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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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		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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		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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		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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		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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		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.
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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 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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		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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		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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		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.
 
	

			
			


		
	