To understand why, we must first review the anatomy shown in Figure 1.
 [image: ] Figure 1: Anatomy of the Achilles tendon. The two main posterior calf muscles, the soleus and the gastrocnemius, coalesce to form the Achilles tendon, which then inserts on the posterior aspect of the calcaneus (see Figure 1). This muscle complex then powers flexion at the ankle.
 If the Achilles contracts** with the foot in a neutral position without external forces applied to the foot, such as if the foot is dangling off a high chair, the ankle will plantar flex ***  [downward].
 When the ankle undergoes plantarflexion, the gastrocnemius and the soleus get shorter, thus bringing their point of insertion on the calcaneus closer to the shin. This combination of muscle-firing and muscle-shortening is known as a “concentric contraction.”
 There is also “isometric contraction,” where the length of the muscle stays the same; for example, a person holding a weight in their hand with the elbow fixed at 90 degrees. And there is even “eccentric contraction,” when the muscles are working, yet actually getting longer. That occurs when there is an extrinsic force applied. An example of “eccentric contraction” would be a person holding a weight in their hand, trying to keep the elbow fixed at 90 degrees, but slowly losing the battle with the weight moving toward the ground.
 The purpose of eccentric contraction of any muscle crossing a joint is decelerating the motion that is powered by an external force. With regard to the Achilles (gastrocnemius/soleus complex), eccentric contraction decelerates passive dorsiflexion of the ankle, usually imposed by body weight when the foot strikes the ground.
 When the forefoot lands on the ground during a normal stride, the ground applies a force to the foot that tries to dorsiflex the ankle. The Achilles undergoes eccentric contraction, resisting that motion and slowing it down.
 Note in particular that landing from a jump**** places particularly high forces on the Achilles because the foot is otherwise forced upward, via dorsiflexion of the ankle, as the person lands. It is this large eccentric loading force that can cause the Achilles tendon to rupture. If the ankle were relaxed and pushed into dorsiflexion, nothing would be torn. However, when motion is resisted, the tissue might fail. Thus, some consider an Achilles tendon rupture to be a self-inflicted wound.
 Returning to the 40-year-old patient in question: he is more likely to rupture his Achilles than a 20-year-old because he has accumulated tendon damage over the years. He is also more likely to rupture his Achilles than a 60-year-old because he is able to generate the power needed to actually tear the tissue.
 There may be a psychological contribution as well. A 40-year-old is also less aware of how their body has aged. Indeed, the prototypical patient is a “weekend warrior” who plays basketball or tennis with the same zeal as their 20-year-old self, but with far less tolerance of excessive loads to their tendons.
  
 ** For simplicity, we will refer to actions as if the Achilles performs them (e.g. “the Achilles powers flexion”), although this is not literally true. The muscles, the gastrocnemius and the soleus, perform all of the actions, with the Achilles simply transmitting that action to the foot.
 ***  Of note, the motion of the ankle moving downward (e.g. when standing on tiptoe) is known as “plantar flexion.” It is not referred to simply as “flexion” because the term “extension” is not used at the ankle. The motion opposite plantar flexion is known as “dorsiflexion.”
 **** Jumping, per se, is not required to tear the Achilles – any sudden change in direction with an eccentric contraction will do.
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				Describe “bone remodeling” and its role in health and disease.
  
 “Bone remodeling” is a term that refers to the biologic processes of osteoclasts removing (or “Chewing”) older, worn out pieces of bone, with osteoblasts synthesizing (Building) new bone to replace them.
 Osteoclast might “chew” bone not only to remove tissue damaged by wear and tear, but to liberate calcium and other ions. Indeed, that is the dominant function. That is, if the body needs calcium it will “debone the bone” even if it thereby sacrifices the structural integrity of the skeleton.
 Note that the word “chew” was chosen advisedly (over, say “clear” or some other “c-“ word). The Greek root of the “-clast” suffix, klastes, means “to break.” Indeed, osteoclasts do break the organic matrix of the bone. Mineral in bone cannot simply be dissolved. Rather, the bone tissue itself must be metabolized, with the ions liberated thereafter. That implies if the body needs calcium even momentarily, it cannot “borrow it” from the bone by dissolution and let it seep back in when stores are higher; it must break down the bone, much like a person who needs money might have to cash in his or her retirement fund (and a pay a tax penalty accordingly). Neither calcium in the bone nor dollars in a retirement fund are liquid assets.
 There are two phases of bone remodeling: resorption and ossification.
 In the bone resorption phase, osteoclasts break down the organic tissue in bones and release into the bloodstream the minerals therein, especially calcium, but also magnesium and phosphate. The osteoclast breaks down the bone by secreting collagenase and other lytic enzymes.
 Ossification is the process of laying down new organic matrix by osteoblasts.
 This figure shows the process in simplified form (modified from Wikipedia): panel 1 shows worn out bone (red); panel 2 shows osteoclasts chewing out the old bone; panel 3 shows the site of bone breakdown; panel 4 shows osteoblasts synthesizing new matrix (blue); and panel 5 shows restored normal bone after this matrix is mineralized.
 [image: ]
 In any given year, about 10% of the adult skeleton is remodeled.
 Normally, osteoblast and osteoclast activity is tightly coupled to ensure maintenance of normal bone density and proper healing. The process is very sensitive to the body’s demand for calcium but also responds to load. Recall that the bone participates in mineral homeostasis (ensuring normal ion levels), as well as skeletal homeostasis (ensuring structurally sound bone). As a general rule, the former takes precedence: the body will sacrifice structural integrity to ensure that calcium levels are normal. After all, heart contractility and nerve transmission require normal levels of calcium and are prioritized over skeletal movement.
 At times, osteoblast activity dominates. For example, in response to weight training, “loading” of bone will trigger osteoclasts and osteoblasts to reorganize bone matrix in the direction of force and increase bone density. Also, after a long-bone fracture, osteoblasts lay down new bone as the final step in the healing cascade. (See question on fracture healing.)
  
 Additional Points to Consider
 In some clinical conditions known as metabolic bone diseases, bone remodeling is perturbed and there is increased osteoclast activity. Two main ones to think about are hyperparathyroidism and osteoporosis.
 	Hyperparathyroidism: overproduction of parathyroid hormone by the parathyroid gland leads to excess bone resorption and subsequent osteopenia or osteoporosis in the setting of hypercalcemia. Again: the body prioritizes metabolic requirement for calcium over skeletal structure.
 	Osteoporosis: more bone chewing than building over time leads to overall low bone density. This is mediated by hormones primarily, but a bone-loading exercise program can stimulate osteoblasts rectify the imbalance somewhat.
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				Why might successfully treated developmental dysplasia of the hip have a better prognosis than SCFE and Perthes?
  
 Developmental Dysplasia of the Hip (DDH), Slipped Capital Femoral Epiphysis (SCFE, pronounced “Skiffy” by the cognoscenti), and Perthes (pronounced Per’-theeze) Disease are pediatric hip conditions that can lead to arthritis of the hip later in life (Figure 1).
 DDH left untreated in childhood presents the biggest treatment challenges because it, uniquely among the three, affects both the femoral head and the acetabular side of the joint as well.
 [image: ] Figure 1: Pediatric Hip Conditions. DDH: Note head out of normal position, high riding on ileum; absence of normal socket; distortions of femoral head and it is no longer constrained by socket geometry. Perthes: Note death of femoral head with collapse. SCFE: Note slipping at the epiphysis. DDH, formerly known as congenital dislocation of the hip, is also unique in that it is an intra-uterine developmental condition. Accordingly, if recognized early and treated expeditiously, the pathology of DDH can be “rerouted,” allowing postnatal development to correct the pathology that started to form before birth. Thus, among DDH, SCFE, and Perthes disease, successfully treated DDH has the best long-term prognosis.
 SCFE is a hip condition typically affecting children age 10 to 14, where the head (“capital”) of the femur (the epiphysis) slips off the femoral neck. This is growth plate injury: The epiphysis of the proximal femur is the growth center that forms the femoral head. Treatment includes pinning of the femoral head to halt progression. Deformity can still persist, but the goal is to prevent the deformity from worsening.
 Perthes Disease is an eponym for osteonecrosis of the femoral head in children thought to be caused by disruption of the blood supply. Successful treatment in Perthes is largely up to chance; many patients will heal without treatment, while many patients who undergo treatment will see no improvement in their conditions.
 Unlike SCFE and Perthes, DDH is truly curable and is treated by relocating the hip, ideally in the first days throughweeks of life. This helps to preserve the normal anatomy of the hip’s ball-and-socket joint. The proper positioning of both the femoral head (ball) and acetabulum (socket) promotes normal development of the hip joint. Thus, early treatment can help prevent permanent deformity.
 While arthritis secondary to DDH is the easiest to prevent, it is among the three the most difficult to treat. This is because it is a disease of both the femoral head and the acetabulum. (Both SCFE and Perthes Disease are femoral head disorders, and any acetabular damage is secondary, appearing later in the disease course, if at all.) The distortions of both the femur and acetabulum are shown in Figure 2.
 [image: ] Figure 2: A normal hip is shown in the panel to the left, and a dysplastic hip (in the same individual) on the right. The red arrow points to the shallow acetabulum and the yellow arrow points to the high-riding, abnormally-shaped femoral head. (modified from Wikipedia) Accordingly, if a surgeon were to try to treat long-standing DDH by relocating the hip, because the native femoral head is not in the pelvis but “riding high,” sitting somewhere along the ileum and proximal to the correct location, a relocation maneuver may stretch and damage the blood vessels. (This is similar to what is seen in a traumatic hip dislocation, but in the reverse direction. Either way, blood vessels that are sitting in place for a long time don’t like to be moved from that place!)  Also, the socket may be so distorted that it cannot accommodate the hip. (As Gertrude Stein said of Oakland, “there is no there there.”) Further, if the surgeon were to try to insert an artificial joint (a prosthetic ball and socket), the distortions of the acetabulum make it difficult to secure the acetabular component in the pelvis.
 In conclusion, DDH, SCFE, and Perthes disease are all pediatric hip conditions that can progress to arthritis later in life. Of the three, only DDH is truly curable, with early treatment being paramount for optimal outcomes. If left untreated, the arthritis secondary to DDH is also the most difficult to correct, due to deformity of both the femoral head and acetabulum.
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				Is arthroscopic surgery more or less expensive than a comparable open procedure?
 (Note: In the USA, at least, that’s a loaded question, as prices are obscured by hospitals* and physicians. Also, there is a lot of price discrimination (i.e. different prices charged to different patients). So, for the purposes of answering this question, think about the costs to deliver the care and not what is billed or collected.)
  
 When thinking about the cost of medical procedures, more technologically-sophisticated procedures tend to be more expensive, largely due to equipment costs.
 Consider a rotator cuff repair which can be performed either in open fashion or arthroscopically. For an open procedure, beyond the usual skin knife and sutures, the only “consumed” medical equipment is the stitch used to secure the tendon to bone (Figure 1).
 [image: ] Figure 1: Open rotator cuff tear repair (diagram modified from Wikipedia). The shoulder is exposed over the acromion; the deltoid is split; and then a suture is passed through the cuff and attached directly to the humeral head. By contrast, an arthroscopic procedure uses one or more disposable cannulas, an arthroscopic shaver to clear synovium for visualization and remove the remnant of the rotator cuff, and some sort of an implant (screw, anchor, etc.) to attach the sutures to the bone. The operating facility must also acquire the arthroscopy equipment and maintain it, which is a further cost that is paid, in part, by every patient who uses it.
 [image: ] Figure 2: Arthroscopic rotator cuff tear repair. A disposable cannula (purple) is typically used to pass the instruments through the skin into the shoulder, and a special single-use screwdriver (yellow) holding a permanently implanted anchor (black) is used to attach suture to bone. Shown here an anchor is implanted into the greater tuberosity to fix a supraspinatus tear. At first glance, it seems that arthroscopy would be considerably more expensive. However, arthroscopy does have substantial benefits that ultimately can result in costs saved. An arthroscopic procedure requires less dissection and less disturbance of normal tissue, thus an arthroscopic procedure is generally less painful — and when patients are more comfortable after a procedure, they are often able to be discharged more quickly. Accordingly, arthroscopic cuff repair is often an outpatient procedure, whereas (historically) patients with an open repair required at least one overnight stay in the hospital. Longer lengths of stay generate expenses far exceeding the cost of disposable equipment used in an arthroscopy procedure.
 Pain is another important aspect to consider. Arthroscopy is likely to be less painful than open surgery, and if arthroscopy is less painful, patients may choose it more frequently. As such, technological advances that make rotator cuff repair less painful may lead to more expenses over all — even if each individual procedure is less expensive than the corresponding open procedure it supplanted.
 This highlights an important paradox: improvements in healthcare delivery might save money per unit of work, but will add to total expenses by augmenting the amount of work done overall.
  
 Additional Points to Consider
 Because arthroscopy is likely to be less painful than open surgery, patients undergoing arthroscopic repair may return to work faster. The resulting increased productivity may contribute to the overall cost-effectiveness of the procedure, though the accounting is complicated: in many instances, the entity paying for healthcare is not the entity that benefits from a more rapid return to work.
 * This study, https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/1783043, reported that hospitals would more often share the price of parking outside their facility than the price of an EKG within it.
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				A meniscal tear might be removed, repaired, or not treated at all. What might dictate the choice of treatment?
  
 A meniscal tear might cause local pain. (This is likely emanating from the joint capsule, as the meniscus has no pain-sensing nerves.) A meniscal tear might provoke swelling in the knee (effusions). A meniscal tear might also cause mechanical symptoms, such as catching or locking.
 A torn meniscus will also fail to provide the shock-absorbing, load-distributing and stabilizing tasks that a normal meniscus would.
 Then again, some meniscal tears cause no symptoms, and those that are symptomatic might quiet down on their own.
 In a young person without arthritis, the goal of treatment for meniscus tears is, foremost, to restore normal meniscal function: namely, absorbing shock and distributing the load of the femoral condyle across a broader surface area on the tibia.
 Because the loss of those functions leads to knee arthritis, any meniscal tear in a young patient that is amenable to meniscal repair should be repaired.
 The location of a meniscus tear is the major factor to determine if a tear is repairable. Peripheral (so called “red zone”) tears are most likely to heal; central (“white zone”) tears (usually) do not (Figure 1). That is because the blood supply to the meniscus enters it from the capsule at the periphery. That is, the peripherally-located red zone is the most perfused and the centrally-located white zone is the least perfused. The closer the tear is to the capsule, the more suited the tear is for attempted repair.
 [image: ] Figure 1: LEFT An axial view of the medial (red) and lateral (blue) meniscus atop the tibial plateau. The articular cartilage that is not covered by the menisci is shown in yellow, and the (cut) cruciate ligaments are shown in purple. RIGHT: the “red zones” of the menisci are shown (no surprise) in red. (modified from Gray’s Anatomy, https://en.wikipedia.org/wiki/Meniscus_(anatomy)#/media/File:Gray349.png Another consideration is the configuration of the tear (Figure 2). Meniscal tears are described as radial tears (those that start on the central margin of the meniscus and propagate peripherally), horizontal cleavage tears (those that lie within the meniscal tissue, parallel to the tibial plateau), and longitudinal tears (a top-to-bottom tear in the meniscus, the courses parallel to the capsule, perpendicular to the plateau).
 [image: ] Figure 2: A radial tear is highlighted in red, a horizontal cleavage tear is highlighted in blue, and a longitudinal tear is highlighted in green. (Courtesy: modified drawing courtesy of Dr. Matt Skalski, Radiopaedia.org, rID: 55569.) A bucket handle tear (Figure 3) is a specific form of a large longitudinal tear in which a large fragment is still tethered anteriorly and posteriorly, with the central piece flipped (like a bucket handle) into the intercondylar notch.
 [image: ] Figure 3: A bucket handle tear of the meniscus: the displaced fragment, tethered to the anterior and posterior aspects of the intact meniscus, is said to resemble the “bail handle” of a bucket, resulting in a loop that moves freely within two fixed mounts on the rim. (Courtesy: drawing courtesy of Dr. Matt Skalski, Radiopaedia.org, rID: 55569. Photo courtesy Wikipedia) Bucket handle tears are notorious for blocking motion and thus are more likely to need surgery. Because excision of a bucket handle tear will inevitably lead to a loss of a large amount of tissue, a repair is usually attempted even if the edges of the tear are within the white zone.
 The size of a meniscus tear is another factor determining whether a repair is attempted. The larger the meniscus tear, the more motivated we’d be to try to save it, as more meniscus will be lost if it fails to heal. Also, very small peripheral tears are apt to heal on their own.
 If a radial tear is to be treated, (Figure 4) it almost always must be excised (and not repaired) as these tears, by definition, involve the most central aspect of the white zone. (It is not possible to be further from the capsule!)
 [image: ] Figure 4: An arthroscopy photo of a radial meniscal tear: a metal probe is seen coursing from roughly the 7 o’clock position towards 1 o’clock to displace the free edge of the torn meniscus into the joint space. This displacement, which can occur during normal knee motion, is thought to be the source of symptoms. The displaced fragment can cause a catching sensation, but also by tugging on the remaining meniscus can irritate the (very sensitive) capsule to which the meniscus is attached at the periphery. (The red arrow indicates the force applied on the probe, which is displacing the beak of the meniscal tear and making its extent more apparent.) 
 
 
 Another final consideration is the “quality” of the tissue. If the torn piece of meniscus is badly damaged or macerated, excision is chosen, as the tissue is not likely to function even if the suture line were to heal.
 If the patient is older, and presumed to have at least some arthritis, treatment is dictated by the presence and severity of symptoms. Most surgeons would offer surgery sooner if there are so-called mechanical symptoms, such as catching, locking or blocked motion. In that case, partial meniscectomy is performed.
 Another reason surgery may be chosen is the presence of recurrent effusions. Typically, surgery is selected if the patient remains in too much pain despite a course of non-operative treatment.
 Note that if the joint is presumably not pristine and if there are no mechanical symptoms, it is certainly reasonable to defer operative treatment, as symptoms very well may resolve.
 Patients not given operative treatment are usually offered some combination of physical therapy, pharmacologic therapy (e.g. NSAIDs). Physical therapy is thought to be helpful to prevent stiffness and atrophy. It is also reasonable to select a course of doing nothing: benign neglect. Because some patients might have a bias against “doing nothing”, an invitation to participate in therapy help such a patient more willingly accept a non-operative approach.
  
 Additional Points to Consider
 For many years, the menisci were thought to be vestigial, serving no specific function; thus, surgeons routinely removed them. In 1948, Thomas John Fairbank published a paper, “Knee Joint Changes After Meniscectomy” in the Journal of Bone and Joint Surgery reporting that total meniscectomy produced squaring of the femoral condyles, peaking of the tibial spines ridging, and joint space narrowing. This form of arthritis is now known as “Fairbank’s changes.”
 Because a meniscal tear can cause arthritis, it’s common to see a patient present with both arthritis and meniscal tear. In those cases, it can be difficult to determine if the pain associated with a meniscus tear is from the tear itself, is part of an overall arthritic process, or is an incidental finding.
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		It is well known that if more tissue is resected in a lower extremity amputation, the metabolic cost of walking is greater. For example, the energy requirements for walking with a transfemoral prosthesis are significantly higher than walking with a transtibial prosthesis. Nonetheless, a surgeon addressing an irreparable distal tibia fracture (an injury close to the ankle) might nonetheless perform a below-the-knee amputation (at the proximal tibia). Why is it reasonable to remove more bone?

								

	
				It is well known that if more tissue is resected in a lower extremity amputation, the metabolic cost of walking is greater. For example, the energy requirements for walking with a transfemoral prosthesis are significantly higher than walking with a transtibial prosthesis. Nonetheless, a surgeon addressing an irreparable distal tibia fracture (an injury close to the ankle) might nonetheless perform a below-the-knee amputation (at the proximal tibia). Why is it reasonable to remove more bone?
  
 When deciding the level of amputation in adults, the surgeon’s goal is to optimize the patient’s rehabilitation potential.
 Factors that are important to the function of the residual limb are the soft tissue envelope, how the residual limb will bear load with the prosthesis and what type of prosthesis may be used.
 In general, the metabolic cost of walking is inversely proportional to the length of the remaining limb. That is to say, a longer residual limb carries a lower metabolic cost. Given that, a surgeon would–all things equal– prefer to perform an amputation at the most distal level possible.
 On the other hand, a far distal tibial amputation, just above the malleoli at the ankle, is less likely to heal well. It is also less likely to accommodate a prosthesis.
 Thus, if a patient sustains a very severe injury of the distal tibia requiring amputation, it may be better to perform a traditional below the knee amputation. The additional metabolic demands of the shorter residual limb would be offset by better healing and better potential for rehabilitation.
 The optimal length of a below the knee amputation leaves approximately 12-15 centimeters of residual tibia bone (as shown in Figure 1).
 If the residual limb is too short, there is a loss of leverage and the knee will lack power; also, a significant flexion contracture might develop.
 Alternatively, if much more than 15 centimeters is retained, there is limited soft tissue to cover the bone. (At this level of the leg, the bone is surrounded by tendons, not muscles, which limits the healing of the soft tissue envelope.)
 Also, if the residual limb is too long, the prosthesis might not clear the ground.
 [image: ] Figure 1: the optimal length of a below the knee amputation leaves approximately 12-15 centimeters of residual tibia bone (courtesy Indian J Plast Surg. 2019 Jan; 52(1): 134–143.) Ensuring there is an adequate amount of soft tissue padding at the end of the residual limb will reduce the risk of skin breakdown with prosthetic use.
  
 Additional Points to Consider
 In the US, approximately 80% of amputations are for vascular disease. For vascular disease, the level of amputation is determined by where blood flow is present or not, and in turn an area’s potential for wound healing. Thus the level of amputation for vascular disease may not follow the outline above.
 Note that a trans-metatarsal (partial foot) amputation might impose greater energy costs than a trans-tibial amputation, even though in the former far more bone is retained. That is because even though much more of the limb is preserved, the remaining foot is too short to provide any power in push-off and there is not enough space to allow for a functional, energy-transmitting prosthesis (Figure 2). The net effect is that more energy is needed to walk.
 [image: ] Figure 2: A prostheses for a below the knee amputation can be designed to store energy on impact and help propel the body forward on the next step, thereby decreasing metabolic demand. (from Laboratory- and community-based health outcomes in people with transtibial amputation using crossover and energy-storing prosthetic feet https://doi.org/10.1371/journal.pone.0189652) 
 Reference:
 Energy Expenditure of Walking with Prostheses: Comparison of Three Amputation Levels https://doi.org/10.3109/03093640903433928
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				If you have right hip arthritis and are forced to carry a heavy suitcase, which hand should be in?
  
 Because an arthritic joint hurts more when it is loaded, it follows that an individual with hip arthritis would like to minimize the load on that joint. That means people with hip arthritis would like somebody else to carry their suitcases. But let’s say a person with one bad hip (in this example, the right side) has no choice and must carry something heavy. Should the person carry it on the right (bad) or left (good) side?
 A glib (and correct) answer is that the weight should be carried on the side which minimizes forces across the painful (right) hip. But that leaves unanswered, which side is that?
 The correct answer is to carry the heavy object on the same side as the painful, arthritic hip. The reason is that this produces lower joint reactive forces.
 (What follows is probably the most complex (and longest) answer of all in the set. There are a lot of worthwhile concepts discussed here, so please dive in!)
 When standing on two feet, the load on each hip joint is 1/2 of the individual’s body weight (i.e. half on each side). That should be obvious. What might not be obvious, is when an individual is standing on one leg (even without moving) the force at the hip articulation is not equal to total body weight but rather multiples of that due to the pull of the abductor muscles which are working to prevent the body from tipping over.
 When one leg is off the ground, if unopposed, gravity would have the person tip toward the side of the lifted leg. Luckily, however, there are forces that may pull in the opposite direction (hip abductor muscles). This is “luckily” in the sense that it keeps the person upright even with one leg lifted; it can be considered “unluckily” in that this generates a lot of force on the affected hip.
 Critically: the load on the hip joint when standing on one leg is the sum of body weight and the forces needed to balance.
 To see why, you first have to keep in mind the image of a seesaw (also known as a teeter-totter) shown below in Figure 1.
 [image: ] Figure 1: Although the weight on the left side (W-1) is twice that on the right (W-2), the seesaw is in balance because the distance between W-2 and the fulcrum (D-2) is twice that of D-1. Two children of different weights can balance on a seesaw if the lighter child sits farther from the fulcrum. A seesaw is balanced when the weight on one side, multiplied by the distance from the center fulcrum, is equal to the weight on the other side, multiplied by its distance from the center fulcrum.  In technical terms, the torque generates on each side is weight x distance, and when (W-1 x D-1) is equal to (W-2 x D-2), the net torque is zero.
 The next thing to consider (when thinking about how the arthritic hip is happier when the total load is lower) is the sum of the weights on a balanced seesaw.
 A weight of 25 pounds set 4 feet away from the fulcrum, for example, can be balanced by a similar 25 pounds 4 feet from the fulcrum on the other side: the total weight on the fulcrum would now be 50lbs. Alternatively, a weight of 25 pounds set 4 feet away from the fulcrum could be counter-balanced by a weight of 50 pounds that was placed 2 feet from the fulcrum on the other side. This arrangement, however, results in a greater total load at the fulcrum (50lbs plus the counter weight of 25 lbs = 75lbs).
 If would like to minimize the total load on the fulcrum we would prefer that the initial 25 pound weight were balanced by another 25 pound weight at 4 feet, and not 50 pounds at 2 feet. Needless to say, if the fulcrum were the hip joint, and if that joint was arthritic, we would like to minimize the total load.
 Now consider the following simplified free body diagrams:
 [image: ] Figure 2 
 
 In Figure 2, a “free body diagram” representing forces about both hips in normal, two-legged stance is shown. Note that the figures used are drawn to represent the anatomic position of the lower extremities in standing. Here, F[B] = weight of body (situated in the body’s center of gravity, around the umbilicus) is balanced between the right and left fulcrums representing the right and left legs. The force on each hip would be one half of body weight.
 [image: ] Figure 3 In Figure 3, we now see a free body diagram representing standing on one (right) leg. If there is no balancing “left leg force” (because the left leg is lifted while walking), one’s center of mass would tend to tilt the body away from the right hip towards the left side. The hip is accentuated in red in this figure to highlight the analogy to a “seesaw” and a curved blue arrow is added to represent the body’s tilt around the hip.
 To prevent such a tilt, a counter-balancing force (F[AB])  is needed on the right hip, as shown in Figure 4. “F[AB]” is generated by the abductor muscles (gluteus medius and minimis). In this figure, the counterforce “F[AB]“ is acting against “F[B]” in single right-leg stance and keeping the seesaw in balance. 
 [image: ] Figure 4 You will notice, first, that “F[AB]“ must be greater than “F[B]” as its lever arm (also known as “moment arm”) is shorter. Just as a seesaw can balance two children of unequal weight by varying their distance from the center, the body can be balanced by unequal forces set at proportionally unequal distances from the fulcrum. As a ballpark estimate, “F[AB]“ is about two times “F[B]” because the lever arm is half as long.
 The second thing to notice is that if you were to put a sensor inside the right hip joint itself, the total force would be the sum of “F[AB]” and “F[B]”. That sum is what the hip “experiences”; it is called the “joint reactive force.”
 Simply put: the forces at the hip articulation when standing on one leg are far greater than body weight (approximately three times greater in our example). Considering that when standing on two legs the force is normally only half of body weight on each, the total force witnessed by the joint when standing on one leg is six-fold greater.
 Next, we consider adding a load (in this case, a suitcase) at the side of a patient with right-hip arthritis.
 If held on the left (the “good” side): If the patient were to hold the suitcase on the left side, there is an even greater tendency to tip leftward, so more counteracting force would be required to keep the patient from tipping to the left when standing solely on their right leg. Therefore, holding on the left would increase force across the arthritic joint and cause increased pain for our patient: not a great solution. This is depicted by the larger box in Figure 5. The free body diagram demonstrates increased counterforce (F[Ab]) of holding a suitcase on the same side of the good limb, where F[Sc] represents the force of the suitcase and the larger F[Ab] box represents the greater counterforce required about the arthritic hip. The total joint reactive force –what the hip perceives– is the sum of the load: F[AB]  + F [extra] + F[B] + F[Sc]. This is shown in Figure 5.
 [image: ] Figure 5 If held on the right (the “bad” side): If the patient holds the suitcase on the right side, the patient is required to generate less abductor force to counteract the gravitational pull toward the lifted left leg. This is shown in the free body diagram in Figure 6. As shown, a lower counterforce (F[Ab+]) is needed when holding a suitcase on the same side of the good limb, as F[Sc], now on the right side, helps prevent tipping. The reduction in force as, compared to the original abductor force, is highlighted in the circle.
 The total joint reactive force is now: F[AB] + F[B] + F[Sc]. as shown in Figure 6.
 [image: ] Figure 6 Note that the above diagrams are simplified to show the net resolution of the vectors and not the vectors of muscle action about the hip. (For a more precise description of these forces, please read the original article Tan V., Klotz M.J., Greenwald A.S., Phil D., Steinberg M.E. Carry it on the bad side! Am J Orthop. 1998 Oct; 27(10):673-7.)
 In review, although it may seem intuitive to hold a heavy object on the side opposite to the damage, a patient with hip arthritis should hold any weight in the hand ipsilateral to their “bad” side. This generates less force, and therefore less pain, across the joint.
  
 Additional Points to Consider
 	What about a cane? This is a similar question with the opposite answer; the cane should be held in the hand opposite to the painful hip. The concept is the same: by preventing a tip-over to the left, less abductor force (and thus less total load) is needed. Observing a patient holding a cane in the “wrong” hand might help differentiate true pain from malingering, because the naive assumption (right hip pain = cane in right hand) is not correct.
 	The answer here also explains the so-called “antalgic gait,” or limp from hip arthritis. As noted, great forces are needed to prevent tipping to one side when the leg on that side is off the ground –and those forces load the hip a lot and ideally are avoided. One strategy is to not use those forces at all, and tip freely. Of course, one does not want to actually fall, so to counteract the tipping to the left, say, a person with a bad right hip will rock or lurch to the right when standing on the left leg, to overshoot the neutral point. Then, when standing on the right leg, the person will indeed tip to the left, but he or she will be starting from an exaggerated position, such that there is sufficient time to get the left leg back on the ground. This is the same gait pattern seen among patients with weak abductor muscles (known as Trendelenberg gait). Here, the patient rocks to the right not because firing the right-sided abductors will be painful, but simply because those muscles do not function properly. Without the exaggerated rock, the patient will fall to the left when the left leg is off the ground.
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				Define the parameters that allow you to describe a long bone fracture pattern over the phone.
  
 Accurate clinical description of a fracture is vital for medical communication as well as clinical decision-making regarding management of the injury.
 There are four main components to fracture description: (1) location (region) within the bone, (2) fracture pattern, (3) displacement and (4) soft tissue envelope, each of which are expanded upon below.
  
 Location in the bone
 	Physis (growth plate in growing child) or “Physeal scar” (once growth plate fuses in adult), Shown in red. A fracture occurring in this area would be described as a “physeal fracture”.
 	Epiphysis: the ends of the bone forming part of the joint articulation, Shown in green. A fracture occurring in this area would be described as an “epiphyseal fracture”.
 	Metaphysis: the “flared” portion of the bone between the epiphysis and the shaft, Shown in purple. A fracture occurring in this area would be described as a “metaphyseal fracture”.
 	Diaphyseal: The shaft of the long bone. This is further categorized as proximal, middle, or distal diaphysis, Shown in yellow. A fracture occurring in this area would be described as a “diaphyseal fracture”.
 
 [image: ]Figure 1: Regions of the bone.  
 Fracture pattern
 	Transverse: Fracture line is perpendicular to the axis of the bone (Figure 2)
 	Oblique: Angular fracture line, caused by angular or rotational force (Figure 3)
 	Spiral: Complex multiplanar fracture line caused by rotational force (Figure 4)
 	Comminuted: More than two fracture fragments (Figure 5)
 	Segmental: Separate segment of bone bordered by distinct fracture lines (Figure 6)
 	Depressed / Impacted: Impaction of bone at the joint surface (Figure 7)
 	Avulsion: A (usually small) segment of bone that  is pulled off (“avulsed”) by the attachment of a tendon or ligament (Figure 8).
 
 [image: ]Figure 2: Transverse Fracture. (modified from Radiopaedia.org, rID: 6387) [image: ]Figure 3: Oblique Fracture. (Case courtesy of Dr Benoudina Samir, Radiopaedia.org, rID: 22120) 
 
 
 [image: ]Figure 4: Spiral Fracture. (Case courtesy of Dr Jeremy Jones, Radiopaedia.org, rID: 8800) 
 
 
 
 [image: ]Figure 5: Comminuted Fracture. (Image courtesy of Radiopaedia.org, rID: 46134) 
 
 
 [image: ]Figure 6: Segmental Fracture. (Image courtesy of Radiopedia 
 
 
 
 [image: ]Figure 7: Depressed Fracture. (modified from Case courtesy of Dr Ian Bickle, Radiopaedia.org, rID: 26731) (The depressed fragment is shown in red) 
 
 
 
 [image: ]Figure 8: Avulsion Fracture (modified from Radiopaedia.org, rID: 33628). Here there is an avulsion fracture of the 5th metatarsal, shown in red. The bone has been pulled apart by the force of the peroneus brevis, shown in blue. 
 
 
  
 Displacement
 Nondisplaced: fracture fragments are in full contact and in anatomic alignment.
 Displaced: fracture fragments are not in anatomical alignment
 (Note the direction of displacement is described as the direction that the more distal fracture fragment has moved relative to the more proximal fragment).
 Displaced fractures are further described as:
 	Distracted: fracture fragments are separated by a gap,
 	Translated: side-to-side displacement, usually stated in millimeters or as a percentage of the size of the bone at fracture site. Figure 9 shows a tibia fracture with lateral translation of approximately 40% of the diameter of the bone at that location.
 
 
 [image: ]Figure 9: Displaced transverse diaphyseal tibia fracture, with approximately 40% lateral translation. 	Angulated: Described based on the direction of distal fragment, relative to the midline.
 
           If (as shown in Figure 10) the distal fracture fragment is lateral, the fracture is said to be “valgus”.
 [image: ]Figure 10: Comminuted metaphyseal distal tibia fracture, displaced into valgus (distal fragment is lateral). 
 
 
 The complementary term is varus, where the direction of distal fragment is medial, as seen in Figure 11.
 [image: ]Figure 11: Spiral meta-diaphyseal (extending into both metaphyseal and diaphyseal segments) distal tibia fracture, displaced into varus (distal fragment is medial).  
 
 Soft Tissue Envelope
 	Closed: skin/soft tissue over and near fracture is intact,
 	Open: skin/soft tissue over and near the fracture is lacerated or abraded; the fracture is exposed to the outside environment. (The older term for this is a “compound fracture”.)
 
 Additional descriptive terms:
 	Periarticular: near and likely involving a joint,
 	Pathological: underlying bone is not normal (e.g., tumor),
 	Greenstick/buckle: partial fractures in children.
 
  
 NOTE: The precursor of all nomenclature is the name of the bone — it is imperative to learn them all. Some are easy (femur), some are obscure (medial cuneiform), some have two names (the trapezium is also known as the greater multangular), some appear twice (e.g., the navicular, also known as the scaphoid is found in the wrist and foot – though many use the word navicular to denote the bone in the foot, and scaphoid in the wrist). The names of the bones must be mastered. Describing a “fibia” fracture will make you sound at best ill-informed.
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