Introduction to the Sinai Pediatric Orthopaedic Rotation for University of Maryland Orthopaedic Residents  (revised January 2009)
Message from Dr. Herzenberg:

Welcome to the 10 week Pediatric Orthopaedic Rotation at Sinai Hospital! Your goal during these 10 weeks is to get a broad exposure to common pediatric orthopaedic problems. During your rotation, you will also be exposed to many unusual and rare pediatric orthopaedic conditions, both in the clinic and the OR. These should serve as starting points for discussion and further reading. 
You will be working with three attending surgeons (Dr. John Herzenberg, Dr. Shawn Standard, and Dr. Dror Paley) all of whom are fellowship trained, and active members of the Pediatric Orthopaedic Society of North America. In addition, you will be spending one day per week on the Orthopaedic Oncology Service with Drs. Levine and Aboulafia. It is your responsibility to determine one week ahead of time which day or which two half-days you will be on the Orthopaedic Oncology Service. This may change from week to week depending on the specific schedule of offerings. 
Your assignments on the Pediatric Orthopaedic Service will be determined by the Administrative PA, who has specific instructions to assign you to only pediatric cases and clinics. While in clinic, there may be some adult patients waiting to be seen. Please leave the adult cases for other fellows and podiatry residents. Your job is to see children only. Likewise, your O.R. assignments should be pediatrics only, unless the case is a residual of a pediatric orthopaedic problem in an adult (for example a young adult with Blount disease undergoing tibial osteotomy)
Didactic sessions are mandatory, and include a weekly Tuesday 6AM teaching conference on mainly orthopaedic pediatric topics, a weekly Thursday 7AM preoperative conference and a monthly  Orthopaedic Grand Rounds (4th Tuesday at 5PM).
This syllabus (attached) should be the core of your didactic reading. This modified from the Core Curriculum offered on the POSNA website. It is also available on the shared “R” drive on the UMOA server.  In addition, you should read selectively from from Wenger and Rang’s Art and Science of Children’s Orthopaedics. This highly readable textbook belongs to Dr. Herzenberg, but is passed from resident to resident each rotation. For more in depth information on specific conditions, you will need to look in more comprehensive texts such as Tachdjian’s, or Lovell & Winter, and specific sources from PubMed. Learning orthopaedics is an apprenticeship, but there must also be didactic and self directed study. All three elements are essential. You will be evaluated at mid-rotation and at the end of your rotation.
Each rotating resident is expected to produce a didactic PowerPoint lecture on a Pediatric Orthopaedic topic, for the Tuesday Teaching Conference. Please discuss your topic selection with Dr. Herzenberg and with the Administrative Chief Fellow (who organizes the Tuesday Conferences). Every week, you will be assigned cases to prepare for pre-op conference. The Administrative Chief Fellow will assign you pediatric cases only. When you first arrive, please see Madeline Bacon, our education coordinator, to get oriented, for an ID badge, and for a dictation code number.

If you have interest and time, there are possibilities for you to do a small research project or case report. Please let me know at the beginning of your  rotation if this is of interest. Most important, if you have any questions or concerns about your rotation, please let me know. Our goal is to mke this a positive learning experience, and to give you the essential tools and knowledge to help you on your Boards as well as in your practice.

                                                                                                        -JEH
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Our Core Curriculum page has been redesigned to allow you to more quickly and efficiently access our library of articles.

The new navigational menu can be hidden and unhidden simply by clicking on the category links on the right of the menu. To navigate the articles, click on either the "General" or "Regional" categories and a list of sub-categories will unfold. Click on the sub-category you wish to view articles on and a list of articles will unfold. To close a sub-category or category, just click on the title of the category or sub-category and it will fold back up.

Click on the sub-category you wish to view articles on and a list of articles will unfold. 

General Category 

General Category
· Normal Growth & Development 
· Genetics 
· Congenital Deficiencies 
· Skeletal Dysplasias 
· Diseases of Muscle 
· Blood Dyscrasias 
· Benign Tumors 
· Malignant Tumors 
· Endocrine & Metabolic 
· Infection 
· Trauma 
· Miscellaneous 
· Neurologic Disorders 
Normal Growth & Development

Normal Growth & Development 

· Prenatal Testing 

· Growth 

· Developmental Milestones 

· Enchondral Ossification 

· Intramembranous Bone Formation 

· Muscle Growth 

· Timing of Ossification Centers 

· Timing of Secondary Sexual Characteristics 

· Walking Gait 

Prenatal Testing

Prenatal testing

Objectives 

1. Describe currently available methods used to obtain samples or images for prenatal testing 

2. List 2 disorders of orthopaedic interest which can be detected with prenatal testing 


Discussion points 

1. Should prenatal testing be under legislative control? 


Discussion 
Since the 1960's amniotic fluid has been cytogenetically analyzed. Amniocentesis consists of aspirating amniotic fluid, which is largely fetal urine. Cells are separated by centrifugation and analyzed. A wide variety of chromosomal disorders (Down syndrome), neural tube defects (myelomeningocele), metabolic defects (homocystinuria, Lesch-Nyhan syndrome, X-linked muscular dystrophy, Charcot-Marie-Tooth) can be detected by prenatal testing. Amniocentesis is generally not performed until the 16th week of pregnancy, due to the small amount of amniotic fluid before that time. There is a small but definite risk associated with amniocentesis. Chorionic villus sampling, analyzing tissue which forms part of the placenta, can be performed at 9-12 weeks. Ultrasound and fetoscopy provide anatomic information, but fetoscopy carries a 2-5% risk of spontaneous abortion. In vitro fertilization allows testing of a single cell at the 6-10 cell stage of the preimplantation embryo. The embryo can then be implanted in vivo. This field is rapidly growing, and there is a journal specifically devoted to prenatal diagnosis. Prenatal screening is generally restricted to populations at special risk (advanced parental age, child with neural tube defect, etc.). Issues related to prenatal testing are sensitive, and have been the subject of intense and emotional debate in the United States. 

Growth

Growth

Objectives 
1. Discuss the rate of growth in height and weight at different ages prior to skeletal maturity 

2. Discuss changes in body proportion that occur with growth 

3. Describe the development of sagittal plane posture 

4. Describe a simple method for estimating growth remaining in the lower limbs of boys and girls 


Discussion 
At birth, the baby is about 50cm long, or about 5000 times larger than the human ovum. By skeletal maturity, height may be 175 cm, or over three times of length of the baby. The rate of height and weight increase is uneven prior to the adolescent growth spurt (man is apparently alone in this arrangement), with a pronged period of relatively quiescent growth until the pubertal spurt. In general, there is a higher growth rate the first couple years of life, which is followed by a slower rate. By age 2, the toddler is about one-half of the ultimate height. Individual height measurements, however, even in a child may be influenced by the time of day the measurement is made, even children lose discal height during the day. Posture has a further effect. Standardized charts are available for determination of progress in height and weight. Generally, measurements within two standard deviations are regarded as normal; which by definition makes 1 child out of 33 abnormally short or tall. Gain in weight generally follows the same pattern as gains in height, with an adolescent spurt. 

Body proportions are substantially different from birth to adulthood. The head is disproportionally large at birth, with a ratio of head height to total height of 1: 4. At adulthood, the ratio is 1: 7 1/ 2. The lower limbs account for 15% of total height at birth, and about 30 % in the adult. There is thus a downward shift in the center of gravity, from about T12 in the infant to about L5 in the adult. In the adolescent growth spurt, the feet and hands initially accelerate, then the calf and forearm, then hips and chest, and then the shoulders. Last of all is the trunk and depth of the chest; there is about a year between the peak height velocity of the lower limbs and that of the trunk. The spurt in trunk length is greater than the spurt in lower limb growth, so the increase in height in the adolescent growth spurt is more derived from the trunk than the limbs. Gender differences in growth become evident during adolescence with proportionally greater growth of the male shoulders and the female pelvis. 

In the sagittal plane, the entire infant spine is kyphotic. By 6 months, cervical lordosis develops. At about a year of age, the secondary lumbar lordosis develops. 

Westh and Menelaus describe the following method of assessing growth remaining: 

• Girls stop growing at 14, boys at 16 
• Distal femur grows 10mm/ yr 
• Proximal tibia grows 6mm/ yr 

Developmental Milestones

Developmental Milestones

Objectives 

1. Describe the neurodevelopmental exam of the term newborn 

2. List essential "normal" developmental milestones up to age 3 


Discussion 
A comprehensive knowledge of "normal" is necessary before one can assess deviations from normal. There is an extensive literature on developmental pediatrics, from which is distilled an essential knowledge base for the orthopaedic surgeon. 

The term newborn should have the following reflexes: 

1. Sucking reflex -elicited by placing a finger into the mouth. 

2. Eye blinking to a sharp noise or bright light. 

3. Moro. -elicited by holding the baby 45 degrees to the bassinet and letting the head fall back, followed by abduction of the shoulders and extension of the elbows. 

4. Grasp -elicited by placing the examiner's finger into the palm from the ulnar side, followed by grasp of the baby's fingers around the examiner's finger. The examiner's finger is raised toward the ceiling, the baby holds the examiner's finger and momentarily hangs on. 

5. Withdrawal reflex -The lower limb flexes and moves away from a noxious stimulus on the plantar surface of the foot. 

6. Plantar response -Stimulating the distal portion of the lateral foot elicits plantarflexion. 

7. Foot placement reaction -Placing the baby against the edge of a table so the anterior distal tibia is against the table; the baby's leg being stimulated steps onto the table. 

8. Extensor thrust -When the plantar surface of the foot is placed against a table, the legs extend. 

9. Tonic neck -Rotating the head to one side elicits abduction of the shoulder and extension of the elbow on the side toward which the face is rotated, and abduction of the shoulder with flexion of the elbow on the side toward which the occiput is facing (fencer's position). One rarely sees full extension of the elbow. 

10. Neck righting reflex -Turning the head causes the body to turn toward the same direction. 


The following are some essential milestones: 

•  Birth -with ventral suspension (baby held off the table by the examiner's hand under the abdomen), elbows flex, hips partly extend, head dangles.

•  6 weeks -with ventral suspension, head momentarily up to level of trunk. 

•  12 weeks -with ventral suspension, head held above level of trunk. 

•  6 months -when prone, weight on hands. Sits with support. Holds bottle. 

•  9 months-pulls to standing. Uses opposition of thumb to finger to pick up small object. 

•  12 months -walks independently or with hand support. Begins to throw objects to floor. 

•  2 years -climbs steps, kicks ball, turns door knob. 

•  3 years -stands on one foot for a few seconds. Climbs stairs, one foot per step. 

Enchondral Ossification

Enchondral ossification 

Objectives 

1. List and describe the zones of the growth plate 

2. Describe the vascular supply to the growth plate 

3. Describe the composition of the matrix in the different zones of the growth plate 

4. Describe the activity in the primary and secondary spongiosa 

5. Describe the structure and function of the groove of Ranvier and the ring of LaCroix 

Discussion points 

1. What type( s) of collagen is (are) found in growth plate cartilage cells? 

2. What is funnelization? 

Discussion 
The growth plate is bounded by the epiphysis on one side and the metaphysis on the other. There are three zones in the cartilaginous component -reserve (or germinal), proliferative, and hypertrophic. Only the reserve layer has a vascular supply, via the epiphysis, with the vessels terminating at the upper end of the proliferative zone. The capillary loops of the metaphyseal vessels end at the last cartilaginous transverse septum of the growth plate at the metaphyseal interface. The periphery is supplied by metaphyseal and periosteal vessels.

The cells of the reserve zone have a well-developed endoplasmic reticulum indicative of protein synthesis but there is little cellular proliferation or matrix production. Oxygen tension is low. The proliferative zone is characterized by linear columns of chondrocytes. Cell division and enlargement (growth) along with matrix production occur here. This area is metabolically active, with the highest oxygen tension. Glycogen is synthesized aerobically and stored. There is a complex regulatory loop for conversion of proliferative cells to hypertrophic cells. Receptors for parathyroid hormone related protein (PTHrP), and parathyroid hormone in several tissues including proliferating chondrocytes. 

The cells enlarge 5-10 times in the hypertrophic zone, remaining viable until the end of this layer. There is a high content of glycolytic enzymes and matrix production. The cells closest to the proliferative region the cells enlarge and begin to consume their glycogen. The mitochondria start to store calcium. In the middle zone of the hypertrophic layer, the cells start to disintegrate, oxygen tension is low, and the metabolism is catabolic, with depletion of glycogen stores. The mitochondria in the cells adjacent to the metaphysis release calcium; calcium and matrix being essential to the zone of provisional calcification, which consists of longitudinal bars of calcified matrix. The major collagen in the hypertrophic zone is Type II, although the terminal chondrocytes also produce and secrete Type X collagen into the matrix.

In the metaphysis, the mineralized cartilaginous matrix of the zone of provisional calcification is absorbed as the lacunae of the dead chondrocytes are invaded by vessels. The vessels deliver osteoblasts, which line the calcified longitudinal septae and lay down osteoid on the calcified matrix. This region, with bone matrix on calcified septae is the primary spongiosa. When the residual calcified septae have been completely removed by chondroclasts and osteoclasts, lamellar bone forms, and this region is known as the secondary spongiosa. 

The growth plate is surrounded by the fibrous perichondrial ring of LaCroix and the ossification groove of Ranvier. The perichondrial ring contains a thin extension of metaphyseal bone and circumferential collagen fibers that provide stability to the growth plate. The ossification groove is a wedge shaped collection of cells pushing into the reserve and proliferative regions of the growth plate. This structure appears to supply cells for the reserve layer, and also expands the diameter of the growth plate. 

An extremely important metaphyseal function in remodeling. Osteoclasts start to remove bone from the periphery of the metaphysis virtually as soon as it is formed producing a phenomenon called funnelization. As this area is being so actively resorbed, the metaphyseal bone here is more porous than the diaphyseal bone where the cortex is thickened by appositional bone growth. 

Intramembranous Bone Formation

Intramembranous bone formation

Objectives 

1. Define intramembranous bone formation 

2. Describe intramembranous bone formation 

3. List sites of intramembranous bone formation 

Discussion 
Intramembranous bone formation occurs at the periosteal surfaces of all bones and in parts of the skull, pelvis, scapula, and clavicles. Osteoblasts form subperiosteally, or when mesenchymal cells are induced to differentiate into osteoblasts. The osteoblasts form a matrix on the existing bony scaffold which calcifies and then ossifies, just as with enchondral ossification. The resulting growth is appositional, however, with intramembranous ossification rather than longitudinal. Osteoclastic activity on the deep side of the cortex remodels the bone with growth. 

Muscle Growth

Muscle growth

Objectives 

1. Describe the anatomy of a muscle 

2. Describe the embryology and postnatal growth of muscle 

Discussion points 

1. How are force and velocity related to muscle structure? 

2. What are the differences between type I and type II fibers? 


Discussion 
A muscle is composed of many multinucleated fibers called muscle fibers. Groups of fibers are characteristically placed into bundles known as fasiculi. The arrangement of fasiculi determines whether is muscle is pennate, bipennate, fusiform, or other form. Endomysium is the connective tissue between fibers, perimysium surrounds fascicles, and epimysium surrounds the entire muscle. The epiysium is continuous with the epitenon, or tendon sheath. Motor nerve fibers contain alpha efferents, which branch to supply the neuromuscular junction (motor end plate); and gamma efferents, which supply the muscle spindle. The muscle spindle is a specialized structure in the muscle that controls tension. Muscle is 75% water, and most of the rest is protein, actin or myosin. Muscle contracts by an elegant overlapping filaments of actin (the predominant component of the "I" band) and myosin (the predominant component of the "A" band). During contraction, the myosin filaments overlap the actin filaments, producing shortening. The "I" bands are divided by the dark "Z" lines. The distance between 2 "Z" lines comprises one sarcomere. 

Skeletal muscle originates from primitive mesenchymal cells, located in the myotome (contained in the somites). The mesenchymal cells differentiate into myoblasts, which by the seventh to ninth week are elongating and fusing to form primitive myotubes. Actin and myosin are forming by this time, and individual skeletal muscles are well formed by the tenth week. By the sixteenth week, new myotubes are no longer formed, and the histologic structure of the muscle does not change after that point. During childhood, muscle growth occurs by adding sarcomeres at the musculotendinous junction, which has been called the "muscle growth plate". Muscle repair and regeneration after injury follow a pattern very similar to the original embryologic development. At one year of life, muscle fiber diameter is roughly 30% of adult size, at 5 years, it is 50%. 

Type I fibers have a relatively slow contraction time, and fatigue less easily. Type II fibers, including 3 subtypes, have a faster contraction time, but fatigue more easily. Coding of fiber type is genetically determined, on chromosome 17. Training does not alter fiber type, but it can increase the size of fibers. In general, velocity of a muscle is also related to length (number of sarcomeres acting in series), and force is related to bulk (number of sarcomeres acting in parallel). 

Timing of Ossification Centers

Timing of ossification centers

Objectives 
1. List ossification centers present at birth 

2. Discuss the order of ossification centers about the elbow 

3. Describe age at appearance of the ossification center of the proximal femoral epiphysis; of the medial clavicular epiphysis 

4. Discuss the relationship of the Risser sign to skeletal maturity 


Discussion points 

1. What eponym helps in remembering the order of appearance of ossification centers about the elbow? 

2. What methods are available for estimating bone age? Upon what population are the data for these standards based? 

Discussion 
Ossification centers for the distal femur, proximal tibia, calcaneus, talus, and cuboid are often present at term birth. The distal femur, calcaneus, and talus are most constantly present, the proximal tibial epiphysis usually appears within 2 months. The proximal femoral epiphyseal ossification center appears at about age 6 months. 

The ossification center for the capitellum appears by about 8 months, the radial head at about age 3-4, the medial epicondyle at about age 5, the trochlea at about age 7, the olecranon at about age 9, and the lateral epicondyle at about age 11. The eponym for remembering these ossification centers is CRITOE, designating the order of appearance is Capitellum, Radial head, Internal (medial) epicondyle, Trochlea, Olecranon, and External (lateral) epicondyle. If one calculates the capitellum ossifies by age 1; and adds 2 years for the appearance of each successive ossification center, the scheme is not too far from accurate. 

The medial clavicular epiphysis is the last ossification center to appear, at about age 17 and fuses by age 25. 

Skeletal maturity may be assessed by analysis of the ossification centers of the hand, foot, knee, elbow, or pelvis. The hand is most often used. There are two systems of evaluating wrist bone age in use at present, the Greulich-Pyle and the Tanner-Whitehouse. The Greulich-Pyle has been used more by orthopaedists and was used by Green and Anderson in compiling their data for growth remaining in children nearing skeletal maturity. Since the Moseley straight line graph was based on the Green-Anderson data, the Greulich-Pyle system is correlated with that graph also. The two methods do not give equivalent bone ages. The Tanner-Whitehouse with computer assistance may be more reproducible, but it is more cumbersome to use. For the present, the Greulich-Pyle method is still standard for orthopaedic use, even though it was derived more than a half century ago on an exclusively white upper-middle class population. 

The Risser sign, which evaluates the size and configuration of the iliac apophysis, is often used to determine skeletal maturity in patients with scoliosis. It is convenient, as another film is not required for analysis. Several studies have evaluated the reliability of the Risser sign. Most, but emphatically not all, have been favorable in their assessment of reliability of the Risser sign. Posterior-anterior spinal radiographs apparently negate the value of the Risser sign. 

Timing of Secondary Sexual Characteristics

Timing of secondary sexual characteristics

Objectives 

1. Describe the relationship of Tanner staging to peak height velocity 

2. Describe the accuracy of other parameters to peak height velocity 

Discussion 
For optimum treatment of conditions such as leg length discrepancy and scoliosis, accurate assessment of progress through the adolescent growth spurt is very helpful. The Risser sign was long used as a guide to remaining skeletal growth for adolescents with idiopathic scoliosis, but recent data from the Texas Scottish Rite Hospital, along with other studies, cast doubt on the accuracy of the Risser sign as a guide to determining remaining growth. Tanner and associates have developed a sexual maturation scale, which is a much better guide to timing of peak height velocity. For girls, menarche generally occurs after the time of peak height velocity. A relatively easy way to correlate Tanner stages to peak height velocity is by stage of pubic hair development. Stage 4 development in both sexes implies that there is an adult hair pattern, but not to the extent of the adult pattern. Stage 3 is characterized by sparse, pigmented hair about the base of the penis or labia, and stage 5 implies that a fully adult pattern is present. In boys, peak height velocity occurs between stages 3 and 4. In girls, peak height velocity is temporally very close to stage 3, and menarche is temporally very close to stage 4. Breast development in girls and genital development in males have also been staged. This information can be distilled into knowing that boys in the early stages of sexual 
development have not yet reached peak height velocity; in girls, peak height velocity as around the time of increase in diameter of the areola, and early elevation of the breast. 

Based on the work from the Texas Scottish Rite Hospital, serial recording of height is the best parameter for determining peak height velocity. 

Walking Gait

Gait

Objectives 

1. Describe the normal gait cycle 

2. Describe the motion, ground reaction vector force, and the internal moment generated by muscle force for the hip, knee, and ankle in each phase of gait 

3. Describe mechanisms to lessen energy expenditure during normal gait 

4. Describe the development of mature gait 

5. Discuss the technology used by motion analysis labs 

Discussion points 

1. How much can you learn about a patient's gait without a motion analysis laboratory? 

2. What effect does an equinus contracture have on gait? A knee flexion contracture? 

3. Where is the center of gravity? 

Discussion 
While surprisingly sophisticated attempts at motion analysis have been performed for more than a century, motion analysis as a discipline has been in existence for a half century or less. Inman, in California, developed the first motion analysis laboratory; two of his residents, Jacqueline Perry and David Sutherland, largely developed the field. There are now a number of motion analysis laboratories in virtually all states. 

The goal of an efficient gait is a smooth progression of the center of gravity (located just anterior to the second sacral vertebral body) with minimal displacement in any direction during the gait cycle. The gait cycle is divided into stance and swing phases, with further subdivisions of each phase. The subdivisions are intuitively sensible. Stance phase is subdivided into initial contact, loading response, mid stance, terminal stance, and preswing. The swing phase is subdivided into initial, mid, and terminal swing. Each subphase is accompanied by a change in position, ground reaction force, and/ or internal muscular forces. Gait cycle analysis in this sense is essentially a sagittal plane function. At the hip, however, transverse and coronal mechanisms are critical. The hip is flexed at initial contact through loading response, neutral at midstance, and extended in terminal stance. During stance phase, the ground reaction vector force is an adduction moment, resisted by the gluteus medius. Before terminal stance, the ground reaction vector force is anterior, resisted by the gluteus maximus, when it passes posteriorly, it is resisted by the anterior ligaments. In the transverse plane, the pelvis is rotated forward at heelstrike, then rotates to a backward position over the limb at preswing. Inability of the hip joint to compensate for pelvic rotation will be evident in the gait pattern (lack of external rotation at heelstrike in a patient with femoral anteversion). 

During swing phase, the pelvis rotates forward (advances) and flexes. The knee is extended at heelstrike, flexes somewhat at loading response (this transient flexion is important in smoothing the excursion path of the center of gravity) when the ground reaction force is posterior to the knee joint, then extends again at midstance, through terminal stance. The ground reaction force is anterior until preswing, and the knee passively flexes as it is unloaded. In swing phase, inertia carries the knee into further flexion to aid clearing the limb, until it actively extends in terminal swing in preparation for heelstrike. The ankle is plantarflexed 10 degrees at heelstrike, with further plantorflexion dampened by the ankle dorsiflexors, aiding with shock absorption. At midstance, ground reaction tends to dorsiflex the ankle which is held rigid by the plantarflexors, controlling forward thrust of the tibia. Ground reaction continues to push the ankle toward dorsiflexion in terminal stance, resisted by the plantarflexors. The ankle passively dorsiflexes as it is unloaded in preswing. 

These actions serve to smooth the excursion of the center of gravity. The center of gravity is highest in midstance, lowest in terminal stance. The synchonous motion of hip, knee and ankle, facilitated by two joint muscles, also smooths the excursion. 

Normal gait matures in a stereotyped fashion. The toddler has abducted upper limbs, with extended elbows, and reduced knee flexion, with external rotation of the hip throughout the gait cycle. Progression during swing phase is by circumduction. By age 2, reciprocal arm motion begins, and there is a knee flexion wave in early stance, as in the adult. The adult pattern is achieved by age 7. 

Motion analysis laboratories use either video analysis with reflective markers on the body, or light-emitting diodes activated by a central computer. Neither system is without technical difficulties. All laboratories use a force plate located in the runway sensitve to forces in three planes. Dynamic EMG is performed with either surface or fine needle electrodes, the disadvantages of either method are obvious. Oxygen consumption measures efficiency. 

Even without a formal motion analysis laboratory, much information can be gleaned. Velocity, stride length and cadence can be timed and measured without a computer. Video recordings can be slowed or stopped to assess joint position in any phase of gait. Rotation is more difficult to document, a ceiling camera does this in laboratories. The strategy of focusing on a particular phase of gait during each walking cycle down the hall can pick up subtleties that might be overlooked by trying to observe all the components of gait simultaneously. Weakness can be analyzed in the same manner. 

Once the normal cycle is understood, the effects of weakness and contracture become more evident. With a fixed knee flexion contracture, the ground reaction force vector will not pass anterior to the joint during stance phase, so muscle activity must be greatly increased to prevent the knee from buckling. With an equinus contracture of the ankle, the knee will be forced into hyperextension during midstance and terminal stance, or the patient must vault over the leg, or compensate by increased knee and hip flexion, both of which increase energy consumption. 

Genetics

Genetics 

· Genetics 

· Chromosomal Disorders 

· Autosomal Dominant Disorders 

· Autosomal Recessive Disorders 

· Down's Syndrome 

· Ehlers-Danlos Syndrome 

Sex Linked Dominant Disorders 
Genetics

Objectives 

1. Define: genome, chromosome, gene, allele, intron, exon, codon, haploid, diploid, mutation, homeobox gene, transcription, translation, receptor, recombinant protein, karyotype, genotype, phenotype, penetrance, variable expressivity, anticipation, pleitropy 

2. Define the process by which genetic material is transferred from the nucleus to the synthesized protein 

Discussion 
A basic knowledge of the terminology of molecular biology and genetics is essential to the orthopaedist's ability to understand many of the conditions seen in children. As the genome project progresses toward its scheduled completion in 2003, an immense new body of knowledge is unfolding. It is not unreasonable to expect that this knowledge will dramatically change many longheld concepts of children's orthopaedic conditions. We already have a better understanding of many connective tissue disorders, and classification is becoming more logical based on genetic information (for example, Ehlers-Danlos syndrome has recently been reclassified in this manner). Thus, the orthopaedist must have the basic vocabulary to understand the ever-expanding knowledge base in this field. 

• Genome -the total DNA in an organism. In humans, the 23 chromosome pairs contain 80,000-100,000 genes, and a total of 6 billion base pairs (bonding the double helix of DNA) 

• Chromosome -single DNA molecule containing hereditary information 

• Gene -a group of base pairs in the chromosome whose sequence provides the information necessary for cells to synthesize a particular structural protein or enzyme (one gene -one protein) 

• Allele -alternate forms of a specific gene, may be maternal or paternal. If alleles are identical, organism is homozygous 

• Intron -noncoding portion of DNA. Contains promoter regions, regulatory elements, and enhancers. Comprises the majority of DNA 

• Exon -contain the code for the RNA of the transcribed template that will be used to produce the protein of the gene product 

• Codon -a 3 nucleotide sequence on DNA determining the formation of a specific amino acid 
• Diploid -cells with 2 sets of genetic material, one from each parent 

• Haploid -genetic material from a single parent (gamete) 

• Mutation -a permanent change, deletion, insertion, or rearrangement of base pairs bonding DNA helices. 

• Homeobox gene -establishes a molecular coordinate system that determines body design and arrangement 

• Transcription -transfer of genetic code from DNA to RNA. Exons are spliced together, introns are spliced out during this process which creates functional messenger RNA 

• Translation -process by which messenger RNA transports the code for a protein amino acid sequence from the nucleus to the site of cytoplasmic synthesis 

• Receptor -in the plasma membrane of cells, receptors bind with growth factor, hormones, or other proteins to induce a change in cellular behavior 

• Recombinant protein -the product of manipulation of segments of DNA and/ or RNA; the selected segments are recombined with other portions of genetic material and then introduced into the genome of an organism or cell to produce a recombinant protein 

• Karyotype -the complement of chromosomes for an organism. For humans, this contains 22 pairs of autosomes, and one pair of sex chromosomes 

• Genotype -genetic constitution at one or more loci 

• Phenotype -the detectable expression of the genotype 

• Penetrance -the probability that the phenotype will express the genotype 

• Variable expressitivity -different severities of phenotypic expression of the same genotype 

• Anticipation -worsening of phenotype in successive generations 

• Pleiotropy -diverse phenotypic manifestations of a single gene disorder 

The process by which genetic material is utilized to produce synthesis of protein is initiated by a complex signaling process which activates certain genes and suppresses others. Control of protein synthesis is an obviously crucial first step in the composition of a cell or organism. A "preRNA" molecule is transcribed from the DNA in the nucleus passing along the genetic coding information contained the trinucleotide segments (codons), each of which contains the information for a specific amino acid. Introns from the RNA molecule are then spliced out, leaving the remaining exons which form a continuous coding sequence. This is messenger RNA, which carries the genetic information from the nucleus to the ribosomes of the cytoplasm. This process is translation. Another type of RNA, transfer RNA, interprets the code on the messenger RNA and delivers the appropriate amino acid from the cytoplasm to the ribosome to be incorporated into the protein being synthesized. Subsequent post-translational modifications usually include proteolytic cleavages to achieve the final form of the protein. The finished protein is transported by a specialized protein known as a chaperone. 

It is by this process that mutations involving a single gene can have such a widespread effect. The best clinical example is evident in most forms of osteogenesis imperfecta. A variety of point mutations in the COLIA1 and COLIA2 genes result in transmission of genetic information producing faulty collagen with diminished mechanical strength

Chromosomal Disorders

Chromosomal disorders

Objectives 

1. Define: diploid (euploid), aneuploid, polyploid, monosomy, trisomy, translocation, duplication, deletion 

2. Describe mitosis 

3. Discuss the processes responsible for common chromosomal disorders 

4. Describe the chromosomal status of children with Down's syndrome 

5. Discuss the relationship between translocation and malignancy 

Discussion point 

1. How is chromosomal analysis performed? 

Discussion 
Chromosome disorders are common, and account for a large number of spontaneous abortions. The normal human cell is diploid, with 46 chromosomes present in each cell, including 2 sex chromosomes. Polyploidy refers to multiples of the number of chromosomes, and aneuploidy refers to a chromosome number that is nat an exact multiple of the haploid set. Cancer cells commonly demonstrate aneuoploidy. Monosomy refers to a condition where one member of a chromosome pair is absent, and trisomy to a condition where one chromosome is present in 3 copies. Parts of chromosomes may be displaced from their normal location by translocation, in which a chromosome segment is transferred to another non-homologous chromosome. Duplication implies that part of a chromosome is repeated, and deletion implies part of a chromosome is missing. 

Mitosis is the process of cell division. Prophase denotes that chromosomes are being replicated, in prophase, chromosomes become visible microscopically. In metaphase, the chromosomes are aligned at the equator of the cell; and in anaphase, the chromosomes migrate toward opposite poles. Cytokinesis begins during telophase. Chromosomal analysis of cells is most frequently performed during metaphase. A mitosis-inducing agent is added to cells (blood, skin, placental, etc.) and colcemid is then added to stop cells in metaphase. Advances in cytogenetic techniques now allow specific parts of chromosomes to be labeled, and make analysis more accurate. Symbols are used for chromosomal analysis, including "t" for translocation, "dup" for duplication and "del" for deletion. In patients with Ewing's sarcoma, translocation of material from the DNA binding domain of the FL 11 gene (11q24) with material from the transactivation domain of the EWS gene (22q12) occurs. This translocation is designated as t( 11: 22) [q24: q12]. 

Chromosomal translocations are the type of rearrangement most often seen with the malignant phenotype. Errors in mitosis or meiosis (division of genetic material of sex chromosomes) can result in trisomy or monosomy. Tetraploidy is lethal, as is trisomy in most instances. Trisomy 21, or Down syndrome, is the most common phenotype compatible with life. Monosomy of the X chromosome is expressed as Turner syndrome; trisomy of the sex chromosomes is expressed either as Klinefelter (XXY) or XXY syndrome. XXX syndrome results in a phenotypically normal female. Deletions of chromosome 15 are associated with Prader-Willi syndrome. Fragile X syndrome is characterized by the lower tip of the X chromosome appearing partially disrupted. 

Autosomal Dominant Disorders

Autosomal dominant disorders

Objectives 

1. Define autosomal dominance 

2. Describe the method of transmission of autosomal disorders, and the distinguishing features of a pedigree of an autosomal dominant disorder 

3. List 3 relatively common autosomal disorders seen in orthopaedic practice 

Discussion point 

1. What are common physical features of autosomal disorders? 

Discussion 
Autosomal dominant disorders are relatively commonly seen in orthopaedic practice. Affected individuals are heterozygous, with one normal and one mutated gene. Since the mutated gene determines phenotypic expression, the disorder is characterized as dominant. Homozygosity is generally fatal. Variable expressivity is characteristic of autosomal dominant disorders. Transmission is characterized by one half of offspring of affected individuals being affected, regardless of sex. Examples of autosomal dominant disorders are achondroplasia, pseudoachondroplasia, the multiple epiphyseal dysplasias, chondrodysplasias, osteogenesis imperfecta, Marfan syndrome, polydactyly, hereditary motor sensory neuropathies I and II (Charcot-Marie-Tooth disease), myotonic dystrophy, and neurofibromatosis. A common feature of autosomal dominant disorders is that they are structural disorders. While they may impair function and have some reduction in life expectancy, survival to at least reproductive age is the rule. 

Autosomal Recessive Disorders

Autosomal recessive disorders

Objectives 

1. Define autosomal recessive 

2. Describe the characteristics of a pedigree of an autosomal recessive disorder 

3. List 2 examples of autosomal recessive disorders 

Discussion point 

1. If autosomal dominant disorders tend to be structural problems, how would autosomal recessive disorders be characterized? 

Discussion 
Patients with autosomal recessive disorders are homozygous for the affected gene. Both parents, therefore must be heterozygous, or carriers, if there is no phenotypic evidence of the disorder. The risk of being affected with an autosomal recessive disorder with 2 heterozygous parents is 1: 4. Many autosomal recessive disorders produce inborn errors of metabolism, resulting from an enzymatic deficiency. Lysozomal storage diseases, which include the mucopolysaccharoidoses and Gaucher's disease are autosomal recessive disorders. Limb-girdle muscular dystrophy and Frederich's ataxia families demonstrate autosomal recessive patterns. Another important non-orthopaedic condition is cystic fibrosis. Consanguinity increases the chances of offspring with autosomal recessive disorders. 

Down's Syndrome

Down's syndrome

Objectives 

1. List diagnostic features of Down's syndrome evident on physical exam 

2. Describe features of the musculoskeletal system in children with Down's syndrome, including joint and bony abnormalities 

3. Describe hip dysplasia associated with Down's syndrome 

4. Describe the present data base for atlantoaxial instability in Down's syndrome 

5. List lifethreatening non-orthopaedic problems associated with Down's syndrome 

Discussion points 

1. Why is the unstable hip so difficult to treat in a patient with Down's syndrome? 

2. What joints other than the hip often cause difficulty for patients with Down's syndrome? 

3. Is routine radiographic screening of the cervical spine necessary for children with Down's syndrome before participation in the Special Olympics? 

Discussion 
Down's syndrome results from a trisomy of the 21 chromosome, which has recently been virtually completely mapped (Hattori). Common musculoskeletal problems include atlantoaxial instability (which has been extensively studied), hip instability; and to a lesser degree, patellofemoral instability, flat feet, and bunions. Children with Down's syndrome exhibit generalized ligamentous laxity. A postmortem study on fetuses with Down's syndrome demonstrated grachcephaly, deficient ossification of the nasal bones, and hypoplasia of the middle phalanx of the little finger. 

Non-orthopaedic problems include congenital heart disease (atrioventricular canal), bowel atresias, pulmonary hypoplasia, and vasculopathies of the basal ganglia. Almost 10% develop a 'transient leukemia" during the first months of life, and there is a greatly increased incidence of acute myeloid leukemia in the first 4 years of life. Mortality of children with Down's is markedly affected by congenital heart disease. 

The major orthopaedic problems are hip and upper cervical spine instability. The hip is difficult to treat, presumably from a combination of capsular laxity and bony dysplasia. Green has recently reported successful closed treatment in a small number of patients, although aggressive surgical management is usually recommended. Good results with total joint arthroplasty have been reported in adults with Down's syndrome. 

The literature on atlantoaxial instability is huge and conflicting. In 1984, the American Academy of Pediatrics recommended routine radiographic examination before participation in the Special Olympics, but reversed this recommendation in 1995, presumably as a result of papers similar to that by Ferguson, who found no difference in neurologic findings in children with Down's syndrome with increased C1-2 mobility compared with those who had a stable C1-2 articulation. This issue is presently unsettled. In addition, reports in the early 1990's detailed a high rate of serious complication following surgery to stabilize the C1-2 joint; more recent reports are somewhat more favorable, although the complication rate is still high. An unusually large bibliography accompanies this subject as the literature is so conflicted on the question of proper assessment and management of the upper cervical spine in the child with Down's syndrome. 

Ehlers-Danlos Syndrome

Ehlers-Danlos syndrome

Objectives 
1. Describe the major clinical features of Ehlers-Danlos syndrome 

2. Discuss the orthopaedic problems associated with Ehlers-Danlos syndrome 

3. Discuss the genetics of Ehlers-Danlos syndrome 

4. Discuss the factors underlying a high complication rate for bone and joint surgery in patients with Ehlers-Danlos syndrome 

Discussion point 

1. Might patients with undiagnosed Ehlers-Danlos syndrome initially present to an orthopaedic surgeon? With what types of problems? 

Discussion 
Ehlers-Danlos syndromes (note it is no longer officially a singular, but multiple syndromes) are a heterogeneous group of heritable connective tissue disorders characterized by joint hypermobility, skin extensibility, and tissue fragility. As clinical experience with Ehlers-Danlos syndrome accumulated, it was long evident that there was a great deal of variability in severity and expression of these disorders. Thus, a nosology was developed in which newly discovered types of the disorder would be categorized by a roman numeral, and 11 types were officially designated. Type I was the gravis type, Type II hypermobility, Type IV arterial-ecchymotic, Type VI ocular-scoliotic, etc. Joint hypermobility as an isolated disorder was often diagnosed as Ehlers-Danlos syndrome since the diagnosis was primarily based on phenotypic expression. With advances in molecular biology, a number of authorities proposed a new system of classification (Beighton, 1998) to better classify data and determine the natural history of the differing syndromes under the heading of Ehlers-Danlos. The new classification includes the following types: 

• Classical -autosomal dominant, skin hyperextensibility, widened atrophic scars, joint hypermobility. No consistent identifiable disorder in collagen, but deficient Type V collagen has been found in a number of families 

• Hypermobility -autosomal dominant, skin hyperextensibility, recurring joint dislocations, chronic joint/ limb pain 

• Vascular -autosomal dominant, thin, translucent skin, arterial/ intestinal/ uterine fragility or rupture, extensive bruising, characteristic facial appearance. Structural defect in type II collagen encoded by COL3A1.

• Kyphoscoliosis -autosomal recessive, generalized joint laxity, severe muscle hypotonia at birth, pregressive scoliosis, scleral fragility. Deficiency of lysyl hydroxylase, and recommended laboratory test is total urinary hydroxylysyl pyridinoline 

• Arthrochalasia -autosomal dominant, severe generalized hypermobility, hip dislocation. Deficient processing of Type A or Type B chains of collagen I, because of skipping of exon 6 in either gene. This may be determined by electrophporesis of dermal collagen. 

• Dermatosparaxis -autosomal recessive, severe skin fragility, saggin redundant skin. Deficiency of procollagen I N-terminal peptidase, electrophoresis can quantitiate. 


The knowledge base of Ehlers-Danlos syndromes is obviously in a developmental stage, and further genetic and molecular analysis will clarify some of the confusion resulting from the inability to accurately classify these syndromes. Obviously, depending on the type, vascular, skin healing, recurrent dislocation, and other complications will be more frequent when performing surgery on this group of patients. 

Sex Linked Dominant Disorders

Sex Linked Dominant Disorders

Objectives 

1. Describe the features of sex-linked inheritance 

2. Describe the method of inheritance of sex-linked dominant disorders, and the characteristics of a pedigree of a sex-linked dominant disorder 

3. List 2 sex-linked dominant disorders with orthopaedic importance 

Discussion 
Sex-linked disorders are a result of gene mutations located on the X chromosome. A characteristic of X linked dominant inheritance is that all of the daughters and none of the sons of an affected male are affected. Affected females transmit the disorder to one half of their children, regardless of sex (since the mother contributes one X chromosome to all children, the father only to daughters). There are only 2 conditions with this type of inheritance seen by the orthopaedic surgeon, hypophosphatemic (or Vitamin D resistant) rickets and Rett's syndrome. l. Rett syndrome is lethal in males at birth. 

Sex Linked Recessive Disorders

Sex Linked Recessive Disorders

Objectives 

1. Define sex-linked recessive 

2. Describe the features of the pedigree of a sex-linked recessive disorder 

3. List 2 sex-linked recessive disorders commonly accompanied by orthopaedic problems 

Discussion 
Sex-linked recessive disorders are of course carried on the X chromosome. As a recessive gene, phenotypic expression is evident only in the absence of the allelic unaffected X gene, another way of saying it can only be seen in males. All daughters of an affected male will be carriers, since they must acquire X genes from both parents. Males do not pass the gene to their sons. A carrier's sons have a 50-50 chance of acquiring the affected gene. 

Duchenne and Becker muscular dystrophy are now recognized as sex-linked recessive disorders originating from different mutations of the same gene. Carrier females may be identified by having elevated creatine phosphokinase levels. Another disorder with orthopaedic implications is classic hemophilia

Congenital Deficiencies

Congenital Deficiencies 

· Congenital Deficiencies of the Upper Limb 

Congenital Deficiencies of the Upper Limb

Congenital deficiencies of the upper limb

Objectives 

1. Describe the embryology and formation of the upper limb bud 

2. Describe the classification for upper limb deficiencies adopted by the American Society for Surgery of the Hand and the International Federation of Societies for Surgery of the Hand 

3. Discuss the timing of prosthetic fitting for failure of transverse formation 

4. Discuss strategies for management of failure of longitudinal formation 

5. Discuss strategies for management of failure of differentiation 

6. Define and discuss strategies for management of clinodactyly and camptodactyly 

7. Discuss the pathologic anatomy and strategies for management of delta phalanx 

8. Discuss the genetic transmission of ulnar polydactyly 

9. Define Madelung's deformity 

10. Describe the natural history of congenital trigger thumb 

Discussion 
Development of the limb bud is discussed under embryology. The upper limb bud is derived from the lateral plate scleroderm, with the apical ectodermal ridge first evident at the 4th week. Under the regulation of elaborate genetic control, especially the homeobox genes, limb formation is complete in the 8th week. The classification system developed by Swanson is now internationally accepted, and divides congenital anomalies into seven categories, failure of formation (transverse or longitudinal), failure of differentiation, duplication, overgrowth, undergrowth, constriction bands, and generalized skeletal abnormalities. A number of anomalies of the upper limb are associated with cardiac anomalies, hematologic problems, and VATER syndrome. Poland's syndrome includes hypoplasia of the pectoralis major. 

Failure of transverse formation is a congenital amputation, described by the affected region (midarm, proximal forearm, wrist, midhand, etc). The proximal forearm is most common. A passive prosthetic device is fitted by about 6 months to allow the child to incorporate the limb in development. Longitudinal deficiencies can involve either deficiencies of the radial or ulnar paraxial segments in varying degrees of severity. The radial deficiency, or radial club hand is more common, The thumb is usually deformed or absent. The most severe variety is most common. Treatment strategies include stretching and splinting for mild deformities and centralization of the ulna (usually by 1 year of age) followed by pollicization of the thumb for severe deficiencies. Ulnar clubhand is less frequent, and has less severe functional deficiencies so it is usually managed conservatively. Central deficiencies are known better as lobster claw hands, which can rarely be improved functionally. Failure of differentiation is manifest clinically as syndactyly, which is quite common, 1: 2000 live births. Surgery is generally planned for the first or second years of life depending on the complexity. Camptodactyly is a flexion deformity of the PIP joint, usually the little finger. Although surgical procedures are available, it is unusual that surgery results in meaningful functional improvement. Clinodactyly is lateral deviation of a digit. It is usually bilateral, usually involves the little finger, and is transmitted as an autosomal dominant trait. Treatment is seldom indicated. Delta phalanx is well described by the name; the epiphysis is triangular and the finger distal to the delta phalanx is angulated. This condition is sometimes known as a longitudinal epiphyseal bracket, as the physis is bracketed between the two ends and tethered on the shorter side. Treatment in the hand has been confined to osteotomy; Mubarak has described division of the bracket in the great toe. Congenital trigger thumb is fairly common. About 30% of trigger fingers detected at birth will resolve spontaneously, so surgery should be deferred at least until after age 1. Surgery is identical to that performed for trigger finger at any age. Duplication of any ray in the hand is possible, it is most common on the ulnar side; the incidence of this duplication is 1: 300 in the black population. Treatment varies in difficulty depending on the amount of the ray duplicated. Madelung's deformity is characterized by ulnar and volar tilt of the distal radial epiphysis, with an early fusion of the distal ulnar physis. Similar abnormalities can be seen with a number of the chondroplasias and Ollier's disease. 

Skeletal Dysplasias 

Skeletal Dysplasias 

· Achondroplasia 

· Arthrogryposis 

· Infantile Cortical Hyperostosis 

· Multiple Epiphyseal Dysplasia (MED) 

· Osteogenesis Imperfecta 

· Spondyloepiphyseal Dysplasia (SED) 

· Short Stature 

Achondroplasia 

Achondroplasia

Objectives 

1. Describe the genetics and pathophysiology of achondroplasia 

2. Describe the clinical features of achondroplasia in the newborn and in the older child 

3. Describe spinal problems associated with achondroplasia 

4. Discuss indications for lengthening in achondroplasia 

5. Discuss the long-term outlook for children with achondroplasia 

Discussion points 
1. What are the financial costs of lengthening for achondroplasia? The physical costs? 

2. Is administration of growth hormone of value for children with achondroplasia? 

3. What is hypochondroplasia? 


Discussion
Achondroplasia is the most common cause of disproportionate short stature. The molecular basis has been established as an abnormality in FGFR-3. Most cases result from a sporadic mutation, but achondroplasia is transmitted as an autosomal dominant. Increased paternal age has been identified as a causative factor. It is caused by a mutation in a single base pair resulting in a single amino acid substitution in the receptor. Achondroplasia is an example of what is called a positive mutation in that the action of the defective receptor appears to control the rate of longitudinal growth, since knockout studies of the FGF-3 receptor in mice results in longer bones. Therefore, cell columns in the growth plate are small, and the hypertrophic zone is narrow. Since cartilage cell proliferation in the growth plate is the engine behind longitudinal growth, there is a disproportion between longitudinal and latitudinal growth. 

Infants with achondroplasia demonstrate an enlarged neurocranium (intermembranous ossification), midface hypoplasia, and relative prominence of the mandible. The limb shortening is rhizomelic (predominately in the proximal segments), and the trunk is relatively long. Most achondroplastic children develop a thoracolumbar kyphosis before walking age. The clavicles are normal in length, the skin is loose with a bulky muscle mass, resulting in a husky appearance. Hip flexion contracture and exaggerated lumbar lordosis are common. Usually pronounced genu varum results from weightbearing. Sitting height normal, expected adult height is 132 cm for men, 125 cm for women. 

Standard growth charts are available for achondroplasia. The bony spinal canal is coned down in shape in the lumbar spine, rather than the normal enlarging as it extends distally in the lumbar spine. The pedicles are short and problems related to spinal stenosis and/ or nerve root impingement are common. The foramen magnum is also small and is another site of potential CNS impingement. Early MRI studies to assess the status of the foramen magnum have been recommended. 

The most frequent orthopaedic problems in achondroplasia are spinal. The thoracolumbar kyphosis of infancy usually resolves spontaneously. However, perhaps up to 20% do not resolve. Bracing has been advocated for control of unresolving kyphosis, with good results reported. Wide decompressions may be necessary to treat symptoms of spinal stenosis, which often becomes symptomatic in late adolescence or adulthood. Tibial and fibular ostoetom are routinely used to treat genu varum. Fibular epiphseodesis, if performed early, may correct genu varum without need for osteotomy. Two of the most contentious issues at present in treatment of achondroplasia are whether to administer growth hormone, or whether to embark on a lengthening program. Generally, tibial, femoral and humeral lengthenings are required to achieve a proportional end result. This is certainly an arduous undertaking, and present thought is unsettled although there is no question that function can be increased following lengthening. The Little People of America have not been enthusiastic about lengthening. Data on the effectiveness of growth hormone is still preliminary. Despite all the potential problems associated with achondroplasia, surveys of schoolchildren and adults find most doing very well. Physical or mental component scores for adults with achondroplasia do not differ from those of the general population until about age 40, when back pain and arthritis become more problematic. 

Hypochondroplasia is phenotypically similar to achondroplasia, although shortening is more mild. Although also transmitted as an autosomal dominant, the genetic focus of the mutation is not the same as that documented for achondroplasia. 

Arthrogryposis

Arthrogryposis

Objectives 

1. Define arthrogryposis multiplex congenita 

2. Describe clinical features of arthrogryposis multiplex congenita 

3. Discuss genetic transmission and pathology of arthrogryposis multiplex congenita 

4. Discuss management of the upper limb, hip, knee, and foot problems associated with arthrogryposis multiplex congenita 


Discussion 
Arthrogryposis multiplex congenita is a confusing entity, probably still hetergenous as syndromes producing a similar clinical picture are identified; and subgroups, such as distal arthrogryposis are better defined. Goldberg listed criteria he felt necessary to define arthrogryposis multiplex congenita: 1) a characteristic tubular limb posture with absent flexion creases, adducted and internally rotated shoulders, (usually) extended elbows, flexed and ulnarly deviated wrists, tapered and flexed fingers, hyperflexed hips, knees fixed in flexion or hyperextension, and clubfeet 2) typical face, which is not dysmorphic 3) normal intelligence and an absence of visceral abnormalities, and 4) a negative family history. Staheli and colleagues at the University of Washington term this type of arthrogryposis amyoplasia. To confuse the issue, a number of reports with phenotypes appearing to be arthrogryposis are published with varying genetic patterns, whether or not these are all the same or related entities is unsettled at present. A particularly well defined subtype of arthrogryposis is distal arthrogryposis. Pathologic reports document abnormalities in the anterior horn cells, while in spinal muscular atrophy, the anterior horn cells were diminished or absent; they were increased and disorganized in arthrogryposis. 

Management of children with arthrogryposis can be trying, but rewarding. Most, but not all, will become ambulatory. For the clubfoot, standard clubfoot surgical release, talectomy, and subchondral resection of the talus and cuboid have their advocates. Both good and poor results have been reported after open reduction of fixed hip dislocations. Upper limb surgery also has mixed results. 

In summary, there is a distinct entity recognized by orthopaedic surgeons as arthrogryposis multiplex congenita. The exact genotype of this disorder is not established at present, most cases appear to be spontaneous; yet genetic patterns of transmission of arthrogryposis like phenotypes are regularly reported. The basic pathology appears to be in the anterior horn cells. The combination of contracture, dislocation, and weakness represent difficult challenges to treatment, but the intelligence and perseverance of the patient population result in a high level of function despite disability. The rather extensive list of references reflects the varied approaches to the study and management of arthrogryposis. 

Infantile Cortical Hyperostosis

Infantile cortical hyperostosis

Objectives 
1. Describe the clinical features of infantile cortical hyperostosis (Caffey's disease)

2. List two other conditions causing periosteal reaction in the same age range as infantile cortical hyperostosis

3. Discuss the natural history of infantile cortical hyperostosis 

Discussion 
Infantile hyperostosis was initially described by Caffey in 1957, and is known by both Caffey's disease and infantile cortical hyperostosis. A considerable literature has ensued, which can be confusing. The incidence of the disorder is said to be decreasing. The onset is at about 6 weeks of age, often with a febrile illness. The infant is irritable, with an elevated sedimentation rate and elevated alkaline phosphatase. The soft tissue and periosteum overlying the affected bone are swollen. The mandible is characteristically affected. A case report demonstrated the lack of cortical bone in the diaphysis. Several authors have described an autosomal dominant pattern with incomplete penetrance. The general outlook is for spontaneous resolution, but some recurrences of activity have been reported. Based on the association of hyperostosis with administration of prostaglandin E to maintain patent ductus arteriosis, naproxen given as a prostaglandin inhibitor was successful in treating one case of recurrent infantile cortical hyperostosis. A variety of case reports illustrating unusual presentations of infantile cortical hyperostosis are published. There is also a neonatal variant described, which is generally fatal. 

Conditions which may resemble infantile cortical hyperostosis include trauma, osteomyelitis, and congenital syphilis. Zaleske includes physiologic periosteal reaction of the newborn, characterized by thin, even symmetric periosteal reaction along femora, tibiae, and humeri. 

Multiple Epiphyseal Dysplasia (MED)

Multiple epiphyseal dysplasia (MED)

Objectives 

1. Describe clinical features suggestive of MED 

2. Describe orthopaedic problems related to MED 

3. Describe a method of obtaining immediate further information on the osteochondrodysplasias 


Discussion 
Multiple epiphyseal dysplasia is the most common of the osteochondrodysplasias. Although disorders of the skeleton have fascinated scientists and artists for centuries, the first attempt to systematically classify the osteochondrodysplasias was Sir Thomas Fairbank's atlas in 1951. Since that time, a number of efforts have been published, and constantly revised as new information becomes available, from structural, ultrastructural, and genetic research. The latest effort was by an international working group in 1997, and the emphasis was shifted from the former radiodiagnostic and morphologic criteria to a present etiopathogenetic basis. The interested student of this subject can access up to date information through the availability of On-Line Mendelian Inheritance in Man (OMIN) through the internet (http:// www3. ncbi. nlm. nih. gov/ Omin), and through the International Skeletal Dysplasia Web site (http:// www. csms. edu/ genetics/ skeledys). 

The multiple epiphyseal dysplasias are still recognized by that name, but do comprise several entities with intermediate forms; a milder type (Ribbing) and a more severe type (Fairbanks). A third chromosomal locus for the multiple epiphyseal dysplasias was recently located. The transmission is autosomal dominant. Patients with MED may be of normal or short stature, radiographic findings in the wrists and hands have been found to correlate with stature. The hips are most often involved. The epiphyses of the long bones appear late and present an irregular, mottled, flattened appearance. Genu varum or valgum is common. The spine is minimally involved. 

From an orthopaedic perspective, children with MED may present as having mild delay in walking, stiffness, or pain, pain usually does not occur until the second decade. The femoral epiphyseal radiographic changes may be confused with Legg-Perthes disease. Realignment procedures of the hip or knee may be of benefit in better distributing weightbearing forces. Arthroplasty is the only option for late cases with established degenerative changes. 

Osteogenesis Imperfecta

Osteogenesis imperfecta

Objectives 

1. Describe the basic connective tissue fault of bone in individuals with osteogenesis imperfecta 

2. Describe the spectrum of severity of the clinical spectrum of osteogenesis imperfecta 

3. Describe the natural history -both in regard to function and survival -of patients with osteogenesis imperfecta 

4. Discuss the orthopaedic problems associated with osteogenesis imperfecta and present approaches to these problems 

5. Describe present pharmacologic systemic approaches undergoing evaluation for osteogenesis imperfecta 

6. Describe the genetic pattern of osteogenesis imperfecta 

Discussion 
Osteogenesis imperfecta (OI) as a diagnosis encompasses a variety of clinical severity, all related to the basic defect in synthesis of collagen I. The same genetic focus of mutation is shared with some forms of Ehlers-Danlos syndrome. Clinical manifestations include blue slerae, macrocephaly, hearing loss, defective dentition, kyphoscoliosis, limb deformity, fracture, joint laxity, and growth retardation. There are several classification systems, the Sillence classification continues to have the most widespread usage. Type I is the mildest form, affected patients generally have prepubertal fractures, osteopenia, and slight growth retardation. Type II is the lethal perinatal form. Type III is characterized by progressive limb deformity and spinal deformity. Survival into adult life is expected, but early mortality can occur secondary to respiratory illness, injury with intracranial hemorrhage, or basilar invagination. Type IV is subdivided according to whether dentinogenesis imperfecta is present; it is essentially an intermediate type between I and III. A large percentage of this group function independently into adult life. Patients with Type I disease produce reduced amounts of normal collagen I; in the other types there are both quantitative and qualitative defects in collagen synthesis. 

Children with type III and IV comprise the majority of problems seen by the orthopaedic surgeon. The various combinations of recurrent fracture, limb deformity, spinal deformity, and growth retardation result in wheelchair ambulation for a large number of these patients. In general, if sitting balance is not achieved by 10-12 months, meaningful ambulation doesn't follow. Treatment consists of the orthopaedic measures of intramedullary fixation of long bones, primarily of the lower extremities; and medical management, which to the recent past has not been encouraging. Studies have concluded that the basic defect is in the osteoblast, producing defective collagen; but osteoclastic activity is impaired as well. Recent studies conclude that the biphosphonate, pamidronate, which is a potent inhibitor of bone resorption can be effective in reducing fracture rate and increasing bone mineral density. Another recent preliminary study of growth hormone administration was encouraging. Possible applications of gene therapy are presently being investigated, an obviously very complex undertaking. 

Standard orthopaedic management involves multiple osteotomies to achieve reduction of deformity with intramedullary fixation. Ingenious telescoping rods have been devised to reduce the frequency of the necessity to replace the rods secondary to growth. The telescoping rods have their own set of complications, particularly in the younger tibia; successful orthopaedic management of these children is demanding. Successful management of spinal deformity is elusive secondary to problems at the bone-instrumentation interface. 

Spondyloepiphyseal Dysplasia (SED)

Spondyloepiphyseal dysplasia (SED)

Objectives 

1. Describe the two types of SED 

2. Describe clinical features of each type 

3. Describe the cervical spine pathology associated with SED congenita 


Discussion 
Although the SED's constitute a well-known group of chondrodystrophies, they are grouped with the Type II collagenopathies in the new International Group Classification, obviously acknowledging the basic defect in synthesis of type II collagen. A number of other more unusual osteochondrodysplasias are also secondary to type II collagen defects. SED is generally divided in the congenita and tarda varieties. SED congenita is obviously identifiable in the newborn; by disproportionate short stature with rhizomelic shortening, midface flattening, short neck, and barrel shaped chest. Radiographic findings include ovoid vertebral bodies and delayed epiphyseal appearance. When the epiphyses do appear, they are fragmented. Platyspondyly is characteristic of SED. The iliac bones are short and square. Hearing loss occurs in about 25%, myopia is common. Coxa vara is common. The most serious problem is atlantoaxial instability secondary to odontoid hypoplasia, os odontoideum, and/ or lax ligaments. Risk of atlantoaxial instability has been related to extreme short stature and severe coxa vara. Problems can also occur in the thoracolumbar spine and paraplegia has also been linked with severe coxa vara. Other orthopaedic intervention is related to deformity correction, usually at the hip. 

SED tarda is a much milder condition. SED tarda is an X-linked condition as opposed to SED congenita, which is autosomal dominant. There is usually disproportionate trunk shortening, but SED tarda is compatible with normal stature. Spinal deformity is common, including exaggerated lumbar lordosis, scoliosis, and back pain. Hip pain and/ or stiffness are common presenting complaints in the second decade of life. Angular deformities of the limbs are uncommon. 

Short Stature

Short stature

Objectives 

1. Define short stature 

2. Discuss the etiology( ies) of short stature, and their relative frequency 

3. Discuss an approach to evaluation of the child with short stature 

4. Discuss problems associated with short stature 


Discussion 
It is sometimes difficult to ascertain exactly what is meant by short stature. Normal variant short stature (NVSS) is precisely defined as being characterized by a current height and adult height prediction < 3rd percentile, a birth weight > 2.5 Kg, no organic cause from growth retardation, and average peak serum growth hormone > 12ng/ ml. If this definition is expanded to include all types of short stature, by definition 3% of the population is short statured. Absolute short stature has also been defined as being less than 60 inches tall at skeletal maturity for a male, and 58 inches for a female. About 40% of short-statured children in the general population have NVSS. 

Short stature is generally subdivided in proportional and disproportional short stature. This subdivision is also somewhat subjective, as the line between normal and disproportional is not always clear. Practically, the subdivision is useful in the differential diagnosis of short stature. Disproportionate short stature is further subdivided into short-limb short stature (includes achondroplasia and other chondrodysplasias) and short-trunk dwarism (includes spondyloepiphyseal dysplasia, Morquio's, and metatropic dwarfism. The normal difference in body proportion with age must be considered. The infant's head is proportionally much larger than the adult's, and the limbs are shorter. At birth the ratio of sitting height to total height is about 70%, decreasing to 57% at age 3, and 52% at skeletal maturity. 

Differential diagnosis includes environmental factors (nutritional disorders, irradiation, infection can all affect growth plate function, rickets and scurvy would be included in this category), and genetic disorders which affect protein synthesis. These could result in defective formation and/ or function of chondrocytes (spondyloepihyseal dysplasia, multiple epiphyseal dysplasia, diastrophic dysplasia), osteoblasts (osteogenesis imperfecta); or defects in calcification (hyppophosphatasia), cell proliferation (achondroplasia), or bone remodelling (osteopetrosis). 

Evaluation of the child with short stature includes documenting the family history, presence or absence of gastrointestinal, renal, or neurologic signs and symptoms. Menarchal status is helpful for the older girl. Documentation of height, weight, body proportion (sitting height, trunk-limb proportion), signs of secondary sexual characteristics (Tanner staging), and an exam of craniofacial features. Serial documentation of height and weight are helpful, as children who fall proportionally lower in percentile with time are more likely to have a hormonal problem than the child who stays on the same percentile. Routine laboratory values would include CBC, urinalysis, glucose, creatinine, and alkline phosphatase. Radiographs should include a wrist for bone age in the proportionate group, and a lateral of the spine, neck and skull, and an additional anteroposterior view of the pelvis in the disproportionate group. Consultation with an endocrinologist and/ or dysmorphologist is generally a good idea. 

More severe types of short stature result in functional problems in everyday life. The child may have difficulty navigating steps in school, desks, or playground equipment. Sinks, light switches, public transportation, and cabinets can all be hindrances for individuals with short stature. 

Diseases of Muscle

Diseases of Muscle 

· Becker Muscular Dystrophy 

· Congenital Muscular Dystrophy 

· Congenital Myopathies 

· Duchenne Muscular Dystrophy 

· Fascioscapulohumeral Dystrophies 

· Limb-girdle Muscular Dystrophy 

· Myotonia Congenita 

· Myotonic Dystrophy 

Becker Muscular Dystrophy

Becker muscular dystrophy

Objectives 
1. Describe the clinical features of Becker muscular dystrophy, including age at onset, and physical findings at the time the dystrophy becomes clinically apparent 

2. Describe the genetic origin of Becker muscular dystrophy 

3. Describe the natural history of Becker muscular dystrophy 

4. Discuss orthopaedic aspects of the treatment of Becker muscular dystrophy 


Discussion 
Becker muscular dystrophy is essentially a less severe and considerably less common form of Duchenne muscular dystrophy. The same genetic focus on the short arm of the "X" gene is responsible for both dystrophies. In contrast to Duchenne dystrophy, however, there is not a complete absence of dystrophin in muscle cells of patients with Becker muscular dystrophy. Transmission is in an X-linked recessive pattern. Clinical evidence of the disease appears later than with Duchenne dystrophy, as early as the second half of the first decade to as late as well into adulthood. Since the deficient protein is the same as with the Duchenne dystrophy, clinical signs and symptoms are similar. The natural history is more favorable, with a lower incidence of scoliosis (probably as the spine achieves skeletal maturity with muscular support). Restrictive lung disease is a late feature. Cardiomyopathy occurs much more frequently than in Duchenne dystrophy. There appears to be a tremendous hetergenicity in expression of Becker muscular dystrophy. Principles of treatment of contractures are the same as with Duchenne dystrophy. 

Congenital Muscular Dystrophy

Congenital muscular dystrophy

Objective 
1. Define the clinical features of congenital muscular dystrophy 


Discussion 
Congenital muscular dystrophy is defined as the presence of weakness or hypotonia at birth, contractures before 6 months of age, and dystrophy on muscle biopsy. It can affect both males and females, can be present with and without central nervous system involvement, and is not associated with a disorder of the dystrophin protein. There are two types, Type I is without central nervous system involvement, and has a good prognosis for long-term survival. Control of contractures, hip dislocation, and spinal deformity can require attention. Type II is also known as Fukuyama muscular dystrophy and has been most often described in Japanese infants. It is accompanied by severe developmental delay due to CNS involvement in addition to the peripheral dystrophy. Prognosis is poor. 

Congenital Myopathies

Congenital myopathies 

Objectives 

1. Describe clinical features which accompany congenital myopathies 

2. Discuss pertinent anesthetic risk factors when considering surgery for congenital myopathies 


Discussion 
The congenital myopathies comprise a group of disorders characterized by hypotonia and weakness. Central core disease is a nonprogressive autosomal dominant with muscle weakness similar to Duchenne muscular dystrophy, except that weakness accompanying central core disease is easily detectable in infancy and motor development is delayed. Diagnosis is established by muscle biopsy. Scoliosis, soft tissue contractures, clubfeet, and hip dislocation have been associated with central core disease. Nemaline rod myopathy (moderate congenital form) is characterized by delayed motor milestones, and occasional spinal deformity. Bracing may be helpful to achieve ambulation. Myotubular myopathy, sometimes called centronuclear myopathy, has variable genetic patterns of transmission and variable phenotypes. High arched palates occur with both nemaline rod and myotubular myopathies. Some children with myotubular disorders may appear phenotypically similar to myotonic dystrophy. Congenital fiber type disproportion is manifest as hypotonia at birth by hypotonia. Muscle biopsy demonstrates a deficiency of type I fibers. The degree of weakness is variable. 

Central core disease and nemaline rod neuropathy are associated with an increased risk of malignant hyperthermia during anesthesia. 

One can expect clarification in this group of disorders with molecular biology studies, but to date this group of disorders is characterized by considerable phenotypic variation. 

Duchenne Muscular Dystrophy

Duchenne muscular dystrophy

Objectives 

1. Describe the basic genetic and protein defect of Duchenne muscular dystrophy 

2. Describe the natural history of Duchenne muscular dystrophy 

3. Describe symptoms of muscular dystrophy in the 3 to 6 year age range 

4. Describe the philosophy of contracture control in the ambulatory patient 

5. Define indications for correction, and/ or prevention of spinal deformity for the patient with Duchenne muscular dystrophy 


Discussion points 

1. What are active present areas of research in the field of muscular dystrophy? 

2. What is the Gower sign? 


Discussion 
Duchenne muscular dystrophy (sometimes called Meryon's disease, especially in British writings) is a relatively common form of muscular dystrophy, affecting about 1: 3500 live male births. It is transmitted in a sex-linked recessive pattern. Rare forms have been noted in females, and female carriers have a high percentage of subtle weakness and enzyme abnormalities. Boys generally develop normally until about age 3-6 when they may present with toe-walking, clumsiness, flatfootedness, tripping, or difficulty running or climbing stairs. The first muscle group displaying weakness is the gluteus maximus, with more weakness in the proximal muscles (quadriceps, hip abductors) than distal. Abdominal weakness also has an early onset. The anterior tibial is most affected below the knee. Pseudohypertrophy of the calf is common. Shoulder girdle weakness follows a few years later. Gait deteriorates, initially with increased lordosis to compensate for gluteus maximus weakness, then a waddling, wide based gait to compensate for hip abductor weakness and anterior tibial weakness. The Bower sign is an example of the effects of hip extensor and quadriceps weakness, manifested by the boy's use of hands and arms to push the knees into extension, compensating for the weakness. Contractures of the iliotibial band and heelcord are most common; inversion deformities of the foot and ankle are also common due to the persistence of activity in the posterior tibial tendon longer than other ankle motors. 

Diagnosis is usually suspected by elevation of the serum creatine kinase level in the early stages of the disease. Creatine kinase appears to be associated with cell membrane permeability of muscle cells. The particular gene involved in Duchenne and Becker dystrophies was identified in 1982, and in 1987, its protein product, dystrophin, was identified. Histochemical studies of muscle can quantitate the amount of dystrophin present beneath the cell membrane; in Duchenne dystrophy there is none, in Becker dystrophy it is reduced. It is also reduced in many female carriers. Muscle biopsy is still the most used method of establishing the diagnosis, although molecular genetic techniques may be more used in the future. Dystrophin is essential for the stability of the muscle cell membrane, and its absence leads to disruption of the membrane and secondary degeneration, possibly through influx of calcium. Dystrophin is normally located on the internal surface of the cell membrane, and is also linked to F-actin. 

Duchenne muscular dystrophy is associated with relentless progression of muscular weakness, with death usually resulting early in the third decade from cardiopulmonary problems. Walking usually becomes difficult, then impossible, at about age 10 with considerable variation. A program of regular stretching, heelcord lengthenings, soft tissue release, and transfer of the posterior tibial tendon, and brace support was documented to preserve ambulation on an average into the fourteenth year of life. Spinal deformity is common in teenaged boys with Duchenne dystrophy. Surgical stabilization of scoliosis is usually recommended when the curve exceeds 20 degrees, based on the logic that the curve will inevitably worsen, and pulmonary function will inevitably decrease. Surgical stabilization does not improve pulmonary function, but follow-up studies still reveal a high degree of patient satisfaction, despite a high complication rate. There is extensive recent literature on the technical details of spine stabilization for muscular dystrophy. 

Other problems often associated with Duchenne muscular dystrophy are decreased cognitive dysfunction, small stature, osteopenia with increased fracture risk, and cardiac dysfunction. There is a great deal of research effort underway at present to develop better therapy for boys with muscular dystrophy, as our present treatment is largely supportive only. Much research is at the molecular biology level, and it is interesting to compare the titles of recent writings with those 10-20 years ago before the explosion of efforts at the molecular level. Prednisone is also currently being investigated as an adjunct to slowing the progressive weakness accompanying this disease. To continue to keep abreast in this field, some knowledge of molecular biology will be a necessity. 

Fascioscapulohumeral Dystrophies

Fascioscapulohumeral dystrophies

Objectives 

1. Describe presenting symptoms and natural history of fascioscapulohumeral dystrophy 

2. Describe the genetic transmission of fascioscapulohumeral dystrophy 

3. Discuss useful orthopaedic intervention for fascioscapulohumeral dystrophy 

Discussion 
Fascioscapulohumeral dystrophy (FSHD) is an unusual form of muscular dystrophy which was one of the types described by Walton and Nattrass in their classic 1954 work on the muscular dystrophies. It is transmitted as an autosomal dominant with significantly higher penetrance in males than in females. The genetic defect was located in 1990 located on chromosome 4, and it has been documented that in normal individuals, genetic probing detects an EcoRI fragment > 35 Kb, while in FSHD families, a shorter fragment, usually between 14-35 Kb is found. SFSHD affects the facial and shoulder girdle musculature in a highly variable fashion, both in age of onset and severity of disease. The deltoid is spared. Some individuals with the condition can only be detected with careful exam techniques, while about 10% become wheelchair bound. About 85% are affected by age 20. In a recent study, the penetrance was 95% for males and 69% for females. 

The major orthopaedic problem with FSHD is weakness of shoulder abduction and flexion. Posterior scapulothoracic fusion stabilizes the scapula, and affords better mechanical advantage to the unaffected rotator cuff and deltoid. 

Limb-girdle Muscular Dystrophy

Limb-girdle muscular dystrophy

Objectives 

1. Describe clinical symptoms, mode of genetic transmission, and age of onset of limb-girdle muscular dystrophy 

2. Describe the usual patterns of weakness in the limb-girdle dystrophies 

Discussion point 

1. Why is there so much research interest in this type of muscular dystrophy? 

Discussion 
If one can understand the limb-girdle dystrophies, one can understand all the dystrophies. Walton, who devised the original classification of dystrophies, felt at the outset that the limb-girdle dystrophies were a hetergeneous group even though characterized by proximal weakness. However, the distribution of weakness in the limb-girdle dystrophies may be very similar to that observed in Duchenne or Becker dystrophy, management is thus similar. Testing for the dystrophin gene or protein has become a routine part of the evaluation of patients with progressive proximal weakness, elevated serum creatine phosphokinase, and biopsy evidence of a dystrophic process. Patients with no dystrophin abnormalities are assumed to have an autosomal recessive type of dystrophy, in most cases a limb-girdle dystrophy. There are a number of glycoproteins that span the muscle cell membrane, which are now known as sarcoglycans. As more sarcoglycans were discovered, a problem arose with nomenclature. An international congress in 1995 deemed that the rare, mild autosomal dominant type of limb-girdle dystrophy would be called limb-girdle muscular dystrophy 1 (LGMD1) and the much more common autosomal recessive types of this dystrophy would be LMGD2. LGMD2 has been further subdivided into LGMD2a, LGMD2b, etc depending on the chronologic discovery of the location of the responsible gene. Duggan et al discovered that some patients with a primary sarcoglycinopathy had a phenotype indistinguishable from Duchenne dystrophy, although all patients with sarcoglycinopathies had normal cognition. Study of the glydoproteins of the cell membrane has shed better understanding of the complex molecular biology of this structure, which may be the clue to developing a better treatment than what is presently available. 

Myotonia Congenita

Myotonia congenita

Objectives 
1. Describe the clinical features of myotonic dystrophy 

2. Discuss the features of myotonic dystrophy which could necessitate orthopaedic intervention 

Discussion 
Myotonic dystrophy is an autosomal dominant disorder in which the defect has been localized to an unstable cytosine-thymine-guanine (CTG) trinucleotide repeat in chromosome 19, with manifestations of multiple organ systems in addition to muscle. The child usually has a characteristic elongated expressionless face, delayed developmental milestones, weakness, and hyporeflexia. If the diagnosis is apparent in the newborn period, significant retardation can be expected, with a 25% mortality by age 18. Ambulation is usually delayed. Orthopaedic problems can include clubfoot, hip dislocation, contractures, and spinal deformity. Phenotypes resembling myotonic dystrophy have been reported, and a conference in 1999 designated the autosomal dominant form as DM1. Onset of milder forms can occur later in childhood or even into adult life. Not surprisingly, weaker patients have an increased rate of pulmonary problems associated with anesthesia. 

Myotonic Dystrophy

Myotonic dystrophy

Objectives 

1. Describe the clinical features of myotonic dystrophy 

2. Discuss the features of myotonic dystrophy which could necessitate orthopaedic intervention 

Discussion 
Myotonic dystrophy is an autosomal dominant disorder in which the defect has been localized to an unstable cytosine-thymine-guanine (CTG) trinucleotide repeat in chromosome 19, with manifestations of multiple organ systems in addition to muscle. The child usually has a characteristic elongated expressionless face, delayed developmental milestones, weakness, and hyporeflexia. If the diagnosis is apparent in the newborn period, significant retardation can be expected, with a 25% mortality by age 18. Ambulation is usually delayed. Orthopaedic problems can include clubfoot, hip dislocation, contractures, and spinal deformity. Phenotypes resembling myotonic dystrophy have been reported, and a conference in 1999 designated the autosomal dominant form as DM1. Onset of milder forms can occur later in childhood or even into adult life. Not surprisingly, weaker patients have an increased rate of pulmonary problems associated with anesthesia. 

Blood Dyscrasias

Blood Dyscrasias 

· Hemophilia 

· Sickle Cell Disease and Related Hemoglobinopathies 

Hemophilia

Hemophilia

Objectives 
1. List the two clotting factors in which deficits result in hemophilia 

2. Describe laboratory workup for clotting deficiencies 

3. Discuss the importance of inhibitors 

4. Describe the natural history of hemophiliac arthropathy 

5. Discuss methods currently available for altering the natural history of hemophiliac arthropathy 

6. Describe management of an acute muscle hemorrhage in a hemophiliac child 

Discussion points 

1. What levels of factors VIII or IX result in severe, moderate, or mild hemophilia? 

2. What is the role of home therapy for children with hemophilia? 

3. Correlate radiographic findings of hemophiliac arthropathy with the intra articular arthropathy 

4. What is a common cause of femoral nerve palsy in children with hemophilia? 

5. What is a pseudotumor? 


Discussion 
Classic hemophilia or Hemophilia A results from a deficiency of factor VIII; Christmas disease or Hemophilia B from a deficiency of factor IX. Hemophilia A and B are both transmitted in an X linked recessive pattern. These are the only inherited coagulopathies of major orthopaedic interest. 1 unit equals the amount of activity of the clotting factor in 1ml of pooled, normal plasma. Concentration of factors VIII and IX are usually given in percentage of normal activity; severe hemophilia denotes a level of < 1% if normal activity moderate, 1-5%; and mild, > 5%. Spontaneous hemorrhage generally occurs only in patients with severe hemophilia. 

The history of hemophilia management is of some interest. Transfusion of clotting factors only became possible in the late 1960's with cryoprecipitate, made from pooled plasma. Although the benefits were immediately evident, the pooling process collected plasma from many donors, dramatically increasing risk of disease transmission, and large numbers of young men with hemophilia growing up during those years contracted hepatitis or AIDS. Factors VIII and IX are now prepared with recombinant DNA techniques, eliminating the risk of disease transmission. Routine surgery now can regularly be performed. Protein replacement therapy still, however, carries the limitation of antibody formation, commonly called inhibitors. About 15% of patients with severe hemophilia presently develop inhibitors. There are methods available to counteract the effect of inhibitors, but these are quite expensive at present. There is a great deal of interest in gene therapy for hemophilia, clinical trials were started in 1999. 

The average age of diagnosis for a child with severe hemophilia is 1.2 years. The first joint bleed follows the first bleed by an average of 6 months. Consideration of child abuse is not unusual at the time of diagnosis. Screening lab work for coagulation disorder includes CBC with platelet count, prothrombin time, partial thromboplastin time, and bleeding time. Most children with severe hemophilia are now managed with home replacement therapy administered by a family member. Prophylactic regimens have reduced the number of joint hemorrhages. The ankles are the joints most often affected in early childhood, the knee and elbow later. Blood in the joint is irritating to the synovium, when the amount of iron absorbed by the synovial cells becomes excessive, lysozome release ensues. Lysozomes are harmful to articular cartilage and incite a further synovial reaction. Eventually, the synovium becomes fibrotic. As synovial function diminishes, lysozomal destruction of the articular surface proceeds with ankylosis the end result of an untreated joint. Early treatment with factor replacement and aspiration of the joint for large bleeds have arrested progression of hemophiliac arthropathy in a great number of children. By the time radiographic changes of joint space narrowing and erosion are established, the joint is severely destroyed. For cases of chronic synovitis unresponsive to factor replacement, synovectomy is useful. This is presently often performed arthroscopically, which definitely reduces postoperative stiffness and pain. Radioactive synovectomy is used in some centers and eliminates the need for extensive factor replacement. The rate of recurrent synovitis may be higher. 

Muscle hemorrhages are common, and may represent an emergency situation for the orthopaedist not regularly caring for children with hemophilia. The forearm, iliopsoas, quadriceps, and calf are most often involved. Prompt administration of factor replacement is needed. The clinical status of the limb is assessed regularly, and if compartment release is necessary, it can then be promptly performed. Bleeding into the iliopsoas can produce femoral nerve palsy. Early administration of factor replacement therapy is usually effective. A pseudotumor begins as a hemorrhage that becomes encapsulated. Fortunately, such lesions have become less common with better therapy. 

Sickle Cell Disease and Related Hemoglobinopathies

Sickle cell disease and related hemoglobinopathies

Objectives 

1. Describe different combinations of normal and abnormal hemoglobins and their phenotypic expression 

2. Describe the pathophysiology of vasooclusion secondary to hemoglobinopathies 

3. Define and describe hand-foot syndrome 

4. Describe features of osteomyelitis secondary to sickle cell disease and its differentiation from bone infarct 

5. Describe features of avascular necrosis of bone associated with sickle cell disease 

6. Discuss the complication rate of orthopaedic surgery for problems secondary to sickle cell disease 

7. Describe the major non-orthopaedic problems associated with sickle cell disease 


Discussion 
Sickle cell disorders are prevalent and a frequent cause of orthopaedic admissions. Hemoglobin S results from an abnormality of the beta-globulin gene on chromosome 11. The gene for hemoglobin S is common in the African and African-American race; estimated as being present in 8% of the African-American population. Hemoglobin C results from a different amino acid substitution on the same gene. Patients homozygous for hemoglobin S have sickle cell disease; patients with hemoglobin S and C have SC disease. The severity of disease in S-thalassemia is variable, depending on the ability to synthesize hemoglobin A. Patients who synthesize no hemoglobin A have a course similar to SS disease, this category is referred to as S-beta( 0) thalassemia. Those who synthesize some hemoglogbin A S-beta(+) thalassemia, have a course similar to SC disease, which is not as severe. 

Low oxygen tension polymerizes the hemoglobin S molecule, distorting the erythrocyte and making it more fragile. At the same time, sickle cells are more viscous, predisposing to an ability to occlude small vessels. This is the basis for virtually all the problems related to sickle cell disease. Obviously, there is considerable variation in severity of this phenomenon in the family of hemoglobinopathies related to sickle cell disease, as indeed there is variation in those with homozygous sickle cell disease. 

Non-orthopaedic conditions include cardiomegaly, anemia, hepato and splenomegaly, leg ulcers, priapism, and gallstones. Pubertal growth and skeletal maturation are delayed. The major orthopaedic complications of the sickle hemoglobinopathies are bone infarct, osteomyelitis, and avascular necrosis of the femoral and humeral heads. Bone infarct of the hand and/ or foot is common in the first two years of life, presenting as swelling and pain and fever below 38 degrees. Radiography demonstrates initial soft tissue swelling, followed by periosteal reaction and bone lysis. Salmonella osteomyelitis has been reported concomitantly with hand-foot syndrome, also known as dactylitis. 

The most frequent cause for admission in children with sickle cell disease is extremity pain, with a differential diagnosis of infarct versus osteomyelitis. A great deal of effort can be expended trying to differentiate between the two. Recent reports favor gadolinium enhanced MRI and ultrasound as diagnostic aids, as differentiation can be difficult. Subperiosteal fluid of greater than 10mm was almost always associated with osteomyelitis. Children with frequent bone infarcts are not surprisingly more predisposed to osteomyelitis. Nevertheless, a study of admissions to a large children's hospital revealed that only 1.6% of admissions for musculoskeletal pain were identified as being secondary to osteomyelitis. Staphylococcus and salmonella have predominated as the major offending organism in larger series, both are common. 

Avascular necrosis is also common, with an overall prevalence of 9.8% in the hip in a study of 2890 patients. Those with Ss disease and alpha-thalassemia were at greatest risk. Children with onset during the middle years tend to have a better outcome than those affected shortly before skeletal maturity, presumably because of greater time to remodel. Results of total hip and shoulder arthroplasties have not been good, with a high complication rate. A study of complications following orthopaedic procedures on patients with sickle cell disease revealed a serious complication rate of 67%, the most two common complications were excessive blood loss and acute chest syndrome. 

Benign Tumors

Benign Tumors 

· Aneurysmal Bone Cyst 

· Chondroblastoma 

· Eosinophilic Granuloma 

· Fibrous Cortical Defect 

· Fibrous Dysplasia 

· Giant Cell Tumor 

· Hereditary Multiple Exostoses 

· Ollier's Disease 

· Osteochondroma 

· Osteoid Osteoma 

· Unicameral Bone Cyst 

Aneurysmal Bone Cyst

Aneurysmal bone cyst

Objectives 

1. Describe the symptoms associated with aneurysmal bone cyst 

2. Describe the radiographic and imaging features of aneurysmal bone cyst, including staging by the Musculoskeletal Tumor Society 

3. Discuss the etiology of aneurysmal bone cyst 

4. Define and discuss "secondary aneurysmal bone cyst" 

5. Discuss the natural history of aneurysmal bone cyst 

6. Discuss the treatment of aneurysmal bone cyst 


Discussion points 

1. Why is pathologic fractures less common with aneurysmal bone cyst than unicameral bone cyst? 

2. Is aneurysmal bone cyst a true primary lesion of bone? 


Discussion
Aneurysmal bone cyst is a confusing lesion. It most often appears in teenagers. Most of the lesions involve long bones, but the spine is affected in up to 30% of lesions. The pelvis is the most commonly affected long bone. Although the lesion has been reported in the spine of a father and daughter, there is no identifiable hereditary component. The cyst is more aggressive than unicameral bone cyst, usually with a less distinct border that can penetrate the cortex. The periosteum is usually intact, and often produces a thin shell of bone. So-called secondary aneurysmal bone cysts are actually a cystic part of a giant cell tumor, chondroblastoma, osteoblastoma, of osteosarcoma. The diffential diagnosis includes these entities. This is obviously a tricky situation, so a careful work-up by a qualified surgeon, working with a competent radiologist and pathologist, is essential. Since the lesion tends to be painful, pathologic fracture as a presenting symptom is less common than with unicameral bone cyst. CT findings can be of help in differentiating the 2 entities, the layering of fluid in aneurysmal cysts tends to be in 2 layers. Ultrasound has also been recommended. The natural history of aneurysmal bone cyst is continued progression rather than spontaneous healing as seen with a unicameral cyst. Recurrence is common following curettage. In an effort to reduce recurrence, a number of surgical methods have been employed, including curettage with a high speed burr, cryotherapy with liquid nitrogen, or phenol, also reported is saucerization of the lesion with autologous bone marrow. No modality is presently accepted as superior. Lesions of the spine can be challenging, to preserve function and stability, while still eradicating the lesion. Aneurysmal bone cyst in young children appears to be especially aggressive. 

Chondroblastoma

Chondroblastoma

Objectives 

1. Describe the usual age of diagnosis, radiographic features, and usual anatomic sites of chondroblastoma 

2. Discuss the natural history and treatment of chondroblastoma 


Discussion 
Chondroblastoma accounts for about 1% of bone tumors. It is most common in the second decade of life. The primary site of origin is the epiphysis; it is the most common tumor affecting the epiphysis in children. The proximal humerus, proximal tibia, and proximal femur are most often affected. Presenting symptoms are usually that of joint dysfunction or synovitis. The radiographic, CT, and microscopic features are characteristic, and there is seldom difficulty with differentiation from other lesions. Radiographically, chondroblastoma is radiolucent, with small foci of calcification. It is generally surrounded by a rim of reactive bone. CT scanning is helpful. The lesion is locally aggressive, and curettage is indicated if the diagnosis is made. Results are generally quite satisfactory; a few patients have secondary arthritis. Chondroblastoma does not seed into the joint following surgical extirpation. In the two largest series (Ramappa and Springfield), the local recurrence rate was 15%. Tumors of the proximal femur appear most likely to recur. In the series of Ramappa, rate of metastatic disease was 4%, so chondroblastoma is for the most part, but not exclusively, a benign tumor. 

Eosinophilic Granuloma

Eosinophilic granuloma

Objectives 
1. Discuss the relationship and/ or nomenclature of eosinophilic granuloma, Letterer-Siwe disease, Hand-Schuller-Christian disease, histiocytosis X, and Langerhans-cell granulomatosis 

2. Discuss the bones most frequently affected by eosinophilic granuloma 

3. Discuss treatment of spine lesions (vertebra plana) associated with eosinophilic granuloma 


Discussion 
Bony and soft tissue lesions involving the histiocytosis compromise a confederation of disorders with a somewhat confusing terminology. A spectrum of severity is generally inferred, with eosinophilic granuloma being the most benign, Hand-Schuller-Christian being intermediate, and Letterer-Siwe as by far most serious. Children with Letterer-Siwe disease primarily have hepatosplenomegaly, pulmonary disease, and anemia, and are rarely seen by the orthopaedist. Children with Hand-Schuller-Christian disease also have hepatosplenomegaly in addition to exophthalmus, and diabetes insipidus secondary to cranial involvement. Eosinophilic granuloma is manifested radiographically by a punched out lesion of bone, generally without surrounding bony reaction. Since the pathology of all these disorders is characterized by a dominance of proliferative histiocytes, the conditions have been collectively labeled Histiocytosis X. Langerhans-cell granulomatosis is another term that seems to be used more frequently. The skull is most often affected, but the spine and ilium are also frequent sites of eosinophilic granuloma and the reason for orthopaedic attention. There seems to be no propensity for eosinophilic granuloma to porgressing into the more severe form of Langerhans-cell granulomatosis. 

Traditionally, eosinophilic granuloma was treated by excision. There is now a convincing literature that spine lesions can be treated with immobilization. Intralesional needle aspiration followed by injection of corticosteroids has recently been reported with very favorable results. Other series usually include some children treated with radiotherapy or chemotherapy. Joint management with a pediatric oncologist is indicated for the most accurate diagnosis and effective treatment of this disorder, as it is likely that further cytogenetic analysis will help better delineate this class of disorders. 

Fibrous Cortical Defect

Fibrous cortical defect

Objectives 

1. List 3 synonyms for fibrous cortical defect 

2. Describe the pathology of fibrous cortical defect 

3. Describe the radiographic features of fibrous cortical defect 

4. Describe the natural history of fibrous cortical defect 

5. Discuss surgical indications and choice of procedure for a fibrous cortical defect 


Discussion points 

1. What are the indications for further imaging studies (CT, MRI) of a patient with fibrous cortical defect? 

2. What is the incidence of fibrous cortical defect in the general population? 


Discussion 
Fibrous cortical defect, also known as nonossifying fibroma, nonosteogenic fibroma, metaphyseal cortical defect, and in the distal femur sometimes as cortical desmoid, is a very common lesion of bone in children. Estimates are that up to 40% of children between ages 4 and 8 have fibrous cortical defects. Most are found incidentally when a radiograph is made for another purpose. The natural history is obviously benign, with complete healing expected. Radiographically, the lesion is lytic, ovoid, medullary based, with geographic bone destruction, marginal sclerosis, and well defined edges. Most are in the distal ends of long bones. It is particularly common in the distal femur at the origin of the medial head of the gastrocnemius. Radiographically, fibrous cortical defects most resemble unicameral bone cysts, but there is no fallen fragment. There is no periosteal reaction or cortical disruption. Occasionally, fibrous cortical defects can become large, and cause pathologic fractures. A series from the Mayo Clinic noted that all fractures occurred in the lower extremity, most often the distal tibia. Average age at fracture was 12. The percentage of bone occupied by the fibrous cortical defect was greater than 50% in both planes radiographically in every patient sustaining fracture. Of course, we do not know how many children with lesions of this size did not sustain a fracture. Primary treatment consisted simply of cast immobilization, biopsy performed after healing if necessary. Most fibrous cortical defects are so typical that biopsy is not necessary. MRI has been reported as helpful in questionable lesions, eliminating the need for biopsy on some occasions. If a lesion is so large that pathologic fracture appears imminent, curettage and bone grafting has been uniformly successful. Microscopically, one sees benign, spindle shaped fibroblasts arranged in a storiform pattern. Macrophages, sometimes foamy, and giant cells are common. Hemosiderin can be seen in the fibroblasts and giant cells. There is no bone formation, and there are no mitoses. 

Fibrous Dysplasia

Fibrous dysplasia

Objectives 

1. Describe differing patterns of involvement noted in patients having fibrous dysplasia of bone 

2. Describe the pathology of fibrous dysplasia 

3. Discuss the genetic anomalies associated with fibrous dysplasia 

4. Discuss the natural history and results of treatment of bony deformity secondary to fibrous dysplasia 


Discussion points 

1. What bones are most often affected with fibrous dysplasia? 

2. Why is fibrous dysplasia so difficult to treat effectively? 


Discussion 
Fibrous dysplasia is an annoying and intriguing benign bone lesion. It is not a neoplasia, but a developmental abnormality. It can present in a monostotic or polyostotic form. The polyostotic form generally is more severe and tends to be unilateral, the monostotic is fortunately more common. Albright's syndrome consists of cutaneous pigmentation, polyostotic fibrous dysplasia, and precocious puberty in girls. Other endocrine abnormalities have been noted with the polyostotic form. Fibrous dysplasia overall has a slight female preponderance. Radiographically, the appearance is somewhat variable. The lesion is usually diaphyseal. The cortex is expanded, with the "ground glass" appearance of the medullary canal. Calcification may be present. Radionuclide scans are markedly positive, out of proportion to the radiographic appearance. Microscopically, fibrous dysplasia has a very characteristic appearance, with irregular strands of osteoid and bone in a background of fibrous tissue. The lesions of fibrous dysplasia are difficult to treat. Curettage is ineffective, especially in childhood. If cancellous graft is placed, it will be absorbed. Enneking and Gearen recommended replacement of the lesion with cortical allograft, which would resist absorption by the host bone and provide structural stability. Guile noted that the lesion never healed, and the only way to improve function 
was with valgus osteotomy of the proximal femur to improve the biomechanics, essentially ignoring the lesion. Vascularized bone grafting has been reported as effective for lesions of the upper limb. 

Fibrous dysplasia is of interest from a genetic standpoint, because it appears to be a somatic mutation, in that the mutation occurs after fertilization in some subsequent cell division. The site of the mutation has been located, the gene for the alpha subunit of stimulatory guanine-nucleotide-binding protein, a protein that stimulates cyclic adenosine monophosphate is mutated. This defect has been found both in polyostotic and monostotic forms of fibrous dysplasia. The ultimate therapy for fibrous dysplasia will very likely be derived from recombinant protein resulting from further investigation of the genetic control of this condition. Pamidronate has recently been shown to have a beneficial effect on the ability to successfully instrument bony lesions of fibrous dysplasia associated with McCune-Albright syndrome. Malignancy has been documented in about 2% of cases followed at the Mayo clinic. Prior radiation was associated with some, but not all of the lesions. Radiation therapy does not appear to be a logical treatment at present. 

Giant Cell Tumor

Giant cell tumor

Objectives 

1. Describe symptoms and physical signs associated with giant cell tumor 

2. Describe the radiographic features of giant cell tumor 

3. Discuss the prognosis of giant cell tumor 

4. Discuss initial management of giant cell tumor 


Discussion point 

1. How common is giant cell tumor in skeletally immature patients? 


Discussion 
Giant cell tumor is uncommon, and is generally classified as a benign bone tumor, although its behavior can be more aggressive than any other benign tumor of bone. Giant cell tumors of soft tissue have also been reported. About 50% of all giant cell tumors occur about the knee, the distal radius and proximal humerus are also frequent sites. Symptoms are swelling and pain. It is predominately a tumor of young adults, only 1.8% of 326 giant cell tumors studied at the Instituto Rizzolo in Bologna occurred in skeletally immature patients. Radiographically, giant cell tumors have a juxtaarticular location, typically involving both epiphysis and metaphysis. Cortical penetration and soft tissue masses are not rare. Treatment of giant cell tumor is generally by curettage, supplemented with high speed burr and/ or phenol application to the wall of the tumor; packing with cement may lower the rate of recurrence. Marginal or side en bloc resection is more effective, but carries more morbidity. "Benign" pulmonary metastases have been reported at a rate of 3%. A genetic marker that appears to predispose to metastases has recently been identified. Treatment of giant cell tumors is best performed at a center experienced with its management. 

Hereditary Multiple Exostoses

Hereditary multiple exostoses (HME) (Diaphysealaclasia)

Objectives 

1. Describe the clinical features of HME 

2. Describe the genetic transmission of HME 

3. Discuss the predisposition to formation of chondrosarcoma in patients with HME 

4. Discuss indications for excision of osteochondromata in patients with HME 

5. Describe complications of excision of osteochondromata in patients with HME 


Discussion point 

1. Is HME a dysplasia or neoplasm? 


Discussion 
Autosomal dominantly transmitted HME, although a single phenotype, has been linked to three different chromosomal locations, which comprise a family called the EXT genes. EXT genes are felt to be tumor suppressor genes, thus mutations would render the patient more susceptible to neoplasia. Both alleles must be mutated for an exostosis to occur. HME has been classified as a skeletal dysplasia, but a recent paper proposes that HME is a familial neoplastic trait, and compares the behavior of HME to familial colorectal polyposis. It was further suggested that osteochondromata result from clonal expansion of single cells into osteochondromas that disrupt further growth, and that excision might inhibit subsequent deformity. Efforts have also been 
recently been made to classify HME on the basis of the type and severity of forearm deformity. Greater deformity accompanied sessile lesions. The relationship of patterning of osteochondromata to potential for malignant degeneration is presently being actively investigated. The rate of malignancy in 175 patients followed for over a 40 year period was 0.57%, but other series have reported a rate up to 25%. Clearly, patterns of genetic transmission can vary between geographic sites, so determination of a single rate is probably an unreasonable goal. 

HME is consistently recognized during childhood. The most frequent deformities resulting involve the wrist from ulnar shortening, ankle and knee valgus. Physeal stapling, excision of lesions, osteotomies, and lengthenings have all been performed in various combinations for deformity. An impressive list of vascular complications, predominately about the knee, of osteochondromata has been reported by Vasseur, with the admonition that prophylactic resection of lesions near o vessel should be performed. The complication rate of excising osteochondromata is 12%, mostly peroneal neuropraxia, but arterial laceration also occurred. 
The indications for intervention for wrist deformity are conflicted. Peterson advocates an aggressive approach; Arms and Stanton are less inclined to intervene

Ollier's Disease

Ollier's disease (multiple enchondromatosis) 

Objectives 

1. Describe the radiographic features of solitary enchondroma 

2. Describe the clinical and radiographic features of Ollier's disease 

3. Describe orthopaedic problems secondary to Ollier's disease 

4. Discuss risk of chondrosarcoma in relation to Ollier's disease 


Discussion point 

1. What is Maffucci's syndrome? 


Discussion 
Solitary enchondroma is relatively common. The most common perception of its genesis is that a segment of growth plate does not ossify and persists as an ovoid or linear radiolucent extension of cartilage cells into the metaphysis and sometimes the diaphysis. In children, they can cause pathologic fracture, but are more often incidental findings on radiographs taken for some other reason. Metaphyseal bone affected by large enchondromas does not funnelize normally and may appear expanded due to the absence of remodeling. Forty percent of solitary enchondromas involve the hands or feet, usually the phalanges. 

Ollier's disease is an uncommon condition of multiple enchondromatosis. Most patients have bilateral involvement, but more severe on one side. Unilateral involvement also occurs. Genu varum is very common, other angular deformity can result depending on the location of the lesions. Leg length discrepancy is common; but bone affected with an enchondromatous lesion can be lengthened, sometimes dramatically. The incidence of malignant differentiation of multiple enchondromatosis is high, 30% in one report from the Mayo clinic. The rare Maffucci's syndrome consists of multiple enchondromatosis accompanied by soft tissue hemangiomas, and, in an historical quirk, was described even before Ollier's disease. The potential for malignant degeneration in Maffucci's syndrome is also very high. Cytogenetic study of a low grade chondrosarcoma in a patient with Ollier's disease revealed a deletion at the same site as was found in patients with chondrosarcoma. Undoubtedly, there will be reports of further investigation into the cytogenetics of these neoplasms in the near future. 

Osteochondroma

Osteochondroma

Objectives 

1. Describe the pathology of osteochondroma (exostosis) 

2. Describe the location and gross appearance of typical osteochondromata 

3. Describe the radiographic appearance of osteochondromata 

4. Discuss indications for removal of osteochondromata 

5. Discuss the potential for malignant degeneration of solitary osteochondromata 


Discussion 
The most common bone tumor is an osteochondroma. Accounting for nearly half of all bone tumors. The origin is unclear, but they appear to result from some type of insult to the periphery of the growth plate, as a result of which the growth is directed more laterally than normally. There are two general categories of osteochondromata, sessile and pedunculated, depending on the size of the base. Both types are orientated away from the growth plate. The radiographic appearance is so characteristic of an osteochondroma that further imaging studies are unnecessary. The cortex of the underlying bone opens to join the cortex of the osteochondroma. The distal bony of the osteochondroma is capped by cartilage, which is felt to represent that part of the growth plate rendered asunder from the rest of the plate, microscopically the cartilage cap does resemble a growth plate. The cartilage cap is <1cm in thickness. The metaphyses of long bones, especially about the knee, are most often affected. A myriad of symptoms have been reported from osteochondromata appearing in unusual locations. Problems with osteochondromata about the knee are symptomatic (under the pes anserinus), vascular (popliteal fossa) or related to peroneal nerve pressure (posterolateral). Lesions in these parts of the knee probably warrant excision if they are large enough to impinge on either the vessels or the peroneal nerve. The process of excision is straightforward, recurrence is not a problem. The entire exostosis should be excised if possible, although near the peroneal nerve, this may not be feasible without unwise retraction of the nerve. The risk of malignancy for a solitary osteochondroma is very low. The entity of multiple hereditary exostosis is discussed under that topic. Radiation induced osteochondromata may very well be more inclined toward malignant degeneration than the usual solitary osteochondroma. 

Osteoid Osteoma

Osteoid osteoma

Objectives 

1. Describe symptoms and physical findings suggestive of osteoid osteoma 

2. Describe the natural history of osteoid osteoma 

3. Discuss useful imaging studies for the diagnosis of osteoid osteoma 

4. Discuss management of osteoid osteoma of the extremities and of the spine 


Discussion points 
1. What is the preferred treatment at present for osteoid osteoma? 


Discussion 
Osteoid osteoma is a relatively common tumor of children, in one series accounting for 11% of benign bone tumors. It is more common in boys. Osteoid osteoma characteristically causes pain, worse at night, and relief of pain with aspirin is one of the diagnostic features. About half of all osteoid osteomas occur in the tibia or femur, another favored site is the posterior elements of the spine. Osteoid osteomas have a radiolucent core surrounded by a dense reactive bone. They may be on the surface of the cortex, in the cortex, or on the endosteal surface, in which case they elicit less reactive bone. Grossly, the radiolucent nidus is generally less than 10 mm in diameter, and microscopically demonstrates vascular channels, osteoblasts, and some giant cells. When the lesion does not produce reactive bone obvious on plain radiographs, delay in diagnosis is common. Symptoms secondary to splinting the involved bone are common such as a painful scoliosis with osteoid osteoma of the spine or limited range of motion with osteoid osteomas about the elbow. Radionuclide scanning is diagnostic with increased uptake evident both on the initial bone pool and at 2 hours. CT scanning, with thin cuts, is the imaging method of choice. The natural history of the lesion is favorable, and resolution of symptoms with anti-inflammatory medications alone is not rare. If symptoms are not managed, excision of the lesion is curative. En bloc resection was the traditional method, but percutaneous radiofrequency ablation is gaining favor. Percutaneous CT guided excision is another option, but more complications have been reported following this method than with radiofrequency ablation. The favored method at present if open surgery is necessary is the "burr-down" technique, which does not usually create a cortical defect exposing the patient to risk of pathologic fracture. Osteoid osteomas of the spine must still be removed by open excision. Scoliosis associated with osteoid osteoma of < 15 months duration resolves after excision of the lesion. 

Unicameral Bone Cyst

Unicameral bone cyst

Objectives 

1. Describe the three stages of benign bone tumors of the Musculoskeletal Tumor Society 

2. Discuss the pathology of unicameral bone cyst, and stage this lesion in the Musculoskeletal Tumor Society classification 

3. Describe the anatomic location of unicameral bone cyst, both by bones affected and location within the bone 

4. Describe the radiographic features of unicameral bone cyst 

5. Discuss the natural history of unicameral bone cysts 

6. Describe the difference between active and inactive cysts 

7. Discuss treatment approaches to active and inactive cysts 


Discussion points 

1. What is the rationale of intralesional steroids as a treatment for unicameral bone cyst? Of bone graft substitutes? 

2. What features increase the likelihood of pathologic fracture through a unicameral bone cyst? 


Discussion 
Unicameral bone cyst is a relatively common lesion of the child's bone. They appear to originate from the growth plate and represent a failure of ossification and remodeling of metaphyseal bone. Cysts contiguous with the growth plate are classified as active cysts; cysts with bone intervening between the lesion and the growth plate are inactive. The proximal humerus and proximal femur account for 90% of cases of unicameral bone cyst. The failure of metaphyseal remodeling accounts for an increased width of the bone at the site of the cyst, but the diameter is not larger than that of the physis. The cyst is surrounded by a thin rim of bone. In the absence of fracture, there is no reactive bone. Unicameral cysts are usually not difficult to diagnose radiographically, but MRI has been reported as helpful in differentiating unicameral from aneurysmal cysts in troublesome cases. Extension of unicameral bone cyst across the physis has been reported. 

The Musculoskeletal Tumor Society has developed a three stage system for classification of benign bone tumors. Stage 1 lesions are static, latent, and typically self-healing. Stage 2 lesions are active, but within the confines of the bone, and are associated with bone remodeling or destruction. Stage 3 lesions are active, locally aggressive, and tend to extend beyond the cortex into the surrounding soft tissue. Depending on the maturity of the cyst, unicameral bone cysts are Stage 1 or 2 lesions. The natural history of unicameral cyst is favorable, with healing expected by skeletal maturity. Once the cyst is healed, there is no evidence of its having been in the bone. 

Treatment then, is only indicated to prevent pathologic fracture of the bone. If the percentage of bone occupied by the cyst is > 85% in both radiographic planes, the risk of fracture was high, and spontaneous healing did not follow fracture. Treatment historically was curettage and bone graft. Scaglietti reported on the usage of corticosteroid injection in 1979, and that has been the treatment of choice until recently, when more disappointing results have been reported with intralesional steroids. The rationale of steroid injection was to interfere with the integrity of the cells forming the cyst wall lining. Presently, injection with bone graft substitutes with or without bone graft appears to be favored. Rarely, especially for lesions of the proximal femur, open curettage and grafting may still be indicated. 

Malignant Tumors

Malignant Tumors 

· Ewing's Sarcoma 

· Osteosarcoma 

Ewing's Sarcoma

Ewing's sarcoma

Objectives 

1. Describe the presenting symptoms of Ewing's sarcoma 

2. Discuss the prognosis for patients with Ewing's sarcoma 

3. Describe radiographic findings secondary to Ewing's sarcoma 

4. Discuss initial management of patients with Ewing's sarcoma 


Discussion 
Ewing's sarcoma is the second most common malignancy of bone in children and adolescents. There is a definite predilection toward white children; it is very rare in children of Asian or African descent. Most cases present between ages 5-25. Ewing's sarcoma can occur in virtually any bone, flat or long. Almost one half of cases involve the femur, tibia, or fibula. Tumors in the hands or feet have a better prognosis. Pain and swelling are the presenting symptoms. Night pain was not a predominant symptomatic feature in a recent series from Sweden. A history of trauma associated with the pain was frequent, and misdiagnosis was common. The average delay from initial presentation to the physician to diagnosis was 19 weeks. Differential diagnoses include osteomyelitis, tendinitis, and strain. Laboratory findings are nonspecific, an elevated ESR and white count are usual. Radiographically, endosteal based cortical erosion is a major finding, but the findings can be variable. When the lesion has penetrated the cortex, there can be surface erosion of the cortex as well. A soft tissue mass contiguous to the affected part of the bone is almost always present. 

If a child is suspected of having Ewing's sarcoma, biopsy should be deferred to a center having the capability of definitively managing the problem. Although Ewing's tumor was largely managed nonoperatively, recent advances in treatment have made surgical management feasible in more cases. 5-year survival rates have increased from 5% to 50% over the last 30 years. Prognosis is dependent on whether metastses are present at the time treatment is begun; survival rate in these patients is about 20%. Chemotherapy is the mainstay of treatment, with surgery and radiation therapy used for local control. Radiation therapy has been associated with a number of significant complications in the past secondary to high doses, as has surgery. At the present time, the relative roles of surgery and radiation therapy for local control is being studied. Surgery on the pelvis has recently been demonstrated to improve outcome; which is important as involvement of the axial skeleton portends a worse prognosis than the appendicular.

A chromosomal translocation (11: 22) {q24: q12} is consistently found associated with Ewing's sarcoma, as well as other neuroectodermal tumors, including extraskeletal Ewing's, peripheral neuroepithelioma, and Askin's tumor. All these tumors are sometimes referred to as the Ewing's family of tumors (EFT). A promising recent advance in therapy for these tumors is CD99, which appears to have an affect on the unregulated growth of tumor cells, and can be used in conjunction with conventional chemotherapy. 

Osteosarcoma

Osteosarcoma

Objectives 

1. Describe the presenting symptoms of patients with osteosarcoma 

2. Describe the radiographic features of osteosarcoma 

3. Discuss the early management of the patient suspected to have osteosarcoma 

4. Discuss the prognosis for osteosarcoma 


Discussion 
Osteosarcomas by definition produce osteoid. However, although that is their common feature, their behavior and anatomic features can vary widely. Most osteosarcomas seen in the pediatric are primary, which arise as solitary neoplasms. There are an increasing number of secondary osteosarcomas, following a number of pre-existing conditions such as radiation therapy, multiple hereditary exostoses, chronic osteomyelitis, etc. Most, but not all, secondary osteosarcomas affect the adult population. Children with retinoblastoma have a high incidence of secondary osteosarcoma. The incidence of osteosarcoma is about 3 times that of Ewing's sarcoma; it is estimated that 500-1000 new cases occur in the US yearly. The second decade is the most frequent time of diagnosis, with a slight preponderance of males affected. The age of presentation of parosteal osteosarcoma, which has a better prognosis, is older and more often affects females. The bones about the knee are most often affected, involvement of the axial skeleton is much less common than with Ewing's sarcoma. 

Pain and swelling are common presenting features. In a recent study from Sweden, only about 20% had night pain. A tumor mass was present about 40% of the time at the first visit. Nonetheless, the diagnosis was delayed about 9 weeks from the time of the first presentation to a physician, strains, tendinitis, or athletic injuries often were suspected. Laboratory values are not particularly helpful. Radiographically, 90% involve the metaphysis. Usually, there is medullary destruction with poorly defined margins, cartical destruction, and reactive periosteal bone. The amount of mineralized osteoid evident is extremely variable. Findings associated with parosteal sarcomas are less dramatic. Osteosarcoma is an aggressive tumor which metastasizes quickly, usually to the lung. Skip lesions in the affected bone can be present up to 25% of the time, complicating treatment. Prognosis is of course better for patients whose lesions have not yet metastasized at the time treatment is begun. Axial or pelvic lesions also carry a poorer prognosis. Tremendous advances in chemotherapy and limb salvage surgery over the past 30 years have pushed survival rates well over 50%, a remarkable increase from the 10-15% survival rate in 1970. 

The best results follow early referral of a patient suspected of having osteosarcoma to a center capable of managing the entire course of the disease. Placement of biopsy incisions can be critical to the success of subsequent limb sparing surgery. 

The genetic link to retinoblastoma has pointed to the role of tumor-suppressor genes, and that osteosarcoma follows inactivation of these genes. Much work remains to be done before we have a mature under

Endocrine & Metabolic

Endocrine & Metabolic 

· Gaucher's Disease 

· Hypervitaminosis 

· Hypophosphatasia 

· Juvenile Osteoporosis 

· Mucopolysaccharidoses 

· Parathyroid Disorders 

· Renal Osteodystrophy 

· Rickets & Osteomalacia 

· Scurvy 

· Thyroid Disorders 

standing of this process. 

Gaucher's Disease

Gaucher's disease

Objectives 

1. Describe the pathophysiology of Gaucher's disease 

2. Describe the most frequent orthopaedic problems associated with Gaucher's disease 

3. Describe radiographic features of Gaucher's disease 

4. Discuss the prognosis for Gaucher's disease 


Discussion 
Gaucher's disease is a lysozomal storage disease, characterized by intracellular accumulation of glucocerebroside, an important component of cell wall membranes. The accumulation of cerebroside occurs in macrophages, found primarily in the spleen, liver, and bone marrow. The enzymatic defect is a deficiency of glucocerebrosidase, and results from one or several common mutation sites, some producing more severe deficiency than others. The genetic pattern is autosomal recessive. Type I, the most common, is particularly prevalent among descendants of Asheknazi Jews. Effects are most evident in the spleen, liver, and bones. This type has also been reported in Japanese. Type II, the acute neuronopathic type generally causes death by age 2. Type III, the chronic neuronopathic type, has features of group I with slowly progressive neurologic dysfunction. 

Age of diagnosis is quite variable, and appears related to the genetic focus of the enzymatic deficiency. Common presenting symptoms are related to coagulation problems, with splenomegaly. Bone pain or fracture is an uncommon (13%) presenting symptom. 

Skeletal changes have been well described, and include the classic "Erlenmeyer flask" shape of the metaphyses, especially in the distal femora; but also osteopenia, cortical thinning, avascular necrosis, and pathologic fracture. Gaucher crises are common, similar to sickle cell crisis, and also mimic osteomyelitis. They result from sudden bleeds into the marrow space, with sudden rise in marrow pressure. As a result, bone scintigraphy often reveals decreased uptake initially, followed by increased uptake during the repair phase. Steroids have been reported to alleviate symptomatology during crises. Pathologic fractures are prevalent in the lower extremities and spine, with occasional kyphosis resulting, sometimes threatening neurologic function. Ostenecrosis of the femoral heads does not appear to be as debilitating as in sickle cell disease. Favorable reports have been reported with enzyme therapy with aglucerase, with reversal of skeletal changes reported. There presently is a Gaucher registry to better accumulate data on the condition and response to treatment, which at this point appears to be promising. 

Hypervitaminosis

Hypervitaminosis

Objectives 

1. List the two vitamins most often associated with hypervitaminosis in children 

2. Describe the major lifethreatening effects of these hypervitaminoses 


Discussion 
Hypervitaminoses A and D have been described in children. Their occurrence is rare, in the US, dietary aberrations are most often responsible for cases of hypervitaminosis A, but an epidemic of hypervitaminosis D was reported following excess fortification of vitamin D in milk. Both are lifethreatening on an acute basis; vitamin A from increased intracranial pressure and vitamin D from hypercalcemia (two deaths were recorded in a patient ingesting the hyperfortified milk). If a child with hypervitaminosis A survives, evidence of increased bone turnover may be found with periosteal reaction and physeal lesions. Tenderness may be noted over the affected bones. 

Hypophosphatasia

Hypophosphatasia

Objectives 

1. Describe the mode of transmission and enzymatic defect noted in patients with hypophosphatasia 

2. Describe physical findings noted in patients with hypophosphatasia 

3. Discuss laboratory findings in patients with hypophosphatasia 

4. Describe radiographic features of hypophosphatasia 


Discussion 
Hypophosphatasia is a rare autosomal recessive trait, characterized by a defect in synthesis of alkaline phosphatase. Considerable phenotypic variation occurs, ranging 
from a lethal perinatal form to mild forms manifested by short stature with a tendency toward fracture, pseudofracture, and skeletal deformity. With the defect in alkaline phosphatase activity, the radiographic findings are compatible with osteopenia, and growth plate changes similar to rickets, such as widening of the growth plate. In hypophosphatasia, there are central cup shaped defects in the metaphysis adjacent to the physis that is typical of hypophosphatasia. The diagnosis is established by decreased serum levels of alkaline phosphatase, variations in the severity of the affected alleles appear to be related to the phenotypic heterogenicity. There is no effective treatment at present for the metabolic defect. Carriers have been noted to have decreased bone density and decreased levels of serum alkaline phosphatase. A recent paper describes a salubrious effect of nonsteriodal anti-inflammatory medications for symptomatic children with hypophosphatasia. Successful treatment of bone deformity with intramedullary nailing has been reported but delayed union is not unexpected. 

Juvenile Osteoporosis

Juvenile osteoporosis

Objectives 

1. Describe the clinical features of (idiopathic) juvenile osteoporosis 

2. Discuss the natural history of juvenile osteoporosis 


Discussion point 

1. What is the role of spine bracing for children with juvenile osteoporosis? 


Discussion 
Idiopathic juvenile osteoporosis is an ill-understood condition that most often has and onset between ages 8 and 14. Presenting symptoms are long bone fractures, back pain, and difficulty walking. Typically, radiographs demonstrate compression of the vertebra and the metaphyses of long bones. In a recent study, the defect appeared to be secondary to osteoblast dysfunction, children with juvenile osteoporosis have a markedly decreased bone volume and low bone turnover. A previous study had concluded to the contrary. The outlook for spontaneous recovery is good, usually in 2-4 years or at skeletal maturity, but protracted disability has been reported in a small number of adults. Bracing of spinal deformity, a reasonable concept, has been recommended, but the experience is small. 

Mucopolysaccharidoses

Mucopolysaccharidoses

Objectives 

1. Describe the common feature of all the mucopolysaccharidoses 

2. Describe the genetic transmission of the mucopolysaccharidoses 

3. Describe the organ systems involved in the different phenotypic expressions of the mucopolysaccharidoses 


Discussion points 

1. What is a mucopolysaccharide? 

2. Would it be logical to call this family of disorders lysozomal storage disease? Why are the lysozomes enlarged? 

3. What relationship does infantile kyphosis have with the mucopolysaccharidoses? 

4. How is the diagnosis of a mucopolysaccharidosis presently established? 


Discussion 
The mucopolysaccharidoses are a family of rare genetic disorders all characterized by a defect in degradation of proteoglycans. A recent study in Northern Ireland estimated the overall incidence of mucopolysaccharidoses as 1: 25,000 live births. The term mucopolysaccharide would be obsolete were it not fixed to these disorders, as the macromolecules formerly known as mucopolysaccharides or protein-polysaccharides are now called proteoglycans. They consist of a protein core with covalently bound polysaccharide (glysoaminoglycan) chains. Examples of glysoaminoglycans are chondroitin sulfates 4 and 6, keratan sulfate, heparin sulfate, and dermatan sulfate. Proteoglycans are normally degraded in the cell by lysozomes, an enzyme dependant process. Absence of deficiency of any necessary enzyme will result in an accumulation of proteoglycans in the intracellular lysozomes. Urinary excretion of excess amounts of the undegraded glysoaminoglycan is diagnostic. The resulting phenotype depends on the specific enzyme deficiency, with varying effects on the skeletal, ocular, visceral organs, or central nervous system. Two of the more severe forms of the mucopolysaccharidoses, Hunter and Hurler syndromes, may be suspected by noting infantile kyphosis. Morquio syndrome also has significant associated orthopaedic problems, consisting of short stature, kyphosis, and genu valgum. Stiff joints and short stature are features of Maroteaux-Lamy syndrome. All the mucopolysaccharidoses are transmitted by recessive inheritance, X-linked for Hunter and autosomal for the rest. 

Parathyroid Disorders

Parathyroid disorders

Objectives 

1. Describe the effect of parathyroid hormone on skeletal metabolism 

2. Describe symptoms which are compatible with hyperparathyroidism or hypoparathyroidism in children 


Discussion 
Parathyroid hormone (PTH) has a profound effect on calcium metabolism. The major effect on the kidney is to increase the tubular reabsorption of calcium and decrease tubular absorption of phosphate. It increases activity of 1-hydroxylase in the kidney, which increases synthesis of 1,25 hydroxyvitamin D, the active metabolite of vitamin D. Effects of the active form of vitamin D (increased bowel absorption of calcium) are thus secondary effects of PTH. In addition, it mediates extraction of calcium from bone by mobilizing osteocytes in a process called "osteocytic osteolysis". PTH also increases activity and number of osteoblasts. All these effects will elevate serum calcium. Primary hyperparathyroidism has been reported in children and adolescents, although rare. Symptoms were nonspecific, such as lethargy, fatigue, and weakness. 

In contrast, hypoparathyroidism is characterized by low serum calcium and hyperphosphatemia. In adults the most common reason for hypoparathyroidism is inadvertent following thyroid surgery, but there are inherited forms of congenital hypoparathyroidism. Developmental delay, seizures, and sensorineural hearing loss sometimes accompanies congenital hypoparathyroidism. The role of the orthopaedist in congenital hypoparathyroidism is essentially nonexistent. 

Renal Osteodystrophy

Renal osteodystrophy

Objectives 

1. Describe the skeletal features of renal osteodystrophy 

2. Describe the chain of metabolic events responsible for the disordered skeletal features characteristic of renal osteodystrophy 

3. Describe the clinical manifestations of renal osteodystrophy in the skeletally immature patient 

4. Discuss laboratory values associated with renal osteodystrophy 


Discussion points 

1. What is the role of the orthopaedist in managing patients with renal osteodystrophy? 

2. What is the rugger jersey spine? 

3. Why do patients with renal osteodystrophy usually develop genu valgum and not genu varum? 


Discussion 
Renal osteodystrophy is a complex metabolic disorder that is seen much more frequently at present due to advances in the medical management of renal failure and the much more frequent occurrence of renal transplantation. The initial event is glomerular damage leading to phosphate retention and a reduction in production of 1,25 dihydroxyvitamin D. In addition hyperphosphatemia decreases the production of 1,25 dihydroxyvitamin D. Gut absorption of calcium is reduced, and perhaps even actively secreted. Marked secondary hyperparathyroidism results, which is ineffective in increasing intestinal absorption of calcium or renal tubular reabsorption because vitamin D is present and hyperphosphatemia is already present. The end result to the skeleton is then a combination of rickets and secondary hyperparathyroidism. Ectopic calcification may occur if the solubility of serum calcium and phosphorus is exceeded; acidosis may further aggravate negative calcium balance. Skeletal manifestations include a mixture of osteomalacia, osteitis fibrosa cystica, osteosclerosis (poorly understood) and osteoporosis. Aluminum containing phosphate binders are often administered to control hyperphosphatemia, and a form of osteodystrophy resembling pure osteomalacia has been identified with aluminum administration has been identified. 

The marked hyperparathyroidism results in significant reabsorption in metaphyseal bone, and this has been incriminated in the frequent occurrence of slipped capital femoral epiphysis in the skeletally immature population with renal osteodystrophy. Patterns of bone absorption are variable and together with osteitis fibrosa cystica can resemble neoplasia. A peculiar manifestation of renal osteodystrophy is the so-called rugger jersey spine, with alternating bands of osteosclerosis and rarefaction. Ectopic calcification may limit joint mobility. 

Creatinine and BUN will obviously be elevated in patients with renal osteodystrophy. The serum calcium is low, and the phosphorus is elevated. Alkaline phosphatase and PTH are elevated. Vitamin D levels are reduced, urinary calcium is reduced, and fecal calcium is elevated. 

Younger children at the age of physiologic bowing usually do not develop renal osteodystrophy; it is much more common in older children who have already developed physiologic genu valgum. The weakened bone of the lower extremity will tend to fail toward a worsening deformity as a result of weightbearing, thus genu valgum commonly accompanies renal osteodystrophy. If medial management or successful transplantation results in improved renal function, some improvement in alignment may occur. Obviously, internal fixation of bone weakened by renal osteodystrophy is tenuous, and prudence dictates a very discretionary approach to the correction of skeletal deformity in the patient with active renal osteodystrophy. 

Rickets & Osteomalacia

Rickets & osteomalacia

Objectives 

1. Outline the pathway of Vitamin D metabolism 

2. Define: osteomalacia, rickets 

3. Describe the clinical features of rickets 

4. Describe the radiographic findings noted in patients with rickets, and their relationship with histologic findings 

5. List causes of rickets in children 

6. List 2 causes of Vitamin D resistant rickets 

7. Discuss treatment regimens for nutritional rickets, and two forms of Vitamin D resistant rickets 


Discussion points 

1. What are Looser lines? 

2. What would be the expected serum calcium and phosphorus levels in nutritional rickets? In phosphate diabetes? In end-organ insensitivity? 

3. Why are children taking anticonvulsants predisposed to rickets? 


Discussion
Rickets if probably the prototype of metabolic disease in children. The term, rickets, implies a decrease in calcium, phosphorus, or both, which is of such magnitude that it interferes with epiphyseal growth and mineralization. Ostemalacia is the adult counterpart of rickets, without the growth plate manifestations. 

A knowledge of vitamin D metabolism is necessary to understand the pathophysiology of rickets. Ultraviolet light acting on the skin transforms 7 dehydrocholesterol into vitamin D3 (cholecalciferol). Vitamin D can also be ingested as a dietary supplement, vitamin D2. Both are hydroxylated in the liver to 25 hydroxyvitamin D3; serum levels of vitamin D3 are the best indicators of total body stores of vitamin D3. With elevated PTH, or decreased serum levels of calcium or phosphorus, 25 hydroxyvitamin D3 is hydroxylated again in the proximal tubules of the kidney to the active hormone metabolite 1,25 dihydroxyvitamin D3. In the presence of decreased PTH, or elevated serum levels of calcium or phosphorus, 25 hydroxyvitamin D3 is converted to the metabolically inactive 24,25 dihydroxyvitamin D3. PTH acts with 1,25 dihydroxyvitamin D to facilitate transport of calcium from the diet across the gut wall. In the presence of hypocalcemia, PTH also acts independently of vitamin D to promote osteoclastic activity. PTH also reduces the tubular reabsorption of phosphate (phosphate diabetes). Therefore, there are 3 organs involved with calcium metabolism -the gut, bone, and renal tubule -which are under control of two hormones -1,25 dihydroxyvitamin D3 and PTH. Causes of rickets are nutritional (unusual now in North America), which can be aggravated by chelators in the diet, and gastrointestinal causes, usually small bowel and/ or hepatic in children. The chain of events is thus decreased viamin D > decreased intestinal absorption of calcium > hypocalcemia > secondary hyperparathyroidism > decreased tubular reabsorption of phosphorus > hypophosphatemia > and a recurrent cycle begins. 

The basic defect in bone and bone growth is a failure of mineralization. The so-called diagnostic feature histologically is the osteoid seam, a layer of unmineralized bone surrounding mineralized bone. The reserve and proliferative zones of the growth plate are relatively normal, but the hypertrophic zone is enormous, with unorganized cells piled on each other, and no recognizable seams of calcified matrix. Thus, tongues of cartilage can extend far into the metaphysis. The ring of LaCroix is deficient, and widening of the metaphysis is noted. Radiographic changes reflect these findings. The growth plate is widened with a fuzzy metaphyseal border secondary to the persistence of cartilage cells in this region and the lack of a zone of provisional calcification. The cortices and trabeculae are thin and fuzzy. Looser lines contain extensive collections of osteoid; these appear radiographically as transverse lucent lines, and are pathognomic of osteomalacia. The serum calcium is generally low, but may be normal if secondary parathyroidism has captured enough calcium from bone to restore normal levels. The phosphorus is low. 

Treatment is simple for nutritional rickets; for gastrointestnal rickets, elimination of the underlying cause is, of course, preferred, but supplemental vitamin D may sometimes be of value. 

Rickets resistant to Vitamin D has long been recognized, now there are 4 general etiologies for this problem; phosphate diabetes, decrease in 1,25 dihydroxyvitamin D production, end organ insensitivity, and renal tubular acidosis. Children with phosphate diabetes absorb calcium, synthesis active vitamin 1,25 dihydroxy vitamin D, have no secondary hyperparathyroidism, but lack enough phosphate for normal bone production. Another type of vitamin D resistant rickets is secondary to an ability to synthesize active 1,25 dihydroxy vitamin D. Their blood chemistries will be similar to vitamin D dietary rickets except for a low serum 1,25 dihydroxyvitamin D. Patients with endorgan insensitivity appear to have a problem with the gut responding to 1,25 dihydroxyvitamin D. Their blood chemistries will show the effects of secondary hyperparathyroidism, and will have low serum calcium and phosphorus, elevated alkaline phosphatase and PTH. This group is obviously difficult to treat effectively. Patients may develop renal tubular acidosis from a variety of causes, with impaired resorption of phosphate in addition to other metabolic abnormalities. Children taking anticonvulsants may develop a form of rickets. There is apparently some injury to the hepatic cells which decreases synthesis of 25-hydoxyvitamin D; thus the precursor of the active form, 1,25 dihydroxyvitamin D is not available. Laboratory values will be similar to those accompanying nutritional rickets. 

Scurvy

Scurvy

Objectives 

1. Describe the pathophysiology of scurvy 

2. Describe presenting clinical symptoms and radiographic features of scurvy 


Discussion 
Scurvy is very rarely seen now in developing countries, but sporadic reports still surface regarding children subjected to bizarre diets. In certain segments of the population, such as refugees, scurvy may still be evident. Scurvy is perhaps the most easily treated and preventable bone disease. It is associated with a deficiency of vitamin C, which cannot be synthesized by the human. The basic defect is a failure to hydroxylate proline and lysine, as essential step in collagen formation which is dependant on ascorbate. All body parts are thus affected, vascular fragility is a major symptom, bone formation is reduced and what bone is formed lacks tensile strength. Children with scurvy are irritable, may have petechiae, eccymosis, bone pain, weakness, and of course, poor wound healing. Radiographic findings have been well described, and included diminished bone density and cortical thinning. In addition, a line of radiodensity is apparent just on the metaphyseal side of the physis, but adjacent to this radiodensity is a radiolucent line which results in a very white appearance to the radiodense line, sometimes called the line of Frankel. Cupping of the distal femoral metaphysis has been reported frequently, radiographic changes are most evident at that site. Treatment is very simple, dietary ascorbic acid. 

Thyroid Disorders

Thyroid disorders

Objectives 

1. Discuss the effect of thyroid hormone on normal growth 

2. Describe the clinical features of hypothyroidism in children 

3. Describe radiographic findings associated with hypothyroidism 

4. Describe the effect of calcitonin on bone and kidney 

5. Discuss the orthopaedic condition most associated with hypothyroidism in children 


Discussion 
Thyroid function plays a critical role in the normal growth and development of children. Cretinism, an unambiguously unflattering term, is used to describe the effects of hypothyroidism in the newborn. Affected infants demonstrate short stature, mental retardation, developmental delay, coarse hair, constipation, and a protruding tongue. In the older child, the major features are related to growth delay and lethargy. Sluggish reflexes are an important physical sign of hypothyroidism. Radiographically, delayed bone age is an important factor in diagnosis; sometimes the epiphysis can be fragmented and appear similar to osteonecrosis. Hypothyroid children were found to have elevated serum calcium and 1,25 dihydroxyvitamin D, and lowered calcitonin. These findings reverted to normal after treatment, but if treatment for hypothyroidism in children is delayed, the growth retardation may be permanent. A rat study demonstrated that the effect of thyroid hormone on growth plates was independent of that of growth hormone. Calcitonin acts to decrease bone resorption, increase calcium and phosphorus excretion, and stimulate formation of 24,25 dihydroxyvitamin D, the inactive metabolite. Calcitonin secretion by the parafollicular cells of the thyroid is normally stimulated by hypercalcemia. Children with hyperthyroidism have been noted to have accelerated growth and maturation. 

Slipped capital epiphysis is associated with endocrinopathies, including hypothyroidism, but is particularly associated with the time that treatment is instituted for hypothyroidism. Slipped capital femoral epiphysis accompanying hypothyroidism has regularly been bilateral and bilateral fixation has been advocated on a routine basis in this situation. A case has been made for routine thyroid screening in children with slipped capital femoral epiphysis, this would seem particularly appropriate when the affected child is of short stature. 

Infection

Infection

· Acute Osteomyelitis 

· Chronic Osteomyelitis 

· Septic Arthritis (other than Hip) 

· Subacute Osteomyelitis
Acute Osteomyelitis

Acute osteomyelitis

Objectives 

1. Describe the pathology of acute osteomyelitis 

2. Describe the natural history of untreated acute osteomyelitis 

3. Discuss therapy for each stage of natural history of untreated acute osteomyelitis 

4. Describe the workup of a child with suspected acute osteomyelitis 

5. Describe the most common offending organism causing osteomyelitis in the premature infant, the neonate, the toddler, and the older child 

6. Discuss antibiotic management, including route and duration, for acute osteomyelitis 

7. Discuss laboratory tests useful for following the clinical course of acute osteomyelitis 

8. List conditions can clinically mimic acute osteomyelitis 

9. Describe the features of chronic recurrent multifocal osteomyelitis (CRMO) 


Discussion points 

1. What is the incidence of acute osteomyelitis? Which limbs are most often affected? 

2. What imaging studies are valuable for the child with early acute osteomyelitis? 

3. What findings would make one suspect osteomyelitis in the premature infant? 

4. What criteria are helpful for deciding when oral antibiotics would be appropriate? How long is treatment necessary? 

5. Are there any indications for surgical intervention for acute osteomyelitis? Why or why not? 


Discussion 
Acute osteomyelitis is one of the most important conditions on a global basis that is treated by the orthopaedic surgeon. In Norway, the incidence is roughly 1/ 10,000 children per year; but in susceptible populations such as premature infants with other complications, children with malignancies or juvenile arthritis on immunosuppressives, or malnourished children; the incidence is higher. In the child, the primary site of infection is the metaphysis, where the blood flow becomes sluggish in the capillary loops. The inflammatory response is identical to that observed in other anatomic areas, but the response is initially contained in metaphyseal bone, either in long bones or flat bones. Rarely, the epiphysis can be primarily infected. The cardinal signs of early osteomyelitis are soft tissue swelling and marked bony tenderness with voluntary guarding of the affected limb. WBC with differential, sed rate, C reactive protein, and plain radiographs are initially obtained, and technetium imaging is helpful if there is doubt about the diagnosis. Bone aspiration and blood cultures (preferably drawn during rising portion of temperature spike) are the most initial valuable laboratory studies. Bone aspiration should not be delayed for imaging studies, as aspiration does not alter results of bone scanning. Ultrasound may be helpful in detecting and localizing subperiosteal abscess. MRI has been reported as the most helpful imaging modality for diagnosis and localization of the inflammatory process in the earlier stages of the condition when plain radiographs are not helpful (although soft tissue swelling is an early sign). When an abscess has formed in the bone, pain is more severe; eventually the abscess will penetrate the thin metaphyseal cortical bone, and can result in secondary septic arthritis, especially in the hip, elbow, and shoulder. For more complex diagnostic situations, indium and/ or gallium scanning have been advocated. Photopenic scans indicate a more ominous prognosis. 

The natural history of acute osteomyelitis has been dramatically changed since the availability of antibiotics, with a mortality rate of 25% in the preantibiotic era. If intravenous antibiotics specific for the offending organism can be delivered to the bone before abscess formation has occurred, or even if a small abscess has formed, a rapid clinical response is usually noted. In such a case, present thought allows administration of oral antibiotics when a clinical response has been confirmed, and the C reactive protein is dropping. A recent study from Finland concluded that routine bactericidal monitoring is not necessary when changing from intravenous to oral antibiotics, but Nelson, the originator of replacing intravenous antibiotics with oral, was not convinced. 6 weeks of treatment has been standard, but recent studies have documented the effectiveness of much shorter durations. However, if presentation is late, and/ or devitalized bone is responsible for a diminished response to antibiotic treatment, surgical intervention is often necessary. Since vaccination against hemophilus has been introduced, the incidence of osteomyelitis secondary to that organism has been markedly reduced. 

Childhood bony neoplasms such as osteosarcoma or Ewings, fractures in anesthetic limbs, juvenile arthritis, septic arthritis, and cellulitis are the most common conditions mimicking acute osteomyelitis. 

Chronic recurrent multifocal osteomyelitis is a rare systemic condition characterized by multiple sites of lytic defects of bone; with varying states of chronicity among various, often concomitant lesions. It is most prevalent between ages 5-15, and has a 2: 1 female preponderance. Laboratory values are generally normal. Long bones are most often affected. Treatment is symptomatic, nonsteriodals have been noted to afford some symptomatic relief. The bony lesions are sterile. 

Tuberculous infections still occur in many areas of the world. Delay in diagnosis is common. If the growth plate is not affected, the prognosis from treatment is good. 

Osteomyelitis will have a constantly changing picture, as the balance between antibiotics, host resistance, and the virulence of various organisms tips one way or the other. The clinician must always be alert to unusual presentations or infecting organisms. 

Chronic Osteomyelitis

Chronic osteomyelitis

Objectives 

1. Describe the natural history of the evolution of acute to chronic osteomyelitis 

2. Describe clinical and radiographic features of chronic osteomyelitis 

3. Describe principles of management of children with chronic osteomyelitis 

4. Describe the clinical and radiographic features of chronic recurrent multifocal osteomyelitis 


Discussion 
Although chronic osteomyelitis resulting from untreated acute osteomyelitis is no longer often seen in developed countries, it is still relatively common as a sequelae from open fractures or gunshot wounds. Principles of treatment for chronic osteomyelitis remain constant regardless of etiology. The classic form of chronic osteomyelitis had its onset with acute osteomyelitis, as the abscess was forming and the involved bone was ischemic. If the amount of ischemic bone was substantial, it would remain as a sequestrum. Especially if the sequestrum was contaminated, it would remain as a focus of recurring infection; even if not contaminated, it's presence activated a host response similar to that of a foreign body -an attempt to wall off the sequestrum. The new bone reacting to the sequestrum is called the involucrum. Chronic osteomyelitis is clinically evident by low grade drainage and inflammation about the infected site. Pathologic fracture or nonunion may accompany chronic osteomyelitis. The quality of the adjacent soft tissue may be poor, depending on etiology. Treatment of chronic osteomyelitis in adults is sometimes compared to treating entities such as giant cell tumors, in that a radical resection of the infected bone is the first step, followed by efforts at reconstruction. The classification of Cierny is modeled on tumor classification. 

The treatment of chronic osteomyelitis in children is somewhat easier in that the child's periosteum is capable of bone regeneration. The basic principle is the same, of eradicating the avascular bone, and providing a means for the limb to regenerate a replacement. IF adequate soft tissue is locally available, the problem is less complicated. These principles have been nicely applied in the work of Daoud. Zahiri used a vascularized fibula with its musculature to replace the tibial defect when the bed was clean. Jain departed from conventional therapy, leaving the sequestra in place, immobilizing the limb accompanied by antibiotic therapy, with good results in children. A number of methods of management for chronic osteomyelitis have been described, usually with the goal of providing good quality soft tissue adjacent to the affected bone, flap coverage, antibiotic impregnated PMMA beads to assist in local control of infection, and the Papineau's open bone grafting technique. There is no single superior technique, the surgeon treating chronic osteomyelitis must be familiar with all methods and use what is available in the most creative way to achieve a successful result. 

A completely separate entity to chronic osteomyelitis carries a similar name, but it has a noninfectious origin and does not respond to antibiotics -chronic recurrent multifocal osteomyelitis (CRMO). There is a female preponderance of patients with CRMO, the onset is usually in later childhood. The onset is characterized by systemic malaise and pain at the site( s) of bony involvement. The initial presentation may be unifocal, but characteristically there are sequential multifocal metaphyseal lesions, some resolving. Scintigraphy can reveal asymptomatic lesions. Some patients also suffer from palmoplantar pustulosis. Biopsy is diagnostic, but sophisticated histopathologic methods may be necessary. Antibiotics are contraindicated, nonsteroidals are currently recommended, and there is a case report of a very good response to interferon gamma. 
Septic Arthritis (other than Hip)

Septic arthritis (other than hip)

Objectives 

1. Describe diagnostic features of joint sepsis in children 

2. Describe the natural history of joint sepsis in children 

3. Describe the organisms most likely to result in joint sepsis in your location 

4. Describe treatment for joint sepsis in children, excluding the hip joint 


Discussion 
Septic arthritis is a common childhood condition. Seeding of the joint occurs from one of the transient bacteremias that accompany everyday life, even from brushing teeth. The reason for seeding a particular joint at any particular time remains mysterious. Once seeded, the chain of reactions leasing proteolytic enzymes from the leucocytes is begun, which prior to the antibiotic era could result in joint destruction or even death. The outlook today for most cases of septic arthritis promptly treated is for complete recovery. The hip joint, with its particularly vulnerable blood supply is a more emergent condition when septic than other joints, although the shoulder has similarities; the sequelae may be less obvious as the shoulder is not a weightbearing joint. The septic joint is painful, and the child will hold the joint in the most comfortable position, usually at the midrange of motion, and vigorously resist painful motion. Sequential measurements of active and passive range of motion is an excellent clinical measure of response to treatment. Most joints of the limbs are superficial and can thus be easily examined, and easily aspirated. The SI joint is an exception, and must be examined indirectly by maneuvers designed to place stress on the joint; aspiration of a painful SI joint requires anesthesia. If the patient is febrile, blood cultures may be helpful. It is not at all uncommon to have a negative culture of an obviously cloudy joint aspirate, in such cases blood cultures may identify an organism. If an organism is not identified, treatment is based on the prevalent organisms for the age of the patient in the local environment. In the United States, it is no longer considered necessary to provide antibiotic coverage for hemophilus influenza. Kingella is becoming much more prevalent in the young population. 

Special imaging for most cases of septic arthritis should not be necessary. Ultrasonography of the adjacent bone may be helpful to determine if osteomyelitis is also present when swelling is severe. Scintigraphy is only helpful when one is unsure of the site of infection (SI joint). MRI and CT can be helpful for detecting abscesses about the pelvis. 

The basic treatment plan for septic arthritis is to make the diagnosis, isolate the organism if possible, remove the purulent effusion, and deliver an appropriate antibiotic. There are published reports of treating septic arthritis by arthrotomy, arthroscopy, and early septic joints by aspiration and lavage alone (all with intravenous antibiotics). Whatever method is used, it is important that a clinical response be noted within 24 hours, or another diagnosis (or inadequate drainage) is responsible. Sequential levels of C reactive protein (CRP) provide a more rapid indicator of clinical response than the ESR. After a clear clinical response is documented, antibiotics may be continued orally. There is no scientific endpoint for discontinuing coverage for uncomplicated joint sepsis, the trend is for lesser total durations of therapy. 3 weeks is a cookbook answer for most uncomplicated cases. 

If diagnosis is delayed, or an immediate response to treatment is not attained, there is either another nidus of infection or osteomyelitis complicating the arthritis must be suspected, and a longer duration of therapy will be necessary. Indications for operative intervention are then the same as those for osteomyelitis. 

Subacute Osteomyelitis

Subacute osteomyelitis

Objectives 

1. Define subacute osteomyelitis 

2. Describe presenting symptoms of subacute osteomyelitis in children 

3. Discuss the natural history and differential diagnosis of subacute osteomyelitis in children 

4. Describe pathologic features of subacute osteomyelitis in children 

5. Describe a treatment plan for subacute osteomyelitis in children 


Discussion point 

1. When is biopsy indicated for subacute osteomyelitis, and how would you do it? 


Discussion 
Subacute osteomyelitis is not rare, a series of 44 cases over 12 years was collected at a single children's hospital. It undoubtedly results from an alteration of the host-disease interaction, with a more subdued reaction than seen in acute osteomyelitis; in subacute osteomyelitis, the bone is essentially capable of controlling the infection, but not of eradicating it. Symptoms are of longer duration (> 2 weeks), milder, of pain and discomfort around the affected area. Sort tissue swelling is unusual. Constitutional symptoms are absent, there is often a history of recent antibiotic usage. The radiographic appearance is variable, from a well-circumscribed, walled lesion (Brodie's abscess) to a more aggressive appearance simulation neoplasm. Subacute osteomyelitis may be epiphyseal, metaphyseal, or diaphyseal. Subacute osteomyelitis may cross the physis, permanent growth arrest is, however, rare. A classification system modified from Gledhills' has been published by Dormans. Aspiration at a minimum is necessary to attempt to retrieve an organism, although about half the time, none is retrieved. Staphylococcus is the most commonly identified organism. Most cases of subacute osteomyelitis resolve with antibiotics only; so if the diagnosis can be made with assurance radiographically, no intervention other than aspiration is needed. Aggressive lesions do require biopsy for diagnosis, if a malignancy is being entertained in the differential diagnosis, the biopsy must be done with full consideration of the treatment plan if a malignancy is diagnosed. Excision of the lesion is probably curative on its own, but antibiotics have been recommended in addition to surgery when surgery is performed. The dosage, duration, and mode of administration of antibiotic therapy does not have any scientific basis; we do know what has been effective from the reported experience with subacute osteomyelitis. 

Trauma

Trauma 

· Child Abuse 

· Fractures Associated with Head Injury 

· Fractures of the Physis 

· Open Fractures 

· Osteochondral Fractures 

· Overuse Injuries 

· The Multiply Injured Child: Musculoskeletal Aspects 

· The Multiply Injured Child: Other Systems 

Child Abuse

Child abuse

Objectives 

1. Discuss the factors contributing to susceptibility to child abuse 

2. Describe fracture patterns considered suggestive of abuse as an etiology 

3. Discuss the differential diagnosis of child abuse 

4. Describe the physical and imaging assessment of a child with suspected abuse 

5. Describe management of a child who sustained injuries possibly secondary to abuse 

6. Discuss the skeletal radiographic features of child abuse 


Discussion points 

1. What is the most important factor affecting prognosis for abused children? 

2. What are the laws in your state (country) regarding reporting of suspected abuse? 

3. What are the consequences for the child of failing to establish abuse as a causative factor for injury? 


Discussion 
The unfortunately common phenomenon of child abuse powerfully drives home the dark side of human nature as little else can (although elder abuse and spouse abuse are also being increasingly reported, both helpless populations). The pioneering work in this field was performed by Caffey, a radiologist, who questioned the etiology of subdural hematomas associated with fractures in children. An enormous literature has followed. Estimates from the early 90's indicated that 42 children/ 1000 were victims of abuse or neglect. If anything, such estimates are probably low. Risk factors include low income, first born, premature, stepchildren, handicapped, single parent, drug using parents, parents who were themselves abused, and unemployed parents. Children of no socioeconomic strata or demographic status, however, are immune from abuse. 

Abuse comprises neglect, physical abuse, sexual abuse, and emotional abuse. The orthopaedist is primarily involved with physical abuse that involves the musculoskeletal system. It is obviously difficult to obtain accurate numbers about the incidence of fractures in abuse; estimates have been quoted from 9 to over 50%, probably 15-20% is a reasonable guess. Younger children, especially less than age 1, are particularly vulnerable. A specific type of fracture, the "corner fracture" or metaphyseal "bucket handle" fracture is characteristic of abuse. These lesions are predominately medial, and extend through the primary spongiosa toward the cortex, with a thicker section of metaphysis attached to the epiphyseal fragment at the periphery of the bone. These lesions have been extensively studied by Kleinman in autopsied infants. Extensive injury can occur without external evidence from shaking, recently reviewed by Saternus. Humeral and/ or femoral fractures in children < 1 year of age should arouse the possibility of abuse regardless of pattern of fracture. A growing number of spinal injuries have also recently been reported. Rib fractures are pathognomic of shaking. 

If abuse is suspected, the child should be admitted or transferred to a hospital with child protection services. A team approach is most effective, and most helpful in meeting the legal obligations that often follow. The parents or caretakers should be informed that it is the obligation of the treating physician under law to manage the child in this way. This obviously creates a tense interaction, and parents who are wrongfully suspected of abusing their children suffer considerably. A number of conditions can present with findings similar to abuse, most notable are mild osteogenesis imperfecta and hemophilia. Skin biopsy is sometimes necessary to rule out osteogenesis imperfecta, and clotting studies can rule out hemophilia. Screening should include CBC, platelet count, prothrombin time, partial thromboplastin time, and bleeding time. Caffey's disease, leukemia, and most importantly, truly accidental injury are other differential diagnoses. Considerable judgment is often necessary in assessing whether the history given is compatible with the injury, a cardinal point in the diagnosis of possible abuse. A fall from a short distance can rarely produce significant skeletal injury, but not subdural hematoma. Failure to identify abuse as a causative factor in a child is risky for the child. It has been estimated that the risk of recurrent abuse is 30-50%, the risk of death 5-10%. Brain injury is a poor prognostic factor in abused children. 

There are now federal and state laws mandating reporting of suspected abuse. Each state is responsible for providing definitions of child abuse and neglect within the civil and criminal context. The review by Kocher and Kasser is an excellent recent comprehensive review. 

Fractures Associated with Head Injury

Fractures associated with head injury

Objectives 

1. Discuss the effect of head injury on outcome of the multiply injured pediatric patient 

2. Discuss the orthopaedic assessment of the head injured child or adolescent 

3. Discuss management of fractures associated with the head injured patient 

4. Describe problems other than fracture associated with head injury 


Discussion points 

1. What factors contribute to the exuberant callus formation in head injured patients? 

2. What care does the child with fractures and a head injury need after hospital discharge? 


Discussion 
Severe head injury is the most devastating childhood injury. Recent reports indicate the mortality of severe head injury in children is nearly the same as for adults, and residual disability is common. Multiple injuries, including fractures, often accompany severe head injury, which is generally the result of a motor vehicle accident. In children less than 2 years of age, abuse remains a common causative factor, especially for subdural hematoma, and completely for retinal hemorrhage. There is general agreement that rigid fixation of fractures, either external or internal, facilitates care. It is not so clear whether outcome is changed by early fixation, in fact one recent report suggest early fixation of fractures may contribute to a worse neurologic result. Hemorrhage is less often a factor in children's pelvic fractures than adults, mortality was exclusively a result of head injury. In general, the severity of head injury is related to outcome. 

Recognition of extremity or pelvic fractures can be difficult in the comatose patient. Bone scintigraphy has been found to have a reasonable yield in identifying unrecognized fractures. Procrastination in management of fractures is most wisely avoided, as many children will again ambulate even after several weeks of coma. Peripheral nerve injury is another injury recognized late, and Gillogly reported late peripheral neuropathy in 19/ 122 patients with severe head injury unassociated with extremity injury; all had severe spasticity. Other complications include heterotopic ossification and/ or exuberant callus following fracture. Serum from head injured patients has been identified as having an increased quantity of growth factors, which may contribute to bone formation in anatomic sites not generally predisposed to ossification. To further complicate the diagnostic picture, venous thrombosis has been reported in a limb coexisting with heterotopic ossification. Late resection of heterotopic ossification can restore motion and function, results appear to be enhanced with administration of indomethacin or salicylates. Spasticity can be very difficult. Fractures in spastic limbs obviously require some type of rigid fixation, external fixation is most often used at present. Management of spasticity in the head injured patient can include splinting and casting, in conjunction with agents such as botulinus toxin or phenol which do not have a permanent effect. 

A recent follow-up study by Greenspan noted that needed physical and/ or occupational therapy and mental health services were often not prescribed after discharge. Careful follow-up by knowledgeable professionals was recommended. The head injured child presents many challenges in the acute phase (recognition and treatment of fractures), the subacute phase (spasticity), and the chronic phase (rehab, heterotopic ossification, and maximizing function). 

Fractures of the Physis

Fractures of the physis

Objectives 

1. Describe the layers of the growth plate, and describe the mechanical strength of each layer. 

2. Describe the periphery of the physis, and the role these structures play in mechanical stability of the physis 

3. Describe the Salter-Harris classification of growth plate injury 

4. Discuss the variations noted in actual fracture patterns from the idealized classification and the reasons underlying such variation 

5. Describe factors which may contribute to premature physeal arrest 

6. Discuss strategies which can minimize the incidence of subsequent physeal arrest following physeal fracture


Discussion 
The growth plate is a common site of fracture, accounting for 15-20% of all childhood fractures. The distal radius is the physis most frequently fractured. Strength of the growth plate has primarily been studied in rats, noting that the hypertrophic zone was weakest to tension, with an decrease in strength at the onset of sexual maturation. In the bovine growth plate, with application of pure tension, shear, and compression forces; tension resulted in failure in the proliferative zone, shear at the junction between the proliferative and hypertrophic zones, and compression at the level of the calcified cartilage bars. In such studies, the contribution of the perichondrial ring of LaCroix and node of Ranvier are often not studied, and the protective effect of these structures is not considered. Especially protective is the ring of LaCroix with its extension of metaphyseal bone protecting the periphery of the physis, although this protection becomes less effective in adolescence. In addition, actual injuring forces are seldom pure tension, shear, of compression; thus differing parts of the growth plate can be subject to differing forces. Finally, the undulation of the plate (more so in the distal femur, less in the distal radius, etc) and its mamillary processes provide some resistance to shear. In actual specimens of distal tibial physeal fractures, the fracture line meandered through 
different zones of the physis. 

Nonetheless, the Salter-Harris classification has been used for 40 years as the primary classification of growth plate injuries, and full knowledge of this classification is essential. Type I injuries are separations of the growth plate without bony fracture. Type II fractures include a variable amount of metaphseal bone with the epiphyseal fragment, the fracture line is the same as Type I except where it extends into the metaphysis. Type III injuries include a physeal component as in group I, with an extension of the fracture line through the epiphysis into the joint. Type IV injuries are characterized by the fracture line extending through the epiphysis, physis, and metaphysis. These injuries will result in premature arrest if not anatomically reduced. Type V injuries are crush injuries to the plate. Peterson has questioned the existence of an isolated Type V fracture. 

Fractures of the distal femoral physes and distal tibial physes, relatively common injuries where weightbearing forces play a large role in injury, type II fractures can be followed by premature physeal arrest. This is undoubtedly secondary to the factors enumerated above, and underscores the need for gentleness when attempting reduction of such injuries. If a segment of physis remains with the distal fragment; and repeated attempts at closed reduction without muscular relaxation are made, it is not difficult to imagine that further injury to the physis can occur iatrogenically. 

Principles of minimizing complications after physeal injuries thus include gentleness of reduction, and anatomic reduction of injuries (Type IV in particular) which will result in growth arrest if not anatomically reduced. Type III fractures not anatomically reduced will result in joint incongruity and deformity if not anatomically reduced but physeal growth will generally continue (lateral humeral condyle fractures). Type I fractures of the proximal femur carry a very different prognosis with age; in the infant the growth plate is extracapsular and well ossified, in the adolescent, the growth plate is intracapsular and the blood supply travels a precarious path up the intracapsular femoral neck. 

Resection of established physeal bridging between the metaphysis and epiphysis has been effective in re-establishing growth if the bony bridge is not too large, and the duration of the bridge is not too long. Obviously, injuries such as those secondary to lawnmower injuries which include large injuring forces can produce further direct damage to the resting zone on both fragments can further complicate recovery of the physis and increase the possibility of physeal bridging. In such instances, careful monitoring of further growth of the affected physis is mandatory. The need for follow-up after physeal injuries is often not recorded in the literature, but documentation of further normal growth after a physeal fracture seems a very reasonable requirement before discharging a patient from further follow-up after physeal injury. 

Open Fractures

Open fractures

Objectives 

1. Define open fracture 

2. Describe a system of classification for open fractures 

3. Describe an approach to management of open fractures 

4. Discuss indications for wound closure with open fractures 

5. Discuss methods of fixation for open fractures, including advantages and disadvantages of each method 

6. Describe in what way(s) managing open fractures in children differs from that in adults 

Discussion
Chapman and Olson define an open fracture as one in which a break in the skin and underlying soft tissues leads directly into or communicates with the fracture and the hematoma. Such a fracture is suspect to contamination by the environment at the time of injury. It is this condition, contamination of the fracture, that must drive the treatment - the first principle being to clean the fracture and the wound of contamination. This is done mechanically by debridement, and secondarily by administration of appropriate intravenous antibiotics, recognizing that the antibiotics will only be accessible to viable tissue. Once the wound management has been addressed, reduction and stabilization of the fracture become priorities. In general, major advances in wound management and treatment of open fractures have occurred in wartime, when large numbers of open fractures demand a high level of attention to minimizing morbidity and mortality. For some time, it has been taught that debridement within 6 hours was in accord with a "golden period" as wounds would become secondarily contaminated. A convincing recent series of patients by Skaggs casts uncertainty on that concept, proper wound management is probably more important than the delay in operation. 

The most commonly used classification in North America is that of Gustillo and Anderson, which is essential knowledge for practicing orthopaedists and residents. A type I open fracture communicates with a clean wound, < 1 cm in length. A type II open fracture communicates with a wound > 1 cm long without extensive soft tissue injury, flaps, or avulsions. A type IIIA open fracture has adequate soft tissue coverage despite extensive lacerations or flaps, or is sustained by high energy trauma regardless of the character and size of the wound. A type IIIB open fracture has extensive soft tissue loss with periosteal stripping and bone exposure, and/or is associated with massive contamination. A type IIIC open fracture is associated with vasular injury needing repair. This classification has been useful for comparison of results and assessment of treatment methods. 

The goal of open fracture management is to obtain a viable, clean fracture in an adequate, vascularized soft tissue envelope. In this environment the fracture can heal without complication. Residual contamination, especially likely when devitalized tissue remains in the wound, is associated with increased complications both with the wound and the fracture. Thus adequate debridement is the sine qua non of open fracture management. In young children, fracture fragments of questionable viability may incorporate, a similar fragment in the adult must be debrided. In recent years, primary closure and wound coverage has become more adventuresome. While this does decrease hospital stay and promotes faster union, it is also useful to remember the report of Brown in 1974, describing cases of gas gangrene in Miami. The common denominator for every case was primary wound closure. While there is no doubt that many type I and II open fractures undergo successful primary wound closure., it is worth considering the safety of this procedure every time it is done. Type III injuries by nature defy primary closure at every level. Local or remote flap coverage may be necessary. With severe injuries, consideration must be directed to the possibility of early amputation rather than a series of unsuccessful reconstructive procedures. 

Fracture stabilization is the final concern. Most open fractures in children may be managed in the same way as a similar closed injury, in a cast. Small wounds left open in a cast will close by secondary intention. Secondary wound closure is always safer, and can be accomplished at the time of o re-exam of the wound 3-5 days after injury. Complications of open fractures in children increase with age of the patient and complexity of the injury. In the mid 90's, a number of reports of treatment of open tibial fractures in children were published. These themes were consistent, and to a lesser degree, delayed union with external fixation. Fractures of the pelvis carry and extra morbidity from associated genitourinary or gastrointestinal injuries, which may require diversion to obtain a clean fracture. 

We are now embarking on era of more aggressive internal fixation for open fractures, including intramedullary rodding for open forearm fractures, and increasing use of flexible intramedullary rods in other long bones. Well documented series of various types of fixation will guide operative stablization. The trend at present is for greater use of intamedullary fixation, less plate fixation, less external fixation, and sadly, less cast fixation. Plate fixation requires additional exposure, external fixation can contribute to fracture distraction, and intramedullary fixation can spread contamination from an imperfectly cleaned fracture site. 

Osteochondral Fractures

Osteochondral Fractures

Discussion points
1. Describe the most frequent sites of osteocondral fracture in the child 

2. Describe the repair process for osteochondral fractures 

3. Describe present treatment approaches for osteochondral fractures 


Discussion
The most frequent site of osteochondral fractures in children is the knee. Osteochondral lesions are also relatively common in the talus, whether these result from acute fractures is still uncertain. A study of acute hemarthrosis in children revealed osteochondral fractures were found in 67% as a result of acute patellar dislocation. Our knowledge of healing of osteochondral fractures is incomplete. Children have more potential to heal osteochondral fractures than adults. After an osteochondral fracture, the defect fills with a fibrin clot. Injury to bone releases multiple growth factors. The release and role of growth factors secondary to cartilage injury is not well defined at present. Mesenchymal cells migrate into the clot, and within 2 weeks produce a matrix that contains type II collagen, proteoglycans, and some type I collagen. The defect ultimately heals with a substantial fibrous component, intermediate between hyaline cartilage and fibrocartilage. The repair cartilage does not bond firmly to the surrounding intact cartilage. With time, the hyaline like component of the repair cartilage disappears, and the there is a fibroblast like appearance of the remaining cells. Whether the repair process is the same for osteochondritis dissecans is not certain. There have been attempts at autogenous grafting of osteochondral defects; but in general this is an area waiting for development. Most osteochondral fractures are now treated merely by excision of the fragment. Operative attempts to replace fragments have been reported, with either threaded Steinman pins or Herbert screws. It is conjectural at present whether these methods produce results superior to excision. 

Overuse Injuries

Overuse injuries

Objectives 

1. Define overuse syndrome 

2. Discuss the natural history of a stress fracture 

3. Discuss factors predisposing to stress fracture 

4. Discuss the distribution of stress fractures in the skeletally immature 

5. Discuss differential diagnosis of stress fractures 

6. Discuss imaging modalities useful for the evaluation of overuse injuries in children and their indications 

7. Discuss factors which may render the female gymnast, figure skater, ballet dancer, and/ or runner especially prone to developing a stress fracture 


Discussion 
Overuse, or stress injuries have received a great deal of attention in the past two decades; prior to that time a stress injury in a child was regarded as a curiosity. The great increase in overuse injuries is probably a result of both more intense training in some skeletally immature athletes in addition to a better understanding of the subject. A stress or overuse injury is defined as an extension of the spectrum of physiologic adaptation that occurs in response to stimuli from normal use. Military recruits have been most studied. Overuse injuries can occur at the bone-muscle, muscle-tendon, and tendon-bone interfaces as well as in bone. At the myotendinous junction, in mammalian models, the inflammatory response peaks at age 2. A fibrotic response follows, peaking between days 4-11. This fibrosis prevents restoration of normal muscle structure. However, tensile strength is returning by this time. Small hemorrhages occur, but hematoma formation does not. Strength in healing myotendinous tissue is not affected by NSAIDs. Soft tissue overuse injuries are less well defined than stress fractures, and discussions of these injuries often do not have a basic science structure. The bone tendon interface is somewhat better defined, in conditions such as Osgood Schlatter syndrome (listed separately) or the so-called Sever disease. It is increasingly apparent that radiographic findings have limited clinical significance, and that symptoms most likely are a result of soft tissue inflammation. 

There is a much better defined data base for stress fractures. These have been studied most extensively in military recruits, who are often subjected to a sudden increase in physical activity during training. It is well established that new bone formation in response to increased loads does not occur for about 2 weeks, during which time osteoclastic activity is continuous. This may be due to a transient exercise induced ischemia in the bone -the site of fracture is not necessarily the portion of the bone subjected to greatest strain. Leg strength and hamstring flexibility have both been recently shown to have a protective effect on the development of stress fractures in military recruits. Diagnosis of stress fracture is usually not difficult if the examiner considers the possibility. Radiographs are negative in the initial phase of stress fracture before the phase of new bone formation. Bone scintigraphy can be helpful in the early phases, but of course is not specific for etiology. MR imaging can be helpful in increasing the specificity of diagnosis if a biopsy is being considered. The differential diagnosis of stress fracture includes neoplasia, infection, and osteoid osteoma. Treatment for most stress fractures is relatively simple; discontinuing the activity to allow sufficient time for regaining bony strength before embarking on a controlled incremental increasing exercise program to allow osteoblastic activity to continue pace with osteoclastic. A particularly nasty variant of stress fracture is that of the anterior tibia. Femoral neck stress fractures can be catastrophic if displaced, but these injuries are rare in children. 

Studies of stress fractures indicate that about 10% occur in children under 16. The tibia is most often injured, as in the adult, followed by the fibula, pars interarticularis, femur metatarsal, and tarsal navicular. In the upper limb, stress reactions in children have also been well documented. Little league elbow, or osteochondritis dissecans (listed separately) can be a disabling affection of the capitellar epiphysis. Little league shoulder is more benign. Gymnasts develop physeal changes of the distal radial physis, presumably from the conversion of the wrist to a weightbearing structure. Traction injuries to the olecranon apophysis can also affect young gymnasts. The risk of stress fracture is higher in female than male gymnasts. High level training and eating disorders are not infrequent among young female gymnasts and can result in amenorrhea or oligomenorrhea. Although bone density may be normal in such gymnasts, the hypoestrogenemia accompanying this condition may impede the development of greater bone strength necessary to meet increased demands of training. Finally, young musicians can also sustain physeal overuse injuries of the upper limb

The Multiply Injured Child: Musculoskeletal Aspects

The multiply injured child: Musculoskeletal aspects

Objectives 

1. Discuss priorities for imaging musculoskeletal injuries in the multiply injured child 

2. Discuss the indications for operative fixation of fractures in the multiply injured patient, and whether indications are altered from those for a patient with a single fracture 

3. Discuss the different methods of fixation available, and your indications for cast or splint, external fixation, intramedullary nailing, and plate fixation 

4. Describe the incidence of open fractures in the multiply injured child, and their management 


Discussion points 

1. What are the differences in indications for rigid fixation of fractures in the child and adult? 

2. Are there any absolute indications for immediate fracture fixation in the multiply injured child? 

3. Is there a "golden period" for debriding open fractures? Can debridement safely be postponed under any circumstances? 


Discussion 
Multiply injured children are optimally managed at a pediatric trauma center or adult level 1 trauma center, where added expertise is available. In general, the neck should be considered as injured in an unconscious child until proven otherwise. In conscious and cooperative patients (Glasgow Coma Scale 14-15), clinical assessment of neck stability was found to be reliable without radiography. The common pseudosubluxation of C2-3 was found in 21% of multiply injured children and should be considered a normal variant. In children under 6, a special transport board should be used because the young child's head is proportionally larger in relation to the trunk, so standard boards will flex the neck. Fractures are not life threatening, so their assessment is secondary to measures necessary to manage head or visceral trauma. If the child is unconscious, the neck should be splinted during imaging studies of other systems, as should any obviously displaced fractures. With the ability of the child to undergo spinal cord injury without radiographic abnormality, MR scanning of the spine has been suggested for comatose children. Technetium scanning has been reported to be beneficial in discovering additional fractures in the multiply injured child. A pelvic fracture accompanied by another skeletal injury indicates serious injury. Femoral fractures account for almost 25% of fractures in the multiply injured child. Loder reported that operative stabilization of fractures less than 72 hours after injury resulted in a shorter hospital stay, a shorter intensive care stay, and less ventilatory assistance. Hedequist, however, found early stabilization of femoral fractures had no effect on the pulmonary complication rate. Recent suggests that mandatory debridement less than 8 hours after injury is not always necessary, and that outcome did not suffer from longer delays when other injuries delayed debridement. External fixation has been advocated either as a temporizing measure when fractures must be quickly stabilized, or for definitive management. Increased complications have also been reported with external fixation, especially in regard to delayed union or refracture. 

The particular type of fixation for a given fracture is, for the most part, arguable. External fixation allows access to open wounds, but can be cumbersome and suffer pin tract problems. Union can be delayed if the fracture is distracted. Plate fixation allows primary closure, is reliable for fixation, but can predispose to leg length discrepancy in the femur, requires additional dissection, and has a small but definite risk of complication. In a small series of patients aged 8-12, excellent results were reported. Casting or splinting require repeated careful assessment in non-responsive patients to avoid pressure complications or compartment syndrome. Rigid intramedullary nailing must avoid growth plates, and especially, the piriformis fossa of the femur, to avoid the possibility of avascular necrosis of the proximal femur. Flexible intramedullary nailing is safe, but does not impart rigid fixation. K wires have been used as lower cost flexible intramedullary rods (Qidwai). A study suggesting that multiply injured children without head injury may not receive the rehabilitation necessary to achieve optimum functional recovery (Aitken). 

The Multiply Injured Child: Other Systems

The multiply injured child: Other systems

Objectives 

1. Discuss the optimum initial management of the multiply injured child 

2. Describe the demographics of children most at risk for injury 


Discussion points 

1. Describe step by step the immediate evaluation of the multiply injured child. At what point does the orthopaedist assume a role? 

2. What factor( s) contribute to the long-term outcome of the multiply injured child. What role does the orthopaedist have in managing these factors? 


Discussion 
The development of trauma centers over the last 20 years has [Maio, 2000 #9] been responsible for an increase in the quality of trauma care. It is apparent that the pediatric patient has also been a beneficiary; as care in adult trauma units has compared favorably with that rendered in pediatric units. The principles of airway control, bleeding control, and correction of hypovolemia are universal regardless of age. Maintenance of adequate circulation is mandatory to prevent secondary brain ischemia, which is an important contributor to long-term morbidity. Visceral trauma is managed by the pediatric (or general surgeon), with an increasing tendency toward nonoperative management, especially in the younger child. It is only at this point that fracture management steps forward. Of course, circulatory compromise to a limb reorders the usual priorities. 

A number of trauma grading scales are presently in use. The Glasgow Coma Scale has been used to assess the level of consciousness necessary to clinically evaluate for cervical spine injury. Other trauma scales have been evaluated, and are predictive of mortality, but are not particularly relevant to the primary interest of the orthopaedist, long term outcome. It is anticipated that future efforts will be made toward development of evaluative scales for residual disability. Craniocerebral injury is the major factor affecting both morbidity and long term outcome. 

Both in North America and Europe, socioeconomic status has been found to be related to the risk of serious injury for children. Alcohol is also involved in a considerable number of injuries sustained by adolescents. These factors are societal, but the orthopaedist should be aware of their importance. 

Miscellaneous

Miscellaneous 

· Heavy Metal Intoxication 

· Idiopathic Chondrolysis 

· Juvenile Arthritis 

· Marfan Syndrome 

· Multifactorial Disorders 

· Myositis Ossificans 

· Myelodysplasia 

· Postural Deformations 

· Prosthetics and Orthotics 

· Streeter's Dysplasia 

Heavy Metal Intoxication

Heavy metal intoxication

Objectives 

1. Discuss the public health aspects of lead poisoning in developed and developing countries 

2. Describe symptoms of lead toxicity 

3. Describe the radiographic features of lead toxicity 


Discussion 
By far the most common variety of heavy metal intoxication in children is lead poisoning. Symptomatology related to lead poisoning is primarily neurologic and gastrointestinal, so it is unlikely that the orthopaedist will often be in a position to make the primary diagnosis. In the United States, a somewhat coordinated program has been underway for over 10 years to reduce the exposure of children to lead, lead-free gas being one outcome of this effort. The socioeconomic stratification of exposure to lead has been well documented, and in parts of the world, dust contains significant quantities of lead. Behavioral disorders and developmental delays have been attributed to even low levels of lead intoxication. Dense metaphyseal lines are a cardinal radiographic feature of lead intoxication. 

Idiopathic Chondrolysis

Idiopathic chondrolysis

Objectives 

1. Define idiopathic chondrolysis 

2. Describe clinical symptoms, age of onset, and physical findings suggestive of idiopathic chondrolysis 

3. Describe the radiographic features of idiopathic chondrolysis 

4. Describe treatment for idiopathic chondrolysis, and results of treatment 

5. Discuss theories of etiology of idiopathic chondrolysis 


Discussion point 

1. Is idiopathic chondrolysis the same entity as chondrolysis complicating SCFE? Why or why not? 


Discussion 
Idiopathic chondrolysis is well defined clinically; usually having its onset early in the second decade of life, with a marked female preponderance. Anterior hip pain is the usual initial symptom, followed by stiffness and pain with movement. An autoimmune etiology has been proposed, but confirmatory evidence is still lacking. There is more information available on chondrolysis following SCFE, it is still speculative whether idiopathic chondrolysis and chondrolysis complicating SCFE are the same entity. One paper concluded idiopathic chondrolysis could be a manifestation of pauciarticular juvenile arthritis. Laboratory values are normal. The radiographic findings are characteristic. Osteopenia is progressive with concentric narrowing of the joint space. Protrusio acetabuli is common, as is premature physeal closure. The head remains spherical, but develops osteoarthritic changes. Pathologically, the joint capsule thickens with nonspecific low grade inflammatory changes. Several small series, the largest including 14 patients have been reported. Improvement has been reported following partial capsulectomy followed by traction and aggressive rehabilitation, soft tissue release with anti-inflammatory agents, and arthrodiastasis with external fixation (although etiologies were diverse in this group). However, the most recent report with an average follow-up of 13 years concluded that pain relief was temporary, on long term follow-up only 2/ 11 patients were free of pain and one of them had an arthrodesis. 

Juvenile Arthritis

Juvenile arthritis

Objectives 

1. Describe a classification of juvenile arthritis 

2. Discuss the prognosis and its relation to age of onset and type of arthritis 

3. Describe the pathophysiology of joints affected with juvenile arthritis 

4. Discuss current treatment of juvenile arthritis 


Discussion point 

1. How often is the orthopaedist the first specialist contacted for patients with juvenile arthritis? 

2. Why are ophthalmologists involved with this condition? 


Discussion 
Juvenile arthritis is a relatively common disease affecting children. Terminologies have varied through the last 25 years. The International League against Rheumatism has proposed a classification which that organization hopes will clarify communication between Europe and North America. At the present time, there is still some discussion about classification, but the ILAR will be presented here. Categories listed include systemic arthritis, oligoarthritis (persistent), oligoarthritis (extended), polyarticular arthritis (rheumatoid-factor negative), polyarticular arthritis (rheumatoid-factor positive), enthesitis arthritis, psoriatic arthritis, and unclassified. North American clinicians will find some of these terms unfamiliar, the last 3 categories are not juvenile arthritis; and terminology in North America has been pauciarticular, polyarticular, and systemic. With such a heterogeneous group of disorders, a single etiology is obviously not at play, there appears to be a combination of autoimmune activity with other local factors, such as cytokine activity and growth factors. Systemic arthritis can begin anytime in childhood, characterized by high fever, rash, intense musculoskeletal pain, and a number of other clinical and laboratory findings. These children do not generally present to the orthopaedist, but children with pauci (or oligoarthritis) do, in a recent study 62% were referred to an orthopaedist before seeing a rheumatologist. Joints most often affected with pauciarticular arthritis are knees, ankles, fingers, toes, wrists, elbows, and hips respectively. Although children with pauciarticular arthritis are generally thought to do well, rheumatologists are identifying subsets of pauciarticular arthritis with less good prognoses. Medical management of juvenile arthritis has evolved considerably over the past decade, with more frequent intra-articular steroid usage, less systemic steroid administration, methotrexate, and bone marrow transplant for serious situations. Uveitis, which formerly led to the blinding of a number of children because of its silent progression, appears to be affected in incidence to some degree by race, white children particularly susceptible. 

Growth disturbance, systemic or regional, accompanies juvenile arthritis. Leg length discrepancy is common in the oligoarticular subset, which can easily be managed by standard measures. The need for synovectomy appears greatly reduced as a result of better medical management. However, the orthopaedist still has a great role in prevention or management of contracture, and monitoring functional recovery (as persistent weakness is common). 

Marfan Syndrome

Marfan syndrome

Objectives 

1. Describe the genetic basis of Marfan syndrome 

2. List the skeletal diagnostic criteria for diagnosis of Marfan syndrome from the Berlin 1986 nosology 

3. Discuss major factors affecting mortality of patients with Marfan syndrome 

4. Discuss the orthopaedic problems most often encountered by patients with Marfan syndrome 


Discussion points 

1. Why is it sometimes difficult to make the diagnosis of Marfan syndrome? 

2. What problems have been reported in the spine of patients with Marfan's syndrome? 


Discussion 
Marfan syndrome is presently undergoing intense investigation, especially from the genetic and molecular perspective. It is now accepted that mutations in the gene for fibrilllin-1 (FBN-1) have been shown to cause Marfan syndrome, an autosomal dominant disorder of connective tissue. Fibrillin-1 is a component of the microfibrils which accompany elastin in the elastic fiber. The exact function of the microfibrils is currently under investigation. What is known is the phenotypic expression of the dysfunctional microfibrils, manifested by disorders of the cardiovascular syste, musculoskeletal system, and ectopia lentis. Ultrastrutural changes in elastic fibers have been illustrated by Gigante. Life expectancy has risen dramatically in the past generation, largely as a result of advances in vascular surgery. Dilatation of the aortic root is responsible for most cases of aortic incompetence and replacement of the root has become very successful. Neonatal Marfan syndrome is more lethal than the later onset variety. 

The diagnosis of Marfan syndrome can be complex. Many of the diagnostic criteria are age dependent. There are 8 specific musculoskeletal criteria: chest wall deformity, vertebral column deformity, arachnodactyly, high arch palate, tall stature, limb disproportion, abnormal joint mobility, and protrusio acetabuli. Four (4) of these have been suggested to qualify the musculoskeletal system as a major criterion. Tall stature is most frequent. A clinical test for arachnodactyly is the Steinberg test, where the thumb protrudes past the ulnar border of the palm when opposed in the fist. There are no a number of "fibillinopathies" which have variable expressions of the major diagnostic features of microfibril dysfunction. In addition, congenital contractural arachnodacyly has been identified as a type 2 fibrillinopathy. 

Joint hypermobility and spine hypermobility, with a higher than normal rate of atlantoaxial subluxation, spondylolisthesis, kyphosis, and scoliosis are characteristic of Marfan syndrome. The atlantoaxial subluxation is less dramatic than that associated with Down's syndrome. Dural ectasia is common in Marfan syndrome and may be associated with back pain. 

Multifactorial Disorders

Multifactorial disorders

Objectives 

1. Define multifactorial inheritance 

2. List 3 conditions of orthopaedic interest that are presently regarded as being multifactorial in their inheritance pattern 


Discussion point 

1. What method( s) can be used to achieve greater precision in investigating multifactorial inheritance? 


Discussion 
Multifactorial traits result from the interaction of one or more environmental factors and two or more genes. In contrast to single gene disorders, multifactorial genes can express continuous variation, that is distribution of phenotypic expression from one extreme to another in a continuous fashion. Skin color and height would be examples of this type of multifactorial inheritance. This is not always the case, however, as many multifactorial conditions of orthopaedic interest have a distinguishable phenotype. Idiopathic scoliosis, rheumatoid arthritis, clubfoot, developmental dislocation of the hip, and myelomeningocele are all transmitted via multifactorial inheritance. For example, the effect of folic acid administration to pregnant mothers in reducing the incidence of myelomeningocele is an excellent example of an environmental influence on phenotypic expression. The incidence of multifactorial traits in first degree relatives is higher than the population at large, but much less than that noted in single gene disorders. For example, the risk of clubfoot in first degree relatives is 25 times normal, 5 times higher in second degree relatives, and twice as common in third degree relatives. Complex segregation analysis, which requires large numbers of families, was used by Rebbeck to study the inheritance of clubfoot. They concluded that clubfoot was transmitted by a single gene defect with an additional effect (either another gene or an environmental factor). Prenatal counseling for multifactorial disorders is much more complex than for single gene disorders. 

Myositis Ossificans

Myositis ossificans

Objectives 

1. Describe history and physicla findings suggestive of traumatic myositis ossificans 

2. Describe the characteristic microscopic pathology of traumatic myositis ossificans 

3. Discuss the treatment of myositis ossificans 

4. Discuss lesions which may be difficult to differentiate from traumatic myositis ossificans 


Discussion point 

1. What is fibrodysplasia ossificans progressiva? 


Discussion 
Traumatic myositis ossificans has long been recognized as a complication of blunt trauma. It is most often noted in the quadriceps in the lower extremity, and the brachialis in the upper. In a prospective study of quadriceps hematomas, myositis ossificans developed in 16%. The pathology of myositis ossificans has been well described, and has a characteristic pattern of more mature bone peripherally and more immature cells centrally. This pattern can generally be recognized with imaging studies of the injured limb. The major masqueraders of myositis ossificans that behave poorly are parosteal sarcoma and periosteal sarcoma. This differentiation can usually be made with imaging studies (usually plain radiography suffices) as myositis ossificans characteristically has a radiolucent line between the ossifying soft tissue mass and the bone. 

Treatment of myositis ossificans is largely protection from reinjury as the lesion matures. The average period of disability from myositis ossificans in a study from West Point was 73 days. When a mature lesion restricts function, resection can be considered, but this has been performed at a rate of less than 10% following myositis ossificans. 

Fibrodysplasia ossificans progressiva is a rare condition characterized by progressive extraskeletal ossification with no effective treatment at present. It has no relationship with traumatic myositis ossificans although the terminology used in some of the older literature sometimes uses myositis ossificans progressiva to describe the progressive condition. 

Myelodysplasia

Myelodysplasia

Objectives 

1. Define myelodysplasia, and list two separate clinical presentations of myelodysplasia 

2. Describe the relationship of myelomeningocele with anencephaly 

3. Describe the range of clinical severity in patients with myelomeningocele 

4. Discuss the relationship of orthopaedic problems accompanying myelomeningocele to neurologic level 

5. Discuss the prognosis for ambulation in patients with spina bifida 

6. Define a dietary supplement of proven effectiveness in reducing birth rates of myelodysplasia 

7. Describe the relationship of latex allergy and myelodysplasia 

8. Describe the clinical presentation of spinal dysraphism without spina bifida aperta 


Discussion points 

1. Is upper limb function normal in patients with myelomeningocele? 

2. Why is a multispecialty clinic setting preferred for management of children with myelomengocele? 


Discussion 
The term myelodysplasia encompasses a wide spectrum of disruption of the structures formed from the neural tube. Failure of closure of the tube results in myelomengocele at the caudal end or anencephaly at the cranial end. Several types of intracanal pathology (tethered cord, diastematomyelia, congenital kyphos) can result in neurologic deficits appearing later in childhood. Sacral dimpling or hair patches often, but not always, signal an underlying spinal dysraphism. Myelomeningocele (often simply called spina bifida) denotes an open neural tube at birth. This defect, usually fatal a half century ago, is now managed aggressively at birth by neurosurgeons with closure of the sac. Hydrocephalus often accompanies myelomeningocele, and can be aggravated by sac closure, thus shunting procedures are also routinely performed in infancy. Arnold-Chiari malformations can become problematic at essentially any age. The variable levels of motor and sensory dysfunction are generally recorded by level of sensation, many children will have some reflex activity of muscles distal to their sensory level. Subsequent functional level is obviously linked to the neurologic level. Asher and colleagues demonstrated 20 years ago that sustained ambulation was dependent on at least some hamstring function, although many children with greater levels of paralysis will ambulate for some period during childhood. A variety of orthopaedic problems accompany myelomengocele. Patients with sacral levels of paralysis can develop problems secondary to insensate feet and foot deformity. Knee flexion and external tibial torsion are common in patients with lumbar level paralysis. Hip dislocation can accompany any level, but is most common when the medial hamstrings and quadriceps are innervated, but the abductors and extensors are not. A continuing dialogue is available in the orthopaedic literature about the advisability of attempts to reduce dislocated hips in patients with myelodysplasia, present thought can probably be best characterized in saying that unilateral dislocations in ambulatory patients are better reduced, but that benefit to reduction in any other setting has not been established. A wide variety of spinal pathology accompanies spina bifida, requiring complex management and decision making. To add further complexity, upper limb function is usually not normal, and hydrocephalus may affect proprioception and balance even though sensation is present. Other factors, such as obesity, which is relatively common and difficult to control in older children with myelomeningocele, also affect functional status. 

Latex allergy is almost universal in children with spina bifida who have been exposed, and avoidance of exposure to natural rubber latex is now advised for all children with myelomeningocele. There may be a genetic predisposition in this population to latex allergy. 

Administration of folate to women of childbearing age has been shown to markedly reduce the incidence of spina bifida; a genetic focus for metabolism of folic acid has recently been identified. Women with defective folate metabolism have increased serum levels of homocystine which are reduced by ingestion of folate. Obese mothers also have an increased rate of children with spina bifida. 

Management of the child with myelomeningocele is complex, involving pediatric, neurosurgical, urologic, and orthopaedic follow-up throughout the entire childhood and adolescence. A recent outcome study concluded that parental hope had more influence on the quality of life than neurologic deficit, indicating the influence of so-called nonmedical factors play a great role in outcome. Thus, management of children with myelomeningocele is best provided in settings with the ability to coordinate multidisciplinary care. 

Postural Deformations

Postural deformations (metatarsus adductus, pes calcaneovalgus)

Objectives 

1. Define malformation, deformation, dysplasia 

2. Discuss treatment principles for congenital deformations 

3. Describe the natural history for metatarsus adductus and pes calcaneovalgus 

4. Discuss treatment for metatarsus adductus and pes calcaneovalgus 


Discussion 
The concept of normal development and its variations is extremely helpful in evaluating and making treatment decisions about entities such as metatarsus adductus and calcaneovalgus foot posture in the newborn. Dunne and Clarren have outlined different ways in which morphogenesis can be altered. A malformation results from an interruption of normal organogenesis during the time of organ formation at 4-8 weeks postconception. Dysplasias result from abnormal organization of cells into tissues, leading to abnormal tissue differentiation, such as in connective tissue disorders. Deformations are abnormalities in shape, form, or position of structurally normal body parts from extrinsic pressure. The fetus is susceptible to deformation secondary to intrauterine molding and its rapid growth. 

All that said, it is not easy to make complete sense of the literature on metatarsus adductus. Widhe concluded no treatment was necessary for adductus confined to the forefoot or for pes calcaneovalgus. Berg found that metatarsus adductus accompanied by radiographically demonstrable hindfoot valgus were more difficult to treat. Cook was unable to apply Berg's method due to inconsistent ossification patterns of the hindfoot. Bleck felt good results could be reliably obtained until 8 months of age, but then the deformity might be so rigid as to require surgery. Farseti, in a longterm follow-up found that all feet that were passively correctable did well with no treatment, and 9% of treated feet did well. No foot underwent surgery. Ghali found that 23 of 43 feet with metatarsus adductus treated in his series required surgery, but they did well regardless of time of surgery. Stark included patients with idiopathic metatarsus adductus in his series of tarsometatarsal cappsulotomies that did not do well. Katz treated 65 infants with short leg casts, and they all did well. Finally, Morcuende and Ponseti found the first metatarso cuneiform joint was tilted in embryos of 16 and 19 weeks, suggesting a "developmental abnormality." The reader is left to his/ her own conclusions. Clinical experience would indicate that most feet with metatarsus adductus at birth are passively correctable and need no treatment. Those that do not correct usually correct with casting. There does seem to be agreement that pes calcaneovalgus needs no treatment. 

Prosthetics and Orthotics

Prosthetics and orthotics

Objectives 

1. Discuss the timing of prosthetic fitting for congenital deficiencies of the upper and lower limb 

2. Describe four types of prosthetic knees 

3. Describe 2 type of prosthetic feet 

4. Discuss the advantages of myoelectric upper limb prostheses over the conventional voluntary-opening hook terminal device upper limb prostheses, and the advantages of the conventional prostheses over the myoelectric 

5. Define orthotic 

6. Describe the nomenclature of lower limb orthotics 

7. Discuss the limitations of spinal orthoses 

8. Describe prerequisites for orthotic prescriptions 

9. Discuss use of orthotics for prevention of ankle sprains 


Discussion point 

1. What is CAD-CAM? 


Discussion 
The timing of prosthetic fitting of upper and lower limb prostheses is timed to correlate with the normal developmental milestones of the child. Thus, children with lower limb deficiencies are fitted with a prosthesis at about the time they would be pulling to standing, roughly 8-12 months. The first prosthesis would have a nonarticulated knee for greater stability. For the upper limb, a passive prosthesis is fitted at about age 6 months, when the child is performing bimanual activity. Prosthetic fitting of the upper limb is more complex than the lower due to the importance of sensation in the upper limb. The shoulder powered conventional voluntary opening hook terminal device is the standard for upper limb prosthetic fitting. Many clinics are now prescribing myoelectric hands at age 1-2. These eliminate the need for a harness about the shoulders. The first prosthesis usually uses only one electrode which opens the hand. Later, a two-electrode prosthesis that opens and closes the hand can be prescribed. Myoelectric hands are heavier, more expensive, require more training, and have more repair time. Their appearance and function are superior to conventional terminal devices which can either close or open with shoulder power, but not both. Young children may be physically incapable of handling body-powered prostheses. Rejection rates of both body powered and myoelectric upper limb prosthesis remain high. Sensory considerations obviously are an important component of the high rejection rate. 

By age 3, the above knee or knee disarticulation lower extremity juvenile amputee is fitted with a prosthetic knee. There are four types of knees. The first knee is generally a single-axis manual locking knee. A constant friction knee also is a single axis knee using constant friction to control the knee during swing phase. This can provide a smooth gait, but only at one speed. These are often used in older children. The stance control or weight activated knee is an adjustable braking mechanism in the first 20 degrees of knee flexion to prevent stumbling. These are applicable for very short below knee amputees, but a true pediatric version of this knee is not available. Polycentric knees provide a moving center of rotation and can more closely simulate normal gait. The most common variety is the four bar linkage. Hydraulic knees can most closely simulate a normal gait pattern. These have swing phase control with a stance phase braking mechanism. These are functionally ideal, but are heavier and require more maintenance. The SACH (solid ankle cushion heel) foot is a standard for children. Dynamic response feet with a flexible keel are excellent for older children and adolescents as they improve running ability and athletic performance. Lower limb prostheses generally function well in children. 

An orthotic is used to control body movement. For optimum control, limb alignment should be reasonably normal to eliminate uncomfortable pressure from the orthosis. It is futile to prescribe an orthotic for a contracted joint; for example, fitting an articulate AFO across an ankle with an equinus contracture will result in an unstable gait. Orthotics are designated by the joints they span. An ankle foot orthosis (AFO) controls foot and ankle motion. A KAFO (knee-ankle-foot orthosis) controls knee motion in addition to that controlled by the AFO. A HKAFO controls hip motion. Most orthoses are now constructed from thermoplastic material applied to a mold made from a cast of the patient's limb or trunk. Orthotic control is most feasible for flexible components. Mobile foot deformities can be casted in a corrected position, and a stable, comfortable orthosis can then be fabricated. Control of knee position is possible with solid ankle AFOs, slight plantarflexion with an anterior tibial shell will promote knee extension (floor reaction brace). Attempting to apply a KAFO over a knee with marked genu varum or valgum will fail functionally and be uncomfortable in addition. The same principles apply to spinal orthoses. Weight considerations play a large role in the applicability of spinal orthoses, especially for scoliosis. If adequate pelvic fixation is not possible, the orthosis cannot be effective. 

Our knowledge base in orthotic management of a number of pediatric orthopaedic conditions is unsettled. The effectiveness of bracing for scoliosis has been challenged, and the effect of bracing on possibly worsening sagittal plane deformity (thoracic lordosis) accompanying scoliosis is a concern to many. The value of bracing for neuromuscular spinal deformities is presently questionable, but newer materials that make it possible to brace the spine without a deleterious effect on pulmonary function may yet find a place. The effects of ankle bracing is being actively investigated; it appears that no orthotic support is as effective as strong ankle evertors. More sophisticated analyses of the effect of orthotics on energy expenditure and motion control by motion analysis will aid decision making in the future. Follow-up studies of extensive bracing, such as the RGO (reciprocating gait orthosis) used for high level myelodysplasia will help in decision making in the future. Seemingly mundane topics such as the effect of applying a rigid cervical collar in a head injured patient is not so simple; negative effects on intracranial pressure have been reported. This field is an active one; not only orthopaedists, but podiatrists physical therapists, and physiatrists are involved in orthotic care. The complete orthopaedist must keep abreast of current developments in orthotic management, there are many orthotics prescribed based on anecdotal information only. 

Streeter's Dysplasia

Streeter's dysplasia (amniotic band syndrome)

Objectives 

1. Define Streeter's dysplasia (amniotic band syndrome) 

2. Describe the etiology of Streeter's dysplasia 

3. Describe the clinical spectrum of Streeter's dysplasia 

4. Describe treatment for Streeter's dysplasia 

Discussion point 
1. Why are clubfeet associated with more proximal amniotic bands so difficult to treat? 


Discussion
The terms, Streeter's dysplasia and amniotic band syndrome, are used interchangably to describe the condition of constricting bands around the limbs. It appears that the insult occurs very early in pregnancy, probably prior to 26 days, and is related to vascular supply. Associated defects with amniotic band syndrome include hydranencephaly, porencephaly, craniofacial abnormalities, and spinal dysraphism. These defects are compatible with malmigration of cephalic neural crest tissue which occurs at the same postconception time as development of amniotic band syndrome. Fetal hypoperfusion has been experimentally linked to this constellation of defects. The clinical appearance of amniotic band syndrome in the extremities is a constricting band which results in amputation in its severe forms, distal edema in moderate forms, or a constricting band without distal deficit in mild forms. Clubfeet associated with the more severe forms of amniotic band syndrome are very difficult to treat successfully. The bands can penetrate deep through the underlying tissue to bone replacing the normal tissue with constricting fibrous tissue. Traditionally, excision of the fibrous bands and Z plasty has been performed in stages for fear of interrupting the vascularity through the band. Recently, successful one stage releases have been described. 

Neurologic Disorders 

Neurologic Disorders 

· Cerebral Palsy 

· Friedreich Ataxia 

· Hereditary Motor Sensory Neuropathies 

· Spinal Muscular Atrophy 

· Poliomyelitis 

Cerebral Palsy

Cerebral palsy

Objectives 

1. Define cerebral palsy, tone, reflex 

2. Discuss classification of cerebral palsy 

3. Discuss etiology and prevalence of cerebral palsy 

4. Describe the assessment and recording of examination of a patient with cerebral palsy 

5. Discuss natural history of cerebral palsy 

6. Discuss the effect of contracture of the gastrosoleus, hamstrings, and hip flexors 

7. Describe methods of mobility and communication for children with spastic quadriparesis 

8. Discuss current modalities used for control of tone 

9. Discuss problems of parents of children with cerebral palsy 


Discussion points 

1. Is motion analysis necessary for optimum management of the cerebral palsy patient? 

2. What do adults with cerebral palsy consider the most important factor in their assessment of treatment? 


Discussion 
Cerebral palsy is a very common childhood condition, with a consistent prevalence rate estimated at 2/ 1000 children in developed countries. There are several definitions, Bleck prefers that of Ingram "an inclusive term to describe a group of non-progressive disorders occurring in young children in which disease of the brain causes impairment of motor function... may be the result of paresis, involuntary movement or incoordination, ... motor disorders which are transient or the result of progressive disease of the brain or attributable to abnormalities of the spinal cord are excluded." A reflex is a simple motor action, stereotyped and repeatable, elicited by a sensory stimulus. Some motor responses are described as fixed action patterns. This is similar to a reflex, but is a more complex motor act, this is generated internally or elicited by sensory stimulus. An example of patterning is dorsiflexion of the ankle accompanying active knee flexion initiated while in the sitting position (confusion response). Tone is the state of partial contraction in which muscles maintain their posture without fully relaxing. It is muscle tone that permits one to lift an infant by placing the hands under the infant's arms; infants with low tone will collapse through the examiner's hands. A pathologic increase of tone is called spasticity; some writers use spasticity and tone interchangeably, but spasticity is the better term if patholofigically increased tone is being described. 

Cerebral palsy is usually classified anatomically as monoplegia, diplegia, (triplegia -rare, hemiplegia, or quadriplegia. Sometimes "paresis" is substituted for the "plegia" portion or the term, without any change in meaning. Children with diplegia have much greater involvement of the lower than upper limbs, but there are still some fine motor deficiencies in the upper limbs. Sometimes total body involvement is used interchangeably with quadriplegia. Children with hemiplegia usually have a focal lesion in one cerebral hemisphere, instead of a more global etiology. A physiologic classification designates the disorder as spastic, athetoid, ataxic, mixed, or hypotonic. Both classifications are usually designated in descriptions, for example, spastic diplegia. 

Some causes of cerebral palsy are evident, such as very low birthweight with immaturity of the central nervous system, perinatal hypoxia or anoxia, or postnatal causes such as meningitis, vascular insults to the brain, child abuse, or near drowning. In other children, the etiology may be less obvious, such as exposure to toxic substances or as yet undelineated genetic factors. Although the musculoskeletal features of cerebral palsy are most evident, it is necessary to remember that visual, swallowing, gastrointestinal and genitourinary dysfunction, learning disorders, hearing problems, and emotional liability are all frequent in children with cerebral palsy. 

Assessment of the child with cerebral palsy can be challenging. Quantifying range of motion can be especially difficult; examination of the same child will be quite different dependent on whether he/ she is calm or upset. Perry has documented the imprecision of examination of spasticity. The end point is often indistinct; for example, when assessing dorsiflexion of the ankle, there may be an initial resistance, followed by a giving way of the gastrosoleus relaxing to another fixed endpoint. This is presumably a manifestation of the "clasp-knife" reflex, but which is the more significant measurement? The initial resistance is more likely what affects function but the presence of further movement eliminates contracture. We often talk of contracture of a joint or a muscle tendon unit when excursion is limited; without there necessarily being an anatomic contracture. For example, the Ely test for quadriceps contracture is performed by flexing the knee of the prone child, and observing the pelvis rock off the examining table. The same maneuver performed on the same child while asleep may show no apparent contracture. Of course, testing ankle dorsiflexion also is often dependent on whether the knee is flexed or extended. As spasticity persists, there will be secondary structural effects. This is most evident at the hip. The predominance of spasticity is always in the flexor muscle mass. As a result of the lower limbs external rotation of the limb bud, the flexor muscles are anterior at the hip, but posterior at the knee and ankle. At the hip, the longterm effects of untreated persistent spasticity of adductor and flexor tone is altered growth of the proximal femur into valgus (little traction on the greater trochanter from weak abductors) and anteversion, followed by subluxation, secondary acetabular dysplasia from the laterally displaced femoral head, and subsequent dislocation. This sequence of events is obviously more accelerated in the presence of more severe spasticity. This is an example of the effect of continuing structural changes from non-progressive cerebral dysfunction. In the upper limb, the flexors are anterior. Sensory deficiencies, including stereognosis have a much greater role in considering management of the upper limb, as the sensory component of the disorder is not affected by intervention. 

The diplegic child is perhaps the prototype for orthopaedic evaluation an intervention. The diplegic child is ambulatory, with a crouch gait secondary to hip and knee flexion deformity, and equinus posturing of the ankle. Since an entire volume was devoted to the diplegic child, only the most basic of considerations follow here. Assessment must include gait, with attention to the sagittal and coronal planes, as well as rotation. Typically, there is internal rotation of the lower limbs in addition to hip and knee flexion and ankle equinus. The goal for intervention is obviously elimination of contracture and rotational deviations. Hip flexor and adductor release and transfer are standard early measures, along with hamstring lengthening. Heelcord lengthening is a very common measure, but the penalty to the child following an over-lengthened heelcord is severe as he/ she is unable to control forward thrust of the tibia during stance phase of gait, which will increase the crouch. Ostetomy, especially proximal femoral, is often performed later to correct subluxation and/ or increased internal rotation. Orthotic control of the ankle is useful when there is no contracture or spasticity that precludes proper fitting. Motion analysis is very useful in assessing and quantitating angular and rotational deviations during gait. Dynamic EMG studies can implicate spasticity of certain muscles, such as the posterior tibial, as being primary in causing dynamic inversion and internal rotation of the foot during gait. Motion analysis is the only objective way of recording function prior to intervention and is becoming a prerequisite to meaningful documentation of the effects of intervention, both surgical and orthotic, in the diplegic child. 

The natural history of the cerebral palsied child is obviously dependent of the type and severity of the motion disorder. We are still incapable of affording much meaningful intervention for athetoid movement. In addition to the surgical management of contracture secondary to spasticity, there are now systemic and regional approaches. Baclofen, either orally or intrathecally, is effective in reducing spasticity, with many fewer disabling side effects than previously used antispasmodic drugs. Rhizotomy has a limited but definite role for selectively reducing spasticity in the diplegic child; there are obvious limitations for the quadriplegic child. The quadriplegic child rarely can achieve meaningful ambulation, and mobility is thus dependent on wheelchair mobility. Mobility, activities of daily living, and communication, not ambulation, are the most desired goals of adults with total body involved cerebral palsy. Use of wheelchair hand and head controls, communication boards, and other computer assisted technology have expanded the horizons of the child and adult with total body involvement. Surgery on severely disabled patients with cerebral palsy is associated with a high complication rate. 

Parents of children with chronic disabling conditions have unique problems which may not be readily understood by the professional. Mercer Rang has beautifully analyzed their problems and how the professional can meaningfully interact with them in his 1982 Easter Seal guide. To further distill his already succinct thoughts: The problem never goes away, crisis times are present throughout life, from the child's birth into the parents retirement years in that some type of assisted living arrangements must be made if the parent is no longer capable of caring for the child. 

Friedreich Ataxia

Friedreich ataxia

Objectives 

1. Describe early symptomatology and signs of Friedreich ataxia. 

2. Discuss genetic transmission of Friedreich ataxia 

3. Describe the orthopaedic problems associated with Friedreich ataxia 


Discussion 
Friedreich ataxia (FRDA) is an autosomal recessive disorder with a frequency of 1/ 50,000 live births, predominately in North America in patients of French Canadian heritage. It is caused by a defect in chromosome 9, leading to a reduction in a protein, frataxin, which is normally widely distributed in mitochondria. There is now a simple genetic test for FRDA, and rapid progress in the understanding of the pathophysiology of this disorder can be expected in the next decade. 

In children, the mean age at onset of symptoms is about 6 years, presenting with an abnormal gait. Ataxia and depressed reflexes are important physical findings related to initial diagnosis, Harding listed a number of additional criteria which have become standard, but ataxia and depressed reflexes are paramount. Other signs may take 5 years to appear. The initial loss of strength is in the hip extensors, followed by additional lower limb weakness. Upper limb and trunk muscles weakened considerably later. Use of a wheelchair occurs at about age 18. The three major orthopaedic problems associated with FRDA are scoliosis, pes cavovarus, and painful muscle spasms. When the disease onset is before age 10, progression of scoliosis to 60 degrees can be expected. Surgical procedures for cavovarus feet are standard for treatment of that problem, including tenotomy, tendon transfer, osteotomy, or arthrodesis

Hereditary Motor Sensory Neuropathies

Hereditary motor sensory neuropathies (HMSN)

Objectives 

1. Define hereditary motor sensory neuropathy and list several types 

2. Describe presenting symptoms and signs of type 1 Charcot-Marie-Tooth disease 

3. Discuss orthopaedic problems associated with HMSN, and an approach to management 


Discussion 
The hereditary motor sensory neuropathies (HMSN) are a heterogeneous group of variously inherited neuromuscular disorders. For practical purposes, the orthopaedically related HMSN's are confined to the first three HMSN's, which are otherwise known as Charcot-Marie-Tooth disease (CMT), types 1 and 2, and Déjérine-Sota disease. CMT1 is characterized by demyelinating of the peripheral nerves, and CMT2 by axonal degeneration. Patients with CMT1 have lowered motor and sensory nerve conduction; patients with CMT2 may have normal nerve conduction studies. Genetically, CMT is a very heterogeneous group of disorders, and this subject is being actively studied at present. Estimates of the overall incidence of CMT is 1/ 2500, so the disorder is quite common. The most common variety, CMT1 is described as being secondary to a presence of an extra copy of peripheral myelin protein 22, with an autosomal dominant pattern of inheritance. These patients usually have the onset of nerve conduction delays by age 2; active demyelination is limited to childhood. The most common clinical phenotype is distal muscle wasting and weakness, more severe in the lower than upper limbs, tendon areflexia, mild sensory loss, especially temperature, and foot deformity. Diagnosis is usually established with nerve conduction studies, sometimes nerve or muscle biopsies are helpful. Specific diagnosis can be established with DNA testing. 

Of the orthopaedic problems, pes cavovarus is most common. The interossei and lumbricals are more severely involved, with relative sparing of the extrinsics, which undoubtedly contributes to the deformity. The general thought at present is to use sort tissue surgery and osteotomy rather than triple arthrodesis for management of pes cavovarus, as triple arthrodesis has received mixed reviews on follow-up studies. Acquired hip subluxation can occur in adolescence, and more active screening of this population has been recommended. Scoliosis occurs in a fairly large percentage but treatment is rarely necessary. 

Spinal Muscular Atrophy

Spinal muscular atrophy

Objectives 

1. Describe the spectrum of the age of onset, severity, and clinical features of spinal muscular atrophy 

2. Discuss the prognosis for the differing types of spinal muscular atrophy 

3. Describe the genetic transmission of spinal muscular atrophy 


Discussion 
Although the orthopaedist will see patients with spinal muscular atrophy from time to time, spinal muscular atrophy is one of many conditions which are being intensively investigated at a molecular level; thus when reviewing recent literature on spinal muscular atrophy, one realizes what a small part of the whole is related to orthopaedic management. Spinal muscular atrophy is an autosomal recessive disorder with variable clinical severity, and an overall incidence of 1/ 6000 -1/ 10,000. The disease affects the anterior horn cells of the spinal cord, degeneration of which results in muscle weakness. Although Thompson suggested a classification based on function would be useful, the conventional classification on the basis of age at onset and severity continues to be widely used. Type I, Werdnig-Hoffman, is most severe, and usually fatal by age 2. Type II, usually is clinically evident in the first year of age, children can sit, but do not stand or walk independently. There is no eponym for Type II, it is sometimes called intermediate. Type III, Kugelberg-Welander disease, is I less severe form, independent ambulation is possible, and may even have a normal life expectancy. Weakness of respiratory muscles is linked to the fatal forms. 

Children with spinal muscular atrophy may be seen by the orthopaedic surgeon at the outset for delayed developmental milestones or weakness. In patients with established disease, contracture, hip dislocation (which has been reported as difficult to treat), and spinal deformity are the usual reasons for orthopaedic intervention. Results of treatment of spinal deformity are spotty, although the most recent work by Bridwell reported a high degree of patient satisfaction with the results of surgery. A recent work reports thyrotropin-releasing hormone improved strength and velocity of peripheral nerve conduction. 

The genetic defect is on chromosome 5, the critical region contains several genes including the survival motor gene, the neuronal apoptosis inhibitory protein gene, and the p44 gene which encodes a transcription factor subunit. Detection of the NAIP gene is associated with the more severe forms of SMA. Patients with type II disease have a much higher amount of SMN protein. This field of research is being intensively studied at present. 

Poliomyelitis

Poliomyelitis

Objectives 
1. Describe the pathophysiology of poliomyelitis 

2. Discuss the role of vaccination on the present geographic distribution of poliomyelitis 

3. Describe orthopaedic problems associated with poliomyelitis 

4. Discuss a treatment approach for orthopaedic problems secondary to poliomyelitis 

5. Discuss post-polio syndrome 


Discussion 
Poliomyelitis continues to be a scourge in many countries, despite the goal of the World Health Organization to have eliminated poliomyelitis by the year 2000. Vaccines are of proven effectiveness, and the disease is now so rare in the United States that many residents will complete training without treating anyone with poliomyelitis. However, especially in countries in wartime situations, large numbers of children remain unvaccinated, and contract the disease. Faulty handling of vaccine can be another cause of children acquiring the disease. 

The poliovirus is contracted by oral-fecal contamination, is rapidly absorbed through the gastrointestinal tract, and attacks the anterior motorneruon horn cells of the spinal cord. The lumbar and cervical regions are particularly predispose, with the quadriceps, anterior tibial, medial hamstrings, hip flexors, most commonly affected. After the acute inflammatory response resolves, muscles innervated by anterior horn cells which were damaged but not destroyed will regain strength. The acute phase of the disease is very painful, in unvaccinated infants it usually occurs at about 1 year of age. Immobilization during the acute phase can contribute to contracture. 

Recovery of function can occur up to 2 years after infection, although most is complete by 6 months. Physical therapy and orthotic support are mainstays of treatment during this phase. 

Chronic residuals are common after poliomyelitis. Muscle imbalance results in contracture and deformity, weakness in loss of function and joint stability. Knee flexion contractures are common. Virtually all joints have been affected. Principles of treatment include using available motors for tendon transfers when feasible, stabilization of flail joints by orthotics, arthrodesis, or osteotomy when function will be improved, and correction of contracture, especially about the knee. Scoliosis occurs in about 1/3 of patients, usually in those with more severe residual effects. 

At this time, treatment for poliomyelitis is most needed in countries with fewer resources, so a major emphasis in surgical treatment is avoiding the necessity for expensive equipment. Effective procedures requiring little equipment, such as the O' Donoghue tibial osteotomy, are seldom if ever performed in the United States at present, but are still useful in many settings around the world. 

Postpolio syndrome affects older patients, sometimes decades after their acute illness. It is basically a fatigue or overuse syndrome involving muscle groups which have been used to compensate for weakness. Many patients who recovered from their acute and recovery phase with a great deal of will. Unfortunately, this does not always carry over for a lifetime, the consequences of this are well described by Mulder. 

The necessary knowledge base for treating poliomyelitis is very much geographically determined at present. However, a basic knowledge of the disease process and treatment are a large part of the historic development of orthopaedic surgery as a specialty, and should be considered a necessary part of the knowledge base of any orthopedic surgeon. 

Regional Category 

Regional Category

· Upper Extremity 
· Hand and Wrist 

· Forearm 
· Elbow 
· Arm 
· Shoulder 

· Spine 
· Lower extremity 
· Foot 
· Leg 

· Knee 
· Thigh 

· Hip 

· Pelvis 
Upper Extremity

Upper extremity 

· Birth Brachial Plexus Palsy 

Birth Brachial Plexus Palsy

Birth brachial plexus palsy

Objectives 

1. Describe the natural history of newborns with birth brachial plexus palsy 

2. Discuss the factors increasing the incidence of birth brachial plexus palsy 

3. Discuss the current indications for microsurgery for the infant with brachial plexus palsy 

4. Describe operative procedures available for the older child with birth brachial plexus palsy, including indications and contraindications 


Discussion points 

1. Preventive measures for reducing incidence of birth brachial plexus palsy 

2. Data base used current recommendations for microvascular repair 

3. Assessment of effectiveness of microvascular repair 

4. Role of age in the severity of glenohumeral deformity 


Discussion 
Birth brachial plexus palsy continues to be a relatively common problem, with an estimated incidence of 2.5/ 1000 births. The majority of newborns have a good prognosis, with an average recovery of 3 months. Management of those babies who do not recover can be difficult, as the effect of microsurgery on the natural history is still being investigated. If there is no recovery of biceps function by 3 months, complete recovery is rare. Careful assessment of the infant's function is critical to planning treatment. Microsurgical repair appears to improve functional outcome if performed around the 3-6 month age range, but complete recovery cannot be expected. Glenohumeral deformity accompanies the more severely paralyzed shoulders, and progresses with age. For younger children without glenohumeral deformity, tendon transfers of the latissimus dorsi and teres major to the rotator cuff can improve function. For older children or those with substantial glenohumeral deformity, humeral osteotomy can improve function. The possible role of early tendon transfer and open reduction in improving glenohumeral anatomy is presently being investigated. CT or MRI is necessary to evaluate the status of the glenohumeral joint. 

· Cervical Spine Fractures 

Hand and Wrist

Hand and Wrist 

· Fractures of the Hand and Wrist 

Fractures of the Hand and Wrist

Fractures of the hand and wrist

Objectives 

1. Describe management of distal phalangeal crush injuries 

2. Describe management of the "mallet finger equivalent" fracture of the distal phalangeal physis 

3. Describe management of proximal phalangeal physeal fractures 

4. Describe patterns of injury to the base of the thumb in the skeletally immature child, and management of each pattern 

5. Describe management of scaphoid fractures in children, comparing indications for open treatment with those in adults 

6. Describe management of dislocations of the PIP joints in fingers, and MCP joint in the thumb 

7. Discuss ways in which management of acute flexor tendon lacerations may differ in children and adults 


Discussion points 

1. How does remodeling potential affect management of hand injuries in children? 

2. Does rotational deformity in the fingers or metacarpals remodel? How do you assess rotational alignment? 

3. Do distal radioulnar joint injuries occur in children? 

4. What kind of exercise equipment has been linked to a growing number of hand injuries in young children? 


Discussion The immature hand and wrist can sustain a variety of injury patterns. Fractures and soft tissue injuries of the immature hand are common, comprising 1.7% of all pediatric emergency room visits in one study. 

The distal phalanx is often injured by crushing forces, the nail bed is usually disrupted with forces sufficient to crush the distal phalanx, and management of the nail bed injury usually suffices for fracture management. The nail should be removed, and the nail bed accurately repaired with 6-0 absorbable suture. Some use the nail for a stent to protect the repair. Fractures of the physis of the distal phalanx are essentially mallet finger equivalent injuries. Some residual displacement of the physeal fragment can be accepted in children, and success can be anticipated with closed management. If the fracture is intra-articular (Type III physeal injury), open reduction is necessary, with pin fixation. The physis of the proximal phalanx is the most common site of fracture in the immature hand. Closed reduction is usually achievable by maximally flexing the MCP joint to stabilize the proximal phalanx. Closed pinning can be used for unstable fractures of the phalanges. Angulation in the plane of motion of the joint up to 25 degrees can be accepted. Accurate reduction and reliable of intra-articular phalangeal fractures is as necessary in the immature hand as the mature. Careless radiographic technique may allow displaced fractures to escape detection. Most metacarpal fractures can be managed with closed treatment. The neck is the site most often fractured, and the fifth metacarpal is the bone most often fractured. The MCP joints are flexed to 90 degrees to relax the intrinsics and collaterals, and the distal fragment is reduced. The requirements for anatomic reduction are increased for the radial metacarpals in the adolescent, residual angulation of up to 30 degrees is acceptable in the fifth metacarpal. For all fractures of the metacarpals and phalanges, particular attention should be directed to assuring that the rotation of the fractured finger is aligned with the other fingers. This is easily assessed by viewing the alignment of the nails, any visible rotational deviation warrants correction. 

At the base of the thumb, the adductor pollicis, abductor pollicis brevis, and flexor pollicis brevis. The most common fracture pattern of the immature thumb is the Type II fracture, from the type of injuring forces producing a Bennett's fracture in the adult. The adductor pulls the metacarpal shaft; the abductor and flexor, through the volar plate, pull the proximal fragment laterally. Closed reduction is usually successful, and considerable remodeling at this site is possible. Percutaneous pinning can be used if remodeling potential is uncertain in the adolescent. Physeal fractures of the thumb may also be variants of a gamekeeper's thumb. Types I and II may be managed closed, but type III, with the ulnar fragment of the epiphysis still attached to the ulnar collateral, requires open reduction and anatomic fixation. 

The scaphoid is the most commonly fractured carpal bone in children. The vast majority of fractures can be managed closed, open reduction for more than 1 mm of displacement or 10 degrees of angulation have been proposed as indications for open reduction in adults; this is undoubtedly much too rigid for children, but the final decision on a particular fracture depends on the age of the child. Despite excellent reports following conservative management of scaphoid fractures in children, an impressive series of nonunions of the scaphoid has also been reported in children. 

Dislocations of the MCP joint of the thumb involves rupture of the volar plate; closed management is possible only if the head of the proximal phalanx has not passed through the volar plate defect. If the proximal phalanx is hyperextended, closed reduction may be possible, if the metacarpal and phalanx are parallel, the phalanx has passed through the defect. Many authors caution against traction for reduction of this injury, opining that traction can result in converting a reducible dislocation to an irreducible one. Dislocations of the PIP joints of the fingers are also common, and much more easily reduced with traction and manipulation. 

Distal radioulnar joint injuries as an isolated entity can occur, almost 50% in a series of late diagnosed cases. This underscores the need to be vigilant for such injuries. Management of the acute injury is as for adults; if the injury results from hyperpronation, the dorsal radioulnar ligaments are disrupted and the ulna appears to subluxate dorsally. This injury is reduced and treated with immobilization in supination, and conversely for the reverse. Immediate management is much simpler than delayed. 

Flexor tendon lacerations in children are more forgiving than adults and surprisingly good (by adult standards) results have been documented following primary repair. 

Forearm

Forearm 

· Congenital Dislocation of the Radial Head 

· Fractures of Distal Radius and Galeazzi Fracture 

· Fractures of Radial Head and Neck 

· Fractures of the Shaft of the Radius and Ulna 

· Monteggia Fractures 

· Radioulnar Synostosis 

Congenital Dislocation of the Radial Head

Congenital dislocation of radial head

Objectives 

1. Discuss the symptoms and physical signs of congenital dislocation of the radial head 

2. Discuss natural history of congenital dislocation of the radial head 

3. Discuss treatment of congenital dislocation of the radial head 


Discussion point 

1. Could congenital dislocation of the radial head occur following normal limb development? 


Discussion 
Congenital dislocation of the radial head is an unusual congenital dislocation. It is often associated with syndromes such as nail patella syndrome, and may in some cases by genetically transmitted. When unaccompanied by other radial or systemic conditions, it is almost always bilateral. Radial shortening often accompanies congenital dislocation of the radial head. It is often not noted until age 4 or 5 at which time some limitation of motion or deformity becomes evident. Most are posterior, about 1/ 3 are anterior or lateral. The natural history is relatively benign, there is always some limitation of motion and deformity, but Echtler reported few problems in 4 untreated adults. The favored treatment approach at present is to defer any intervention until skeletal maturity, at which time resection of the radial head can improve appearance, but not motion. Resection of the radial head in a child results in regrowth of the head. Early attempts at reconstruction have been reported, but to date there has been little enthusiasm for these procedures. 

Fractures of Distal Radius and Galeazzi Fracture

Fractures of distal radius and Galeazzi fracture

Objectives 

1. Discuss the frequency of fractures of the distal radial physis 

2. Describe indications for reduction, method of reduction, and limits of acceptable reduction for distal radial physeal fractures 

3. Define Galeazzi fracture and Galeazzi equivalent fracture 

4. Discuss management of Galeazzi and Galeazzi equivalent fractures in children 

5. Discuss incidence of growth arrest following distal radial and ulnar physeal injuries 


Discussion points 

1. How many radiographs are indicated for management of a torus fracture? For a displaced fracture? 

2. When can a patient with a displaced distal radius fracture be discharged from follow-up? 


Discussion 
The distal forearm is the most frequent site of fracture in children; the distal radius is the most frequently injured physis. Falls are the usual mechanism of injury. Most distal radial physeal fractures are dorsally displaced. Reduction is usually not difficult, but some residual displacement is common. In general, the best judgment is to accept the reduction achieved, as repeated attempts at reduction have been linked to subsequent physeal arrest of the distal radius. Even in adolescence, the distal radius maintains a remarkable ability to remodel, Wilkins notes that if even 1 year of growth remains and there is 50% apposition of the fracture fragments, one can expect an acceptable result. Pinning of distal radial physeal fractures should be considered only in extreme situations, as there is some thought that pinning may contribute to premature growth arrest. Well-molded shortarm casts suffice for immobilization for distal radial fractures. 

Fractures of the distal shaft can be more problematic. If one desires, many greenstick fractures of the distal radius could be classified as Galeazzi fractures, since the definition of a Galeazzi fracture is a fracture of the associated with disruption of the distal-radioulnar joint (DRUJ). Greenstick fractures of the distal radius can easily be managed by reversal of the deforming force (see Fractures of the shaft of the radius and ulna). More problematic are the fractures of the distal radius with an intact ulna, which can be very difficult to reduce. Unreduced bayonet apposition with up to 1cm of overriding will remodel nicely up to about age 12. Some loss of the initial position attained is often noted in the first couple of weeks after fracture. In general, up to 30 degrees of sagittal plane angulation and 20 degrees of coronal plane angulation can be accepted if there is 5 years of growth remaining. The radial length is restored in the remodeling process. Children nearing skeletal maturity need more precise reduction. Disruption of the DRUJ can accompany distal radial fracture; it is unusual but still common enough to require vigilance on the part of the surgeon. Fracture though the distal ulnar physis can either supplement the DRUJ injury or absorb the force which would otherwise disrupt the DRUJ, and these injuries have been termed Galeazzi equivalent. Most can be managed conservatively; supination is generally preferable, although Letts and Vesely used the displacement of the distal fragment to guide them in positioning the arm. 

Distal ulnar physeal arrest is surprisingly common, with much more emphasis in the past decade on this problem, estimates up to 60% have been recorded. Distal radial arrest is much less common (although the injury is much more frequent), estimated at about 5%. Growth arrest of the distal radius has been reported following distal metaphyseal fractures not involving the physis. 

Finally, torus fractures require only one radiograph for the entire course of treatment. 

Fractures of Radial Head and Neck

Fractures of radial head and neck

Objectives 

1. Describe the ossification pattern of the proximal radius, and how it relates to the radiographic appearance. 

2. List a useful classification system for fractures of the proximal radius. 

3. Describe mechanisms of injury resulting in fractures of the proximal radius. Include fractures associated with dislocation of the elbow and Monteggia variants. 

4. Describe the incidence and mechanism of acute fractures and stress injuries of the proximal radius. 

5. Discuss management of a 30 degree angulated fracture, and of a 60 degree angulated fracture. 

6. List complications of fractures of the proximal radius and strategies for their avoidance 


Discussion points 

1. Demonstrate how the radial head could be completely displaced as a result of elbow dislocation. What methods might be successful for management? 

2. Can chronic overuse (little league elbow) produce angulation of the radial neck? 

3. What is a useful criterion for satisfactory closed reduction? Why should open reduction be avoided if possible? 

4. What special radiographic technique can be helpful for evaluating the painful proximal radius? 

5. What methods of closed reduction are effective? 

6. What is the Metaizeau technique? 


Discussion 
Fractures of the proximal radius are rare in children (about 1%), most occurring in the second half of the first decade of life. Chambers and Wilkins have combined the previous classification systems of Jeffrey and Newman to comprise a useful system. Valgus injuring forces in the extended arm are most common, and can cause either metaphyseal or physeal fractures. Fractures associated with dislocation can occur either during dislocation (anterior) or reduction (posterior). In addition, Monteggia III variants can produce fractures of the radial neck secondary to varus stress. The other major injuring force to the child's proximal radius is chronic overuse which can result either in changes consistent with osteochondritis dissecans or physeal injuries with angulation of the radial neck. The radiocapitellar view is produced by angulating the beam toward the shoulder instead of directly at the elbow, and can be helpful in assessment. 

Closed reduction has been traditionally achieved by placing varus stress on the extended elbow with the forearm supinated, and pressing the proximal radius back into place. An alternate method, the Isreali technique, starts with the elbow flexed, and the forearm supinated. The thumb stabilizes the proximal radial fragment while the elbow is pronated. An alternate technique was reported by Chambers and Wilkins who noted that wrapping the arm with an ace bandage in preparation for an open procedure reduced the fracture. Generally, less than 30 degrees of angulation postreduction is desirable, although if motion is satisfactory, the result will be satisfactory. Translation should be less than 4 mm. 

If angulation of > 30-45 degrees remains, and motion is restricted, further methods are indicated. One method stabilizes the proximal fragment percutaneously with a small K-wire, and uses the wire to manipulate the fragment into acceptable position. A method undergoing increasing popularity is that described by Metaizeau consisting of inserting an angulated wire into the distal radius and rotating the angulated tip to reduce the fracture. Most authors agree that avoiding actual open reduction of the fragment is preferable, although for completely displaced fractures, open reduction is unavoidable. Often the fracture is stable without fixation, but oblique pins and/ or small screws have been used for intra-articular fractures. 

Complications are generally related to the severity of injury, and even innocent appearing fractures can do poorly. Fortunately, good function can sometimes occur following avascular necrosis and radial head overgrowth. Nonunion is rare. 

Fractures of the Shaft of the Radius and Ulna

Fractures of the shaft of the radius and ulna

Objectives 

1. Describe the anatomy and kinesiology of the radius and ulna. 

2. Discuss the role of muscle origin and insertion on displacement patterns in fractures of the radial and ulnar shafts. 

3. Describe a useful classification system, including degree of completeness, direction of deformity, level of fracture, and disruption of radioulnar joint. 

4. Discuss management of greenstick fractures. 

5. Describe the amount of remodeling that can be expected following a midshaft fracture of the radius and ulna. Discuss how this can be applied to management decisions in the older child with such a fracture. 

6. Describe plastic deformation and its management. 

7. List treatment options currently used for management of radial and ulnar shaft fractures. Describe indications for each option listed. 

8. List complications of midshaft both bones fracture of the forearm, their incidence and management. 


Discussion points 

1. What is the incidence by age of shaft fractures of the radius and ulna? 

2. What is (are) useful method( s) of assessing the rotational relationship of the fracture fragments in a greenstick fracture? In a complete fracture? 

3. How much displacement or rotational malalignment is compatible with a satisfactory functional result? 

4. Discuss the merits of internal fixation versus cast management? Include functional outcome and cost of treatment? 

5. Describe technical requirements for a good result of a displaced midshaft fracture managed with cast immobilization. With internal fixation. 

6. What is the rate of refracture of midshaft fractures? What factors contribute to a higher rate of refracture? 

7. What treatment is effective for plastic deformation? 


Discussion 
Fractures of the shaft of the radius and ulna are much less common than more distal metaphyseal fractures. Injuring forces are generally indirect and more force is required to fracture the compact diaphyseal bone. Younger children more commonly sustain these fractures, presumably because their bone is less strong. Practically, it is useful to classify these fractures as greenstick, complete, or plastic deformation. With greenstick fractures, direction of deformity (apex volar or dorsal) is critical in determining the reduction maneuver. Muscular forces displacing the fractures are related to the level of fracture. It is mandatory to be able to assess rotation of the fragments radiographically for planning reduction of displaced fractures. The clinical appearance of the forearm with a greenstick fracture is helpful (a pronation injury will have a prominence dorsally of the radius at the site of injury with further pronation of the distal fragment), but not for a completely displaced fracture. Evans' classic article described the effects of forearm rotation on the appearance of the bicipital tuberosity. A good AP view is required and the amount of pronation of the proximal radial fragment can also be assessed for confirmation of the bicipital tuberosity position. 

Practically, greenstick fractures are treated by correcting the rotational and angular malalignment simultaneously by reversing the mechanism of injury. Recurrence of deformity can occur without proper immobilization technique and the refracture rate after greenstick fracture is higher than with completely displace fractures. Complete shaft fractures can be managed with cast immobilization (Jones). Rotation of the distal fragment is matched to the proximal; most will be in neutral position or some supination. The radial bow should be restored. The cast should be molded to widen the interosseous space, and the ulnar border straight. Subsidence of initial swelling often necessitates a cast change. Casting in extension can sometimes maintain position better than elbow flexion (Shaer). Ten degrees (10() of angulation is acceptable at any age, in children < 15-20 degrees is acceptable. Proximal fractures seem to remodel less than distal shaft fractures. A loss of 20-30 degrees of rotation does not impair function; loss of supination is more problematic than loss of pronation. Residual angulation of < 10 degrees does not result in functional loss of motion at any age. Children < 9 years of age can remodel up to 15 degrees of angulation, and 45 degrees of angulation. (Noonan) However, factors other than angulation can result in restriction of motion. 

In recent years, scores of articles have appeared on open reduction of children's forearm fractures. Although plating has been recommended for children, the present emphasis is on flexible intramedullary nails or contoured K wires. Results are generally very good, complication rate is variable, but a good final result generally occurs (Cullen, Griffet, Luhman, Richter). Closed reduction with fluoroscopy or minimal open reduction are advantages of intramedullary nailing over plate fixation (van der Reis). Advocates of open reduction generally will accept less angulation that advocates of cast fixation. Techniques and results of intramedullary nailing have been extensively reported. One relatively clear indication for operative fixation is refracture, which occurs in about 5% of forearm fractures. Poor results are common after closed management. 

Plastic deformation is an unusual injury in children. An attempt to partially correct the bony deformity is indicated, and clinical rotation should be affirmed before accepting the reduction. Complete correction of plastic bowing is unusual; but enough correction to restore motion should be achieved. 

Monteggia Fractures

Monteggia fractures

Objectives 

1. Define Monteggia fracture; Monteggia equivalent fracture 

2. Discuss a useful classification for analysis of Monteggia fractures 

3. Describe the pathologic anatomy of a Monteggia fracture 

4. Describe treatment of acute Monteggia and Monteggia equivalent fractures 

5. Discuss treatment of a fracture with an (unrecognized or redisplaced) unreduced radial head seen at one week after injury. At one month after injury. At six months after injury 


Discussion point 

1. In what position should the elbow be casted after closed reduction of a Monteggia fracture? 


Discussion 
The nomenclature of Monteggia fractures has been obfuscated throughout the century and other classification systems for radial head fractures accompanied by ulnar injuries have been proposed from time to time. For better or worse, the term "Monteggia fracture" appears embedded in the literature, so it makes sense to live with it. Basically, dislocation of the radial head accompanied by ulnar fractures or plastic deformation qualify as Monteggia fractures. Virtually all discussions of pediatric Monteggia fractures mention the "Monteggia equivalents" described first by Bado in mid-century. I will admit at the outset to a preference for the simple classification proposed separately by Wiley and Ring, of describing the displaced position of the radial head which reduces the list to 3 -anterior, lateral, and posterior. The posteriorly displaced radial head is rare in children. The proximal radioulnar ligaments are, by definition, ruptured in a Monteggia fracture. The transolecranon fracture with displacement of the radial head with the distal ulnar fragment is more accurately classified as a fracture-dislocation of the elbow if the definition is to stick. One can find many additional classifications in standard pediatric fracture texts. 

The elbow is extended at injury, with at least some pronation included in the injuring force, as the ulnar displacement increases, the radial head is levered out of joint. Generally, a good inspection of 2 radiographs of the entire forearm, truly made with 90 degrees of rotation between the two studies, will make the mechanism of injury to the radial head quite obvious, and also make obvious the manipulation of the ulna necessary to allow reduction of the radial head. In greenstick fractures or plastic deformation of the ulna, closed reduction followed by maintaining the elbow in flexion and some supination will suffice. More difficulty can follow when the ulnar fracture is complete and unstable. A closed reduction with immobilization that maintains ulnar alignment and length is perfectly satisfactory. The surgeon must decide if he/ she is capable of achieving that; if not, either percutaneous or open reduction of the ulna fracture with intramedullary or open reduction is indicated. Short oblique fractures are more amenable to closed reduction and intramedullary fixation, short plate fixation is presently favored for long oblique fractures. If ulnar length and alignment is achieved and maintained, reduction of the radial head is not much of a problem. 

Complications include loss of reduction of the ulna, loss of reduction of the radial head, and late diagnosis in addition to the expected small incidence of wound problems related to open surgery or intramedullary pins. Treatment of the late dislocation remains somewhat unsettled. It is probably fair to say that the primary emphasis should still be on maintaining length and alignment of the ulna. Several procedures have been described for reconstruction of the annular ligament, with varying rates of success. In a child, it would seem reasonable to assume that accurate reduction would be a primary goal, and ligamentous reconstruction a secondary goal. Open reduction is essentially always necessary to achieve after a period of 2-4 weeks have elapsed since injury. 

Radioulnar Synostosis

Radioulnar synostosis

Objectives 

1. Describe symptoms and physical signs of congenital radioulnar synostosis 

2. Discuss natural history and indications for intervention for radioulnar synostosis 

3. Describe complications of treatment for radioulnar synostosis 


Discussion 
Radioulnar synostosis is one of the more common failures of separation of parts of the upper limb. There are two general types, one of which is characterized by fusion of the radius and ulna at their proximal borders, the other is fused distal to the proximal radial epiphysis. At least some cases are genetically transmitted, in particular regions such as Sicily, the incidence may be higher. It is often not noted until late childhood, as function may be normal, especially in unilateral cases. Increased wrist motion may compensate for the absent forearm motion. One individual went through Army basic training with a radioulnar synostosis. Assessment of function of the untreated individual varies somewhat among reports, Cleary reported on 23 untreated adults who got along famously. It has been suggested that individuals whose forearms are fixed in greater amounts of pronation (> 60 degrees) have more problems than those with around 20 degrees. In bilateral cases where function is impaired, recommendations for the optimum position of the non-dominant arm range from neutral to 30-40 degrees of supination. Neurovascular complications after osteotomy through the synostosis are not rare. Strategies to reduce complications include resection of a portion of the synostosis with external fixation, and performing the osteotomy in the distal radius instead of at the synostosis site. Most attempts to divide the synostosis and insert some type of interpositional material have failed. Success has been reported following vascularized fascio-fatty graft. 

Elbow

Elbow 

· Dislocation of the Elbow 

· Osteochondritis Dissecans 

Dislocation of the Elbow

Dislocations of the elbow 

Objectives 

1. Describe clinical exam and findings following dislocation of the elbow 

2. Describe the anatomic injuries (ligamentous, etc) sustained by a child with a traumatically dislocated elbow 

3. Describe reduction of a traumatic dislocation of the elbow and aftercare 

4. Describe outcome and complications of treatment of traumatic dislocation of the elbow in children 


Discussion 
Elbow dislocations tend to occur early in the second decade of life, peaking at age 12-13. Almost all are posterior. To sustain a dislocation, there is rupture of the anterior capsule, medial collateral ligament (of medial epicondyle), relative sparing of the lateral collateral ligament, and the brachialis muscle, and disruption of the collateral circulation. The more common fractures accompanying dislocation (in addition to the medial epicondyle) are the radial neck or the coronoid process of the ulna. Radiographic interpretation is not difficult, but a careful search for associated fractures, especially of the radial neck, is necessary. 

Reduction is accomplished by traction in the line of the humerus, with the forearm supinated to release the radial head. Hyperextension of the elbow should be avoided to reduce further damage to the anterior structures. There is also danger of iatrogenic fracture of the radial head during reduction if reduction is attempted while the radius and ulna are still shortened posteriorly. Radial neck fracture can also accompany the injury. There are a number of techniques described for reduction, nicely illustrated by Wilkins. The principles are constant, avoid hyperextension, disimpact the proximal radius and coronoid before attempting reduction, and avoid excess force. Most dislocations reduce easily, if not there is a block to reduction, such as a fractured medial epicondyle in the joint, which must be identified and corrected. Prolonged immobilization is not necessary, usually 7-10 days suffice. Particular attention postoperatively should be devoted to an assessment of median nerve function, as a number of reports of entrapment of the nerve in the joint or tethered on the medial epicondyle have appeared in the last 2 decades. Fortunately, brachial arterial injury or entrapment is less common. Healing is usually uneventful, and late instability or recurrent dislocation is very rare. Complications associated with radial head/ neck fractures can be troublesome. If a dislocation of the elbow has not been reduced for over 3 weeks, Fowles recommends a trial of conservative management initially, reserving operative reduction for those who do not develop satisfactory motion. 

Osteochondritis Dissecans

Osteochondritis dissecans - elbow

Objectives 

1. Define osteochondritis dissecans, Panner's disease 

2. Describe clinical and radiographic features of osteochondritis dissecans of the elbow and Panner's disease 

3. Discuss prognosis for osteochondritis dissecans of the elbow and Panner's disease 

4. Discuss imaging of osteochondritis dissecans of the elbow and Panner's disease 

5. Describe treatment measures for osteochondritis dissecans of the elbow and Panner's disease 


Discussion 
The separation of osteochondritis dissecans of the elbow and Panner's disease is worthwhile. Panner's disease affects younger children (7-12), is characterized radiographically be fragmentation of the capitellar epiphysis, but not collapse. Clinically, there is elbow pain, and an occasional effusion. Lack of complete extension is often noted. Panner's disease is self-limiting and requires no treatment other than rest, especially if throwing is painful. Osteochondritis dissecans occurs predominately in the adolescent age group, and is more debilitating. Flattening and fragmentation of the capitellum is noted radiographically. Gymnasts and baseball players, especially pitchers, are most vulnerable. Pain is a common presenting complaint, and lack of extension is almost universal. Locking and catching of the elbow may accompany more advanced lesions. The radial head can also be involved with a similar process. Takahara found osteochondritis dissecans of the elbow in 3/ 45 young baseball players, all pitchers, in a screening study of talented players. The 45-degree flexion view was more rewarding than the standard AP elbow view. He has several recent studies delineating the imaging findings; it appears the osteochondritis dissecans of the capitellum is less inclined to heal than osteochondritis dissecans of the knee; nondisplaced fragments, even with intact overlying cartilage, did not heal. Earlier lesions characterized by flattening only could heal. Avulsion fractures of the lateral capsule have also been found to have negative prognostic significance. All these factors would certainly contribute to the high incidence of arthritic changes in follow-up studies of osteochondritis dissecans of the elbow, at 12-year follow-up more than half had residual symptoms associated with activities of daily living. Bauer's results were similar. High level female gymnasts with this lesion have a very poor chance or returning to their previous level of competition. Arthroscopic debridement of the fragments appears to improve short term results, but there is little reason to be optimistic about longterm results. Radial head enlargement accompanies osteochondritis dissecans in about 2/ 3 of the patients; it can even lead to acquired dislocation of the radial head. 

Arm

Arm 

· Fractures of the Humeral Shaft 

· Fractures of the Proximal Humerus 

· Fractures of the Lateral Humeral Condyle 

· Fractures of the Medial Humeral Epicondyle 

· Supracondylar Fracture of the Humerus 

Fractures of the Humeral Shaft

Fractures of the humeral shaft

Objectives 

1. Describe the incidence of humeral shaft fractures in children by age 

2. Discuss etiology of humeral shaft fractures by age 

3. Discuss acceptable angulation of humeral shaft fractures treated nonoperatively in children 

4. Discuss indications for open reduction of humeral shaft fractures in children 


Discussion 
Humeral shaft fractures are not common, representing less than 10% of humerus fractures in children. They are more common under age 3 and over age 12. Birth fractures of the humerus are fairly common, with or without brachial plexus palsy, manifested by paralysis or pseudoparalysis of the limb. In children under 3 years of age, humeral fractures are often linked to child abuse, but Shaw found most were from another cause. Nonetheless, child abuse should be considered when taking a history of a fracture of the humerus in a young child. 

Virtually all humeral shaft fractures in young children can be managed nonoperatively, usually with a sling and swathe. Angulation is not well controlled, especially anteriorly, but the remodeling potential of the humerus is so great that considerable angulation is acceptable. Children > 5 years old can remodel up to 70 degrees of anterior angulation; even children over 12 can tolerate 30-40 degrees. The clinical appearance of the arm is more important than the radiograph. Less varus angulation can be accepted, and less angulation is acceptable in distal shaft fractures, where deformity is more visible. Radial nerve palsies may accompany humeral shaft fracture, the outlook for spontaneous recovery is excellent. 

Options for treatment of a humeral shaft fracture in older children include fracture bracing, coaptation splints, hanging arm casts, and a sling and swathe or stockinet Valpeau. At the present time, fracture bracing, coaptation splints, and Valpeau dressings are most widely used. Open reduction of a child's humeral shaft fracture is rarely indicated; some patients with multiple trauma may need humeral stability to begin weightbearing, and pathologic fractures may need additional stability. Distal humeral fractures may need percutaneous fixation to maintain reduction. External fixation may be helpful for some fractures if more rigid fixation is desired, but indications in the humerus are rare. 

Fractures of the Proximal Humerus

Fractures of the proximal humerus

Objectives 

1. Describe the incidence and location of proximal humeral fractures in children 

2. Describe the configuration of the proximal humeral physis 

3. Discuss clinical and radiographic findings of a proximal humeral fracture in the newborn 

4. Discuss the muscular forces on the proximal humeral fracture in the adolescent 

5. Discuss management and prognosis of proximal humeral fractures in the adolescent 


Discussion points 

1. When does the proximal humeral physis close? 

2. How does one decide on a method of management of a completely displaced proximal humeral physeal fracture based on the available data base in the literature? 


Discussion 
The proximal humeral epiphysis does not ossify until about age 6 months. Fusion occurs at about age 15 in girls and 17 in boys. Bortel and Pritchett have published a straight line graph for upper limb growth similar to Moseley's for the lower limb. The shape of the physis is conical, with the apex pointing postermedial. The medial metaphysis is intra-articular. Fractures of the proximal humerus account for less than 5% of children's fractures. Birth injuries are transphyseal, with the proximal humeral epiphysis not yet ossified at birth, the malalignment of the shaft to the glenoid is the only radiographic finding. Ultrasound and arthrography have been found helpful in diagnosis. Congenital dislocation of the shoulder is rare, but has occurred. Management of proximal humeral fractures in infancy is relatively simple. Reduction with traction, abduction, and flexion has been described, but with the generous remodeling potential of this site, good results are uniform. Proximal humeral fractures primarily are seen in infancy and adolescents. Fractures prior to adolescence are more often metaphyseal. In the adolescent, they are primarily physeal injuries, the vast majority Type II. The pull of the rotator cuff and subscapularis on the proximal fragment leave it abducted, flexed, and externally rotated, the pectoralis major pulls the distal fragment into adduction. Treatment options include manipulative reduction (similar maneuver to that for the infant), followed by cast immobilization (which is extremely rarely used at present), manipulation and immobilization in a sling and swathe, closed reduction and percutaneous pinning, open reduction, and no reduction using simply symptomatic immobilization with the arm in a sling and swathe. Various figures of what constitutes an acceptable reduction are available; Dameron's recommendation of 20 degrees in the older child is often quoted. The literature on proximal humeral fractures is scanty compared to that of the distal humerus, but several reasonably large series have been reported over the past 2 decades, with one exception, nonoperative treatment is favored for all fractures. The remodeling potential of the proximal humerus is perhaps the most impressive in the body, and the mobility of the shoulder surely compensates for residual deformity at skeletal maturity. 

Acute fractures of the lesser tuberosity in athletes have been singled out as doing better with open reduction. 

Fractures of the Lateral Humeral Condyle

Fractures of the lateral humeral condyle

Objectives 

1. Describe the path of the fracture line in a child's lateral humeral condyle fracture, correlating the radiographic findings with the anatomic findings 

2. Describe a useful classification for lateral humeral condyle fractures 

3. Discuss initial management of lateral humeral condyle fractures 

4. Discuss management of late-diagnosed lateral humeral condyle fractures 

5. Discuss complications of treatment of lateral humeral condyle fractures 


Discussion 
Fractures of the lateral humeral condyle in children are relatively frequent, behind only the supracondylar fracture in occurrence. The fracture line starts laterally in the metaphysis, then dives between the condyles to proceed toward the elbow joint through the largely cartilaginous epiphysis. The fracture line may or may not actually extend into the joint. Patients with cubitus varus following supracondylar fractures appear to be at increased risk for lateral humeral condyle fractures. The most often used classification of lateral humeral condyle fractures is based on the amount of displacement between the fragments, Type I has < 2 mm displacement of the metaphyseal fragment, Type II has 2-4 mm displacement, and Type III, is completely displaced with rotation. The fracture occurs from falling on the outstretched arm with the elbow supinated, placing a varus stress on the elbow. Soft tissue injury is less than that noted with supracondylar fractures, and the rate of neurovascular complication is much less. Nondisplaced or minimally displaced Type I fractures can easily be treated with a cast, as can some Type II fractures. If the fracture line does not extend into the epiphysis, it is stable. If it does, displacement occurred in about one quarter of the patients studied; there is no disadvantage to operatively fixing the fracture 1-2 weeks after injury. A method of assessing stability of Type II fractures is to perform an arthrogram; if the articular surface is intact, closed pinning of the fracture assures a good result. If the fracture is unstable, open reduction is performed. A lateral approach has been traditionally used, a posterolateral approach has recently been favorably reported. It is very important to avoid posterior dissection of the distal fragment, which carries the blood supply. Two pins are used, either parallel or divergent to avoid crossing of the pins at the fractures site which would decrease stability. Long-term results of lateral humeral condyle fractures are generally good. A peculiar avascular deformity of the distal humerus reported by Morrissy can result in loss of motion. 

The late diagnosed fracture is not rare. Reports of surgery for such fractures is not surprisingly less good than that for acute injuries. Jakob, about 20 years ago, reported that results of lateral humeral condyle fractures treated > 3 weeks after injury did no better than if they had no treatment, secondary to avascular necrosis. Results of recent series is much more favorable, if surgery on such an injury is undertaken, great care must be given to preserving the vascular supply of the fracture fragment. 

Complications of lateral humeral condyle fractures include nonunion, usually from persistent cast treatment of mildly displaced fractures (Flynn). Malunions can occur from faulty reduction or fixation, as they can with any fracture. Avascular necrosis is a complication of operative dissection. Cubitus varus of a mild degree is fairly common, even after nonoperative treatment. Spur formation at the metaphyseal site of fracture is unusually frequent after lateral humeral condyle fractures, it is only a problem if it accompanies cubitus varus. 

Medial condyle fractures are rare, and recognition is often delayed. Principles of management are similar to those for lateral condyle fractures. 

Fractures of the Medial Humeral Epicondyle

Fractures of the medial humeral epicondyle

Objectives 

1. Describe mechanism of injury for fractures of the medial humeral epicondyle 

2. Discuss the clinical and radiographic findings of fractures of the medial epicondyle 

3. Discuss the management of fractures of the medial humeral epicondyle 


Discussion point 

1. After a literature review on this subject, how do you decide what to do for this injury? 


Discussion 
Medial epicondyle fractures tend to occur in older children than supracondylar or lateral condyle fractures, often from athletic activities, arm wrestling being a particularly oftmentioned activity. Injuring forces that would result in a humeral shaft fracture in an adult may fracture the medial epicondyle when the apophysis is not yet closed. A large number of medial epicondyle fractures accompany elbow dislocation; the medial epicondyle fracture may be the only radiographically evident injury if the dislocation spontaneously reduces. 

Everyone writing on the subject agrees that minimally displaced fractures may be treated with immobilization. For displaced fractures, the literature is obfuscating. If there is any trend, it would be toward internal fixation for those who may want to return to sports activities; for others it is still quite unsettled. The study by Joseffson is a standard for the quite good results of nonoperative management. Even with medial epicondylar fractures accompanying elbow dislocation, symptomatic instability was uncommon. 

Supracondylar Fracture of the Humerus

Supracondylar fracture of the humerus

Objectives 

1. Describe a useful classification system for supracondylar fractures of the humerus 

2. Describe useful radiographic parameters for assessing quality of reduction of supracondylar fractures 

3. Describe necessary components of the physical exam of a child with a displaced supracondylar fracture 

4. Describe the reduction maneuver for a supracondylar fracture 

5. Discuss methods of fixation for supracondylar fractures 

6. Describe strategies to avoid complications for supracondylar fractures 

7. Discuss indications for open reduction 

8. Describe patterns of neurovascular injuries with supracondylar fractures 

9. Describe the functional problems, if any, associated with cubitus varus 


Discussion 
There is no shortage of information available on supracondylar fractures, Wilkins includes 325 references following his text chapter on the subject in 1996. The task is to distill this information. Gartland's 1959 classification has continued to be widely used, with Type I being nondisplaced, Type II hinged, and Type III displaced. Sometimes Type III fractures are subdivided into posterolateral or posteromedial fractures. Type I fractures obviously are easy to treat, sometimes they are hard to recognize on initial radiographs, a recent paper underscored the value of the posterior fatpad in detection. Type II fractures can be recognized on the lateral view by a posterior tilt of the distal fragment (lack of normal anterior tilt), without displacement on the AP view. Type III fractures provide no challenge in diagnosis, are most often complicated. Postermedial fractures are most likely to injure the radial nerve; posterolateral with brachial artery and/ or median nerve; the distal spike of the proximal humeral fragment being the culprit. The need of a good preoperative neurovascular assessment is obvious, recognizing that it is not always easy. The anterior interosseous nerve, supplying the flexor pollicis longus, and the FDP to the index finger seems to be most sensitive to injury; often undiscovered as there is no sensory distribution of this nerve. Reduction is accomplished by first correcting medial or lateral displacement, then flexing and reducing the posterior angulation. It is important to ensure that rotation of the distal fragment matches the proximal, this is best done on the lateral view. Most authors use Bauman's angle to gauge the reduction on the AP view, some believe it is too subjective. Percutaneous pinning is now used for all closed reductions of Type III fractures and some Type II. Crossed pins of adequate diameter (usually 5/ 64") provide the most secure fixation; better if the pins do not cross at the fracture site. The lateral pin is placed first. Two lateral pins may be used; this voids the possibility of iatrogenic ulnar nerve injury, but the lateral pins are less stable. There are continuing reports of iatrogenic ulnar nerve (usually) neuropraxia from medial pin placement. The ulnar nerve can lie over the medial epicondyle in flexion, or even anterior in some patients. For this reason, an increasing number of experienced surgeons use a small incision for the medial pin to ensure the ulnar nerve is protected. Type II injuries can be maintained in 120 degrees of flexion without pinning. A recent study on Doppler response of the radial artery to elbow flexion found that was point where the pulse became impaired, so there is some justification for pinning Type II as the elbow can then be extended to a safe position. With percutaneous pinnings, the rate of Volmann's ischemia of the forearm is virtually eliminated. Indications for open reduction include 1) an irreducible fracture, vascular compromise, or 2) an open fracture, in which case neurovascular injuries may be more severe. Olecranon traction is still a very acceptable option for the very swollen or comminuted fracture. Vascular compromise following reduction is another obvious indication, the vessel has been found in the fracture itself following reduction. 

Other than neurovascular problems, the main complication of supracondylar fractures is cubitus varus, resulting from faulty reduction or loss of reduction. For many years, we have been taught that this was only a cosmetic problem, but recent studies have documented late onset ulnar nerve dysfunction, average onset about 15 years postfracture. 
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Acromioclavicular Dislocations and Distal Clavicle Fractures

Acromioclavicular dislocations and distal clavicle fractures

Objectives 

1. Describe the anatomy of the acromioclavicular joint and distal clavicle in children 

2. Describe a classification system (Rockwood) for distal clavicle and acromioclavicular joint in children 

3. Describe treatment of distal clavicle and acromioclavicular dislocation in children 


Discussion point 
1. When does the lateral clavicular epiphysis ossify? When does it fuse? 


Discussion
Distal clavicle and acromioclavicular injuries are unusual in children; distal clavicle fractures only account for about 10% of all clavicle fractures. The acromioclavicular ligament is anatomically similar to the adult's, this ligament is not very strong and its primary role is stabilization in the anteroposterior plane. The distal clavicle is surrounded by a thick periosteal tube to which are attached the coracoclavicular ligaments. These ligaments protect against superior displacement of the clavicle. The coracoclavicular ligaments and periosteal tube are not disrupted when the distal clavicle is fractured in children; the fractured clavicle breaks through the superior periosteum and displaces dorsally. The periosteal tube and coracoclavicular ligaments are intact, thus remodeling provides an excellent restoration of stability. The distal clavicular epiphysis forms and fuses in a remarkably short time, about age 19; it is thus only radiographically evident for a very short time. The distal coracoid also has a secondary center of ossification which can be fractured with the ligaments, but has a much more favorable outcome than ligamentous rupture. The injury usually results from a fall on the shoulder. 

Rockwood has outlined 6 types of distal clavicle and acromioclavicular injuries in children. Type I and II are mild sprains with no or partial superior displacement of the distal clavicle. Type III injuries have definite dorsal displacement of the distal clavicle, with the coracoclavicular interval 25% to 100% greater than normal. In Type IV injuries, the distal clavicle is also displaced posteriorly and penetrates into or through the overlying trapezius. In Type V injuries the coracoclavicular distance is > 100% more than normal. In Type VI injuries, which are very rare, the distal clavicle is displaced inferiorly. A radiograph with a 20-degree cephalad tilt is very helpful in diagnosis. The Stryker notch view is essentially an AP radiograph with the patient's hand resting on the head, and is valuable for detection of coracoid fractures. 

Treatment for Types I and II is symptomatic for any age patient. Analysis of studies of Type III injuries in adults lends little justification to operative treatment, and there is clearly no need for operation in a child with this category of injury. Operative treatment is justified for Types IV, V, and VI; although the frequency of these injuries in a child appears to be minimal. At about age 16 (13 for Eidman), treatment recommendations seem to become those of the adult distal clavicle, even though there is still an unossified and unfused distal clavicular epiphysis. Replacement of the clavicle into the periosteal tube and resuture of the tube around the clavicle is recommended by some for markedly displaced fractures, but criteria for the amount of displacement and/ or age of patient for which this procedure is advisable is elusive. 

Dislocation of the Shoulder

Dislocations of the shoulder

Objectives 

1. Describe the types of dislocations sustained by children and adolescents 

2. Describe examination, imaging, and natural history of traumatic anterior dislocation in the skeletally immature 

3. Describe examination, imaging, and natural history of voluntary dislocation in the skeletally immature 

4. Describe findings of posterior dislocation and management of posterior dislocation 


Discussion points 
1. How should a 16-year-old outstanding high school football player who sustained his first traumatic dislocation be managed? 

2. Could the same mechanism be responsible for traumatic dislocation in the skeletally mature and a proximal humeral physeal fracture in the immature? 

3. Should one always obtain radiographs before attempting reduction of an anteriorly dislocated shoulder? 


Discussion 
Traumatic dislocation of the shoulder is unusual in the skeletally immature, but not as rare as previously thought. The shoulder is designed for mobility, not stability as the glenoid is much smaller and flatter than the humeral head. The labrum and capsule, especially the anterior inferior glenohumeral ligament, provide stability against dislocation. Any type of injury that forces the shoulder in abduction and external rotation can be responsible for traumatic dislocation. Particular attention to axillary nerve sensation should be a part of the prereduction exam. EMG studies have demonstrated a high rate of neuropraxia after dislocation which may slow rehabilitation efforts. 63 young adults at West Point underwent arthroscopy after their first traumatic dislocation, 61 had disruption of the labrum and ligament from the glenoid, the so-called Perthes-Bankart lesion. The natural history in the skeletally immature is not very good, with recurrence in the 80-100% range. Some studies of early arthroscopic intervention, even simple lavage, claim lower recurrence rates of dislocation in adults. On the other hand, a study from Sweden noted that one fifth of those who had at least 2 recurrences in the first few years stabilized spontaneously by 10 years. A Hill-Sachs lesions portends a worse prognosis in virtually all studies. Physical signs of instability are the drawer test and the apprehension test. A recent study noted that reduction of discomfort during the apprehension test from flexing the biceps against resistance was diagnostic of shoulder instability. A number of arthroscopic and open techniques are presently employed for treatment of anterior dislocation. The standard reported from Magnuson-Stack procedures of 3 recurrences in 210 patients with an average 9-year follow-up is one that can be used for comparison with newer techniques. The present status of optimum management of the initial traumatic anterior dislocation in a young athlete is somewhat unsettled; it seems highly likely that recurrence can be expected, and equally likely that the previous standard of 3 weeks immobilization post injury will not prevent recurrence. 

Traumatic posterior dislocations are much less common, but a recent series demonstrated very satisfactory results in children with recurrent posterior dislocations with posterior glenoid bony and ligamentous augmentation. The history usually includes an injury producing force on the shoulder with the arm internally rotated, adducted, and flexed. Clinical stress testing with the drawer sign and reproducing the mechanism of injury result in discomfort and/ or posterior instability which can be palpated. MRI and CT with contrast have been very helpful in localizing pathologic changes in the unstable shoulder. 

Congenital anterior dislocation, although rare, has been reported. Atraumatic dislocation is the other major category of shoulder dislocation in children. These dislocations tend to be multidirectional; they are often seen in conditions accompanied by generalized ligamentous laxity. Surgery is not effective, a shoulder strengthening program is by far the best therapeutic choice. 

Fractures of the Scapula

Fractures of the scapula

Objectives 

1. Describe the anatomy of the scapula 

2. Describe patterns of fracture involving the scapula 

3. Describe a treatment plan for scapular fractures in children and adolescents 


Discussion 
Fractures of the scapula are very rare, accounting for only 5% of shoulder fractures. The scapula is flat, and relatively protected by the chest wall and overlying musculature. The spine separates the inferior and superior fossas. The acromium is the lateral projection of the spine. The coracoid process is on the anterolateral portion of the scapular neck, and the glenoid is the lateral extension of the scapular neck. The brachial plexus and axillary vessels pass anterior to the neck. The acromium, clavicle, and coracoid; together with the interconnecting ligaments, form a "superior shoulder suspensory complex". 

Fractures of the scapula generally occur as a result of severe trauma. Little is written on scapular fractures in children, so problems arising from their treatment must be rare or nonexistent. In adults, glenoid fractures account for 10% of scapular fractures, and there are some specific criteria for open reduction of these fractures, consisting of displacement of > 10mm, and/ or depression of > 5 mm. It is conceivable that such injuries could occur in adolescence, and adult standards of management would apply. The reasons for operative intervention would be to preserve shoulder stability and prevent subsequent arthritis. 

In summary most scapular fractures are not significantly displaced, and symptomatic treatment would be all that is necessary for the vast majority of these rare fractures in children. 

Sternoclavicular Dislocation

Sternoclavicular dislocation

Objectives 

1. Describe the anatomy of the sternoclavicular joint 

2. Describe the age when ossification of the medial clavicular epiphysis occurs, and when fusion of the epiphysis occurs 

3. Describe the anatomical features of sternoclavicular dislocation 

4. Discuss imaging of the sternoclavicular joint 

5. Discuss treatment of an anterior and a posterior dislocation of the sternoclavicular joint 


Discussion 
The sternoclavicular joint is unique in several ways. It is the only direct attachment of the upper limb to the axial skeleton. The joint is diarthrodial, but is bisected to a variable degree by a fibrocartilaginous meniscus, which is firmly attached to the first rib, with anterior and posterior attachments to the capsular ligaments. The anterior ligament is stronger. The ligaments attach to the medial clavicular epiphysis, so the physis is extraarticular. The medial clavicular epiphysis is the last in the body to ossify, at about age18-20, and the last to fuse to the metaphysis, at about age 23-25. Most sternoclavicular dislocations are thus actually physeal fractures. The anterior dislocation is more common, usually secondary to indirect forces, from medial compression of the clavicle couple with a posteriorly directed force on the lateral clavicle. This type of injury can occur in sports, the posterior dislocation is more often a result of direct injury. 

A tangentially directed radiograph, aimed 40 degrees cephalad, can demonstrate displacement of the medial sternoclavicular joint (or, more correctly, physis). CT scanning is also helpful. Anteriorly displacement of the lateral fragment can be reduced under local anesthesia, with traction on the abducted shoulder and gentle posterior pressure on the medial clavicle. In general, however, unless the displacement is severe, reduction is not mandatory. The shoulders are immobilized in a figure 8 splint. Redisplacement is common, and with the remodeling potential of the medial clavicle, further attempts at reduction are generally not worth the effort. Immobilization can be discontinued as symptoms permit. Posterior dislocations are more tricky. The brachiocephalic vein lies directly behind the clavicle, which can impinge on that structure. Significantly displace posterior dislocations are reduced under general anesthesia, with traction on the shoulder and (usually) a towel clip on the medial clavicle to anteriorly reduce the clavicle. Some residual displacement is acceptable. Other than a recent report of subclavian artery pressure from a chronically posteriorly displaced medial clavicle, complications of instability or symptomatic malunions after sternoclavicular injuries are not present, except after the use of fixation pins. Recent publications on the subject absolutely decry any attempt at pin fixation of the medial clavicle, as death has resulted from migrating pins. A wire loop has been reported for fixation. 

Sprengel's Deformity

Sprengel's deformity

Objectives 

1. Define Sprengel's deformity 

2. Discuss the reason for the high incidence of other anomalies accompanying Sprengel's deformity, and list 4 of the more common accompanying conditions 

3. Discuss indications for correction of Sprengel's deformity 

4. Discuss surgical approaches to Sprengel's deformity 

5. Discuss complications of surgery for Sprengel's deformity and strategies to reduce their incidence 


Discussion point 

1. What is the omovertebral bone? 


Discussion 
Sprengel's deformity is an unusual condition, characterized by upward displacement of the scapula. The etiology of Sprengel's deformity is related to limb bud formation. The scapula generally descends to its thoracic location about the eighth postgestational week, having formed from paraxial mesoderm at about the level of the fourth or fifth cervical vertebra. The usual postmigrational location of the scapula is between the levels of the second and eighth posterior ribs. Since Sprengel's deformity originates in the paracervical mesoderm, it is not surprising that Klippel-Feil syndrome and congenital scoliosis are frequent concomitants. Other rib and spinal anomalies, including syringomyelia, may be present. Diastematomyelia has been noted in about 20% of patients with Sprengel's deformity. Kidney anomalies, also mesodermal in origin, are less frequent concomitants of Sprengel's deformity. The omovertebral bone, connecting the superomedial scapula to the posterior elements of the cervical vertebrae, is found about one-quarter of the time. Various other types of disruptions of limb bud formation and differentiation can be noted, including hypoplastic thumb, clavicular hypoplasia, and hemimelias. Shoulder instability may factitiously increase shoulder motion. 

Clinically, Sprengel's deformity can range from minimal, with no restriction of shoulder motion; to severe, with the superior angle of the scapula near the occiput, and marked restriction of scapulothoracic motion. Glenoid version is generally normal. The omovertebral bone, not surprisingly, is associated with greater restriction of motion. The musculature of the shoulder girdle, especially the trapezius, may be hypoplastic and/ or fibrosed. Operation is reserved for patients in whom the deformity is marked, or restriction of motion is severe; the two generally go together. Many surgical procedures have been described, including excision of the omovertebral bone, resection of the supraspinous portion of the scapula, subperiosteal resection or release of the scapula, and distal transposition of the scapula by release of the superior, osteotomy of the scapula, and medial and inferior musculature from the scapula (Green) or the their origin (Woodward), with reattachment to the scapula in its corrected position. Green originally used skeletal traction to maintain the scapula in its corrected position. Modified forms of the Green and Woodward procedure are most popular at present. Complications of surgical treatment of Sprengel's deformity include loss of correction, winging of the scapula, regeneration of the excised portion of the scapula, prominent scars, and neurovascular complications resulting from compression between the clavicle and first rib when the scapula was displaced inferiorly. Strategies to reduce complications include use of a midline incision; osteotomy or morcellization of the clavicle to increase its mobility, osteotomy of the coracoid process to release the tether of the pectoralis minor, extraperiosteal dissection to reduce bony reformation, and fasciodesis of the inferior scapula to the underlying rib to prevent winging. Results are generally satisfactory is these technical factors are integrated into the surgical plan. Lesser degrees of deformity can probably be more safely treated without morcellization or osteotomy of the clavicle
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Amputations

Amputations

Objectives 

1. Discuss differences between the child amputee and the adult amputee 

2. List causes for amputation in children 

3. Discuss technical principles of amputations in children 

4. Discuss the advantages of a Boyd amputation over a Symes amputation. Discuss the advantages of a Symes amputation over a Boyd amputation 

5. Discuss the role of lengthening of the residual limb 

6. Describe a strategy for managing stump overgrowth in the juvenile amputee 

Discussion 
The surgery for and management of amputations in children is very different from the adult. The majority of amputations in adults are performed for complications of peripheral vascular disease. The most common cause of amputation in children is congenital limb deficiency, followed by trauma, infections, and neoplasms. There are a number of ways in which the juvenile amputee differs from the adult. The limb continues to grow. There is appositional bone growth, especially of through-bone amputations. The functional demands on the residual limb and prosthesis are very different for the playful, active child than those for the more sedentary adult. The psychological factors of incorporating the amputation and prosthesis into body image are critical. The incidence of multiple limb amputations is much more frequent in the child, with their resulting complexity of decision-making. Finally, the juvenile amputee very rarely experiences phantom limb pain. 

Principles of amputations in children include 1) preserve all length possible 2) preserve growth plates 3) use disarticulations when possible 4) preserve the knee joint when possible and 5) stablilize the proximal limb. Some examples of this type of planning for amputations in children are the Van Nes procedure for proximal focal femoral deficiency or following limb salvage for sarcoma of the distal femur. The tibia is fused to the short femur, producing what is essentially the femoral segment. By means of a tibial osteotomy, the foot is rotated 180 degrees from its normal orientation so the ankle joint functions as a knee joint and the foot becomes the functional below knee segment. The energy expenditure for gait is dramatically less for below knee amputees than above knee amputees, and the quality of gait is better. On the other hand, the child must prepare to deal with the peculiar appearance of having the "foot on backward". Another way of applying the surgical principles would be to remove a femoral segment in a limb affected with purpura fulminans to preserve the distal femoral physis, and salvage the functional advantages of a knee disarticulation when there is inadequate soft tissue to cover the femur at its normal length. For bilateral upper limb amputations, prosthetic fitting is contraindicated for functional reasons as these children learn to use their feet for prehensile activities. There may still be reasons to have an upper limb prosthesis for social purposes later in life. 

The Syme amputation is essentially an ankle disarticulation in a child. It provides an excellent weightbearing stump, and allows room for a prosthetic foot when the residual limb is normal length, for example following trauma. A complication of Syme amputation is migration of the heel pad, which is not firmly fixed to the tibia. The Boyd amputation preserves the calcaneus, and the calcaneus is fused to the tibia. This obviates the problem of migration of the heel pad, but a longer waiting period before prosthetic fitting is usually necessary, and the extra length of the residual limb can sometimes make prosthetic foot fitting difficult. Lengthening of the residual limb can occasionally be of great value in the very short below elbow or below knee amputee, providing better leverage for prosthetic fitting, and improved function. Lengthening a short humerus may allow the child to cradle objects against the trunk, again a major functional gain. 

Davids and associates, recognizing the contribution of Marquardt in utilizing a biological cap on over the transected bone to prevent overgrowth, modified Marquadt's choice and used a tricortical iliac crest graft, which has functioned handsomely for management of stump overgrowth. 

Growing Pains

Growing pains

Objectives 

1. Describe "growing pains" 

2. Define the age range susceptible to growing pains 

3. Describe natural history and treatment measures effective for growing pains 


Discussion points 

1. Does the entity described as "growing pains" differ from article to article? 

2. What is your concept of the optimum approach to diagnosis? Management? 


Discussion 
Although "growing pains" have been in common parlance for generations, their pathophysiology is still not understood, and there is not yet a precise definition of the disorder. Growing pains are generally described as being in younger children, and occur late in the day or at night. One study (Bowyer) noted 7% of pediatrician's visits were for limb pain, another (Macarthur) stated that 1% of visits to university based pediatricians, and all pediatric orthopaedists and rheumatologists in Ontario were for growing pains. Baxter describes stretching as being effective in lessening the frequency of growing pains. Other studies questioned the relationship between growing pains and the restless leg syndrome of adults. Growing pains are a diagnosis of exclusion, and resolve spontaneously sometime during childhood. (Atar) Peterson stresses the importance of eliminating other causes of pain before applying a diagnosis of growing pains. 

Leg Length Discrepancy 2-5 cms

Leg length discrepancy, 2-5 cms

Objectives 

1. Discuss the rationale for treating leg length discrepancy of > 2 cms 

2. Discuss methods available for treatment of leg length discrepancies in the 2-5 cm range 

3. Discuss complications resulting from treating leg length discrepancy in the 2-5 com range 


Discussion points 

1. Is the data base upon which clinical decisions are made a valid one? 

2. How much can a bone be acutely shortened without disabling muscle weakness as a complication? 


Discussion 
Discrepancies of more than 2 cms have been documented by motion analysis to have an effect on gait, and are also tolerated less well by patients. There is therefore general agreement at present that an attempt to equalize leg length discrepancies in this range is warranted. There are 2 general strategies; epiphyseal arrest prior to skeletal maturity is generally preferred because of low morbidity, but if that is not possible, acute shortening of a bone, generally the femur, is another option. 

Timing of epiphyseodesis is obviously a critical concern; if it is performed too late, undercorrection will result, if too early, overcorrection will result. The latter is particularly objectionable -to finish with the original short leg being longer. Therefore, since the descriptions of Green and Anderson on leg length assessment in children, investigators have been attempting to refine the data analysis to accurately determine timing of epiphyseodesis. It is still an imperfect art. Moseley ingeniously incorporated Green and Anderson's data into a straight line graph which has been widely used for a generation. His data base, however, is still that of Anderson and Green, obtained in the 1940s on children in the Boston area. An attempt to update this information in Dutch children has been reported. No information is currently available on children of African descent. The other factor is skeletal age, as the timing of epiphyseodesis is determined largely from a bone age atlas, again based on data from white children in the first half of the twentieth century. Thus, determining the timing of epiphyseodesis is still a quite imperfect process, and many authors have ventured opinions on whether simply using chronologic age and mathematically calculating correction based on growth rate averages might not do just as well as the formal bone age and growth remaining charts already mentioned. There is no way to formulate an approach other than to review the available information and for each surgeon treating these discrepancies to develop his/ her own approach, with a constant eye toward new developments. Despite our soft data base, reasonable, although not perfect, results following planned epiphyseodesis are uniformly reported. Presently in North America, percutaneous epiphyseodesis is mort often performed, there are a number of current publications on the technique. Angular deformity can follow an imperfectly performed epiphyseodesis. 

If epiphyseodesis is not feasible, bone shortening procedures can still equalize or reduce leg length discrepancy. Several techniques from open subtrochanteric osteotomy to closed intramedullary shortening have been described. Only up to 10% of the length of a bone can be acutely shortened without unacceptable muscle weakness following. There is an unavoidable transient period of weakness while the muscle-tendon units adapt following shortening. 

Leg Length Discrepancy > 5 cms

Leg length discrepancy (> 5 cms)

Objectives 

1. Discuss the methods available to treat leg length discrepancies of > 5 cms 

2. Discuss the process of lengthening, including expected time in external fixation to achieve lengthening 

3. Discuss complications of bone lengthening procedures 


Discussion point 

1. Under what circumstances might amputation afford better functional results than a lengthening procedure? 


Discussion 
Largely as a result of the clarification of biologic principles involved in lengthening by Ilizarov, the capability of the orthopaedist to reliably lengthen limbs has increased dramatically in the last 20 years. These include surgical preservation of the blood supply to the bone, a distraction rate of 1 mm/day, divided incrementally, and a period of several days delay after osteotomy before commencing lengthening. As a result, the horizons of lengthening have exponentially broadened, and we are still in a period of assessment of how much is possible and at what cost. It is clear that "straight forward" lengthening procedures following traumatic or infectious physeal injuries do very well. It is clear that lengthenings of dysplastic bones or bones with congenital shortening do not do quite as well, for a number of reasons. Congenital shortening is accompanied by various degrees of joint and ligamentous instability, predisposing to dislocation and shortening of muscle-tendon units which increase the technical difficulties of maintaining alignment while lengthening. Neuorpraxia or more permanent deficits have been reported, particularly involving the peroneal nerve. Results following lengthening for fibular hemimelia have been especially sobering. 

The lengthening index is a method of estimating the time required in external fixation to achieve a certain amount of length. A reasonable lengthening index is 40 days per cm length gained, so a 5 cm lengthening would require 200 days in a fixator. Ring, monolateral, and hybrid fixators are currently in usage. In general, results of lengthening are much more gratifying than they were 20 years ago. Controversy still prevails for entities such as the already mentioned fibular hemimelia, and pseudoarthrosis of the tibia, where a tibia of sufficient strength to maintain its integrity without external support is difficult to achieve. 

This is a very dynamic field with further refinements in technique constantly being investigated. 

Leg Length Discrepancy: Assessment and Natural History

Leg length discrepancy: assessment and natural history

Objectives 

1. Describe physical exam methods useful for assessment of leg length discrepancy, including potential causes of error with each method. 

2. List imaging studies available for quantifying leg length discrepancy. Discuss accuracy and radiation dose for each method. 

3. Describe the functional effects of smaller amounts of leg length discrepancy (< 2.5 cms) on posture, incidence of back pain, development of scoliosis, and functional capability. 

4. Discuss methods used for predicting leg length discrepancy at skeletal maturity, including possible causes of error. 


Discussion points 

1. What is a reasonable goal (amount of residual discrepancy at maturity) for a child with leg length discrepancy? Would your goals be different for a child with discrepancy following fracture and a child with a congenital short femur? 

2. Describe the data base used for the Green-Anderson and Moseley methods of determining timing of epiphyseodesis. Is this information still reliable? 

3. How accurate is bone age assessment? What was the data base for our present method of determining bone age? 

4. What factors contribute to error when trying to quantitate orthoroentgenograms and teleoroentgenograms? 

5. Are the methods used to assess functional effects of leg length discrepancy valid? 


Discussion 
Assessment of leg length discrepancy may seem straightforward, but both the clinical and imaging are anything but. For some time, clinicians have recognized a difference between "real" and "apparent" discrepancy. Apparent discrepancies are basically a result of joint contractures; hip abduction results in apparent lengthening of the limb, adduction in shortening. Flexion contractures at the hip or knee can also produce apparent shortening; equinus contracture of the ankle, apparent lengthening. These conditions can also alter the effect of tape measurements, even when made from the anterior superior iliac spine (the so called true leg length measurement). Angular deviations such as genu valgum can alter the path of the tape to further invalidate the measurement. An alternate method is to sit behind the standing patient and palpate the iliac crests, using blocks to bring the examiner's fingers resting on the iliac crests to equal heights. This method also will include discrepancies of foot or pelvis, and a more functional test of the effect of the discrepancy on posture. 

Imaging studies also are subject to error. The classic orthoroentgenogram, made with separate exposures of the hip, knee, and ankle joints, does not include effects of the pelvis or foot on discrepancy, and is dependant on careful positioning during the study and the lack of motion by the patient between exposures. Flexion contracture will produce apparent shortening. Teleoroentgenograms, standing roentgenograms of the entire lower limbs, include the foot and pelvis, but are subject to error from improper positioning and contracture. Increased attention has been directed toward digital imaging, which drastically reduces the amount of radiation exposure. The practical considerations of scheduling and access have resulted in this modality still awaiting widespread use. Interpretation of wrist radiographs for boneage have essentially a one-year variation in accuracy. 

Data on leg lengths, expected growth remaining, and bone age are now 3 generations removed from the present, when children were smaller. Reasonable accuracy in predicting timing of epiphyseodesis is still possible if serial data is collected. The advantage of the Moseley chart over the Green-Anderson (both are derived from the same data) is that collection of essential data is required for the Moseley chart completion. 

Smaller amounts of leg length discrepancy (less than 2-2.5 cms) do not seem to result in functional complaints by patients. The question of the effect of leg length discrepancy on back pain is still unsettled, but there is little data to implicate lesser amounts of leg length discrepancy as a predictor of back pain. 

Osteochondritis Dissecans

Osteochondritis Dissecans - Lower Extremity

Objectives 

1. Define osteochondritis dissecans 

2. List sites reported osteochondritis dissecans in the lower extremity 

3. Describe the pathology of osteochondritis dissecans 

4. Discuss the natural history of osteochondritis dissecans in the skeletally immature and the skeletally mature 

5. Discuss imaging studies useful in planning treatment for osteochondritis dissecans 

6. Discuss treatment approaches to osteochondritis dissecans 


Discussion 

1. Would lesions successfully treated with drilling in the skeletally immature patients have healed just as well with rest and immobilization? 

2. How would you organize a prospective study to settle the effectiveness of various treatments used for osteochondritis dissecans? 

Discussion 
Osteochondritis dissecans is a relatively common disorder of the immature skeleton. It can range in severity from an asymptomatic incidental radiographic finding to a large displaced fragment several cms in diameter. In the lower limb, it has been reported in the femoral head (largely following Legg Perthes syndrome), the medial and lateral distal femoral condyles, the patella, the medial and lateral talus, and the metatarsal heads. Osteochondritis dissecans is characterized by an interruption of the subchondral bone with or without a defect in the overlying articular cartilage. The etiology remains obscure despite a mountain of literature. Repetitive trauma (especially) and/or vascular anomalies are predominant. The behavior of osteochondritis dissecans varies from site to site. Medial distal femoral lesions, in general, fare better than lateral. Lateral talar lesions fare better than medial. The hip seems less prone to osteoarthritis than the knee. Skeletal immaturity is a definite advantage in prognosis. Younger skeletally immature patients fare better than older. Smaller lesions heal better than large. Stable lesions (with intact overlying cartilage) have a better outlook than unstable (with a defect in the overlying cartilage). Little wonder it is hard to compare results of treatment. The classic paper on the subject that of Green and Banks, who reported results of treatment of 19 children, mostly with medial femoral condylar lesions. Lateral femoral lesions have been linked with discoid menisci. Talar lesions appear largely secondary to trauma, as they often follow a sprain. It is theorized that impingement of the talus on the fibula when the lateral ligament has not failed can produce this lesion. 

Physical findings are sometimes nonspecific; effusion may be present in advanced lesions. Tenderness over the lesion may be elicited if the affected portion of the knee is accessible. The Wilson sign, pain with internal rotation of the tibia and flexion of the knee, is designed to impinge the tibial spine on the medial condylar lesion. Plain radiography is the standard imaging technique. Cahill uses bone scintigraphy extensively in following skeletally immature patients with osteochondritis dissecans. MRI has been touted as helping in decision-making. CT scanning is favored by some for talar lesions, MR imaging is more sensitive for bone bruising. 

For osteochondritis dissecans of the knee, treatment by Green with plaster immobilization resulted in healing in an average of 7 months. Other authors have modified the casting to application of a knee immobilizer. We do not know whether this makes a difference. Surgical strategies, primarily arthroscopic include antegrade and retrograde drilling in situ, stabilization of fragments with screws or bone pegs, replacement of fragments with stabilization, and osteochondral allografts and allografts. Indications for surgery are not always clear. Generally, most aurthors attempt a period of nonoperative management first. An unstable lesion is an indication for open treatment. Open bonegrafting may be performed through an epiphyseal nonarticular window. Results are reasonable in the skeletally immature with most methods, there are few reported cases of osteochondral grafts in children; it is probably rarely indicated. 

For talar lesions, the classification of Berndt and Harty is still used in many papers. Results in children are good enough that intervention has been suggested only for Type IV (completely displaced) fragments. Similar methods of treatment to those used in the knee can be performed arthroscopically. 

Longterm results of osteochondritis dissecans of the knee in skeletally immature patients is generally good. However, displaced lesions, especially larger lesions and those on the lateral femoral condyle, have a poorer prognosis. Excision of a fragment without some effort at filling the defect, is associated with a poor outcome. 

Torsional Problems in Children

Torsional problems in children

Objectives 

1. Describe the normal development of the upper and lower limbs in utero in regard to rotational changes from the limb bud 

2. Describe the normal range of hip rotation, and thigh foot angle for the newborn, the toddler, the 6 year old, and the adult; foot progression angle for all ages except the newborn 

3. Describe the physical findings associated with tibial torsion and femoral anteversion 

4. Describe the natural history of tibial torsion and femoral anteversion 

5. Describe indications for treatment of tibial torsion and femoral anteversion 


Discussion 
Torsional problems, real or perceived, are probably the most frequent reason for pediatric orthopaedic consultation. A firm knowledge of normal development of torsional relationships is essential for anyone treating musculoskeletal problems in children. After formation of the limb buds in the 5th week, the upper limb rotates externally so the thumb, originally on the cephalic side of the bud, is lateral in the anatomic position. The lower limb rotates internally, so the great toe, originally on the cephalic side of the limb bud, is medial in the anatomic position. 

Staheli has provided a great deal of information about the normal range of lower limb rotation in children. At birth, there is increased external rotation of the hips, averaging about 70 degrees. This slowly subsides during childhood to about 40 degrees, then slowly increases again in adult life. Internal hip rotation is about 40 degrees at birth, rising in early childhood (more in girls) to 45-50 degrees, then decreases from about age 7 throughout the rest of the lifespan. The thigh foot angle, and transmalleolar axis, both assessing tibial torsion are about 0 degrees at birth, and increase throughout childhood to about 15 degrees of external torsion, with a range of about 15-20 degrees of normal either side of the average measurement. The foot progression angle is initially about 10 degrees externally rotated when walking commences, slowly decreases to about 5 degrees at the end of growth, and slowly increases throughout adult life. From about age 7, the natural history for the rest of the lifespan is a slow increase of both femoral and tibial external version. (Version is the anatomic corollary of torsion, referring to the difference in inclination of the femoral neck to the femoral condyles, and the knee axis and transmalleolar axis. 

Torsion is assessed clinically by Staheli's "torsional profile", performed by having the child in the prone position with the hips extended and the knees flexed 90 degrees. With the knees flexed, the hips are rotated internally and externally; the tibia forms an angle with the tabletop indicating the degree of rotation. The relationship of the foot to the thigh, judged from above, is the thigh foot angle, and he difference between a line through the malleoli and the knee axis is the transmalleolar axis. The foot progression angle is assessed by observing the child's gait, and is the angle between the long axis of the foot and the line of progression of gait. This assessment is rapid, simple, and informative. 

Femoral anteversion is usually most problematic between ages 3 and 6, when it is physiologically greatest, slightly more in girls. Resolution by age 8 can be expected in the great majority of cases. Severe torsion of more than 90 degrees of internal rotation and less than 10 degrees of external rotation in a child over age 8 may warrant corrective femoral osteotomy, if the child continues to trip during walking or running. There is no effective nonoperative treatment for femoral anteversion. There is no evidence that increased femoral torsion contributes to the development of hip osteoarthritis in adults. Sprinters have slightly more internal rotation during gait than controls. 

Medial tibial torsion is most common in toddlers. The natural history is very favorable, and no treatment is necessary. If the family is unable to tolerate the natural progression of spontaneous correction, a night Dennis Browne bar can be used. Osteotomy for correction of medial tibial torsion in an otherwise normal child is basically never necessary. 

Foot

Foot 

· Accessory Navicular 

· Acquired Flatfoot 

· Adolescent Bunion 

· Cavus Foot 

· Clubfoot, Infant 

· Clubfoot - Other 

· Congenital Vertical Talus 

· Curly Toes 

· Dislocations of the Foot 

· Fractures of the Calcaneus 

· Fractures of the Talus 

· Fractures of the Tarsals and Metatarsals 

· Fractures of the Phalanges 

· Pes Planovalgus 

· Polydactyly of the Foot 

· Puncture Wounds of the Foot 

· Tarsal Coalition 

Accessory Navicular 

Accessory navicular

Objectives 

1. Describe the clinical symptoms associated with accessory 

2. Discuss imaging studies useful for the evaluation of accessory navicular 

3. Discuss treatment of accessory navicular 


Discussion
The accessory navicular is the most common accessory bone noted in radiography of the adolescent foot. It is sometimes symptomatic, sometimes an incidental finding. It is generally easily seen on the anteroposterior view radiographically, sometimes and oblique may be helpful. Recent studies of imaging techniques have noted that scintigraphy was not reliable for separation of symptomatic from asymptomatic feet. MR imaging noted bone edema, a loss of the normal insertion of the posteriotibial tendon on the plantar surface of the foot, and fibrocartilage between the tendon and its attachment into the accessory navicular. Radiographic variants have been described by Lawson. Kidner described a procedure in 1933 for accessory navicular, rerouting the posterior tibial tendon to provide better dynamic support of the arch. Subsequent writings have noted no difference whether the posterior tibial tendon was rerouted or not, simple excision is effective in relieving symptoms. An interesting follow-up of the natural history of accessory navicular in adult life was documented in 1997, describing patients who presented as a variant of spontaneous rupture of the posterior tibial tendon who actually had a failure of the tendinous attachment to the accessory navicular. A recent modification of the Kidner procedure, fusing the accessory navicular to the main portion has been described. 

Acquired Flatfoot 

Acquired flatfoot

Objectives 

1. Discuss etiology(ies) for acquired flatfoot in children 

2. Discuss strategies for treatment of acquired flatfoot 

Discussion
The presence of an acquired flatfoot in a child warrants a thorough evaluation and search for an etilogy. Some conditions such as cerebral palsy, polio, and tarsal coalition, all associated with acquired flatfoot, have been discussed separately. Posterior tibial tendon dysfunction is a common cause of acquired flatfoot in the adult but rare in the child. Injury to the posterior tibial tendon can cause an acquired flatfoot in the child, manifested by the "toe many toes" test, a result of abduction of the foot. It has been noted that the toe flexors may substitute functionally for an injured posterior tibial tendon, but in this case, active dorsiflexion and plantarflexion of the toes cannot be performed when the foot is plantarflexed and inverted. There is some recent evidence that obesity may be associated with acquired flatfoot. Berg noted an increased number of flatfeet in infants who were treated with a Dennis Browne bar for metatarsus adductus. Whether orthotic misuse can produce a structural flatfoot has not been established. There has always been some suspicion that such a foot could result in use of twister cables for intoeing secondary to femoral anteversion; the foot being most subject to the external rotation forces would respond by abducting and pronating. Any neurologic imbalance favoring the foot evertors could produce an acquired flatfoot; the cavavarus foot is certainly much more associated with acquired neurologic dysfunction. 

Obviously, the strategy of treatment must consider the underlying etiology. Spasticity, muscle imbalance, and contracture contribute to the deformity in the presence of cerebral palsy. If the foot is flexible, orthotic support may suffice; in older children with more fixed deformity, bony surgery is often necessary. The symptomatic rigid flatfoot associated with tarsal coalition is best treated by treatment of the coalition. Reconstructive procedures using a toe flexor have been effective for traumatic posterior tibial injury. Although the role of orthotics in production of the acquired flatfoot is still speculative, no harm can result from the judicious use of orthotics. If one only prescribes an orthotic when one can clearly articulate the objective of orthotic wear, iatrogenic orthotic mischief will be held to a minimum. 

Adolescent Bunion

Adolescent bunion

Objectives 

1. Define adolescent bunion and describe the pathologic anatomy 

2. Describe the clinical and radiographic features of adolescent bunion 

3. Discuss conservative management of adolescent bunion 

4. Discuss structural components of a successful surgical correction 

5. Describe several procedures used for treatment of adolescent bunions and the quality of the results reported for these procedures 


Discussion point 

1. Why is it so hard to determine the best procedure for adolescent bunion?


Discussion
Adolescent bunion is defined as the medial prominence of the head of the first metatarsal. Some authors require an open growth plate of the first metatarsal to qualify as an adolescent bunion. Hallux valgus by definition refers simply to a lateral deviation of the great toe, but the deformity bearing this name is much more complex than simple lateral deviation. Sometimes the terms are used interchangeably. There is often a history of maternal transmission in patients with adolescent bunion. Some authors believe valgus posture of the hindfoot is associated with an increased tendency to bunion formation. While metatarsus primus varus is often considered an essential feature of adolescent bunion, there is evidence that it is actually the second metatarsal moving laterally from a normally placed first metatarsal that is primarily at fault. 

The intermetatarsal angle is greater than the 10 degrees considered the upper limits of normal. The metatarsophalangeal angle should normally be less than 15 degrees. With greater amounts of valgus, the toe pronates; the sesamoids are carried laterally by the adductor and short flexor, the medial capsule stretches, the abductor is carried plantarward so it is unable to counteract the adductor. The metatarsophalangeal joint subluxates and the articular surface is angulated in relation to the long axis of the metatarsal. This relationship is often noted as the distal metatarsal articular angle (DMAA), and its correction is considered critical to success by some authors. 

Conservative treatment of adolescent bunion is infrequently discussed, the work by Groiso is the most complete discussion of the subject. The figure of 130 operative procedures described for bunions is frequently mentioned. The majority of reports of treatment of adolescent bunion are confined to a few procedures. Ideally, correction of bunions would include removal of the medial prominence, correction of the intermetatarsal angle, the metatarsophalangeal angle, the DMAA, correction of pronation of the toe, and the lateral displacement of the sesamoids. Soft tissue procedures center around release or transfer of the adductor brevis, lateral capsular release, and medial capsular imbrication. The fibular sesamoid may be excised, and the medial prominence is excised. These are noted as variations of the McBride procedure. Hallux varus is the most common annoying complication. 

There are many varieties of metatarsal osteotomy. The Mitchell, with several described modifications, is probably the procedure most often performed for treatment of adolescent bunion. While most series report good results, complications include further shortening of the first metatarsal, stiffness of the metatarsophalangeal joint, and transfer lesions of the second metatarsal secondary to dorsal tilt of the osteotomy. The chevron is another variety of distal osteotomy. Proximal osteotomy provides a better fulcrum for correction, but more secure fixation is required to prevent displacement. Combinations of proximal and distal osteotomies are described, as are combinations of osteotomies and soft tissue correction. Arthrodesis of the metatarsocuneiform joint with soft tissue correction is known as the Lapidus procedure. Osteotomy of the proximal phalanx is the Akin osteotomy. Arthrodesis of the metatarsophalangeal joint is the most reliable way of correcting hallux valgus associated with cerebral palsy. 

It is necessary to be sufficiently familiar with the pathoanatomy of adolescent bunion to analyze any particular deformity in a given patient, and design an operative procedure tailored to the type and degree of deformity. This requires a working knowledge of soft tissue correction, distal and proximal metatarsal osteotomy, and arthrodesis. 

Cavus Foot

Cavus foot

Objectives 

1. Define cavus foot 

2. Describe the mechanism( s) responsible for the development of cavus foot 

3. Describe underlying conditions which can be heralded by a cavus foot deformity 

4. Discuss treatment approaches to the cavus foot 


Discussion point 

1. Why is it so hard to delineate the pathology of the cavus foot? 


Discussion 
Cavus foot simply means a high arch. There are a number of anatomic variables accompanying a high arch, however, and there are a number of etiologies for those anatomic variables. Thus, the literature on cavus feet is difficult to distill; nonetheless a few valuable principles can be deduced. 

It is generally agreed that some type of muscle imbalance is necessary to develop the constellation of anatomic deformities characteristic of the cavus foot. Intrinsic weakness is a common feature. The intrinsics flex the MP joints, and extend the IP joints, thus there is clawing of the toes with hyperextension of the MP joints. A plantarflexed first metatarsal is often regarded as the key deformity in a cavus foot. Loss of the peroneus longus has been associated with this deformity; Mann however regards over-activity of the peroneus longus associated with weakness of the peroneus brevis and anterior tibial to be the basic imbalance. Langenskiold considered a strong anterior tibial to be the underlying problem. The reader unfortunately must consider the arguments of the various authors, review the anatomy, and decide what is a good working hypothesis for him/ her in assessment and management of the cavus foot. Certain conditions such as Charcot-Marie- Tooth disease, Fredreich's ataxia, poliomyelitis, and spinal dysraphism constitute the etiology of greater than half the cases of cavus foot. In a number of children, however, an exhaustive search for an underlying disorder will be unrewarding, and these are still classified as idiopathic. A dizzying number of surgical approaches have been described for the cavus foot. If there is any condition which demands individual assessment and decision making, it is the cavus foot. The simplest procedure available, plantar fasciotomy is rarely used as an isolated procedure; in cases of poliomyelitis with equinus of the forefoot, it was found to be effective. The Jones procedure, transfer of the extensor hallucis longus to the metatarsal neck with arthrodesis of the MP joint reduces clawing of the MP joints. Similar transfers may be performed on all toes. A number of osteotomies have been described to reduce the cavus of the midfoot. Some, such as the Fowler procedure attack only the first ray, while others, such as the Japas include the entire midfoot. A calcaneal osteotomy is helpful in the presence of fixed hindfoot deformity. A useful and simple test by Coleman can be helpful in decision making, the fifth metatarsal is elevated with a block, allowing the plantarflexed first metatarsal to rise. If the hindfoot is in a varus position secondary to the tripod effect of a plantarflexed first metatarsal tilting the foot toward the straighter fifth metatarsal, the block under the fifth metatarsal will correct the heel varus, and hindfoot osteotomy is not necessary. 

Generally, soft tissue transfers and plantar fasciotomy form the first echelon of procedures, midfoot osteotomies and occasionally hindfoot osteotomies the second, with arthrodesis reserved for salvage. The cavus will be progressive in many patients with progressive disorders, so preservation of joint motion is worthwhile -what may be balanced in the young may not be in the not so young. The cavus foot still has an element of mystery about it, with its elusive biomechanics and etiologies. Nonetheless, treatment based on thorough clinical evaluation and sound biomechanical principles will be effective; but longterm neurologic changes may still tarnish the result with time. 

Infant Clubfoot

Clubfoot, infant

Objectives 

1. Define clubfoot 

2. Describe the pathological anatomy of clubfoot 

3. Describe imaging of the infant clubfoot 

4. Describe treatment of the infant with clubfoot 

5. Discuss prognosis of the infant with clubfoot 


Discussion points 

1. What is a "true" clubfoot? How is it different from a postural deformation? Do you think some reported series may have different criteria for inclusion of an infant clubfoot? How would that alter results? 

2. Should early surgery be performed for the infant with clubfoot? If so, what? Why or why not? 

3. How do ultrasonographic findings suggestive of clubfoot correlate with postnatal clubfoot? 


Discussion 
There is perhaps no topic in children's orthopaedics more difficult to comprehend from a literature analysis than clubfoot. Trends in treatment have varied through the years. A half century ago, under the influence of Kite, Ponseti, and others; casting was the preferred treatment, even if it could take years to complete. About 30 years ago, authors such as Turco, Goldner, and Simons began writing about operative treatment, and the pendulum swung radically in the direction of surgery as the preferred treatment. Presently, the pendulum is swinging back, as the enthusiasm for the Ponseti method is building among pediatric orthopaedists. It is very difficult to correlate all the different opinions on pathoanatomy and treatment into a unified concept. I recall reading a textbook on foot disorders 30 years ago; there were 2 contributors to the chapter on clubfoot. First, I read on the Ponseti method emphasizing correction of the laterally rotated talus; then, later in the same chapter, I read Goldner's dictum that the fundamental goal of treatment was to correct the internal rotation of the talus. I doubt either author has modified his opinion to the present time, and there is still conflicted literature on this seemingly simple question of the direction of talar deformity. After all, the talus can be analyzed by gross dissection in addition to the sophisticated imaging techniques presently available. The debate continues as evidenced by a letter exchange following a report on longterm results from clubfoot treatment from Iowa. Except in the minds of true believers on either side of the issue, the question remains unresolved. 

There are, however, more sophisticated immunochemistry techniques now available to examine structures in the clubfoot, and we will undoubtedly inch closer to a better understanding in the next generation. Consistent findings of analyses of clubfoot anatomy include smaller volume of the hindfoot, arterial dysgenesis (especially the anterior tibial artery), disordered structure of muscle, and a fibrous mass of tissue on the medial side of the foot. The latter has been consistently described in clinical dissections. Recent studies revealed haphazard orientation of collagen and cells in this scar tissue excised from fetuses and young children with clubfoot. Cytocontractile proteins and myofibroblasts are present during contraction of scar. Desmin, a marker of proliferative scar formation such as noted in proliferative Dupuytren's nodules (but not in the fibrous stage), was present in fetal specimens; but not in postnatal specimens. Vimentin, a marker of mesenchymal differentiation, was present in postnatal fibrous cells. Work such as this will help us to better understand the pathoanatomy of clubfoot. Arteriography consistently demonstrates deficiency of the anterior tibial artery. Somatosensory evoked potentials (SSEPs) have been studied, and a relationship between abnormal potentials and severity of involvement was noted. 

Clubfoot is defined as a structural deformity of the foot, characterized by fixed cavus and adductus of the forefoot, and varus and equinus of the hindfoot. The ossification centers and cartilaginous anlages of the hindfoot are smaller than normal. The calcaneus is rotated medially, with the result that the posterior aspect lies closer to the fibula. The rotation of the talus, and the placement of the articular surface for the talonavicular joint in relation to the long axis remains controversial. Carroll, Goldner, Ippolito, Ponseti, Settle, McKay, and Howard are a few contributors to our knowledge of the pathoanatomy of clubfoot. Hjelmstedt and Sahlstedt directed more attention to the ankle. Many others have used modern imaging techniques to indirectly examine the pathoanatomy of the clubfoot. These have not been routinely used because of the need for immobility of the infant during the study. There is no easy way to understand the difficulty in consolidating the information from the different authors perspectives without digging into the original papers to review the methods and results; only then should one formulate his/ her own synthesis of the material. This cannot be accomplished by reading texts or review papers. 

Examination of the newborn should include a complete musculoskeletal evaluation in addition to the foot exam. The foot should be evaluated for rotation (thigh foot angle), hindfoot posture (varus and equinus), and forefoot posture (adductus and cavus). The resistance of the soft tissue structures is subjectively noted. Despite numerous attempts, there still is not a reliable grading system for the infant clubfoot; and example being the impossibility of grading muscle strength of the peroneals and the tibialis anterior, both of which are stretched beyond physiologic limits. 

Casting, or physiotherapy if the resources are available is standard treatment for the newborn. There are many methods of casting, Ponseti's method has been validated by longterm follow-up. The initial measures are designed to correct the forefoot cavus, with particular attention to avoiding pronation of the forefoot. Only then is hindfoot correction attempted. A percutaneous heelcord lengthening is done before 3 months of age for persistent hindfoot contracture. Posterior ankle capsulotomy is avoided, as is any measure that would add to the medial scar formation characteristic of clubfoot. The question of the effects of adding surgical trauma to the pre-existing medial scar in the infant's clubfoot is very unsettled. 

A positive family history of clubfoot and a history of maternal smoking during the first three months of pregnancy increase the odds of congenital clubfoot twentyfold. In a recent study of antenatal clubfoot diagnosis by ultrasound, 32% of 14 infants required no treatment, and were considered false positive findings. 

Clubfoot - Other

Clubfoot, other

Objectives 

1. Describe the approach to treatment of the child with a clubfoot resistant to casting and/ or physiotherapy 

2. Describe, in general terms, operative approaches to the resistant clubfoot 

3. Discuss factors related to outcome of the surgically treated clubfoot 


Discussion 
A variable percentage of infant clubfeet will not be corrected with cast and/ or physiotherapy. These children then generally undergo some type of surgery to complete the correction. This can range from a percutaneous heelcord lengthening to a wide release of medial, posterior, and lateral structures, with or without transfer of the anterior tibial tendon. With our inability to grade the pathology of clubfoot preoperatively, it becomes very difficult to compare results of operative treatment. Different authors use different criteria for grading results. Generally, regardless of treatment, there is at least some residual loss of motion and weakness after treatment for clubfoot. The criteria used by Laaveg and Ponseti in 1980 are most often used; these include both anatomic and functional factors, it is acknowledged that the functional grade can be influenced by the patient's approach to life as much as the physical status of the foot. A final factor is the lack of reliability of the radiographic findings in patients with clubfoot. 

For the last 30 years, the operative procedure most often performed in North America has been the posteromedial subtalar release. The basic procedure described by Turco has been generally employed, with some modifications of incision, and amount of subtalar release. Tibiotalar release without subtalar release has been used by a minority. Recurrence rates seem to be higher for tibiotalar release, overcorrection may be higher for subtalar release. Neither procedure employs routine transfer of the tibialis anterior, which is a primary procedure for some. Osteotomies for correction of fixed bony deformity is necessary in older children, who have had longstanding uncorrection. 

Results of surgical treatment fall very close to the "85% good or excellent" category for many series. The reasons for poor results have been the subject of much analysis. There is no way we will discern technical error (scarification of cartilage, unanticipated laceration of tendon) in published series. Loren has noted that the degree of muscle histopathology was related to recurrence rate, and it seems undeniable that anatomic factors may contribute to the failure of treatment in some feet, just as anatomic factors may be responsible for the success of any one of several approaches to other clubfeet. The dissatisfaction of some pediatric orthopaedists with the global results of operative treatment are stimulating a more critical analysis of surgical indications and results at the present time. 

Clubfoot associated with entities such as arthrogryposis or congenital constricting bands are more difficult to successfully treat. 

Congenital Vertical Talus

Congenital vertical talus

Objectives 

1. Describe the pathology of congenital vertical talus 

2. Describe a rational approach to treatment based on the pathology 

3. List conditions described as being associated with congenital vertical talus 

4. Describe the assessment of the newborn with congenital vertical talus 


Discussion points 

1. At what age should surgery be performed, and why? 

2. After the diagnosis has been made in the newborn, what type of workup is indicated? 

3. How should the newborn be treated? 

4. Is there a genetic component to the etiology of congenital vertical talus? 


Discussion 
Congenital vertical talus is a perplexing entity that can occur as an isolated entity on in conjunction with neuromuscular conditions such as arthrogryposis, myelomeningocele, or spinal dysraphism. One series (Ogata) reported about half occurred as isolated entities, the rest were divided between being associated with other disorders with and without neurologic deficit. Stern described a family with an autosomal dominant pattern, but this is unusual. The pathology consistently described is a fixed dorsal dislocation of the talonavicular joint. Various authors have used a number of other descriptive terms in the literature for congenital vertical talus; however the term "congenital vertical talus" has been generally accepted by common usage, even though not descriptive of the basic pathology. The intrinsic musculature of the foot is lacking, and cannot protect the midfoot from the pull of the dorsiflexors, which subsequently displace the talonavicular joint by pulling the midfoot dorsally and laterally, leaving the talar head to plunge inferomedially (Specht). It is not surprising, given its proximity, that the calcaneocuboid joint can also demonstrate varying amounts of disruption. Forced dorsiflexion and plantarflexion lateral radiographs can demonstrate whether a dislocation of the talonavicular joint is fixed by assessing the relationship of the metatarsals to the talar head, the navicular of course being totally nonossified in infancy. Nonoperative treatment is ineffective. Some authors recommend operative treatment at 3-6 months, others prefer to wait until about 12 months. At present, most authors prefer a one-stage release with reduction and fixation of the talonavicular joint, often but not universally with lengthenings of the dorsiflexors and heelcord. Duncan transfers the anterior tibial to the talus. Although subtalar fixation was previously routinely performed, many present reports omit this procedure as a routine part of the correction. Longterm results that would be necessary to resolve this question are still pending. 

Curly Toes 

Curly toes

Objectives 

1. Define curly toe 

2. Discuss the natural history of curly toes 

3. Discuss treatment of curly toes 


Discussion 
Curly toes are present at birth, mostly involving the lateral toes. The distal phalanx is flexed and may be deviated medially or laterally. Contracture of the long flexors appears responsible, the cause of the contracture is unknown. Curly toes are asymptomatic in children, but their appearance is vexing to many parents. They may cause pressure symptoms from shoewear later in life. On exam the distal joint can be extended if the proximal interphalangeal joint is flexed, indicating contracture of the long flexor. The adjacent toe may be overriding. Taping may improve the posture temporarily, but the deformity usually recurs when taping is discontinued. Both simple tenotomy and transfer of the long flexor to the extensor apparatus (Girdlestone-Taylor procedure) have been employed for surgical correction. In a double blind study, there was not difference in results, and simple tenotomy suffices. As a result of a longterm study, Biyani advocates no treatment before age 6, as the rate of spontaneous correction is so high. If treatment is for some reason necessary at that time, tenotomy of the long toe flexor is sufficient. 

Dislocations of the Foot

Dislocations of the foot

Objectives 

1. Describe the mechanism of injury for subtalar (peritalar) dislocation, and a treatment plan for management 

2. Discuss imaging studies useful for the evaluation of peritalar dislocation, and for a tarsometatarsal dislocation 

3. Describe (draw) the anatomy of the tarsometatarsal joints 

4. Discuss direct and indirect injuring forces to the tarsometatarsal joints 

5. Describe a simple classification system for tarsometatarsal dislocation 

6. Describe a treatment approach for tarsometatarsal dislocations 

7. Discuss outcome of tarsometatarsal dislocations for children and adults 


Discussion points 
1. What anatomic feature renders the second metatarsal particularly vulnerable to dislocation? 

2. What is the significance of a cuboid fracture combined with a fracture of the base of the second metatarsal? 

3. What are indications for internal fixation of tarsometatarsal dislocations? 

4. What physical signs suggest an acute tarsometatarsal dislocation? A chronic dislocation? 


Discussion 
The two major dislocations affecting the foot are subtalar (peritalar) and tarsometatarsal. Subtalar dislocations are unusual, but a series of 5 such dislocations in children have been reported. Medial dislocations are by far most common, and result from a plantarflexion-inversion injuring force. Associated injuries are common, and can result in a worsening of the prognosis, a delay in diagnosis, or both. CT scanning is probably useful to define associated intra-articular fractures, and the completeness of the reduction. If CT scanning is not available, multiple views of the foot are indicated to search for associated fractures. Reduction has been impeded by interposition of the posteromedial tendons and the neurovascular bundle. The prognosis is diminished in the presence of associated intra-articular fractures; in the adult anatomic fixation is recommended, and these guidelines would seem reasonable for older children as well. 

Tarsometarsal dislocations are probably more common. Wiley reported 18 such injuries in children less than age 16. He has also written clearly on the anatomy and mechanism of injury. The tarsometarsal joints are firmly held by strong ligaments with one exception -the connection between the base of the first and second metatarsal. Direct injuries result from a falling object; indirect injuries result from violent plantarflexion or abduction forces, either alone or in combination. Ten (10) of Wiley's patients were injured in the "tip-toe" position. Myerson and Hardcastle have proposed classification systems for tarsometatarsal dislocations, the Hardcastle system is simple in that it denotes either partial or complete instability of the Lisfranc joint. The injury can be suspected by the presence of swelling, tenderness or midfoot ecchymosis. Minimally displaced dislocations in children can be managed with immobilization, but in older children anatomic reduction is preferred. This can often be accomplished with Chinese finger traps on the toes under general anesthesia, and the medial or lateral rays can be pinned percutaneously. Open reduction is indicated if this method is unsuccessful. Inadequate reduction and/ or fixation of the first metatarsal is associated with poor results. Delay in diagnosis, which is not rare, also is associated with a worse prognosis. 

Fractures of the Calcaneus

Fractures of the calcaneus

Objectives 

1. Describe the anatomy of the calcaneus; including the articular facets and their orientation, the sustentaculum tali, and the apophysis 

2. Describe the ossification of the calcaneus, and differences between the immature and adult calcaneus 

3. Describe a classification system of calcaneal fractures useful for assessing such fractures in the immature foot 

4. Discuss the imaging of a suspected fracture of the calcaneus, including useful views with conventional radiography, salient features of their interpretation, and/ or other imaging modalities 

5. Describe diagnosis and management of the toddler's fracture of the calcaneus 

6. Discuss a treatment approach to displaced fractures of the immature calcaneus 

7. Discuss prognosis for fractures of the immature calcaneus 


Discussion points 

1. What type( s) of injuring forces result in calcaneal fractures in children? Does the nature of the injuring force change with age? 

2. What is the Essex-Lopresti method for reduction of displaced calcaneal fractures? Is there any applicability of this method for the immature calcaneus? 

3. Should indications for open reduction of calcaneal fractures established in the adult be applied to the immature calcaneus? 

4. What are the features of anterior process fractures? 


Discussion 
Until the early 1980's, calcaneal fractures were rarely reported in children. Since that time, a number of reports have appeared, and it is obvious that, while unusual, most orthopaedists can expect to encounter this fracture in a child at some point. The so-called toddler's fracture represents a definite subcategory where diagnosis is the major concern; treatment is simple immobilization. Localized tenderness is the key to diagnosis in a toddler who refuses to walk with an often unclear history. Bone scintigraphy is has been described as helpful in diagnosis but a recent paper noted that immobilization solves the problem, and follow-up radiography will demonstrate the callus in the calcaneus. 

Classically, calcaneal fractures occur as a result of axial loading. Radiographic features of calcaneal fractures are well illustrated by Harty. Classification systems based on conventional radiography are described for children's calcaneal fractures, Schmidt and Weiner's is useful. Since CT scanning, more sophisticated classification systems of joint compression fractures have been described (Sanders). 

In the young child; the lateral process of the talus, which impacts on the subtalar joint to cause so much mischief with intra-articular fractures, is less developed and the posterior talocalcaneal joint is flatter than the more mature calcaneus. Both of these features tend to lessen the severity of calcaneal fractures in children. Some capacity for remodeling is also present in the child's calcaneus. These features, combined with the relative rarity of intra-articular calcaneal fractures in children, account for the present lack of clarity in developing well defined treatment strategies for intra-articular fractures in the immature calcaneus. The present tendency seems to be toward more aggressive methods of attaining anatomic reduction, but the necessity of such methods has not been established. The adolescent probably should be treated as an adult when planning treatment, but remodeling can occur in younger children (Thomas). Percutaneous pin reduction is another possibility (Biert). 

Other fractures of the immature calcaneus affect the tuberosity or anterior process. Displaced tuberosity fractures are easy to recognize and respond well to open reduction. Anterior process fractures, which result from an inversion-plantarflexion force, are more difficult to recognize, and can produce lasting disability. A modified oblique view described by Bachman and Johnson is helpful for diagnosis with conventional radiography: CT scanning is helpful in assessing displacement, open reduction is indicated for displaced fractures. 

Fractures of the Talus

Fractures of the talus

Objectives 

1. Describe (draw) the blood supply to the talus. 

2. Describe the mechanism( s) of injury for talar fractures. 

3. Describe a practical approach to obtaining adequate imaging studies of an acute fracture of the talus. 

4. Describe a strategy for management of talar fractures. Include indications for and technique of surgery, when indicated. 

5. List complications of talar fractures in children. 

6. Discuss diagnosis, imaging, and management of lateral process fractures. 

7. Describe the location, natural history, symptomatology, and diagnostic approach to osteochondral fractures of the talus. 


Discussion points 

1. Are talar neck fractures extra or intraarticular? 

2. How does one perform a closed reduction of a talar neck fracture? 

3. What are the consequences of failing to correct a varus displacement of a talar neck fracture? 

4. What are the advantages of posterolaterally placed screws for fixation of a talar neck fracture? 

5. How much displacement is necessary to produce avascular necrosis in a child? 

6. What evidence is available to support non-weightbearing treatment of avascular necrosis following talar neck fractures? 

7. What imaging modality is presently preferred for the diagnosis of avascular necrosis? of an osteochondral fracture? for assessment of displacement of a lateral process fracture? 

8. What treatment modality for osteochondral fractures is best supported by reported experience? 


Discussion 
Fractures of the talus are fortunately more rare in the child than the adult, for the difficulty of treatment and frequency of complication is high in both groups. Traditionally, the mechanism of injury has been described as forced dorsiflexion, recently supination has also been incriminated by impingement of the talus against the medial malleolus. Talar neck fractures are extra-articular, at the site of penetration of the major portion of the blood supply to the talus. Inasmuch as so much of the entire surface of the talus is articular, the constricted neck renders the talus particularly vulnerable to vascular injury accompanying fracture. There is a vascular ring about the neck, similar to that about the femoral neck. The artery of the tarsal canal from the posterior tibial and the artery of the tarsal sinus from the perforating peroneal provide most of the circulation. 

Talar neck fractures are usually not hard to diagnose, with localized tenderness and swelling always present. Letts and Gibeault however did report some fractures not suspected from the initial exam in toddlers. The routine 3 radiographs of the foot are usually diagnostic, the beam should be centered on the hindfoot. Canale and Kelly described a useful view of pronating the foot 15 degrees and angulating the tube 75 degrees to the table top. Less than 5 mm of displacement and no varus should be accepted. Closed reduction may be accomplished by plantarflexion of the foot, with valgus positioning of the distal fragment. If internal fixation is necessary, posterolaterally placed cannulated screws are presently regarded as optimal. 

The risk of avascular necrosis seems to be related to displacement, but a number of nondisplaced talar fractures in children have been reported as developing avascular necrosis. Hawkins sign, subchondral lucency of the talar dome, is a good prognostic sign. MRI is presently the favored imaging method for detection of early cases. Relief from weightbearing is recommended for avascular necrosis, although the benefits have not been established. 

Osteochondral fractures comprise an important segment of talar fractures. Posteromedial lesions have been reproduced by plantarflexion and inversion; the anterolateral by dorsiflexion and inversion. This lesion should be suspected if symptoms persist weeks after an ankle sprain. Plain radiography is generally normal, MR imaging is now regarded as superior for early recognition although CT gives better delineation of the defect. CT arthrography best assesses the status of the overlying cartilage. Most studies report arthroscopic intervention is the treatment of choice, but Higuera still recommends conservative treatment in children for all but the most severe lesions. Subchondral drilling (which has also been reported in a retrograde direction) and abrasion arthroplasty are presently favored, attempting to induce recruitment of pluripotential cells into differentiation into fibrocartilage. 

Fractures of the dome are unusual in children. Lateral process fractures, formerly unusual in children, are being reported in much greater numbers in snowboarders. This fracture felt to be a result of dorsiflexion and inversion and is best seen on internal rotation views of the ankle. Internal fixation is recommended for > 2 mm displacement. CT scanning is helpful for delineating the fracture pattern and amount of displacement

Fractures of the Tarsals and Metatarsals

Fractures of the tarsals and metatarsals

Objectives 

1. Describe mechanisms of injury responsible for metatarsal fractures in children. 

2. Describe a treatment approach for metatarsal fractures in children. 

3. Describe two variants of metatarsal fractures involving the proximal fifth metatarsal. Discuss treatment for these fractures. 

4. Describe an approach to the diagnosis and treatment of stress fractures involving the metatarsals 

5. Describe the location of the physis in the metatarsals. 

6. Describe the diagnosis and management of compartment syndrome of the forefoot. 


Discussion points 

1. When, if ever, is open reduction indicated for metatarsal fractures in children? 

2. How often are metatarsals fractured as the result of abuse? 

3. What is the Jones fracture? What are the merits of operative and nonoperative treatment? 

4. What is the os vesalianum? 

5. What is the mechanism of injury for an avulsion fracture of the base of the fifth metatarsal? 

6. How many compartments should be released in the presence of a compartment syndrome of the forefoot and hindfoot? 


Discussion 
Fractures of the metatarsals are relatively common in children. Recently, they have been described as relatively frequent occurrences in abused infants. The first metatarsal is fractured more frequently in young children; Johnson has described a fracture pattern involving the proximal first metatarsal and usually the lateral cuneiform sustained from a mechanism of injury (plantarflexion and/ or abduction) similar to that of metatarsal-tarsal dislocation, which he terms the "bunk bed" fracture. Metatarsal shaft fractures are usually distal and remodel well. Angulation can be improved by hanging the toes in Chinese finger traps. Percutaneous pinning can be performed in older children with more proximal fractures if there is doubt about the ability to remodel. 

The fifth metatarsal is more often injured by inversion forces. The common avulsion injury is often felt to be secondary to traction on the peroneus brevis, in fact the fracture is more proximal and probably results from tethering of the lateral plantar aponeurosis. This fracture, which is easily treated with immobilization, should be differentiated from the os vesalianum, which is a normal variant. A more troublesome fracture at the metaphyseal-diaphyseal junction is the so-called Jones fracture, most often seen in athletic older teens or young adults. Most authors now believe that a stress reaction predated the fracture; with the result that delayed union is frequent. The blood supply is also more precarious to this region of the bone. Conflicting reports on the efficacy of conservative treatment can be found; but operative treatment can also fail. Glasgow reported that using anything but a 4.5mm malleolar screw for fixation was associated with failure. Percutaneous screw fixation has been reported as being reliable in college athletes. 

Compartment syndrome of the foot is now well recognized. Crush injuries, which usually result in metatarsal fractures, predominated in the series reported by Silas. Compartment pressures were measured under general anesthesia, but if pressure monitoring is not available; clinical suspicion alone warrants release. Two dorsal and one medial approach are necessary to release the multiple compartments in the foot. 

Isolated fractures of the tarsal bones are rare, crush fractures of the cuboid can accompany tarsometarsal dislocation resulting from abduction forces, and have been reported as isolated injuries. Operative treatment seems rarely indicated. 

Stress fractures of the metatarsals appear to involve children at a lesser rate than young adults. Yngve found metatarsal and tarsal stress fractures each only comprised 2% of the total reported in children. Diagnosis depends on awareness and suspicion of the entity. Treatment is rest followed by graded activity. Complications of stress fractures in the immature foot have not been reported. 

Fractures of the Phalanges

Fractures of the phalanges

Objectives 

1. Describe a treatment approach for fractures of the phalanges 

2. Describe indication( s) for open reduction of fractures of the phalanges 


Discussion 
Fractures of the phalanges in children are not common. They are usually a result of kicking a structure less yielding than a toe, or from a falling object. Management is based on clinical assessment. Taping the injured to the uninjured adjacent toe almost always suffices for treatment, a shortleg cast may be used for additional immobilization if necessary. The nailbeds should be exposed to ensure that malrotation of the injured toe is not present. Open reduction has been described for a displaced fracture of the physis. 

Pes Planovalgus

Pes planovalgus

Objectives 

1. Define pes planovalgus and list other terms used to describe the pediatric flatfoot 

2. Discuss the natural history of the physiologic flatfoot of early childhood 

3. Describe the examination of a child suspected of having hypermobile flatfoot with tight heelcord 

4. Describe indications for treatment of pes planovalgus in children and the nature of the intervention indicated 


Discussion point 

1. Do shoes, inserts, or braces influence the development of the child's foot? 


Discussion 
Pes planovalgus, also known as flatfoot, or physiologic flatfoot is essentially a normal variant. The longitudinal arch is not visible in toddlers, and is not evident in most children until about age 6. The borderline between physiologic and pathologic flatfoot at any age is poorly defined, ethnologic studies have demonstrated that a significant proportion of the world's population could qualify as flatfooted. Young children with physiologic flatfoot characteristically have signs of generalized ligamentous laxity described by Wynne-Davies; hyperextension of knees and elbows, hyperextension of wrist and fingers so the fingers are near parallel with the forearm when both wrist and fingers are passively dorsiflexed, opposability of the thumb to the forearm, and excess ankle dorsiflexion. Children with flatfeet and ligamentous laxity require no treatment. A symptomatic flatfoot requires an investigation for etiology. Painful idiopathic flatfeet in very obese children may constitute a subcategory of physiologic flatfoot. Tarsal coalition or spinal dysraphism should be considered if there is a change in foot posture. Untreated congenital vertical talus may present as a flatfoot. Neuromuscular causes include some children with muscular dystrophy at the time of their initial presentation and cerebral palsy. 

The most common cause of painful flatfeet in children is the entity of hypermobile flatfeet with tight heelcords described by Harris and Beath. The foot pronates to accommodate a contracted heelcord. Therefore, to test mobility of the heelcord, the foot is first supinated with the knee extended, and then flexed. In the presence of a tight heelcord, apparent dorsiflexion of the foot is appreciably greater with the foot pronated (allowing lateral displacement of the calcaneus and motion at the calcaneocuboid and talonavicular joints) than with the foot supinated. Treatment of this entity is initially heelcord stretching; percutaneous heelcord lengthening for refractory cases may be considered. For longstanding cases, such as seen with cerebral palsy, lateral column lengthening may be indicated. 

In general, flatfeet have traditionally been overtreated. There is no published data documenting improvement in foot posture with inserts or braces. A trial of prescription shoes for young children showed no change in foot posture over routine footwear. 

Flatfoot secondary to rupture of the posterior tibial tendon, relatively common in adults, has been reported in children, but is very rare. 

Polydactyly of the Foot

Polydactyly Foot

Objectives 

1. Describe common variants of polydactyly of the foot 

2. Discuss management of polydactyly of the foot 


Discussion point 

1. Is polydactyly of the foot genetically related to polydactyly of the hand? 


Discussion 
Polydactyly of the foot has a different genetic basis than polydactyly of the hand; foot polydactyly is less frequently bilateral, and lower preference for the left side. It is less common than polydactyly of the hand. It is most often postaxial, and often associated with syndactyly of the fourth and fifth toes. Polydactyly of the foot is less commonly associated with other syndromes or anomalies; the most common syndromic associations are with Trisomy 13, Meckel, and Down syndrome. Down syndrome is associated with preaxial polydactyly. 

Management is usually not complicated, excision of the most lateral ray in postaxial polydactyly or the most medial in preaxial polydactyly is performed where possible. Medial polydactyly can sometimes require ingenuity in devising a treatment plan. Venn-Watson's review is still the most complete analysis of polydactyly of the foot. 

Puncture Wounds of the Foot

Puncture wounds of the foot

Objectives 

1. Describe the natural history of an untreated puncture wound of the foot the 1) penetrates only soft tissue, and 2) penetrates the metatarsal head 

2. Describe the incidence of cellulitis and osteomyelitis after initially treated puncture wounds of the foot 

3. Discuss the role of footwear in the genesis of Pseudomonas osteomyelitis of the foot secondary to a puncture wound 

4. Describe a treatment plan for 1) initial management of a puncture wound of the foot, and 2) delayed presentation of a clinically inflamed great toe following a puncture wound 


Discussion points 

1. What is optimum initial management for an innocent appearing puncture wound? For an obviously dirty wound? 

2. What is the risk of osteomyelitis if the patient sustaining a puncture wound is barefoot? 

3. What is the data base for current recommendations for antibiotic management of osteomyelitis secondary to puncture wounds? 

4. What is the effect of delayed diagnosis on prognosis? 

5. Are laboratory studies valuable in the assessment of osteomyelitis following puncture wound? 


Discussion 
Since the 1960's, a number of reports of puncture wound of the foot have clearly established the pathogenesis and management of this entity. 98% of puncture wounds result from stepping on a nail. Cellulits subsequently develops in 8-15%, osteomyelitis in 0.6-1.8%. The prevalence of Pseudomonas as the offending organism appears to be a result of its presence in the sole of tennis shoes; although it has also been found in work boots, any warm moist environment can foster its presence. There are no fixed protocols for the initial management a puncture wound; debridement and irrigation with a 19G needle have been recommended. Especially dirty wounds do warrant initial debridement. Soft tissue infections are generally secondary to staph aureus, and bone or cartilage are secondary to pseudomonas, so no antibiotics are indicated at the time of injury. Laboratory values are normal and are not helpful. Typically, the patient will re-appear at 2-3 days or later if cellulitis or osteomyelitis has occurred. Wound exploration is indicated and if bone or joint infection has occurred, one of the newer beta-lactam antibiotics are usually administered, ceftazidime is presently favored. The duration of therapy necessary has not been established; it is interesting to note that one of the first patients reported with this problem, by Johanson, was treated only with surgical debridement. A 5 to 7 day course of antibiotics is probably sufficient if adequate debridement has been performed. Prognosis seems directly related to delay in diagnosis after injury. Green and Bruno reported minimal complications with early treatment. If there was a 10 to 14 day delay, there was sometimes residual deformity. A week delay essentially assured residual deformity

Tarsal Coalition

Tarsal coalition

Objectives 

1. Describe the natural history of tarsal coalition in the child, including time and character of onset of symptoms 

2. Describe physical findings in examination of the patient with tarsal coalition 

3. Describe the genesis of symptoms in patients with tarsal coalition 

4. Describe indications for surgery, and effective procedure( s) for treatment of tarsal coalition 

5. Discuss results of surgery for symptomatic coalition 


Discussion 
Tarsal coalition is a relatively common pediatric orthopaedic disorder, although its estimated incidence is < 1% of the population. There are two distinct types of tarsal coalitions; patients with paraxial shortening of the lower limb (fibular hemimelia) typically have dense coalitions of the hindfoot. These children form a ball and socket ankle joint during early childhood, and seldom seek relief of symptoms. The second, more common variety is typically asymptomatic until about age 10. At about that age, it is surmised that the ossifying foot becomes more rigid and can no longer compensate elastically for the congenital tarsal coalition which is essentially a failure of segmentation of the tarsal bones; thus the actual coalition was present from the time of embryonic life. Classic presenting symptoms are that the peroneal spastic flat foot, with the hindfoot held in eversion and spasm of the peroneals noted on attempts to invert the foot. While often present, the symptom pattern is by no means consistent, some coalitions may even present as cavovarus feet. The incidence of individuals with tarsal coalition who remain asymptomatic throughout life is unknown. The actual coalition may be bony, cartilaginous, fibrous, or a mixture. Symptoms are thought to be a result of microfractures of the coalition and inflammation of the surrounding soft tissue. The most common coalition is the calcaneonavicular, with the middle talocalcaneal facet second, and others follow far behind. Talonavicular coalitions are rarely, if ever. Symptomatic. Radiographically, the calcaneonavicular coaltion is generally evident on the oblique view, other coalitions can be identified by CT scan. MR imaging is said to be better able to identify fibrous coalitions, but is less specific. A case report of a bone scan being helpful has been reported. Conservative treatment consists of immobilizing the foot in a neutral position, it is unclear how often this is of lasting benefit. Operative treatment consists of generous excision of the coalition, and placement of and iterposition material, usually local muscle or a fat graft. Results of resections of calcaneonavicular coalitions are quite good, those of resections of talocalcaneal are good enough to warrant the procedure, but not as good as calcaneonavicular. Arthrodesis is available as a salvage procedure. 

Leg

Leg 

· Congenital Pseudarthrosis of the Tibia 

· Distal Tibial Physeal Fractures 

· Fibular Hemimelia 

· Fractures of Tibial Tubercle 

· Osgood-Schlatter Disease 

· Postermedial Bowing of the Tibia 

· Proximal Tibial Metaphyseal Fractures 

· Tibia Vara 

· Tibial Hemimelia 

· Tibial Shaft Fractures 

Congenital Pseudarthrosis of the Tibia

Congenital pseudarthrosis of the tibia

Objectives 

1. Define congenital pseudarthrosis of the tibia 

2. Describe the natural history of congenital pseudarthrosis of the tibia 

3. Describe current treatment approaches for congenital pseudarthrosis of the tibia 

4. Discuss differential diagnosis of congenital pseudarthrosis of the tibia 

5. Discuss systemic condition(s) associated with congenital pseudarthrosis of the tibia 


Discussion points 
1. Is a united tibia of normal length but so dysplastic that continuous bracing is required preferable to amputation? 

2. Is union a criterion for successful treatment of congenital pseudarthrosis of the tibia? 


Discussion 
Congenital pseudarthrosis is (fortunately) a rare pediatric orthopaedic condition with its incidence being less than 1/10 that of DDH. Congenital pseudarthrosis is characterized by anterolateral bowing of the tibia, with tapering of the tibia at the defective site. Cystic or sclerotic changes may be present. There are two classification systems, which are quite similar in current usage, the Boyd and Andersen. The Andersen is more economical in verbiage, with 5 types: dysplastic, cystic, sclerotic, fibular, and clubfoot or congenital band type. Most of the writings concern the first 3 types. The dysplastic type, with an hourglass constriction at the site of the defect is most often associated with neurofibromatosis. Neurofibromatosis is linked to about 55% of cases of congenital pseudarthrosis of the tibia. There are a few other rare associations, such as constricting bands. The pathology is nonspecific from other etiologies of pseudarthrosis, with a cuff of hamartomatous tissue surrounding the lesion. Fibroblasts and osteoclasts are present. Neurofibromas, axons, and perineural cells are never seen in the pseudarthrosis. The natural history is somewhat variable. Pseudarthrosis may be present in infancy, or the tibia may remain intact throughout a portion of childhood only to fracture later; most by age 2 or 3. Late onset fractures seem to have a better prognosis. Differential diagnosis can include physiologic bowing (which has a gentle bow of the entire leg rather than the sharp, localized bow seen with pseudarthrosis), focal cartilaginous dysplasia (which has a good prognosis), and posteromedial bow which also has a better prognosis. Prophylactic bracing may prevent or delay fracture, but the data is not sufficient to be sure. 

There is a great deal of information available on treatment of congenital pseudarthrosis of the tibia. Currently popular methods include excision of the lesion, followed by compression with the Ilizarov device, which can also be used to lengthen the tibia, vascularized free fibular graft, intramedullary rodding, which includes the ankle and subtalar joint and autogenous grafting, electrical stimulation (used less now than 20 years ago), and bypass autogenous graft. Results are better in children > 5 years old, and poorer with the dysplastic type. Rates of union around 60-70% are often reported. When treatment fails, a Symes amputation and prosthetic fitting can result in a very functional limb. Sometimes the pseudarthrosis will heal after amputation, which is the reason underlying the inclusion of the ankle and foot in intramedullary rodding procedures. Fracture following successful achievement of union is not rare. Patients with union at skeletal maturity usually, but not always, fare well in adult life. 

There is presently active disagreement among pediatric orthopaedists treating this condition regarding the optimum treatment, and indications for amputation. Those performing reconstructive procedures are more inclined to regard amputation as a failure; others less enthusiastic about reconstructive procedures regard amputation and prosthetic fitting as superior to a reconstructed but fragile limb. It is worthwhile, when perusing results of treatment of pseudarthrosis to note how results are performed. In one paper reporting successful treatment, a small entry in the results section notes that many patients had residual deformity, but were so fatigued from the treatment, they elected to defer deformity correction. Congenital pseudarthrosis of the tibia is still a vexing problem for the pediatric orthopaedist, and there is no consensus on optimum treatment

Distal Tibial Physeal Fractures

Distal tibial physeal fractures

Objectives 

1. Describe the pattern of closure of the distal tibial physis 

2. Describe the mechanisms of injury causing the common variants of distal tibial physeal fractures 

3. Discuss a classification scheme by mechanism of injury, and fracture pattern of the growth plate 

4. Describe strategies for treatment of distal tibial physeal fractures, including indications for closed reduction, closed reduction with percutaneous fixation, and open reduction 

5. Describe the triplane fracture, and its common variants 


Discussion points 

1. What are the relative values of using a physeal fracture pattern classification (Salter-Harris) versus a mechanistic classification (Dias-Tachdjian)? 

2. Of what value is the first component of the Dias-Tachdjian( Lauge-Hansen) classification? 

3. How is the triplane fracture related to the fracture of Tillaux? 

4. For external rotation injuries, discuss the indications, method, and effectiveness of closed management, percutaneous fixation, and open reduction. 

5. What is responsible for the increased incidence of subsequent growth arrest following adduction (supination/ varus) injuries? 

6. What is an acceptable criterion for reduction of distal tibial physeal fractures? 


Discussion 
The distal tibial physis has a consistent pattern of closure, with the medial "hump" closing first, followed by the lateral physis. At a particular point, when the medial physis is closed, but the lateral is not; and external rotation injury can, in effect, avulse the anterolateral portion of the distal tibia from the remaining portion. This is the "fracture of Tillaux." This is also a portion of the triplane fracture, which is essentially an extension of the fracture of Tillaux, fracturing the distal tibial metaphysis in the sagittal plane as the externally rotating anterolateral fragment continues to peel off the tibia. Internal rotation, with or without screw fixation, is the cornerstone of a successful reduction. 

Classification schemes have been described for distal tibial physeal fractures for close to a century, and none have meaningfully improved on Ashhurst's simple choices of external rotation, abduction, or adduction, described in 1922. The adduction injury, where the medial talus impinges into the ankle mortise at the junction of medial malleolus onto tibia, has the poorest prognosis for subsequent growth arrest, probably as the physis is compressed as it is fractured. The Salter-Harris classification is less helpful for prognosis for distal tibial injuries than for other sites. Histologic studies have demonstrated that the fracture cleavage through the physis in, for example a Type II Salter-Harris fracture resulting from an abduction force can meander through all zones of the growth plate. 

Since external rotation injuries involving the physis injure a physis already in the process of closure, growth disturbance is not a factor, and the criterion for an acceptable reduction is exactly the same as it would be for an adult intraarticular ankle fracture. For other fractures of the open physis, anatomic reduction is preferred with internal or percutaneous screw fixation (for the fracture that can be easily reduced, but not easily held in cast) not crossing the growth plate. When the quality of reduction is in any doubt following closed treatment, CT scanning is very helpful. MRI scanning has been recommended for early detection of growth disturbance following growth plate fracture. 

Fibular Hemimelia

Fibular hemimelia

Objectives 

1. Define fibular hemimelia 

2. Describe the spectrum of deformity seen within patients with fibular hemimelia 

3. Describe current treatment approaches for fibular hemimelia 


Discussion point 

1. At what degree of severity is amputation and prosthetic fitting preferable to limb reconstruction? 


Discussion 
Fibular hemimelia is a paraxial deficiency with or without a terminal deficiency at the foot; which means there may be 5 rays present in the foot or a deficiency of the lateral rays. Tarsal coalition is common. The tibia, unsurprisingly, has an anterolateral bow. Femoral shortening may accompany fibular hemimelia, if it does, the lateral femoral condyle is always deficient. The most useful classification is that of Achterman and Kalamchi; Type I has part of the fibula present, in type II, the fibula is absent. Type I is subdivided according to the amount of fibula remaining. Limb length discrepancy is proportional to the amount of fibular absence. An alternate classification has been proposed by surgeons at the Texas Scottish Rite Hospital, based on the question, "Is the foot functional?" If the foot is not functional, amputation and prosthetic fitting is preferred. Many patients with type I fibular hemimelia may undergo successful lengthening and stabilization procedures for the foot. There is presently some controversy about type II deficiencies. Unpredictable growth retardation of the tibia and femur has been reported following lengthening of the tibia with severe fibular hemimelia, leading some to abandon this approach for type II deficiencies. Complex assemblies for lengthenings are required to protect the foot from further deformity when lengthening for fibular hemimelia. Patient satisfaction following Symes amputation and prosthetic fitting is high. This is optimally performed prior to the time the child would normally ambulate. 

Fractures of Tibial Tubercle

Fractures of tibial tubercle

Objectives 

1. Describe the anatomy of the patellar insertion 

2. Describe the anatomy of the tibial tubercle, including development and closure of the secondary ossification center 

3. Describe the mechanism of injury responsible for fracture of the tibial tubercle 

4. Describe treatment of fractures of the tibial tubercle 

5. List complications of treatment of fractures of the tibial tubercle, their recognition and management 


Discussion points 

1. Why is the age range so narrow for occurrence of this fracture? 

2. Why is playing basketball so commonly the cause of tibial tubercle fractures? 

3. Is there a relationship between pre-existing Osgood-Schlotter's disease and fractures of the tibial tubercle? 

4. Why is there a relatively high incidence of compartment syndrome associated with tibial tubercle fractures? 

5. Why is there not a higher incidence of genu recurvatum following this physeal fracture? 


Discussion 
The tibial tubercle is essentially a finger of bone extending distally from the anterior tibial epiphysis. The primary ossification center is that of the tibial epiphysis, the secondary is that of the tibial tubercle, which is normally multifragmented in the course of its development. The two centers eventually coalesce in the midteen years. Loading of the quadriceps tendon, most often associated with sports,( usually basketball) produces the injury, predominately in boys aged 14-16. Ogden et al proposed classifying these injuries according to the site of failure; through the tubercle (Type I), at the level of the tibial physis (Type II), or extending through the anterior tibial epiphysis (Type III). Differentiation from Osgood-Schlotter's disease can sometimes be difficult for type I lesions; but if the secondary ossification center is displaced from the tibial metaphysis, fracture has occurred. A substantial percentage of patients with tibial tubercle fractures have had prior symptoms compatible with Osgood-Schlotter's disease. Treatment is essentially always surgical, except for the most minimally displaced fracture, with screw fixation of the fragment to the tibial metaphysis. With greater amounts of displacement, the quadriceps tendon insertion can also be disrupted, and additional soft tissue repair may be indicated. The anterior tibial recurrent artery may also be avulsed with the tendon insertion, a possible cause of compartment syndrome. Results of treatment are generally good. Due to the fact that most patients with this injury are approaching skeletal maturity, complications related to subsequent growth are rare. 

Osgood-Schlatter Disease

Osgood-Schlatter disease

Objectives 

1. Define Osgood-Schlatter disease 

2. Describe clinical symptoms and signs of Osgood-Schlatter disease 

3. Describe the natural history of Osgood-Schlatter disease 

4. Discuss imaging of Osgood-Schlatter disease 

5. Discuss treatment of Osgood-Schlatter disease 

6. Describe the ossification process of the tibial tubercle 


Discussion 
Osgood-Schlatter (OS) disease obviously retains the eponymic label from the first two men to describe the condition almost 100 tears ago, even though it is not a disease. It is common, and usually presents between the ages of 10-15. Clinically, it is characterized by well localized pain to the patellar tubercle. The growth plate of the tibial tuberosity is unique, in that it is composed primarily of fibrocartilage and fibrous tissue. As the apophysis matures, ossification changes from membranous to enchondral. During the enchondral phase, the physis is less resistant to tensile stress, and failure may be manifested by fragmentation of bone at this site. Osgood-Schlatter disease is characterized by pain with kneeling and/ or pain with activity involving quadriceps contraction. The relation of the patellar tendon to the patella has been studied rather extensively. Using the Insall-Salvati method, patella infera was noted with OS disease; using the Caton-Deschamps method, patella alta was noted. Those using the Caton-Deschamps method feel it is more suitable for skeletally immature patients. Dejour and Caton felt patella alta was part of a regional patellofemoral dysplasia. Radiographically, OS disease is characterized by fragmentation and/ or prominence of the tibial tuberosity. Radiographic findings do not necessarily correlate with clinical symptoms and add little to management unless the diagnosis of OS disease is erroneus. The clinical picture of OS disease is so characteristic that a diagnosis can be made without radiography. Soft tissue changes, especially retropatellar bursitis have been noted on MRI, and it has been suggested that the soft tissue component is primarily responsible for symptoms rather than the bony fragmentation. Ultrasound can also reveal inflammatory changes. 

The natural history of OS disease is benign, with almost all cases asymptomatic by skeletal maturity. Treatment is thus symptomatic, avoidance of kneeling or knee pads, maintenance of quadriceps strength by straight leg raising exercises, and rarely immobilization. Surgical treatment has been described for excision of a residual loose ossicle remaining at skeletal maturity with good results. Surgical treatment has also been described for the skeletally immature with refractory symptoms. The procedure, originally described by Fericot, consists of mobilizing the patellar tendon and excising the tibial tuberosity prominence. Series reporting favorable and unfavorable results are listed in the references. Most authors do not consider surgery until skeletally maturity, and then only in a small minority. 

Postermedial Bowing of the Tibia

Postermedial Bowing of the Tibia

Objectives 

1. Describe the physical and radiographic features of posteromedial bowing of the tibia 

2. Describe the natural history of posteromedial bowing of the tibia 

3. Discuss treatment of posteromedial bowing of the tibia 


Discussion point 

1. What is the relationship of the percentage of tibial shortening noted at 12 months of age to that at skeletal maturity? 


Discussion 
Congenital posteromedial bowing of the tibia is an unusual anomaly. The posture of the newborn with posteromedial bowing is characteristic, with marked calcaneovalgus and dorsiflexion of the foot, which may even be opposed to the tibia. Radiographs reveal posteromedial bowing and variable shortening of the tibia, bowing of up to 70 degrees has been reported. Some limitation of ankle motion persists, and the foot may be smaller. Final leg length discrepancies of between 1.9 and 6.9 cms have been reported. In Pappas' series, the percentage of tibial shortening noted at 12 months remained constant throughout growth; more discrepancy was associated with more severe bowing. The bowing resolves with time, a mild residual medial bow often remains. No treatment for bowing is necessary or indicated. Treatment for leg length discrepancy can range from a nothing through a shoe lift, physeal arrest of the contralateral leg to tibial lengthening. Serial documentation of discrepancy throughout childhood is advisable. 

Proximal Tibial Metaphyseal Fractures

Proximal tibial metaphyseal fractures

Objectives 

1. Discuss the pathophysiology of valgus deformity following innocent appearing fractures of the proximal tibia 

2. Describe initial management of mildly displaced proximal tibial fractures 

3. Describe the expected course, including a timetable, of tibia valga following a proximal tibial metaphyseal fracture 

4. Discuss indications for surgical treatment, including which procedures are indicated and at what time after injury 


Discussion points 

1. Does the quality of the initial reduction affect outcome of these fractures? 

2. What is the evidence of asymmetric physeal growth being responsible for tibia valga? 

3. Does the deformity completely correct? If not, what is the functional effect of residual deformity? 

4. What factors have been identified as leading to a poor outcome following corrective osteotomy? 

5. When would epiphyseodesis be effective? Osteotomy? 


Discussion 
Tibia valga as an unhappy sequela to even nondisplaced proximal tibial metaphyseal fractures was first described in the 1950's. There has been enough accumulated experience with this problem now to anticipate that the deformity will worsen for about 2 years, then gradually improve. Younger children (under about age 8) will develop more severe deformities. It is reasonable to correct any valgus at the fracture site at the time of injury, and cast with a varus mold, but whether these efforts truly affect outcome is uncertain. Osteotomy at the time of the greatest deformity (about 2 years after injury) is very often unrewarding, as the osteotomy can induce the same reaction as the fracture, producing recurrent valgus. The untreated deformity generally improves without treatment, but not to normal alignment, and the affected tibia is generally a little longer (up to 1 cm). If deformity is judged to be unacceptable near skeletal deformity, either lateral epiphyseodesis or osteotomy can be performed. Bracing is ineffective as an interim measure. Recent reports of physeal stapling as a treatment for posttraumatic genu valgum have been encouraging. 

Tibia Vara

Tibia vara

Objectives 

1. Define infantile tibia vara and late onset tibia vara 

2. Describe clinical a radiographic criteria used for the diagnosis and staging of tibia vara 

3. Discuss reliability of radiographic criteria used for the diagnosis and staging of tibia vara 

4. Discuss treatment of infantile and late onset tibia vara 

5. Discuss natural history of untreated infantile and late onset tibia vara 

6. Discuss the differential diagnosis of infantile and late onset tibia vara 


Discussion point 

1. If it is hard to radiographically establish the diagnosis of early stages of infantile tibia vara, how do we evaluate the effectiveness of brace treatment? 


Discussion 
Tibia vara is the most frequent nonphysiologic cause of genu varum in children. It is generally subdivided into infantile and late onset forms. The infantile form is noted shortly after walking commences; early differentiation from physiologic bowing is very difficult until after age 2 when the radiographic changes suggestive of infantile tibia vara are more evident. Staging of tibia vara has been described by Langenskiold; his concepts have been a standard of assessment to the present time, even though a study of the reliability of orthopaedists in using the classification revealed problems in staging intermediate groups. Others have developed radiographic criteria, such as the metaphyseal diaphyseal angle for the early diagnosis of structural tibia vara. Some children with metaphyseal diaphyseal angles described as compatible with infantile tibia vara (an angle of 16 degrees is currently accepted) spontaneously improve without treatment; at the present time, this differentiation continues to be very difficult in the early Langenskiold stages. Biopsy of the lesions in tibia vara reveal abnormally large groups of capillaries, densely packed hypertrophic choncrocytes, and islands of almost acellular fibrous tissue. Results of bracing are generally described as good, with obesity, instability or delayed bracing as risk factors for failure. The definitive treatment of infantile tibia vara is proximal tibial valgus osteotomy. The rationale of surgery is to unload the medial joint. Results are generally reliable; but recurrence, which is generally due to deficient medial growth, occurs more often with stage IV or higher, age 4 1/ 2 or greater, and obesity. The natural history of untreated tibia vara is to progress to complete medial physeal arrest, which can occur by age 6. In such an event, subsequent treatment is difficult, as both angular deformity and tibial shortening must be addressed. 

Late onset tibia vara has its onset between ages 6-13. It is particularly prevalent in obese, black males, but is emphatically not confined to this population. Pathologic analysis reveals changes similar to those seen with slipped capital femoral epiphysis. Deformity can relentlessly progress, making walking difficult or impossible. Bracing is not effective for treatment of late onset tibia vara, either lateral tibial (and proximal fibular) epiphyseodesis for milder cases or proximal tibial osteotomy for more severe cases. Various techniques, including plate fixation; and monoplane or circular external fixation have been described to maintain position after osteotomy. The rate of correction following lateral epiphyseodesis has been reported as 4 degrees per year. Maintenance of fixation in the very obese is technically demanding. 

Differential diagnosis of tibia vary includes the common physiologic bowing of toddlers, focal fibrocartilaginous dysplasia, renal osteodystrophy, rickets, metaphyseal chondrodysplasias, and post-traumatic or infectious asymmetric proximal tibial physeal arrest. The systemic conditions associated with genu varum are accompanied by short stature. 

Tibial Hemimelia

Tibial hemimelia

Objectives 

1. Define tibial hemimelia 

2. Describe the spectrum of deformity seen within patients with tibial hemimelia 

3. Describe current treatment approaches for tibial hemimelia 


Discussion 

Some forms of tibial hemimelia are genetically transmitted; others are sporadic. Tibial hemimelia is a preaxial longitudinal deficiency with variable degrees of absence of the tibia. Jones has described a classification, type I being total absence of the tibia, type II demonstrating a proximal tibia, type III (rare) denotes the presence of a distal tibia only, and in type IV, a divergence of the distal tibia and fibula, with proximal displacement of the talus. It may be difficult at birth to tell whether there is any proximal tibia present, ultrasound can be helpful in this case. If the entire tibia is absent, there is often a fixed proximal and lateral position of the fibula, with severe flexion deformity. Knee disarticulation is generally preferred for this condition, although centralization of the fibula (Brown procedure) combined with Symes amputation has been described for this situation. In the absence of good quadriceps function, which is uncommon with total tibial hemimelia, longterm results of the Brown procedure have been unpromising. When the proximal tibia is present, it can be fused to the fibula with a Symes amputation, and a very reasonable functional limb is achieved. For the distal divergence, Symes amputation has most often been performed as considerable limb length discrepancy often accompanies this condition. There have been reported cases of successful open reductions of the ankle and lengthening for type IV deficiencies; treatment is essentially on an individual basis. 

Tibial Shaft Fractures

Tibial shaft fractures

Objectives 

1. Describe the frequency of tibial shaft fractures at differing stages of childhood. 

2. Discuss the limits of angulation in both the sagittal and coronal planes that are compatible with a long-term acceptable result of a fractured tibia (and fibula), including possible differences with age. 

3. Discuss methods of immobilization presently used for treating the child's fractured tibia (cast, internal fixation, external fixation), including indications, expected outcome, limitations, and complications of each method. 

4. Describe patient assessment for possible compartment syndrome, using locally available resources. 

5. Describe an approach to managing open fractures, using locally available resources. 

6. Describe management of the "floating knee" (ipsilateral femoral and tibial fractures). 


Discussion points 

1. Describe the "toddler's fracture," its frequency, assessment, and management. 

2. What are your indications for internal or external fixation of the child's tibial fracture? Describe the data base to justify your position. 

3. What are the most important factors affecting outcome in the child's open tibial fracture? 


Discussion 
The tibia is the most commonly fractured bone of the lower limb in children. The "toddler's fracture" has been well described, and should be suspected whenever a young child refuses to walk. Localized tenderness is a helpful clinical sign, and 3 radiographic views are often necessary to visualize the fracture. Hyperextension of the knee has been recently incriminated as causative of the proximal tibial toddler's fracture. Fractures of the shaft can generally be managed with casting. Less than 10 degrees of angulation should be the goal in older children, although a longterm study of adult patients concluded that less than 5 degrees angulation resulted in less degenerative changes. Varus angulation remodels better than valgus or posterior angulation. The recent literature trends toward more aggressive intervention, but Shannak's results with cast treatment remain as a high standard. Non-weightbearing casts have often been used initially, but Brown and Sarmiento reported improved results with early weightbearing, even with unstable fractures. In adults, intramedullary nailing has been reported as having a modest but definite better quality of result. The European literature is more inclined toward operative intervention than the American. 

Open fractures of the tibia in the younger child have a better outlook than those of children over 12 or adults. The superior capability of the child's periosteum seems to be largely responsible. Various methods of immobilization have all been reported as effective for the child's open tibial fracture, and the need for rigid fixation appears less pressing than for adults with similar injuries. Nonunion and delayed union are less frequent, especially with younger children. Compartment syndromes have been reported in open as well as closed fractures (the status of the fascia is not included in the grading of open fractures). Although many authors recommend fasciotomy for compartment pressures over 30mm Hg, one study reported a 29% fasciotomy rate for this criteria. An alternate method of calculating the need for fasciotomy is maintaining > 30 mm Hg between the diastolic and compartment pressures. Time tested clinical assessment tools (increasing pain, pain on passive stretching of ischemic muscles) are also useful when compartment pressure measurements are not available. 

Treatment of the so-called "floating knee" also varies with age. Older children have a higher incidence of knee ligamentous injury, and operative fixation of at least one fracture appears more often indicated in older children. 

There are presently many choices for management of the child's tibial fracture. Most closed fractures can be managed with cast treatment. For more complex injuries (open fractures, high energy comminuted) some authors advocate external fixation, but others caution of higher rates of delayed union or refracture. Office removal of fixators is a definite cost-saving measure. Flexible intramedullary nails are becoming more often used at present. Rigid nailing is an option in the child approaching skeletal maturity. The severe grade III open fracture requires skilled management of both the bone and soft tissue. Decisions regarding salvage or amputation are difficult, in borderline cases, amputation has been reported as having better follow-up results. 

Knee

Knee 

· Congenital Dislocation of the Patella 

· Congenital Dislocation of the Knee 

· Discoid Meniscus 

· Fractures of the Patella 

· Fractures of the Tibial Spine 

· Knee Ligament Injuries 

· Patellofemoral Pain Syndrome 

· Torn Meniscus 

· Traumatic Dislocation of the Knee 

· Traumatic Patellar Dislocation 

Congenital Dislocation of the Patella

Congenital dislocation of the patella

Objectives 

1. Describe symptoms and physical examination of patients with congenital dislocation of the patella 

2. Describe treatment approaches for patients with congenital dislocation of the patella 


Discussion 
Congenital dislocation of the patella is an unusual condition that may occur in isolation or with syndromes such as nail-patella syndrome or Down syndrome. There are two groups of patients, one with a fixed dislocation at birth, and the other in whom the patella is normally located at birth, but progressively subluxates until it is in a fixed dislocated position. Diagnosis is generally not made until after walking age. There is a fixed flexion contracture of the knee, the patella is laterally displaced with genu valgum, and the tibia is externally rotated. The trochlear groove is hypoplastic. The preponderance of reports of natural history seems to be that of increasing disability with age, although some authors report the knee being painless. 

Nonoperative treatment is futile. Several operative approaches have been described, which generally include extensive lateral release, advancement of the vastus medialis obliqus, and medial transfer of the patellar tendon insertion. Beals has reported good results from creating a femoral sulcus. The semitendinosus transfer may substitute for the absent medial patellofemoral ligament. 

Congenital Dislocation of the Knee

Congenital dislocation/subluxation of knee

Objectives
1. Describe synonyms or gradations of severity of congenital dislocation/subluxation of knee. 

2. Describe treatment for the least rigid form (physiologic genu recurvatum) of congenital hyperextension of the knee 

3. Describe the pathology of the more rigid forms of congenital dislocation/subluxation of the knee 

4. List other conditions commonly associated with congenital dislocation/subluxation of the knee 


Discussion points 

1. Describe the exam of the newborn with hyperextended knees. What are the critical factors for prognosis? 

2. How can the fixed dislocation be treated? At what age should surgery be done, if indicated? 

3. If both knees and hips are dislocated, which joint is better treated first? 


Discussion
Several terms are often used in describing congenital hyperextension of the knee, a descriptive term indicating recurvatum of the knees at birth. At least half of all babies presenting with this clinical appearance will have some passive flexion at birth and can be managed with casting and/or Pavlik harness to maintain knee flexion for a few weeks. Fixed subluxation/dislocation is more difficult and often accompanies fixed dislocation of the hips in the neonate. Treatment is difficult for congenital dislocation of the knee and/or hip associated with Larsen's syndrome or amyoplasia. Fibrosis of the quadriceps associated with this type of congenital dislocation of the knee is present from early embryonic life; it is these changes that separate the structural, difficult congenital knee dislocations from the more easily treatable postural deformations. Reduction of congenital dislocation of the knee should be accomplished in infancy. For dislocations associated with quadriceps fibrosis, surgical lengthening of the extensor mechanism is the first step, after which the knees can be flexed and reduced. Longterm outlook is variable but lack of complete flexion is common. When congenital dislocation of both hip and knee are present, the knee must be treated first. Cruciate deficiency does not accompany this disorder. 

Discoid Meniscus

Discoid meniscus

Objectives 

1. Define discoid meniscus 

2. Describe history and physical findings compatible with discoid meniscus in children 

3. Describe a classification system for discoid meniscus 

4. Describe treatment for discoid meniscus 

5. Describe results of treatment for discoid meniscus 


Discussion point 

1. What lesion of the femoral condyle can accompany discoid meniscus, and how does it affect the outcome? 


Discussion 
Congenital discoid meniscus is a rather confusing entity. If a discoid meniscus is present at all, it is obviously present during childhood, yet it is often asymptomatic until adult life. When symptomatic during childhood, the symptoms are variable and inconsistent, including clunking, giving way, snapping, locking, or lack of mobility. If the child is hampered to the degree that the parents seek medical attention, there should be objective physical findings that indicate intra-articular pathology. Quadriceps atrophy, which appears after a few weeks of protecting the knee, lack of full extension, and joint line tenderness are helpful signs. Dickhaut noted a palpable snap near complete extension in all six children/ adolescents they treated for discoid meniscus. Effusion is less common. Routine radiography may reveal a widened lateral joint space, MR imaging reveals the lateral mensicus height to be greater than the medial, with a high intrameniscal signal. 

Many present day writers use the classification system of Watanabe in describing the discoid meniscus; an incomplete meniscus, a complete discoid meniscus, and the Wrisberg type. The difference between the complete and incomplete is subjective and not of much clinical significance. The Wrisberg type is characterized by the presence of the ligament of Wrisberg passing from the posterior horn of the lateral meniscus to the posterior portion of the medial femoral condyle, and a lack of posterior attachment of the discoid meniscus. Such a meniscus would be unstable and displaced medially, laterally, or anteriorly. There is general agreement that the Wrisberg type of lateral discoid meniscus should be completely removed, as partial meiscectomy in this setting would leave an unstable posterior rim. There is considerable variation in the reported incidence of the Wrisberg type of discoid meniscus. Dickhaut reported all 6 children had a Wrisberg type of meniscus, Aichroth noted the majority of children had a Wrisberg type, others such as Pellacci found a low incidence or none at all. 

If a peripheral attachment of the meniscus is noted, saucerization may be performed, leaving a rim of about 6-8 mm. Longterm results of knees treated with open meniscectomy are good, but osteoarthritic changes were often noted in a recent longterm study. Osteochondritis dissecans of the lateral femoral condyle is seen in a minority of knees with discoid menisci, but is associated with a poorer prognosis when present. Discoid meniscus appears to be more common in children of Asiatic descent. 

Fractures of the Patella

Fractures of the patella

Objectives 

1. Discuss the incidence of fractures of the patella in children versus that noted in the adult 

2. Describe the "sleeve" fracture 

3. Describe the "bipartite" patella 


Discussion point 

1. Can the bipartite patella be painful?


Discussion 
Patellar fractures are much less common in children than in adults. Presumably this is secondary to the smaller mass of children and lesser forces being transmitted through the extensor mechanism, also the resiliency of younger structures may be protective. Fractures of the patella may sometimes be hard to recognize. Avulsion fractures may involve the superior, medial, inferior, or lateral patella, and may appear as a bipartite patella, when the actual etiology is traumatic. A type of patellar fracture particular to children is the "sleeve fracture' first reported by Houghton and Ackroyd. In this fracture, the inferior sleeve of articular caritage is avulsed, along with the periosteum and retinaculum. A small piece of bone sometimes accompanies the avulsed cartilage, but not reliably. The sleeve fracture is actually the most common type of patellar fracture in some series, second is a transverse fracture. Displaced transverse fractures and sleeve fractures require open reduction and fixation, a modified tension band wiring is preferred by most authors. Nondisplaced fractures can of course be managed with simple immobilization. Stress fractures have been noted in the patellae of children and may predispose to a more complete fracture. 

Fractures of the Tibial Spine

Fractures of the tibial spine

Objectives 

1. Describe (draw) the anatomy of the proximal tibial articular surface, including ligamentous and meniscal attachments. 

2. Describe the incidence and mechanism of injury responsible for tibial spine fractures. 

3. List the 3 types of tibial spine fractures described by Meyers and McKeever, and describe each type. 

4. Discuss management of each type of fracture. 

5. Describe results of follow-up studies of tibial spine fractures, and discuss their relevance to selection of treatment. 


Discussion points 

1. What is the incidence of tibial spine fractures? Why is the incidence different in the child and adult? 

2. What physical findings are compatible with tibial spine fracture? What studies are necessary for diagnosis? 

3. What is the incidence of anterior cruciate instability following tibial spine fracture? What is the clinical significance of asymptomatic laxity? 

4. Describe recommended treatment for type III fractures? What method do you prefer? Why? 


Discussion 
Fracture of the tibial spine is an unusual injury, with an incidence estimated at 3: 100,000 children per year. Bicycling and sports are the usual activities resulting in this fracture. The anterior spine is fractured many times more than the posterior, there is limited information available for the posterior spine. Experimentally, traction on the anterior cruciate ligament displaces the unstable anterior tibial spine, the incompletely ossified child's spine apparently fails before the anterior cruciate ligament; the adult counterpart of this injury. By placing the knee in extension, the displaced fragment can generally be reduced, although the medial meniscus has been found interposed between completely displaced fragments. The classification of Meyers and McKeever has been adopted by authors writing on the subject for almost half a century. Types I and II and nondisplaced or hinged, Type II, completely displaced. The first two types can easily be managed by casting, there are recommendations both for casting in complete extension and in 10-20 degrees of knee flexion, it probably does not matter. Type III fractures are presently managed either arthroscopically or with open reduction, displacement of fractures managed with extension casting has been reported on "second look" arthroscopy. Anterior cruciate ligament laxity has often been objectively noted on follow-up of Type III injuries, but complaints or subjective instability is infrequent. Whether such knees fare well over the course of a lifetime is not known. 

Knee Ligament Injuries

Knee ligament injuries

Objectives 

1. Discuss the incidence of knee ligament injuries in children 

2. Discuss the natural history of anterior and posterior ligament injury in the child 

3. Discuss the physical exam and imaging of children and adolescents with knee injury 

4. Discuss treatment options and preferred treatment of the skeletally immature patient with an anterior cruciate injury 

5. Describe treatment of an isolated medial collateral sprain in a skeletally immature patient 


Discussion 
Although knee ligament injuries in children were thought almost to be a curiosity only a generation ago, it is presently acknowledged that they occur frequently. A study of acute hemarthrosis in children by Stanitski revealed ACL injuries in 47% of boys 7-12, and 65% of those 13 and over. The natural history of ACL injuries in children is also clarifying, and it is simply not good. There is little question at present regarding whether or not operative reconstruction is necessary, the question is technique which will not interfere with subsequent growth. Many ACL injuries in skeletally immature patients occur at the tibial insertion. Natural history of isolated posterior cruciate injuries in athletes is more favorable; a substantial series of untreated posterior cruciate injuries in children has not yet been reported. 

Diagnostic maneuvers are the same as those for the adult, as patterns of instability of the skeletally immature tend to resemble those of the adult. The straight instabilities are outnumbered by the rotary and combined instabilities. Palpation for tenderness over the collateral ligaments is helpful, the cruciates obviously are inaccessible. Stress testing of the collaterals is done in complete extension and 30 degrees of flexion. The anterior cruciate is tested by the anterior drawer, Lachman, and pivot shift tests. The Lachman test appears most sensitive, meniscal pathology can alter the pivot shift. The posterior drawer and quadriceps contraction test assess posterior cruciate integrity. MR imagining of the knee is reasonably reliable in skeletally immature patients; however, O'Shea believes examination and plain radiography are sufficient in the vast majority of patients to decide arthroscopy is indicated without MR imaging. 

Reconstruction of anterior cruciate instability is by means of intra-articular or extra-articular repair. Long-term evaluation of extra-articular reconstructions has been unfavorable. To avoid violating the physis, most attempts at anterior cruciate reconstruction in the skeletally immature patient have used the "over the top" method, but this is biomechanically suboptimal. Presently, there is increased emphasis on transphyseal reconstruction using ligament or tendon. Growth disturbance after ACL reconstruction in a skeletally immature patient has been reported. The questions remaining at the present time are 1) can a transphyseal reconstruction reliably allow further growth, and 2) how does one balance the gravity of an untreated ACL injury in the skeletally immature patient against the risk of possible physeal injury? Both questions are being actively investigated at the present time. 

Isolated medial collateral ligament injuries can be nicely managed nonoperatively with protective bracing. 

Patellofemoral Pain Syndrome 

Patellofemoral pain syndrome

Objectives 

1. Define patellofemoral pain syndrome, and list other terms used to describe the same constellation of clinical symptoms 

2. Describe symptoms and physical findings characteristic of patellofemoral pain syndrome 

3. Describe imaging studies useful for the evaluation of patellofemoral pain syndrome 

4. Discuss treatment of patellofemoral pain syndrome 

5. Discuss prognosis of patellofemoral pain syndrome 


Discussion point 

1. Of what value is bracing for patellofemoral pain syndrome? 

2. What are indications for surgery for patellofemoral pain syndrome 


Discussion 
Patellofemoral pain syndrome (PFPS) is one of many terms used to describe pain in the region of the patellofemoral articulation. Chondromalacia was previously used to describe this entity until arthroscopy revealed that anatomic chondromalacia had little relation with patellofemoral pain. Anterior knee pain can include other etiologies such patellar tendinitis, Osgood Schlatter syndrome, and overuse syndromes. Patellar subluxation refers to a physical or radiographic finding. Patellar malalignment is a reasonable term, as patellofemoral pain appears primarily secondary to some degree of patellar malalignment. PFPS is a relatively common complaint in the skeletally immature, most common in adolescents, but it is not rare in preadolescence. The symptoms are usually well localized to the peripatellar region. Giving way is a common complaint. The so-called movie theater sign -pain with prolonged sitting, is unusual in children. A history of trauma or dislocation is certainly pertinent. A careful physical exam is key. The patient should be observed walking, and an assessment of rotational and angular alignment during gait is performed. The rotational profile of Staheli is performed with the patient in the prone position. Quadriceps tightness is also assessed in this position, normally the heel should be able to be brought to or very near the buttocks. The patellar tendon and tibial tubercle can be palpated in the prone position, with the knee flexed. With the patient supine, posterior pressure on the patella with the knee flexing and extending can give information regarding the location of a problem with a certain area of the patella. Quadriceps strength can be assessed by flexing the contralateral hip and knee and maintaining the extended knee 6 inches off the table against the resistance of the examiners hand. Palpation of the patella, lateral and medial retinculum, and patellar tendon is done. The examiner attempts to lift the lateral patellar facet away from the lateral condyle. Ligamentous stability is assessed, along with a check for tenderness at the origin of the medial patellofemoral ligament. 

Patellar mobility is evaluated by attempting to displace the patella medially and laterally. The popliteal angle is measured. The Ober test is performed. Tracking is assessed with the patient sitting with the knee over the table, the screw-home mechanism is assessed, and the Q angle noted. Apprehension with lateral stress is noted. 

Plain radiography can be very helpful. An axial view, such as the Merchant view, and standing laterals in complete extension and 30 degrees of flexion will demonstrate patella alta or baja, A quick screen is to note whether the patella is longer than 1.2 times the height of the patella. CT and MRI have been helpful in further assessment. A properly positioned lateral view can reveal lateral tilt of the patella. Sonography can rapidly and inexpensively evaluate the cartilage contour, which is invariably different than the bone contour. 

The mainstay of treatment for patellofemoral pain is quadriceps strengthening and hamstring stretching. Straight leg raises seem to be as good a method as any. Whether so-called open chain (for example, using just the terminal 30 degree arc of extension) or closed chain exercise is superior has not been settled. Either straight leg raises or short arc exercises in the terminal 30 degrees avoids patellofemoral contact. Bracing is of little biomechanical value, although it does sometimes appear to provide some symptomatic improvement. The outlook for PFPS is good if quadriceps strengthening is performed, and surgery is rarely necessary. 

Arthroscopy is generally the next step if a conscientious exercise program fails, and imaging studies reveal a correctable lesion. If a lateral tilt is confirmed, a lateral release is generally performed. This procedure is more effective for tilt than subluxation. Either proximal or distal realignment procedures (or both) must augment lateral release for subluxation. The vastus medialis is often dysplastic inserting into the quadriceps tendon superior to the patella, if so, the vastus is transferred distally. Distal realignment is now carefully performed to avoid posterior displacement of the patellar tendon insertion. A number of procedures providing anterior displacement of the insertion are described to avoid this, but none are particularly suited to the skeletally immature. The Roux-Goldthwaite procedure has been in use for almost a century as a method of medial transfer of the patellar tendon insertion; little has been written on this since the favorable report of Chrisman and Snook a generation ago. 

Torn Meniscus

Torn meniscus

Objectives 

1. Describe symptoms and physical findings of a torn meniscus in children 

2. Discuss the value of MR imaging versus clinical exam in the diagnosis of torn meniscus in children 

3. Discuss the effect of anterior cruciate injury to the rate of torn meniscus in the skeletally immature 

4. Discuss treatment of torn meniscus in children 


Discussion point 

1. How does the vascularity of the child's meniscus differ from that of the adult? 


Discussion 
A torn meniscus or cruciate ligament injury in a child was not that long ago considered a rarity. However, Stanitski and others have demonstrated a surprisingly high rate of significant intra-articular pathology accompanying acute knee hemarthrosis in children, including torn meniscus. He has found little value to MR imaging compared with the clinical exam. Torn meniscus so often follows anterior cruciate injury in the child that the approach to anterior cruciate injury in the skeletally immature is essentially the same as the adult, with early repair performed to prevent further injury. The longterm results of open meniscectomy in children have made rather dreary reading; recent (although shorter term) follow-up studies after meniscal injury in children indicates that preservation of the meniscus by partial resection or repair may well improve the quality of results. The vascularity of the child's meniscus is more plentiful in the adult; even at 10 to 13 years of age, vessels have been demonstrated to penetrate to the inner zones. 

Traumatic Dislocation of the Knee

Traumatic dislocation of the knee

Objectives 

1. Describe diagnosis and management of traumatic dislocation of the knee in children 

2. Discuss indications for arteriography in children with traumatic dislocation of the knee 


Discussion 
Traumatic dislocation of the knee is very uncommon; most will be seen in adolescents approaching skeletal maturity. Massive disruption is required to dislocate a knee, including disruption of the cruciates, capsule, and variable injury to the collateral ligaments. Depending on the direction of the injuring force, the peroneal nerve and/ or popliteal artery may be jeopardized. The tibial spine may fail in addition to or instead of the anterior cruciate. Indications for arteriography are sometimes unclear. A study of 37 knee dislocations (all ages) yielded 6 popliteal artery injuries. All had either a history of ischemia and/ or ischemic findings on physical exam. 3 of the remaining 31 had ischemia that improved with reduction of the dislocation, had normal arteriograms and no subsequent difficulty. Arteriography was thus recommended only for patients with ischemia or history of ischemia. However, anterior knee dislocations in children secondary to trampoline injuries have been singled out as having a high rate of arterial injury. Management of ligamentous injury in children would not differ from that for an adult, with delayed reconstruction, better results are reported in adolescents than older patients. 

Traumatic Patellar Dislocation

Traumatic patellar dislocation

Objectives 

1. Describe mechanism of injury of patellar dislocation 

2. Discuss the role of anatomic variations in the patellofemoral joint to vulnerability to acute patellar dislocation 

3. Discuss factors predisposing to recurrent dislocation following an initial acute dislocation 

4. Describe the incidence of osteochondral fracture accompanying acute patellar dislocation 

5. Describe preferred treatment for acute patellofemoral dislocations 

6. Describe treatment for recurrent patellofemoral dislocation 


Discussion point 

1. How can one find such disparity in results of operative and nonoperative treatment? 


Discussion 
Acute patellar dislocations are relatively common in children. There is reasonable agreement that there are predisposing anatomic features rendering some children more vulnerable. Ultrasonographic analysis of the trochlea has revealed that the actual cartilaginous trochlea is more shallow in children sustaining dislocation than normal, and more shallow than the plain radiograph might indicate. There is also increased awareness over the past two decades of the importance of the medial patellofemoral ligament, extending from the medial femoral epicondyle to the superomedial patella. This ligament lies deep to the vastus medialis muscle. MR imaging can reveal a tear of this ligament. Surgical treatment of acute patellar dislocation which does not address this component of the pathology may have a higher failure rate. Traumatic dislocation of the patella is almost always lateral, following an indirect mechanism of injury. The knee is flexed, with the tibia externally rotated, and the quadriceps forces in this position are concentrated over the lateral femoral condyle. Osteochondral fractures of the patella, which may be avulsion fractures medially or shear fractures laterally, and/ or of the lateral femoral condyle occur in about 40 % in children. Conservative management, consisting of immobilization of the knee for comfort, followed by quadriceps strengthening, carries a failure rate of 25-50%. A family history of patellar dislocation implies a worse prognosis. An increasing emphasis is placed on early operative management, which would include not only an arthroscopic assessment of chondral integrity, but an open repair of the medial patellofemoral ligament, which is arthroscopically inaccessible. Results of this approach are still preliminary. 

Thigh

Thigh 

· Fractures of the Distal Femur 

· Fractures of the Femoral Neck 

· Fractures of Femoral Shaft 

· Proximal Focal Femoral Deficiency 

· Septic Arthritis - Hip 

· Slipped Capital Femoral Epiphysis (SCFE) 

· Teratologic Dislocation of the Hip 

· Transient Synovitis of the Hip 

· Traumatic Dislocation of the Hip 

Fractures of the Distal Femur

Fractures of the distal femur

Objectives 

1. Describe patterns of distal femoral fractures in the skeletally immature 

2. Describe a useful classification system for distal femoral physeal fractures 

3. Describe management of distal femoral physeal fractures 

4. Discuss complications of distal femoral physeal fractures 

Discussion point 

1. Why is subsequent growth so often impaired after Salter-Harris type II fractures of the distal femur? 


Discussion 
Fractures of the distal femur in children are essentially physeal fractures. They are much less common than radial or tibial physeal injuries, and account for about 1% of all fractures in children. Although some distal femoral physeal fractures occur at birth or in infancy, mostly from birth palsy or child abuse; most occur in the adolescent. Most result from sports or vehicular trauma. The clinical appearance of a displaced distal femoral physeal fracture can be very dramatic. Classification systems have been described on the basis of mechanism of injury, but the most often used classification is the Salter-Harris. Infants almost invariably sustain a Type I fracture; Types I and II predominate at all ages. There is sometimes difficulty in diagnosis of a nondisplaced Type I injury in an adolescent, point tenderness on clinical exam is certainly a helpful finding, and rarely is there absolutely no evidence of radiographic injury, such a physeal widening even when nondisplaced. Stress films have been recommended in the past; it is a bit brutal to do this without adequate anesthesia. It has long been evident that both the distal femoral physis and the knee ligaments may be injured, failure at one site does not necessarily protect the other. Nondisplaced fractures can obviously be managed with simple immobilization. Displaced fractures require reduction and maintenance of reduction. Analysis of results of closed treatment of Type II fractures indicate an unpredictable failure rate, therefore some type of supplemental fixation is presently preferred. This may often be percutaneous, crossed Stienman pins are reliable. If the metaphyseal fragment is substantial, cannulated screws are also effective. Closed reduction is successful for most Type II fractures, but open reduction, approaching the prominent distal metaphyseal protuberance of the proximal fragment is sometimes required to remove obstacles to reduction. Type III and IV fractures are now preferable managed by closed or open reduction followed by cannulated screw fixation parallel to but not crossing the physis; threaded Steinman pins may be used if cannulated screws are not available. 

There is a relatively high rate of growth disturbance following Salter II distal femoral physeal fractures. The portion of the physis protected by the metaphyseal spike of the distal fragment is obviously protected, but the remainder of the physis is subjected to combination of shear forces. The distal femoral physis undulates more than most; thus when the bone fails, the fracture line may meander through different portions of the physis or even the bony metaphysis in some areas. If this is the case, as it often is, prevention of subsequent growth deformity is very difficult. Leg length discrepancy, often accompanied by angular deformity from differential growth (the protected portion of the physis grows at a more rapid rate) has been noted in about 25% of patients following Type II fractures. Peroneal nerve neuropraxia is uncommon, with an incidence < 5%. Popliteal artery injury is presently very rare, but has been reported. Most reports indicate improvement of vascular status with reduction of the fracture. Most complications of distal femoral physeal fractures are amenable to presently available techniques. Strategies for the management of complications secondary to growth disturbances include excision of physeal bridge when practical, physeal or hemiphyseal stapling or arrest, osteotomy, and (in the young patient) lengthening. 

For the so-called floating knee in children, with fracture of both femur and tibia, better results have been reported with operative fixation of at least one of the fractures. 

Although nonunion of distal femoral fractures is essentially nonexistent in patients with neurologically normal lower limbs, union is characteristically very delayed in children with myelomengocele. 

Fractures of the Femoral Neck

Fractures of the femoral neck

Objectives 

1. Describe and draw the blood supply to the immature femoral head; including the infant, the 4 year old, the 10 year old, and late adolescent 

2. Discuss the difference in incidence and mechanism of injury of femoral neck fractures in the child and the adult 

3. Describe physical findings associated with a fracture of the child's femoral neck 

4. List Delbet's classification of femoral neck fractures in children 

5. Discuss factors predisposing to an increased risk of sustaining a Type I (transphyseal) femoral neck fracture. Describe diagnosis and management of this fracture 

6. Describe a treatment approach to fractures of the immature femoral neck, including all categories of Delbet's classification 

7. Discuss complications of femoral neck fractures in children, including incidence and management 

8. Describe diagnostic features and management of stress fractures of the immature femoral neck 

9. Discuss management strategies for subtrochanteric fractures 


Discussion points 

1. Why are the infant and patient with a metabolic disorder more susceptible to sustaining a type I fracture? 

2. Are there any femoral neck fractures in children that can be managed conservatively? Which ones? 

3. What is the role of capsulotomy in reducing the rate of complication of femoral neck fractures? 

4. Draw Ratliff's 3 patterns of avascular necrosis complication femoral neck fractures in children. 

5. When is open reduction indicated? What is the risk of open reduction? 

6. What are the indications for fixing a stress fracture? 


Discussion 
Fortunately, femoral neck fractures are rare in children, as they are associated with a high complication rate. Knowledge of the blood supply to the immature proximal femoral epiphysis is necessary to intelligently manage these injuries. The medial circumflex femoral artery is the most important vessel, it then divides into branches which traverse the neck to penetrate the head. These branches are vulnerable when the neck is fractured. In the infant, there are still some metaphyseal vessels penetrating the physis; these diminish markedly after 18 months. The posterior superior branch seems to have critical importance. 

Most, but not all hip fractures in children result from severe trauma. A hip fracture, characteristically transphyseal, in an infant should arouse suspicion for the possibility of child abuse. These injuries can be mistaken radiographically for developmental dislocation of the hip if the history is not carefully weighed. MRI or arthrography may be helpful in establishing the diagnosis. Infants can generally be managed with cast. Transphyseal fractures in older children generally have a miserable prognosis, although Jerre has reported favorable longterm results. Transcervical and cervicotrochanteric fractures comprise the most frequent varieties of children's femoral neck fractures. If there is any instability, fixation of the fracture is indicated. The type of fixation (treaded pins, smooth pins, cannulated screws, or compression screws) is dependent on the age of the patient and location of the fracture. Anatomic reduction of the fracture is presently felt to be important in outcome, except for the infant with a type I fracture. Capsulotomy or aspiration has been advocated as an adjunct to fixation of the fracture as a measure to reduce the risk of avascular necrosis. 

Subtrochanteric fractures can usually be managed conservatively, although some prefer internal fixation for older children and adolescents. 

Complications consist of avascular necrosis (by far the most serious), coxa vara, physeal arrest, and nonunion. Physeal arrest without avascular necrosis in an older child is not difficult to manage, and attempts to avoid fixation crossing the physis are not warranted if there is any question of stability of the fracture. Ratliff has described a classification of avascular necrosis which has proven helpful in predicting outcome. Current modalities for managing avascular necrosis are not very effective. 

Stress fractures are quite rare in the immature hip but have been reported. Protection from further displacement is paramount. 

Fractures of Femoral Shaft

Fractures of femoral shaft

Objectives 

1. Describe classification of femoral shaft fractures by location, fracture pattern, and energy dissipation 

2. Discuss the association of children's femoral fractures with child abuse 

3. Describe the phenomenon of overgrowth 

4. Describe factors influencing the amount of acceptable angulation and shortening 

5. Describe treatment options with respect to age and associated injuries 

6. Discuss factors influencing length of follow-up 

7. Discuss complications associated with different methods of management 


Discussion points 

1. Role of energy associated with injury in deciding treatment strategy, especially in relation to spica cast. 

2. Growth stimulus of fractured limb. 

3. How much overgrowth does one anticipate? Effect of age on overgrowth? When does overgrowth occur? 

4. How much angulation is acceptable? 

5. What is the best way to assess shortening? 

6. Role and complications of external and internal fixation 

7. What anatomic factors contribute to the development of avascular necrosis of the femoral head following antegrade nailing in adolescents? 

8. Do socioeconomic factors play a role in the incidence of femoral shaft fractures in children? 


Discussion 
Femoral shaft fractures are relatively common in children, the incidence in Baltimore was 19.15/ 100,000. Common mechanisms of injury varied with age. 

Infants are susceptible to child abuse, falls for younger children, motor vehicle-pedestrian or bicycle accidents in midchildhood, and motor vehicle accidents or sports in adolescence (Hinton). Child abuse is a common factor in the infant, especially less than age one (Gross). There are no absolutes at present regarding management; the last two decades have seen dramatic changes in management techniques; more could be expected. 

For infants and young children, immediate spica cast treatment is satisfactory; excellent results have been reported with the 90-90 cast (Illgen). Greater amounts of initial shortening were associated with greater difficulty in maintaining reduction. Technique of cast application does matter (Czertak). Shortening is best assessed in the lateral view. The popularity of casting diminishes after about age 6 due to the size of the child; but excellent results have been reported in older children, especially from countries that are less economically advantaged, (Sahin) where cost is a greater factor than convenience. 

Current modalities employed in midchildhood include external fixation, flexible intramedullary nails (FIN), and castbrace. External fixation enjoyed prominence in the early 1990's, (Blasier) but 2000 signals the decade of flexible intramedullary nails (Vrsansky, Mazda). Refracture has been reported following external fixation, and a recent study comparing external fixation with FIN concluded that there were less complications and an earlier return to function with FIN.( Bar-Or) The cast brace has not been widely used, but represents an alternate method for comminuted fractures.( Gross) For adolescents, antegrade nailing is popular and effective but does carry some risk of avascular necrosis of the femoral head. (Buckaloo, Stans) Whether technical refinements such as placement of the rod laterally in the greater trochanter can avoid such complications is unsettled at present, and intramedullary nailing still has its advocates. 

(Buford) The traditional traction and casting method is still reliable but distinctly unpopular in the US now, primarily due to the cost of prolonged hospitalization and inconvenience to the family of prolonged spica cast immobilization of larger children. Muscle weakness following traditional methods femoral shaft fracture treatment can be marked.( Damholt) 

Features included in evaluating results of treatment of femoral fractures in children include leg length discrepancy (either shortening or overgrowth), angular or rotatory malunion, strength, refracture, infection, and avascular necrosis of the femoral head. Not all studies evaluate all parameters, and length of follow-up can influence results. Several generalizations can be made, although individual variations have been reported, and these must be regarded as provisional guidelines. (Griffin, Stephens) Considerable angulation can be accepted at the time of immobilization in very young children, up to 45 degrees in the AP plane (the plane of motion), Leg length discrepancy is rarely noted following femoral fracture in patients less than 2 years old. As the child matures, more precision is required for reduction, although shortening of 1 cm is regarded as ideal in midchildhood as there is more tendency toward overgrowth at this age than in younger or older children. More angulation can be accepted proximally than distally where the angulation is more visible and has more effect on the knee. Rotatory malunion has rarely been found to be a problem at follow-up. 

There are many acceptable methods available for treatment of the child's femoral fracture, and it is better to use a simpler method that is applicable to the locale than to make an attempt at internal fixation in the presence of suboptimal conditions. Almost all children's femoral fractures can be successfully treated. The right treatment is the one that works

Proximal Focal Femoral Deficiency

Proximal focal femoral deficiency

Objectives 

1. Define proximal focal femoral deficiency (PFFD) 

2. Describe a useful classification system for PFFD 

3. Describe the spectrum of severity of PFFD 

4. Describe current treatment approaches for PFFD 


Discussion 
Proximal focal femoral deficiency (PFFD) is a term used to describe a condition where the femur is short and associated with an apparent loss of continuity between the shaft and neck. Some consider the congenital short femur to be in the spectrum of PFFD; the congenital short femur does not have a loss of continuity between the shaft and neck. There are several classifications of PFFD. The Aitken focuses on the status of the femoral head and neck; A denotes the presence of a proximal femur that usually fuses to the shaft at skeletal maturity, B denotes a well defined acetabulum, but an unossified femoral head at birth, C denotes no femoral head and a poorly defined acetabulum, and D an extremely short or absent femur. Hamanishi described 10 gradations. Gillespie's is most simple and applicable. In group I, the femur is 40-60% shorter than normal, and the hip and knee can be made functional. In group II, the femur is shorter, and the hip or knee cannot be made functional. The clinical appearance of PFFD is characteristic, with a very short, fleshy thigh in a flexed, abducted and externally rotated position. The foot usually is at about the level of the normal knee. Fibular hemimelia accompanies PFFD in almost one half the cases. 

Treatment of PFFD requires complex decision-making, surgical reconstruction, and prosthetic expertise. Milder forms can be treated with correction of the proximal pseudarthrosis, valgus osteotomy of the proximal femur, and femoral lengthening. In more severe cases, amputation and prosthetic fitting is necessary. There are several surgical approaches currently employed to facilitate prosthetic fitting and improve function. For children who have no hip joint and a small femur, the femur has been fused to the pelvis to allow the knee joint to functionally substitute for the hip joint. For patients with a stable hip and very short femur, Symes amputation and knee fusion (with or without epiphyseodesis) allows prosthetic fitting similar to that for a knee disarticulation. The Van Nes rotationplasty essentially reverses the plane of the ankle joint at the knee level, which allows the limb to function more as would a below knee amputation. Disadvantages to the Van Nes procedure are its cosmetic appearance and the tendency for the ankle to spontaneously derotate to its original position. Recent modifications of technique have reported less derotation than previously reported. Selection of procedure and timing are critical to optimizing function of patients with PFFD. Fitting with a prosthesis modified to accommodate the foot and leg is often prescribed at about 12 months, when the child would developmentally start ambulating. 

Patients with congenital short femur characteristically have an externally rotated leg secondary to femoral retroversion, hypoplasia of the lateral femoral condyle (with or without fibular hemimelia), absence of the cruciates, and an exaggerated anterolateral bow of the femur. Musculotendinous contractures also render lengthening difficult for congenital short femur. In addition to lengthening, correction of rotational and angular deformities are prerequisites to a successful result for congenital short femur. The presence of postaxial deficiencies below the knee may complicate management. 

Children in developing countries who have limited access to medical care will generally find a way to ambulate and participate in childhood play. Beginning care later in childhood is much more difficult. 

Genetic counseling for children with limb deficiencies is also difficult, as predictable genotype-phenotype relationships have not yet been established. 

Septic Arthritis - Hip

Septic arthritis, hip

Objectives 

1. Describe pathogenesis of septic arthritis of the hip 

2. Describe presenting symptoms suggestive of septic arthritis of the hip in the newborn and older child 

3. Describe evaluation and treatment of the child with suspected hip sepsis 

4. Describe the natural history of septic arthritis of the hip 

5. Discuss variable affecting outcome 

6. Describe late sequelae of septic arthritis of the hip 

7. Discuss the association of septic arthritis of the hip and osteomyelitis of the contiguous femoral metaphysis 

8. Discuss the differential diagnosis of septic arthritis of the hip 


Discussion 
Septic arthritis was a life threatening condition in the pre-antibiotic era; while this is rarely the case at present, it can still have longterm effects if not treated promptly. The pathophysiology of septic arthritis is the same for the hip as any other joint -bacteria gain access across the synovial membrane, and incite an inflammatory reaction, manifested by the presence of plasma proteins and polymorhonuclear cells in the joint, producing an effusion. If untreated, proteolytic enzymes initiate articular cartilage destruction, eventually monocytes release interleukin-a to trigger further release of proteases from chondrocytes. In animal studies, proteoglycan is lost at 5 days, collagen at 9 days. This would seem to correlate well with sequelae of septic arthritis in humans. 

The newborn may demonstrate no obvious symptoms other than a pseudoparalysis of the affected lower limb. Older children will complain of pain and refuse to weightbear. Soft tissue swelling may be palpable, even though the hip is a deep joint. The leg is held in a characteristic position of flexion, abduction, and external rotation, the position with the minimum intra-articular pressure. Guarding against motion from this position is usually marked with septic arthritis of the hip. Temperature is usually > 38 degrees and ESR > 40mm. This constellation of signs and symptoms is highly suggestive of septic arthritis of the hip. Immediate aspiration, and drainage if aspiration is positive, is the only acceptable course of treatment at this point. Ultrasonography has been used to differentiate between pus and the transudate of transient synovitis, but the only way to make a definitive diagnosis is by direct examination of joint fluid. Operative drainage can be performed through a posterior, anterolateral, or anterior approach; most pediatric orthopaedists now use an anterior or anterolateral approach to spare any possible intraoperative insult to the important end vessels of the medial femoral circumflex artery, and maintain the posterior capsule for joint stability. A window of capsule can be removed to allow more effective drainage. Arthroscopy has even been described, the morbidity of anterior arthrotomy is so minimal and the consequences of inadequate drainage are so severe that it is hard to believe arthrotomy will not remain standard. In the neonate, streptococcus is now most common, followed by staphylococcus and gram negatives. The vaccine for hemophilus influenza has greatly diminished its prevalence as a causative agent for septic arthritis, but kingella kingae, a fastidious organism to identify, has emerged to take its place in children. In endemic areas, klebsiella and brucellosis must be considered. Blood cultures should be obtained when the child's temperature is increasing to aid in identification of the offending organism. The proximal metaphysis is intracapsular in the infant, and there is some vascular penetration of the physis at this age, so metaphyseal osteomyelitis is more prevalent in the newborn than the older child. Systemic antibiotics, nafcillin or oxacillin are started until specific culture results might indicate a revision. When patient response has responded clinically, administration of oral antibiotics can replace the intravenous route. A recent series of 20 cases of hip sepsis in children was managed in this way without any recurrence of infection. Only culture positive patients were included in the series. 

The most significant variable by far affecting outcome is the delay from the onset of symptoms until surgical drainage, a 4-day delay seems to be the most delay compatible with good outcome. Because of importance of the intraarticular vasculature of the hip joint, continued intra-articular effusion has a particularly deleterious effect. Osteomyelitis accompanying septic arthritis is much more common with diagnostic delays. Sequelae are related to destruction of articular cartilage and the proximal femoral physis. There is obviously a gradation in severity of permanent sequelae, from mild fragmentation of the epiphysis to complete destruction of the head and neck, accompanied by leg length discrepancy. Treatment of the more severe complications is complex, possibly requiring trochanteric arthroplasty, pelvic and/ or femoral osteotomy, and leg lengthening. 

Differential diagnosis includes pelvic osteomyelitis, psoas abscess, and abscess of the obturator internus. Ultrasound was helpful in detecting psoas abscess, suspected because of swelling and pain, but no pain with hip motion. MRI and CT are helpful for diagnosis of obturator internus abscess. 

Slipped Capital Femoral Epiphysis (SCFE)

Slipped capital femoral epiphysis (SCFE)

Objectives 

1. Describe the pathologic anatomy (direction of slip, growth plate) of SCFEE 

2. Describe the presenting features, including age, symptoms, and physical findings associated with all types of SCFE 

3. Define stable and unstable slip 

4. Describe strategies of treatment for stable and unstable SCFE 

5. Discuss the natural history of SCFE 

6. Discuss salvage procedures for SCFE, their indications, results, and complications 

7. Discuss endocrinopathies and systemic illnesses which predispose to development of SCFE 


Discussion points 

1. What type of fixation is best for stable SCFE? 

2. Should fixation routinely be removed following surgery for SCFE? 

3. Is there a valid indication for fixation of a radiographically normal, asymptomatic opposite hip of a patient with SCFE? 


Discussion 
Slipped capital femoral epiphysis is the most common hip problem of adolescence. Age of onset is usually between 10-16; predominately in boys. Obesity, black race, and delayed bone age have all been related to increased susceptibility to SCFE. The exact etiology of the slip is not known. Symptoms are generally pain (hip, thigh, or knee) and limp. Physeal widening, which occurs predominately in the hypertrophic zone is the first manifestation of SCFE. Cartilage maturation appears to be disrupted. There has been some speculation the perichondrial ring is also involved in some way with the weakening of the physis. The femoral head initially displaces posteriorly in the vast majority of cases, then inferiorly, although true valgus slips have been reported. Following physeal widening, the femoral head may slip slowly and insidiously or suddenly. These situations are presently described as stable or unstable, formerly acute and chronic, with a definition of less than 3 weeks of symptoms being acute. The unstable slip is essentially a physeal fracture of the femoral neck and accounts for about 10% of presentations. A stable slip may be complicated by a sudden acute episode, rendering the situation unstable. Recent studies have documented the value of ultrasound and scintigraphy for assessment of hip effusion (ultrasound) and epiphyseal viability (scintigraphy) prior to surgery. Patients with stable slips can walk, those with unstable slips an no more walk than anyone else with a hip fracture. On exam, patients with stable slips will demonstrate increased external rotation of the involved hip, and decreased internal rotation. The sign of increased external rotation of the hip in flexion compared with extension is pathognomonic of SCFE. 

Children with growth hormone deficiency, hypothyroidism, previous radiation therapy, or renal osteodystrophy are especially prone to developing SCFE. Those children undergoing treatment with growth hormone or thyroid replacement treatment are more susceptible during treatment. It is very rare for SCFE to be the initial presenting symptom of these problems. Discounting vascular complications accompanying unstable slips, long-term outlook appears related to the severity of slip. 

Treatment is most straightforward for the mild, stable slip, fixation in situ to reduce further slippage; presently a single cannulated screw is preferred where adequate intraoperative imaging is available. Multiple Steinman pins are also satisfactory. Treatment is more complex for the unstable slip. Most authors feel a "gentle" attempt at reduction is warranted, essentially to the amount of displacement present before the acute episode, which is usually achieved simply by positioning on a fracture table. Complications of avascular necrosis and chondrolysis are more common after sustaining an unstable slip; it is presently unknown how much gentle operative reduction raises the incidence of avascular necrosis. Technically, if a single screw is placed, it should traverse the physis perpendicular to the epiphyseal side, be centrally placed in the epiphysis, and not violate the joint. The most serious error is placing a fixation device into the vascularly vulnerable anterolateral quadrant of the head. As the slip increases in severity, the entry point for the screw will progress anteriorly on the neck. Bone graft epiphyseodesis and cast immobilization as a primary treatment for SCFE have declined in favor due to increased morbidity of the procedure or reported higher rates of chondrolysis. The incidence of chondrolysis, which formerly appeared to be about 20% may be decreasing with single screw fixation and early motion. Chondrolysis is a mysterious entity; it does appear to have a higher incidence in patients treated in casts, but the etiology is unknown. The short-term outlook for patients with chondrolysis is not too bad, with a substantial number of patients demonstrating increase in motion and radiographic joint space over a 3-year period. The overall long-term outlook, however, seems less favorable. 

Salvage procedures for patients with unacceptable restriction of motion following treatment for SCFE consist of various osteotomies about the proximal femur. Cuneiform osteotomies through the neck can completely correct the deformity at the site of deformity; but are complicated in all series by some avascular necrosis. The surgeon contemplating this procedure should review that data and decide with the patient if the risk is acceptable. Osteotomies at the base of the neck are intermediate in risk and quality of correction; the subtrochanteric osteotomy devised by Southwick creates a compensatory deformity to improve motion, and is safest in terms of risk of avascular necrosis. All corrective osteotomies, including subtrochanteric, can be complicated by chondrolysis, presumably due to increased joint pressure from correction of the inferior position of the femoral head. 

Younger patients with SCFE have a higher risk of subsequently developing a slip on the contralateral side. In conditions such as endocrinopathies, prophylactic fixation appears justified, but for most patients, this issue is still debatable with the preponderance of opinion at present favoring periodic monitoring of the status of the contralateral hip. Removal of surgical hardware for SCFE has not been benign, many surgeons presently are not routinely removing the fixation device. 

Teratologic Dislocation of the Hip

Teratologic Dislocation of the Hip

Objectives 

1. Define teratologic dislocation of the hip 

2. Describe associated conditions accompanying teratologic dislocation of the hip 

3. Describe treatment of teratologic dislocation of the hip, and complications of treatment 


Discussion 
Teratologic dislocation of the hip is a term used to imply that the hip joint did not develop normally in utero, thus the hip is in a fixed dislocated position at birth. This condition always accompanies other congenital anomalies or neuromuscular conditions; the two most common generalized conditions are arthrogryposis and myelomeningocele. Obviously, treatment of such hips is more difficult than those with DDH, and a high complication rate has been reported. Decision making for infants with teratologic dislocation can be difficult. For children with arthrogryposis, some authors have recommended treatment of the unilateral hip dislocation, but not the bilateral. Staheli has been the most persistent advocate of treatment of the bilateral hip dislocation and has reported reasonable outcomes. For children with high level myelomeningocele and congenital dislocations, most authors would presently defer treatment. In general, motion is the most desirable end product of treatment, but it may be difficult to achieve that goal without reduction of the hip. 

Transient Synovitis of the Hip

Transient synovitis of the hip

Objectives 

1. Define transient synovitis 

2. Describe presenting symptoms and natural history of transient synovitis 

3. Describe the differentiation of transient synovitis from septic arthritis 


Discussion points 

1. Should all "irritable hips" be evaluated with ultrasonography? 

2. Should patients with suspected transient synovitis undergo hip aspiration? 


Discussion 
Transient synovitis of the hip is one of the most commonly seen hip disorders in children. It is most commonly seen in children younger than age 8. Anterior groin or thigh pain accompanied by limp or reluctance/ refusal to weightbear are the usual presenting symptoms. Restricted hip motion is noted, particularly abduction and internal rotation. An effusion without capsular thickening can be noted on ultrasound. The natural history is benign, usual complete resolution is noted in a week or less. No treatment is necessary. Recurrence is not rare, mostly within 6 months. A viral etiology has been suspected on the basis of increased blood interferon in children with transient synovitis, although no viral antibodies were found in two recent studies looking for them. 

The two major clinical problems associated with transient synovitis have dealt with its possible association with subsequent development of Legg-Calvé-Perthes syndrome, and the differentiation of transient synovitis from septic arthritis. A number of follow-up studies are now available, some of which could detect no relationship with subsequent acquisition of Legg-Calvé-Perthes syndrome, or a subsequent incidence of 1-2%. Thus, most, but not all authors discount the need for routine follow-up of children with transient synovitis after acute symptoms have resolved. The intraarticular pressure accompanying toxic synovitis is below arteriolar pressure in the position of comfort, it is raised dramatically with extension and internal rotation. 

Kocher has recently analyzed data on children with septic arthritis and transient synovitis, and concluded there were 4 major predictors to study -history of fever, non weight-bearing, ESR > 40mm/ hr, and WBC > 12.000. If one predictor was present, the predicted probability of septic arthritis was 3%, for two -40%, for 3 -93%, and for 4 -99%. Obviously, the definitive diagnosis is dependent on aspiration of the hip joint. Another described approach was to aspirate the hip as an outpatient, and defer admission for toxic synovitis. However, McGoldrick found ultrasound less discriminating than physical assessment, comforting to those of us who are believers in the value of the physical exam. 

With the rapid clinical resolution of transient synovitis, aspiration for other than diagnostic purposes is recommended only by Kesteris who felt it further shortened the clinical course. 

Traumatic Dislocation of the Hip

Traumatic dislocation of the hip

Objectives 

1. Discuss the incidence and direction of traumatic dislocation of the hip in children 

2. Describe the differences in traumatic dislocation of the hip in young children and children approaching skeletal maturity 

3. Describe physical findings suggestive of dislocation of the hip 

4. Discuss relationship of time of reduction to risk of avascular necrosis 

5. Discuss postreduction management of traumatic dislocation of the hip in children 

6. Discuss indications for operative intervention after reduction of traumatic dislocation of the hip 


Discussion points 

1. Is bone scintigraphy after reduction a good indicator of the risk of subsequent avascular necrosis? 

2. What nerve is most often injured as a result of traumatic dislocation of the hip? 


Discussion 
A number of reasonably large series of traumatic hip dislocations in children have been compiled along with reports of a case or two illustrating a quirky twist to the collected experience. Most hip dislocations in children are posterior, as they are in adults. Posteriorly dislocated hips are evident by and adducted, flexed, internally rotated thigh; anterior dislocations by an extended, abducted, and externally rotated thigh. In young children, dislocation can occur with relatively trivial trauma; reduction is usually not difficult, and nerve injury is rare. In older children, traumatic hip dislocation approaches the adult pattern; reduction is not as easy as in the young, the rate of nerve injury is higher, and complications are more frequent. Some of the variability in complication rate in various series can be understood by a careful analysis of injuring force; those injuries resulting from greater forces such as those resulting from motor vehicle accidents will have a greater rate of complication than those resulting from playing in the backyard. There has been a recurrent theme that the earlier the reduction, the better the outlook in regard to the development of avascular necrosis. A recent report from Cincinnati underscored this principal, with a reduction rate 20 times greater for those hips unreduced more than 6 hours postinjury compared with those reduced less than 6 hours postinjury. In addition, the poor prognostic value of scintigraphy was documented in this study, some children with "cold" scans 2 weeks after injury did not develop avascular necrosis, some who did develop avascular necrosis had normal bone scans. These authors also felt that a joint space of >3mms was a reasonable indicator of a mechanical block to complete reduction. CT scanning is helpful in determining adequacy of reduction when the joint space is widened on postreduction radiographs, and hip arthroscopy can be a relatively less invasive way of removing loose bodies. Triradiate cartilage injury is unusual, but has been reported after high-energy injury. The peroneal branch of the sciatic nerve is the nerve most often injured, nonoperative monitoring is indicated when it is recognized. The results of open reduction for untreated dislocation were good enough to justify this approach for children presenting months weeks after dislocation. For children presenting days to a few weeks after dislocation, traction has been useful. 

Most reports find no benefit from a period of non-weightbearing after reduction. Acquisition of a full range of motion before allowing return to activity is a reasonable approach. 

Hip

Hip 

· Coxa Vara 

· DDH - Infant 

· DDH - Older Infant 

· DDH - Walking Age 

· Idiopathic Chondrolysis 

· Legg-Calve-Perthes Syndrome 

Coxa Vara

Coxa vara

Objectives 

1. Define developmental coxa vara, and clinical signs accompanying this disorder 

2. Describe the natural history of developmental coxa vara 

3. List 4 additional causes of coxa vara in children 

4. Describe the goal of treatment for coxa vara 

5. Describe the most commonly used radiographic angle used to assess results of treating coxa vara 


Discussion point 

1. How does coxa vara alter hip joint mechanics? 


Discussion 
Coxa vara has been classified by Beals as developmental, congenital, or traumatic. It can result from disturbances to a variety of structures about the growing proximal femur. Infantile or developmental coxa vara is estimated to affect 1: 25,000 live births. It is bilateral in about 1/ 3 of cases. Clinically, there is shortening of the limb in the 2 cm range, with weakness of the abductors and thigh atrophy. Radiographically, developmental coxa vara is characterized by a triangular metaphyseal fragment of the inferior femoral neck. This is in an "inverted Y' pattern and is diagnostic of developmental coxa vara. The natural history of developmental coxa vara is variable, and appears related to the Hilgenreiner physeal angle, or sometimes simply the physeal angle. This is the angle between a line along the physis and the floor line (which Hughes felt was more accurate) or a line between the triradiate cartilages. Obviously, the greater the angle, the more propensity toward shear stress on the physis, and the less chance of spontaneous recovery. Proximal femoral osteotomy is the only effective intervention, and sufficient valgus must be achieved to reduce shear forces along the physis. 

In general, unless the angle is less than the 35 degree range, worsening of the coxa vara (or recurrence after osteotomy) can be expected. 

Other causes of coxa vara are congenital, dysplastic, ortraumatic. Congenital coxa vara per se is the least affected form of congenital short femur, and can accompany all degrees of severity of congenital short femur. A number of skeletal dysplasias are characterized by coxa vara, rickets (from any cause) is another form of dysplasia resulting in coxa vara. Traumatic coxa vara can obviously result from femoral neck fracture, or proximal femoral physeal insufficiency with resultant relative overgrowth of the greater trochanter. The latter can follow hip sepsis or avascular necrosis of the femoral head. Coxa vara resulting from relative overgrowth of the greater trochanter is treated by physeal arrest of the greater trochanter or distal transfer of the greater trochanter to improve hip mechanics. 

Developmental Dysplasia of the Hip - Infant

Developmental dysplasia of the hip (infant)

Objectives 

1. Define developmental dysplasia of the hip 

2. Describe the pathophysiology of hip instability in the neurologically normal newborn 

3. Discuss the terminology for describing the newborn hip examination 

4. Discuss management of the newborn with clinical instability of the hip 

5. Describe complications of treatment of developmental dysplasia of the hip 

6. Discuss the role of ultrasound in the diagnosis and treatment of developmental dysplasia in the newborn 

7. Discuss "risk factors" which are associated with increased incidence of DDH in the newborn 


Discussion points 

1. Is newborn hip screening worthwhile? If so, who should do it? 

2. Should all unstable hips be treated in the newborn? If not how do you decide which ones to treat? 


Discussion 
Developmental dysplasia of the hip (DDH) is a complex topic with a voluminous literature. It can be difficult to develop an overall perspective, as there are so many studies with conflicting conclusions, creating difficulties in comprehension for any who do not have extensive experience with the topic. Principles for treating DDH have changed dramatically in the past century, even the name has changed. The dogma for one generation of orthopaedists can become the anathema of the next. The following brief description will attempt to correlate portions of the recent literature with general concepts; much must be omitted. For a more comprehensive review of the classic literature, standard pediatric orthopaedic texts must be consulted. 

Exam of the newborn hip consists of a clinical test of stability, essentially reproducing the mechanism of traumatic dislocation of the hip (posterior pressure on the adducted hip) in a gentle manner and attempting to feel a reduction with abduction of unstable hips. The terminology used to describe the exam should reflect the findings -normal or dislocatable. Some include the category of subluxatable, to denote hips with excess mobility that cannot be palpably dislocated. The term click is useless, a recent study of hips designated as "clicking" established that this described an incidental finding in normal hips. 

Screening programs have been used more in countries with more socialized systems of health care; their effectiveness is still debated more than 40 years since their introduction. Certainly, some of the effectiveness is examiner dependent; a recent American Academy of Pediatrics committee found that orthopaedists were somewhat more reliable examiners than pediatricians, but not to the point of significance. The UK Medical Research Council Working Party on Congenital Dislocation of the Hip could find no evidence of reduction of surgical treatment of DDH as a result of screening programs. Recent papers from Australia and Bulgaria concluded the opposite. A small rate of late dislocation, which eluded screening exams, is present in almost all series. All agree that early diagnosis and treatment are desirable. 

The role of ultrasonography is another unsettled topic. There is no question about the ability of ultrasonography to depict the anatomy of the newborn hip; the question still remaining is the definition of a normal hip. Ultrasonography screening consistently identifies more abnormal hips in screening programs than clinical exam, and of course interpretation of findings by the ultrasonographer results in further clouding of a reliable standard. Routine ultrasonography for all newborns is simply too expensive, many attempts have been made to find subsets of newborns would benefit from screening ultrasonography, results of these studies area also not conclusive. Nontreatment of clinically normal, ultrasonographically abnormal hips does not appear to result in subsequent hip dysplasia in this population. 

It has long been known that over half of all unstable hips detected in newborns will spontaneously stabilize; suggestions have thus been made to withhold treatment in the newborn and initiate treatment only if the hip does not spontaneously stabilize. Based on the work of Barlow, this should happen in 2 weeks, but Barlow felt the treatment was so difficult when the dislocation was established that early treatment was best. Thus, many studies recommend a few days or a week of observation, and then initiating treatment. There is evidence that ultrasonography can be quite helpful, and superior to radiography, in assessing hip position when treatment is initiated; it is also valuable in documenting response or lack of response to treatment. A number of splinting devices have been proposed for treatment of the newborn with DDH; all place the hip in an abducted position. The Pavlik harness is presently favored, proper application is felt to be safe and effective. It is somewhat more complicated than other splints. A small rate of avascular necrosis has been documented even for treatment of the newborn hip; accounting for the reluctance of some to treat all unstable newborn hips. Duration of treatment in abduction splinting is obviously arbitrary; we know some hips are inherently more unstable than others, but a cookbook solution of 6 weeks or 3 months is a common recommendation for duration of treatment. 

Pathologic studies of the unstable hip in the newborn are very rare. Certainly, capsular laxity is contributory in many cases; acetabular dysplasia at birth could be the additional factor in some hips rendering them more unstable and less inclined to spontaneous stabilization. 
Risk factors associated with increased rates of DDH are Caucasian or American Indian race, female, breech presentation, oligohydramnios, other positional deformations at birth, and torticollis. 

Developmental Dysplasia of the Hip - Older Infant

Developmental dysplasia of the hip (older infant)

Objectives 

1. Describe physical and radiographic findings in the older infant with developmental dysplasia of the hip 

2. Describe the pathoanatomy of developmental dysplasia of the hip in the older infant 

3. Describe the vascular supply of the infant's hip 

4. Discuss treatment of the older infant with developmental dysplasia of the hip 

5. Describe complications of treatment of the older infant with developmental dislocation of the hip 


Discussion
If the unstable hip in the newborn does not spontaneously stabilize, it will become fixed in a dislocated position. From that point, secondary changes develop in response to the dislocation. The lateral acetabulum will become deficient, due to the lateral position of the femoral head, and the center will be more shallow due to the absence of the femoral head. The femoral neck will develop into a valgus and anteverted configuration. The iliopsoas and adductor muscle group will undergo adaptive shortening. Fibrofatty tissue will fill the void in the true acetabulum. The inferior capsule will become constricted, from the continuing pressure of the overlying iliopsoas tendon. The intracapsular blood vessels to the femoral head will gradually alter their course to accommodate the change in position. These changes occur concurrently, although at different rates in different hips. Some of the changes (fibrofatty tissue, iliopsoas shortening, and capsular constriction) will impede reduction, some will render the reduction more unstable (changes in configuration of the head and acetabulum) and some (changes in route of blood vessels) will jeopardize the safety of the process of reduction. Strategies to deal with these problems are constantly evolving. An acute reduction of the hip under anesthesia is not difficult, but it is risky for subsequent avascular necrosis, and is thus unwise. The Pavlik harness can still achieve a reduction, although much less reliably. Traction on the leg to gradually (and presumably more safely) elongate the soft tissues and vessels can reduce the rate of vascular complication. Open reduction, by virtue of eliminating barriers to reduction and tension on the vasculature by virtue of reducing soft tissue tension has become popular. Avascular necrosis has been reported in follow-up studies of treatment of DDH in the contralateral originally normal hip, presumably as a result of unwise positioning for immobilization. 

Complications include failure of reduction, redislocation, and avascular necrosis of the proximal femoral epiphysis. The incidence of failure of reduction or redislocation can be reduced with the usage of postoperative CT scanning of the hip. The rate of avascular necrosis is variable from study to study with the same treatment, primary medial open reduction being the current example. There is some debate as to whether the presence of the bony ossific nucleus (always delayed in appearance in a dislocated hip) has a salubrious effect in diminishing the rate of avascular necrosis resulting from treatment. Fittingly, the most recent two studies on this subject reached contrary conclusions. 

Though the terminology for the vessels varies from author to author, the consensus is that there is some penetration of the physis by metaphyseal vessels in infancy, but the major source of vasculature to the femoral head is via intracapsular vessels that then penetrate the epiphysis. The terminal branch of the medial femoral circumflex, called the lateral ascending cervical artery is the major supply. 

Developmental Dysplasia of the Hip - Walking Age

Developmental dysplasia of the hip (walking age)

Objectives 

1. Describe signs of developmental dysplasia in the ambulatory child 

2. Describe treatment approaches to the child of walking age with developmental dysplasia of the hip 

3. Describe the natural history of untreated developmental dysplasia of the hip 

4. Discuss complications of treatment of older children with developmental dislocation of the hip 

Discussion point 

1. Would it be better judgment to attempt reduction of a 6 year old with an untreated unilateral dislocation or leave it alone? With a bilateral dislocation? 

Discussion
It was until the second half of the twentieth century that routine diagnosis of DDH was made before walking age in North America, although late diagnosis still is common in developing countries. All the anatomic changes in the pelvis and proximal femur become more severe as the child starts ambulating. At this point, it is much more common to perform bony procedures on one or both sides of the joint to achieve and maintain reduction. Femoral shortening has matured as a method of "decompressing" the hip to reduce the incidence of avascular necrosis. Traction also has advocates, and the clinician treating this condition must make his own assessment of the reported results to devise his/ her own treatment plan. Surgery is also frequently performed at this age on children who were treated earlier but have residual dysplasia. The long-term studies of Schwend and Pratt on untreated Najavos with acetabular dysplasia provide a yardstick by which one can measure the effects of intervention. The fate of adults with untreated complete dislocations has been addressed by Crawford and Wedge. 

Most authors presently reporting on the initial treatment of DDH in the walking age child report positive results that most likely warrant intervention for the older child with untreated DDH. There are also a number of procedures available for refinement of results in the older child with residual dysplasia for whom treatment is felt indicated. The innominate osteotomy of Salter, which redirects the acetabulum anterolaterally has its advocates even into young adult years. The pericapsular osteotomy described by Pemberton is less widely used, but can achieve change of acetabular shape. Double and triple pelvic osteotomies can realign the acetabulum of the older patient, and complex pericapsular osteotomies to redirect the acetabulum are becoming more refined. The judgment and skill required to make good clinical decisions and skillfully execute treatment in this group of patients is considerable. 

Idiopathic Chondrolysis

Idiopathic chondrolysis

Objectives 

1. Define idiopathic chondrolysis 

2. Describe clinical symptoms, age of onset, and physical findings suggestive of idiopathic chondrolysis 

3. Describe the radiographic features of idiopathic chondrolysis 

4. Describe treatment for idiopathic chondrolysis, and results of treatment 

5. Discuss theories of etiology of idiopathic chondrolysis 


Discussion point 

1. Is idiopathic chondrolysis the same entity as chondrolysis complicating SCFE? Why or why not? 


Discussion 
Idiopathic chondrolysis is well defined clinically; usually having its onset early in the second decade of life, with a marked female preponderance. Anterior hip pain is the usual initial symptom, followed by stiffness and pain with movement. An autoimmune etiology has been proposed, but confirmatory evidence is still lacking. There is more information available on chondrolysis following SCFE, it is still speculative whether idiopathic chondrolysis and chondrolysis complicating SCFE are the same entity. One paper concluded idiopathic chondrolysis could be a manifestation of pauciarticular juvenile arthritis. Laboratory values are normal. The radiographic findings are characteristic. Osteopenia is progressive with concentric narrowing of the joint space. Protrusio acetabuli is common, as is premature physeal closure. The head remains spherical, but develops osteoarthritic changes. Pathologically, the joint capsule thickens with nonspecific low grade inflammatory changes. Several small series, the largest including 14 patients have been reported. Improvement has been reported following partial capsulectomy followed by traction and aggressive rehabilitation, soft tissue release with anti-inflammatory agents, and arthrodiastasis with external fixation (although etiologies were diverse in this group). However, the most recent report with an average follow-up of 13 years concluded that pain relief was temporary, on long term follow-up only 2/ 11 patients were free of pain and one of them had an arthrodesis. 

Legg-Calve-Perthes Syndrome

Legg-Calve-Perthes syndrome

Objectives 

1. Describe the blood supply to the immature hip 

2. Describe symptoms, signs, and age of onset of Legg-Calve-Perthes syndrome 

3. Describe the 4 stages of Legg-Calve-Perthes syndrome 

4. Discuss classification systems for Legg-Calve-Perthes syndrome, including reproducibility and ease of clinical usage 

5. Describe "head at risk" 

6. Discuss the present treatment choices for Legg-Calve-Perthes syndrome 

7. Discuss the effect, if any, of treatment on the natural history of Legg-Calve-Perthes syndrome 


Discussion points 

1. What are current theories of etiology of Legg-Calve-Perthes syndrome? 

2. Why call it a syndrome and not a disease? 

3. What is Gage's sign? 


Discussion 
In 1910, Legg, Calve, Perthes, and Waldenstrom independently published a description of what we now call Legg-Calve-Perthes syndrome (LCPS). They all had different ideas about what they saw, and that basically set the tone for the rest of the twentieth century. We still have a very limited concept of etiology, uncertainties about the pathophysiology, a better concept of the natural history, and a modest understanding of the effectiveness of treatment. Chung and Trueta both noted the more tenuous blood supply to the anterior half of the proximal femoral epiphysis, and the anterolateral quadrant is most vulnerable to vascular embarrassment. Present thought is centered around mechanisms of disruption of this blood supply, more likely repeated insults than one major event. Various treatment programs including prolonged bedrest, a variety of braces, and a variety of surgical procedures have been promulgated for treatment, but especially over the last 20 years, there have been more systematic investigation of treatment results. Much effort has been expended trying to devise a method to quantify results. It is important to remember that there is a limited relationship of radiographic stages to the timing of the onset of symptoms. Classification systems to better evaluate treatment suffer from the lack of uniform positioning for radiographs, and the subjectivity of the classifications. About 30 years ago, Catterall proposed dividing cases of LCPS into 4 groups, primarily based on the amount of the femoral head undergoing necrosis. Since this could often be hard to ascertain at the outset, the classification could change during treatment. Salter and Thompson reduced the classification to two possibilities, either more than half or less than half of the bony epiphysis undergoing necrosis. Herring focused on the lateral portion of the femoral head, called the lateral pillar. There are three choices -the lateral pillar is intact, it is sustained some collapse which is less than 50% of the original height, or greater than 50% collapse. Collapse of the lateral pillar has a more clear relationship to outcome than the percentage of head involvement, and there is more interobserver agreement than with the Catterall. Many investigators judge outcome by the Stulberg method, but the subjectivity of this method also has been documented by a recent thoughtful study from Iowa. 

Just about every possible idea has been floated as a possible etiology of LCPS. Two possible causative factors are presently being intensely studied, passive smoking, and thrombophilia, although this idea has not been corroborated by any group except the originators of the concept. The increased incidence of LCPS in lower socioeconomic groups has been a recurrent theme, but this is not an etiology, just an observation. The list of proposed etiologies is very long. 

Presenting symptoms include anterior hip, thigh, and/ or knee pain, or a painless limp. Careful examination will always reveal loss of motion, particularly in rotation and abduction, and thigh atrophy. 

The clinical course of LCPS has traditionally been divided into 4 stages -initial, fragmentation, reossification, and healed. There is generally less disagreement about the stage of the process than the pattern and quantity of necrosis of the femoral epiphysis. Catterall also described "head at risk" radiographic signs which appear to have some connection with a poorer prognosis. Head at risk signs are 1) Gage's sign, a radiolucent defect between the lateral epiphysis and metaphysis 2) calcification lateral to the epiphysis 3) metaphyseal cysts 4) lateral subluxation and 5) horizontal growth plate. Taken collectively, these signs indicate a more severe injury to the physis. 

With our present concepts, we try to assess the severity of the vascular insult, noting whether the critical lateral portion of the femoral head has maintained height. If less than half the head is necrotic, and the lateral pillar is intact, no treatment is necessary, as it would not improve on the natural course of the condition. If more than half the head is necrotic, and the lateral pillar is collapse, some attempt to alter the natural history appears warranted. Simply maintaining a range of motion aids tremendously, imagine the shape of clay rolled back and forth between your two hands and the different shape of clay rolled in a circular motion. If we believe the femoral head is biologically plastic, range of motion is a mainstay of effective management. Bracing is less popular now than at any time during the last half century, end results of bracing appear to offer no improvement over the natural history. Surgery on the femoral or pelvic sides both have their advocates. The rationale is to reduce the laterally subluxated portion of the femoral head to better distribute joint forces. This is often called "containment". If the femoral head is in the acetabulum, there is a good range of motion, and there is sufficient growth remaining to allow some remodeling, the outlook should be good. Girls are said to have a worse prognosis, this could be related to their earlier skeletal maturity with less time remaining for remodeling. Caxa magna is inevitable following any more than minimal LCPS. Long-term studies indicate that hips affected with LCPS perform reasonably well until the fifth decade of life. 

Pelvis

Pelvis 

· Fractures of the Pelvis 

· Fractures of the Sacrum 

Fractures of the Pelvis 

Fractures of the pelvis

Objectives 

1. Describe methods of classifying fractures of the pelvis 

2. Describe factors influencing prognosis for children with fractures of the pelvis 

3. Describe sites of and treatment for avulsion fractures of the pelvis 

4. Discuss factors increasing the incidence of genitourinary injuries accompanying fractures of the pelvis in children 

5. Discuss operative indications for fractures of the pelvis in children 


Discussion point 

1. Can pelvic fractures be a result of child abuse? 


Discussion 
Pelvic fractures are not rare in children, as reported series regularly appear in the literature. Because of innate differences in patient populations, methods of treatment and evaluation, and special interests of the authors; treatment concepts are still evolving. A large number of classification systems have been proposed and used in publications. One of the most often used at present, if not the most often used, is the classification of Tile. Type A fractures are avulsion fractures or minor undisplaced ring fractures. Type B are rotationally unstable but vertically stable; these can include symphysis pubis disruptions, anterior fractures with SI joint displacement, etc. Type C fractures are vertically and rotationally unstable. Weightbearing displaces Type C injuries. In addition, acetabular fractures are Type C injuries. The prognosis for children with pelvic fractures is, in general, good. Serious hemorrhage complicating pelvic fracture is less common in the child than the adult. Classification systems used by pediatric surgeons emphasize the relationship of the pelvic fractures to morbidity and mortality more than mechanical stability. Evaluation is essentially the same as done in the adult patient, with inlet and outlet views, Judet views, and possibly CT scan if there is any question about instability or acetabular integrity. As with almost every other part of the body, pelvic fractures secondary to child abuse have been documented. 

Avulsion fractures usually involve the anterior superior iliac spine, or the ischium. The secondary center of ossification of the ischium appears at about age 15 and fuses at age 25. Treatment is symptomatic. Exuberant callus near the ischium has been reported, delayed excision has been reported as effective. Isolated or stable pubic rami fractures are also Type A fractures, and also need only symptomatic treatment. Significant GU injury can accompany innocent appearing fractures. 

Fractures of the ring have been managed operatively and nonoperatively. There seems to be a trend over the past 10 years to treat these more aggressively, especially in older children. Good results have also followed traction for reduction of vertically unstable fractures. Remodeling can improve the final alignment of extra-articular fractures, and allow the consideration of less interventive measures for younger children. Residual vertical displacement, however, is associated with long-term symptoms. Traumatic arrest of the triradiate cartilage has been reported, but is rare. Acetabular fractures need the same quality of reduction as in the adult. External fixation for treatment of adult fractures is less popular than 10 years ago, being replaced by internal fixation. 

There is still a variable but considerable mortality of pelvic fractures in children in some series. Head injury is the most serious accompanying injury in terms of prognosis, multiple pelvic fractures are a sign of more extensive injuring forces and are accompanied by a higher rate of visceral injuries to the GI and GU systems. 

Fractures of the Sacrum

Fractures of the sacrum

Objectives 

1. Describe the anatomy of the sacrum, and the lumbosacral and sacroiliac joints 

2. Discuss the management of sacral fractures and dislocations, including indications for operative reduction 

3. Discuss fatigue fractures of the sacrum 

4. Discuss factors determining longterm outlook after sacral injuries in children 


Discussion point 

1. Is there any reason to operatively treat a sacral injury in a child? 


Discussion 
Sacral injuries in children are very rare. Fractures and fracture-dislocations generally occur from direct trauma, and are complicated by comminution and nerve root injury. Case reports comprise the bulk of the literature on sacral injuries in children; traction and conservative management are favored. Longterm outlook is much more dependent on recovery from nerve root injury than anatomic reduction, including sacroiliac disruptions. 

Stress fractures can also occur presenting with back pain. An example has been reported in a 9-year-old child. A physeal fracture of the sacro-coccygeal joint has also been reported. 

