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Viva 1	



An obese 14-year-old patient 
presents to your office. He has been 
limping for several months, and 
recently has been unable to walk 
without significant pain	
•  Describe the radiograph	
•  Describe the etiology of this condition	
•  How would you assess this patient 

further? 	

•  Describe the radiographic features of this 
condition	

•  Are you aware of any grading or 
classification system for this condition?	

•  How would you manage this patient? 	



Describe the radiograph	
•  this is an A/P radiograph of the pelvis in a 

skeletally immature child showing a widened 
physis on the right hip, highly suggestive of 
SUFE. A frog-leg lateral view is needed to 
confirm the diagnosis. 	



Describe the etiology of this condition	
•  SUFE is a disorder of the hip in which the femoral neck displaces anteriorly and 

superiorly relative to the femoral epiphysis. It’s the most common disorder of the 
hip in adolescents. Males are commonly affected than females 3:2. the left hip is 
more commonly affected (because of the sitting position of the right handed). Unilateral 
involvement at time of presentation is more common(80%)	
•  The exact etiology is unknown, but it is thought to be the result of mechanical 

insufficiency of the proximal femoral physis to resist load, which can occur due to 
either physiological loads across an abnormally weak physis or abnormally high 
loads across a normal physis. It occurs through hypertrophic zone. Renal SUFE 
occurs through secondary spongiosa. 	



Describe the etiology of this condition	
•  Conditions that weakened the physis include: 	

Ø Hypothyroidism 	
Ø Hypopituitarism 	
Ø Hypogonadism 	
Ø Growth hormone abnormalities	
Ø Renal osteodystrophy 	
Ø Radiation therapy to femoral head	

•  Conditions that can increase the load across the physis:	
Ø Overweight children 	
Ø Decreased femoral anteversion ( as retroversion increases shearing forces over the physis)	
Ø Decreased femoral neck shaft angle	



How would you assess this patient further? 	
•  Detailed history include: 	
Ø Age (between 10-16 years, boys13.5 years, girls 11.5 years average)	
Ø Duration of the symptoms	
Ø Pain. May present with knee pain (referred pain in the distribution of the femoral and obturator 

nerves)	
Ø Ability to weight bear with or without crutches	
Ø History of trauma. 	
Ø Past history (endocrine abnormalities, renal osteodystrophy, radiotherapy)	
Ø Family history of SUFE	



How would you assess this patient further? 	
•  Clinical examination: 	
Ø Obesity 	
Ø Ability to weight bear	
Ø Hip ROM. Loss of internal rotation, hip automatically(obligatory ER) externally rotates with 

passive hip flexion. 	



Describe the radiographic features of this 
condition	

Ø widening and irregularity of the physis (early sign) 	
Ø Trethowan’s sign is positive; a line (often referred to as Klein’s line) drawn on the superior border 

of the femoral neck on the AP view should pass through the femoral head. In SUFE, the line passes 
over the head rather than through the head (compare left and right hip). 	

Ø Steel’s metaphyseal blanch sign which is a crescent-shape dense area in the metaphysis due to 
superimposition of the neck and the head.	

Ø Decreased epiphyseal height as the head is slipped posteriorly behind the neck. 	
Ø Increased distance between the tear drop and the femoral neck metaphysis. 	
Ø Disruption of the shenton’s line due to displacement of the metaphysis.	
Ø Remodelling changes of the neck with sclerotic, smooth superior part of the neck and callus 

formation on the inferior border. This may not be seen in acute slip.	



Describe the radiographic features of this 
condition 


• Klein line: A line drown on the 
superior border of the femur 
neck on the AP view.	
•  It should normally intersect the 

lateral part of the superior 
femoral epiphysis	
•   If the line of Klein fails to 

intersect the epiphysis during the 
acute phase, it is called 
Trethowan’s sign	



Describe the radiographic features of this 
condition 






Are you aware of any grading or 
classification system for this condition?	

•  Loder classification. Loder has classified SUFE into: 	
Ø Stable SUFE. If the patient is able to weight bear on the involved extremity with or without 

crutches 	
Ø Unstable SUFE. If the patient is unable to weight bear on the involved extremity. 	

•  The value of loder classification is the ability to predict the risk of osteonecrosis. 
Based on one study the risk of osteonecrosis has been reported as 47% in unstable 
hips and 0 % in stable hips	



Are you aware of any grading or 
classification system for this condition?	

•  Temporal based on the duration: 	
Ø Acute < 3 weeks	
Ø Chronic > 3weeks. It is the most common type 85%	
Ø Acute on chronic	



Are you aware of any grading or 
classification system for this condition?	

•  Severity of the slip based on the percentage of the epiphyseal displacement 
relative to metaphyseal width of femoral neck on A/P or lateral (Wilson): 	

Ø Mild 0 to 33%	
Ø Moderate 33 to 50%	
Ø Sever > 50%	





Are you aware of any grading or 
classification system for this condition?	

•  Carney classification. Based on the difference in Southwick angle between the 
involved and uninvolved side: 	

Ø Mild 0 to 30%	
Ø Moderate 30 to 50%	
Ø Sever > 50%	



• The angle is measured on a frog 
lateral view of the bilateral hips.	
•  first line connecting two points at 

the posterior and anterior tips of 
the epiphysis at the physis.	
•  Second line drawn perpendicular 

on the first line	
•  A third line is drawn down the axis 

of femur. 	
• The angle between the 

perpendicular line and the 
femoral shaft line is the angle.	
•   The angle is measured 

bilaterally.	
•   The slipped side is then 

subtracted from the normal side. 	
• The number calculated 

determines the severity.	

South-wick angle  



How would you manage this patient? 	
•  The aim of treatment is to: 	
Ø Prevent further slippage. 	
Ø Allow closure of the physis.	

v Pinning in situ without reduction with a single cannulated screw is the method of 
choice for treatment of SUFE (Tomkmakova concluded that: "Pinning in situ without reduction with a single 
cannulated screw is the method of choice for the treatment of a slipped capital femoral epiphysis) 



How would you manage this patient? 	
•  Technique: 	
Ø Under GA	
Ø forceful reduction is not indicated and increases risk of osteonecrosis, reduction is often obtained 

with positioning. 	
Ø starting point should not be medial to intertrochanteric line - will result in impingement between 

the head of the screw and acetabulum with hip flexion	
Ø screw must start on the anterior surface of the neck in order to cross perpendicular to the physis 

and enter into the central portion of the femoral head 	
Ø minimum of 5 threads should cross the physis. Less than 5 threads associated with 41 % slip 

progression 	
Ø screws should be at least 5mm from subchondral bone in all views	
Ø stable slips are able to bear weight after in situ pinning	
Ø unstable slips are made non-weight bearing	



How would you manage this patient? 	
•  Would you pin the other non-slipped, asymptomatic side? 	
q This remains controversial, current indications for contralateral prophylactic pinning include: 	
Ø Obese male	
Ø Endocrine disorder & renal osteodystrophy  	
Ø Younger age <10 years	
Ø Open triradiate. 	



How would you manage this patient? 	
•  Factors associated with increased risk for AVN: 	
Ø Unstable SUFE	
Ø Forceful reduction 	
Ø Over-reduction of acute slip	
Ø Attempted reduction of chronic slip	
Ø Pin in the posterosuperior femur neck 	
Ø Femoral neck osteotomy 	
Ø In situ fixation with multiple screws(lodar et al)	



How would you manage this patient? 	
•  Factors associated with increased risk for chondrolysis: 	
Ø Unrecognized pin penetration	
Ø Spica cast immobilization	
Ø Sever SUFE	



How would you manage this patient? 	
•  Would you remove the screw? If yes when?: 	
Ø I usually offer my patients removal of the screws and my justification is that this would make future 

hip replacement (if it is needed) more difficult; particularly if the screws heads are fully covered 
with bone. When the physis are closed 	



Extra to read 	
•  Surgical hip dislocation, 

open capital realignment 
and fixation (Modified 
Dunn procedure)	
•  goal	

•  to correct the acute 
proximal femoral 
deformity, protect femoral 
head blood supply and 
stabilize the epiphysis	



•  technique	
•  surgical hip dislocation via Gibson approach (Ganz 

technique)	
•  lateral decubitus position, straight lateral skin incision 

centered over greater trochanter	
•  interval: gluteus maximus gluteus medius	
•  trochanteric flip osteotomy	
•  Z-shaped anterior capsulotomy	
•  visualize slip with prominent metaphysis 	
•  temporarily pin epiphysis with K-wires prior to 

dislocation	
•  bone hook around femoral neck for traction, 

ligamentum teres cut, hip is dislocated	
•  develop retinacular soft tissue flaps	
•  incise periosteum along femoral neck	
•  extend incision distally to level of lesser trochanter, to 

reduce tension on retinacular vessels	
•  bluntly develop periosteal flaps anteriorly and 

posteriorly using periosteal elevator	
•  mobilize epiphysis 	
•  starting anterior, use chisel to free epiphysis entirely 

from metaphysis	
•  epiphysis will remain attached to posterior retinacular 

flap (blood supply) 	
•  debride metaphysis	
•  there will be prominent reactive callus along the 

posterior metaphysis, which needs to be removed to 
permit proper epiphyseal reduction and avoid kinking 
of retinacular vessels  	

•  reduce epiphysis to metaphysis, Fixation with 2-3 
3.0mm K-wires	

•  one antegrade starting from fovea across epiphysis	
•  one to two retrograde across epiphysis	



•  postoperative	
•  touch-down weight bearing for 6 weeks	
•  outcomes	
•  complication rate 37%	
•  AVN rates approaching 26% (comparable to 24% AVN rate for unstable SCFE treated in situ pinning)	
•  steep learning curve 	
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15-months old male 	

•  Describe the radiograph	
•   Tell me about non-accidental injury 

and what are the risk factors? 	
•  What are the features that raise the 

suspicion of NAI?	
•  What are the most common injuries 

in NAI?	
•  What are some conditions 	 that can 

be mistaken for NAI, and how can 
they be detected?	

•  How will you manage the injury and 
the child?	



Describe the radiograph	

•   These are AP & lateral radiograph of a child's lower pelvis and femur showing 
an oblique fracture at the proximal 1/3 of right femoral shaft.	
•   I would like to take a detailed history from the parents or carer, as a fracture of 

the femur in a non-ambulant child raise the suspicion of non-accidental injury 
(NAI)	



Tell me about non-accidental injury and what are 
the risk factors?	

Ø  Non-accidental injury is an injury that caused by a parent or a caregiver. It may 
be difficult to suspect a parent or carer of abuse but we have a duty of care as 
professionals to ensure care and protection of children.  	

Ø Child abuse itself can take different forms (physical, neglect, sexual, emotional, 
Munchausen’s by proxy): most are in combination.	

Ø  It is the second most common cause of death in young children (after trauma). 	
Ø Risk factors include first born, premature babies, stepchildren, family history of 

abuse, and parental IV drug abuse.	



What are the features that raise the suspicion of 
NAI?	

Ø multiple injuries of different ages. 	
Ø Injury is not consistent with history stated or the developmental age of child.  	
Ø Delayed presentation, reluctance to seek help, fear of medical examination.  	
Ø Child is brought to different surgeries/ departments (to avoid detection of repeated injuries). 	
Ø Unexplained denial or aggression. 	
Ø No explanation for the injuries, a story that changes on repetition.	
Ø Bruises at sites where accidental bruising is unusual: face, eyes, ears (bruising around the pinna 

may be subtle), neck and top of shoulder, anterior chest, abdomen. 	
Ø  Petechiae (tiny red or purple spots) not caused by a medical condition – may be due to shaking or 

suffocation. 	



What are the features that raise the suspicion of 
NAI?	

Ø fractures	
•   1. Fractures of different ages	
•  2. skull fractures.	
•  3. Any scapular fracture	
•  4. posterior rib fractures. 	
•  5. Outer end of clavicle. 	
•  6. Digital fractures	
•  7. Metaphyseal corner fractures	
•  8. Bilateral or multiple diaphyseal fracture	
•  9. Transphyseal separation 	



What are the most common injuries in NAI?	

Ø Bruises and skin lesions are the number one injury	
Ø fractures are the second most common injury.	



What are some conditions that can be mistaken for 
NAI, and how can they be detected?	

Ø Osteogenesis imperfecta: blue sclera, poor dentition, family history of multiple 
fractures, biochemical testing 	

Ø Rickets: prematurity, vitamin D deficiency, metabolic and biochemical testing, 
wide physes, bow legs, “rachitic rosary” 	

Ø Kidney disease: history of dialysis, laboratory tests, urinalysis. 	



How will you manage the injury and the child?	

Ø  Firstly it is important to get the child into a safe environment	
Ø Keep patient comfortable with pain medication	
Ø treat the traumatic injuries appropriately in the same way as for an accidental injury, according to 

Advanced Trauma Life Support (ATLS) guidelines and being mindful that there may be other more 
life-threatening injuries (subdural haematoma and ‘shaken baby’ syndrome)	

Ø A detailed history from the parents and examined the child fully from head to toes. 	
Ø I would inform the paediatricians and child medical protection team of my concern about a 

possible NAI and make arrangements for the child to be admitted. 	
Ø Skeletal survey: Anteroposterior (AP) skull. 2.Lateral skull. 3.AP chest. 4.Oblique left ribs. 

5.Oblique right ribs. 6.AP abdomen and pelvis. 7.Lateral spine. .Dorsopalmar both hands. 
9.Dorsoplantar both feet. 10. AP left humerus. 11. AP right humerus. 12. AP left forearm. 13. AP 
right forearm. 14. AP left femur. 15. AP right femur. 16. AP left tibia/fibula. 17. AP right tibia/fibula	



How will you manage the injury and the child?	

Ø  I  would treat this fracture in gallows traction (overhead Bryant skin traction) is useful for 
children younger than 2 years who weigh 10-12 kg for Fracture shaft of femur. Vascular 
compromise is the biggest danger. Check the circulation twice daily. Other complications: 
compartment syndrome-peroneal nerve palsy-skin break down. The buttocks should be just off the 
bed). with a radiograph at 2–3  weeks, to show callus formation, and then gentle mobilization as 
comfort allows. A hip spica is sometimes used. 	
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•  Draw the different layers that the growth plate (physis) consists of and give an example of a 
disease that affects each layer?	

•  How do the longitudinal & circumferential bone growth occur?	
•  What classification do you use for physeal fractures?	
•  What is the significance of this classification?	





�
How do the longitudinal & circumferential bone growth 

occur?�
	

Ø Longitudinal growth occurs by enchondral ossification. 	
Ø Circumferential growth has two mechanism: 	
•  Along the length of diaphysis, appositional ossification within the inner layer of the periosteom 

leads to new bone formation by osteoblasts (intra-membranous ossification). 	
•  Around the physis, the groove of Ranvier contains chondrocytes that responsible for 

circumferential growth	



�
How do the longitudinal & circumferential bone 

growth occur?�

•  Groove of Ranvier is a peripheral wedge-

shaped area of chondrocyte cells that 
supply the reserved zone cells for 
lateral(circumferential) growth 	

•  The perichondrial ring of LaCroix is a 
dense fibrous band that lies outside the 
groove of Ranvier, anchoring the 
epiphysis and metaphysis.		



What is hueter-volkmann’s and delpech’s laws?	

• Hueter-volkmanns: 	
•  Compression across the growth plate slows longitudinal growth 	

• Delpech’s:	
•   tensile forces across the growth plate speeds longitudinal growth 	



�
What classifications do you use for physeal fractures?	

•  The most widely used system today is the Salter–Harris classification:	
Ø Type I physeal separation without fracture through the metaphysis. 5%	
Ø Type II separation of a portion of the physis with the fracture progressing out of the metaphysis. 

75%	
Ø Type III fracture that runs through a portion of the physis and out through the epiphysis. 10%	
Ø Type IV fractures are longitudinal splits through the epiphysis, physis and metaphysis. 10%	
Ø Type V (compression)fractures involve a crush injury of the growth plate and are not evident on 

radiographs at the time of injury. Rare 	







�
What classifications do you use for physeal fractures?	

•  Peterson added another two types: 	
Ø Type VI with metaphyseal fractures extending to the physis 	
Ø Type VII with loss of the physis (VIIa for central and VIIb for peripheral). 	

	





•  Type VI – Injury to the peripheral 
portion of the physis	

•  Type VII – Isolated injury of the 
epiphysis	

•  Type VIII – Isolated injury of the 
metaphysis affecting lateral growth	

•  Type IX – Injury of the periosteum 
affecting lateral growth	

Ogden modification 	



�
What is the significance of this classification?�

	
•  the higher the grade the worse the prognosis. The location of the physeal fracture 

is also an important prognostic factor. irregular physis (such as distal femur and 
distal tibia) have the worst prognosis as the fracture is more likely to affect several 
layers of the physis.	
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•  What can you see?	
•  What is the differential diagnosis?	
•  How do you differentiate between 

these conditions?	
•  How can you confirm the diagnosis?	
•  What are the associated conditions?	
•  How would you treat this child?   	



What can you see? 	
•  This is a clinical picture of a rockerbuttom foot. 	
•  The hindfoot is in equinus, forefoot and midfoot are in extension. 	



What is the differential diagnosis?	
Ø Congenital vertical talus 	
Ø Congenital oblique talus 	
Ø Calcaneovalgus deformity 	



How do you differentiate congenital vertical 
talus from calcaneo-valgus foot? 	

Ø Congenital vertical talus is an irreducible dorsal dislocation of the navicular on 
the talus, characterized by rigid convex plantar surface, hindfoot is in equinus and 
the forefoot in dorsiflexion 	

Ø Oblique talus differs from vertical talus by reduction of the navicular in forced 
plantar flexion	

Ø Calcaneovalgus deformity is a positional deformity, the whole foot is 
hyperdorsiflexed. Hindfoot eversion and dorsiflexion, the dorsum of the foot is 
lying on the anterior tibia. The dorsiflexion deformity is passively correctable.	



How can you confirm the diagnosis? 	
•  forced plantar flexion Lateral view of the foot (the navicular remains dorsally 

dislocated): 	
Ø ↑Mery’s angle: between longitudinal axis of the talus and the 1st MT >20	
Ø Talocalcaneal angle (Turco angle) >50	



•  Meary's angle 	
•  It is the angle between a line drawn along the 

longitudinal axes of the talus and the first 
metatarsal.	

•  In the normal weight bearing foot, the midline axis 
of the talus is in line with the midline axis of the 
first metatarsal. Normally Meary's angle is 0º	
•  angle >4º convex upward: pes cavus	
•  angle >4º convex downward: pes planus	

•  It can also be used to assess the severity of the 
deformity ref required:	
•  mild <15º	
•  moderate: 15-30º 	
•  severe: 30º	

What is mery’s angle?	



• The talocalcaneal angle, (kite angle)	
•  angle between lines down the axis of the 

talus and another line down the axis of the 
calcaneus	

• Normal between 25 and 40 degrees. 	
	





What are the associated conditions? 	
Ø arthrogryposis 	
Ø Neuromuscular diseases (poliomyelitis, CP). 	
Ø Genetics (trisomy 13, 15, 17, 18 and Turner syndrome). 	
Ø Sacral agenesis. 	
Ø Neural tube defects (myelomeningocoele, diastematomyelia). 	
Ø Malformation syndromes (Marfan syndrome, nail patella syndrome, Freeman–Sheldon syndrome). 	

v It’s important to screen the patient for spine pathology and neural tube defects	



How would you treat this child? 	
•  The aims of the treatment are: 	
Ø 1. Reduction of joint dislocation. 	
Ø 2. Maintenance of the joint reduction with restoration of normal foot biomechanics. 	
Ø 3. Identify any associated diseases and treat them (need multidisciplinary input).	
	

•  Initial treatment begins with casting , the foot is held in plantar flexion and 
inversion. Casting helps to stretch the tight dorsolateral soft tissue.	
•  Surgery is usually performed between 12 and 18 months of age	



How would you treat this child? 	
•  Techniques: 	
Ø Cincinnati approach 	
Ø pantalar release with concomitant lengthening of peroneals, Achilles, and toe extensors	
Ø talonavicular joint is reduced and pinned while reconstruction of the plantar calcaneonavicular 

(spring) ligament is performed	
Ø concomitant tibialis anterior transfer to talar neck to prevent talus from plantar flexion	

Ø  Pantalar release means the division of all attached ligaments to the talus bone 	



Cincinnati approach 


• Make a medial incision 8 
to 9 cm long extending 
from the base of 1st 
metatarsal to the TA, 
curving it slightly just 
inferior to the medial 
malleolus.	
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14-year-old girl who complains of 
intermittent discomfort of right 
elbow with limited extension & 
supination	

•  What is the diagnosis?	
•  What are the features of this 

conditions? 	
•  What are the other causes of radial 

head dislocation?	
•  How do you treat this condition? 	



What is the diagnosis? 	
•  The radiograph of the elbow shows a posterior dislocation of the radial head. The 

radial head looks convex. This probably represents a congenital dislocation of the 
radial head 	
•  Congenital anterior dislocation of the radial head is nearly always associated 

with other congenital conditions. 	



What are the features of this condition? 	
Ø almost always posterior dislocation of the radial head	
Ø bilateral involvement	
Ø hypoplastic capitellum	
Ø convex radial head	
Ø relatively short & bowed radius	
Ø other congenital anomalies	
Ø lack of history of trauma	
Ø difficult to reduce	



What are the other causes of radial head 
dislocation?	

Ø Traumatic	
Ø Radioulnar synostosis	
Ø Paralytic: muscles imbalance between the supinators and pronators can result in 

radial head dislocation. 	
Ø Developmental: may occur with diaphyseal aclasia or hereditary multiple 

osteochondromatosis. 	



How do you treat this condition? 	
•  Clinical features 	
Ø Usually pain free	
Ø Little loss of function	
Ø Posterior dislocation usually causes limitation of extension and rotation of the forearm	
Ø Anterior dislocation causes restricted flexion and supination. 	
Ø Associated conditions: arthrogryposis, Ehlers – Danlos syndrome, diphyseal aclasia, nail patella 

syndrome.  	



How do you treat this condition? 	
Ø 1st line of treatment is observation 	
Ø Radial head resection in adults (relieves pain – improve appearance) is indicated when:	
•  significant pain	
•  restricted motion	
•  cosmetic concern of elbow	
v Radial head resection is not recommended in children as proximal migration of the radius and 

inferior radioulnar subluxation can develop as normal growth of the ulna continues. 	
v Open reduction of the radial head with shortening of the radius associated with recurrent 

dislocation. 	
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•  What is the diagnosis? 	
•  What is the etiology of this 

condition? 	
•  How would you treat it?	



What is the diagnosis? 


Ø The	diagnosis	is	a	Sprengel	deformity	on	the	right	
Ø It	is	a	congenital	condi7on	caused	by	failure	of	the	shoulder	to	descend	caudally	during	fetal	
development	which	leads	to	eleva7on	and	medial	rota7on	of	the	inferior	border	of	the	scapula.	
Bilateral	in	10-30%	of	cases.	Associated	with	omovertebral	(connec7on	between	the	medial	angle	
of	the	scapula	and	C-spine)	seen	in	30-50%	of	cases.		

Ø Other	associated	condi7ons:	Klippel-feil	syndrome-congenital	scoliosis	



What is the e/ology of this condi/on? 


Ø Interrup7on	of	the	embryonic	subclavian	blood	supply	at	the	level	of	internal	caro7d	artery		



How would you treat it? 


Ø 1st	line	of	treatment	is	observa7on		
Ø Surgery	is	indicated	in:	sever	cosme7c	concern-	func7onal	deform	(restricted	shoulder	abduc7on	
<100).		

Ø Surgical	correc7on	is	best	performed	between	3	to	8	years	of	age	

Ø Woodward	procedure:	detachment	&	reaNachment	of	the	medial	parascapular	muscles	at	the	
origin	(S.process)	to	allow	the	scapula	to	move	inferiorly		

Ø Green	procedure:	detachment	&	reaNachment	of	the	medial	parascapular	muscles	at	the	inser7on		
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•  What is the differential diagnosis? 	
•   What do you think the underlying diagnosis 

is and what procedure has he had? 	
•  What is LCPD? 	
•  What is the etiology of this condition and 

who gets it?  	
•  How do they present? 	
•  How do you classify this condition?	
•  What factors affect prognosis?	
•  What is the natural history of this condition? 	
•  What are the goals & principles of the 

management of this condition?	
•  How is the bone repositioned in a femoral 

and pelvic osteotomy for LCPD?	
•  What is hinge abduction and how do you 

treat it?	
•  what are the long term sequences of this 

condition?	
•  What are technical difficulties with THA in 

this condition? �
	



 �
What is the differential diagnosis? �

 	
•   Bilateral LCPD is not common and requires skeletal survey and blood tests to 

exclude:	
Ø  1. Hypothyroidism.	
Ø  2. Multiple epiphyseal dysplasia. 	
Ø 3. Spondyloepiphyseal dysplasia. 	
Ø 4. Meyer’s dysplasia. 	
Ø 5. Sickle cell. 	
Ø 6. Gaucher’s disease.	



 �
What is the differential diagnosis? �

 	
•   unilateral involvement:	
Ø  1. Septic arthritis (usually the child is unwell, fever with high inflammatory markers). 	
Ø 2. Sickle cell (history, sickling test, Hb electrophoresis). 	
Ø 3. Eosinophilic granuloma (other lesions particularly in skull, radiological features, biopsy). 	
Ø 4. Transient synovitis.	



 �
What do you think the underlying diagnosis is and what 

procedure has he had? �
 	

•   This is an AP pelvic radiograph of a skeletally immature patient of pelvis, both 
hips and proximal femur showing flattening and deformity of both femoral heads. 
At the top of my list is Legg–Calvé–Perthes disease (LCPD), but other diagnoses 
such as infection need to be excluded.	
•   On the left side this patient has had a shelf procedure, which is a salvage type of 

acetabular procedure. It is an operation that redistributes the weight-bearing load 
of the femoral head through a larger surface area of pelvic cover.      	

	



 �
what is LCPD? �

 	
Ø  It is an idiopathic avascular necrosis of the femoral capital epiphysis in children. 

The cause is unknown. It is thought to be multifactorial.	
Ø  The condition was first described by Waldenstorm, but he attributed it to 

tuberculosis; then it was described more accurately by Arthur Legg (1874– 1939), 
Jacques Calvé (1875–1854) and George Perthes (1869–1927) almost at the same 
time; hence the name Legg–Calvé–Perthes disease (LCPD). 	

Ø  affecting children between 4–9 years old. It is bilateral in about 20% of cases but 
involvement is usually asymmetrical and never simultaneous (in contrast to 
multiple epiphyseal dysplasia).	



 �
�

What is the etiology of this condition and who gets it?  �
�
 	•   The aetiology is unknown; however, several theories have been put forward to 

explain it:	
Ø 1. The anatomical theory: The blood supply to the femoral head changes as the child grows. 

The contribution from the lateral circumflex artery diminishes while that from the medial 
circumflex artery increases. The change over to adult pattern may compromise the blood supply to 
the femoral head leading to ischaemic necrosis.	

Ø 2. Hydrostatic pressure theory. This theory attributes the reduction in blood supply to the 
femoral head due to the increase in the intraosseous venous pressure which has been noticed in 
several cases.	

Ø 3. Thrombophillic theory. There is evidence of association of LCPD with various forms of 
thrombophilia. Thrombophilia reported to be in 50% of cases	



 �
�

What is the etiology of this condition and who gets it?  �
�
 	•   affecting children between 4–9 years old of low socioeconomic class.	

•   Child is often small with delayed bone age by usually 2 years 	
•  It is more common in boys than girls by about 4:1 and it is bilateral in about 20 %  

of cases.   	
•  More in children exposed to second hand smoke.	
•  Higher incidence in Asians, Eskiomos and central Europeans. Low incidence in 

native Americans, Australians and African Americans. 	
•  Associated with ADHD in 33%. 	



 �
�

how do they present?  �
�
 	•   onset is insidious, commonly have a limp and pain in the groin, thigh or knee	

•  Decreased abduction and internal rotation ROM	
•  Flexion & adduction contracture may occur in advanced disease. 	



 �
�

how do you classify this condition?  �
�
 	•    There are many classifications used for Perthes’ disease. Waldenström 

classified it into pathological stages: 	
Ø  Initial(sclerotic/necrotic)stage: It lasts 6–12 months. Ischaemia leads to subchondral bone 

death and necrosis (dead bone looks dense on plain radiograph). There is joint space widening due 
to continuous cartilage growth. Cresent sign can be visible on lateral view. This can be subdivided 
into early (no loss in epiphysis height) or late where there is some loss of epiphyseal height but the 
epiphysis is still in one piece. Radiographic changes appear 6 months after the onset of symptoms. 
Seen in MRI	

Ø  Fragmentation(resorption)stage: In this stage, revascularization has started bringing 
osteoblasts and osteoclasts. The osteoclasts remove dead and necrotic bone causing radiolucent 
fissures among dead fragments. This stage usually lasts from 12–24 months.	



 �
�

how do you classify this condition?  �
�
 	•    There are many classifications used for Perthes’ disease. Waldenström 

classified it into pathological stages: 	
Ø   Reossification(healing)stage: Osteoblasts form new bone which is soft and pliable. It starts 

peripherally and progresses centrally. Last up to 18 months. It is critical to keep the soft head 
within acetabulum for natural moulding in order to maintain its sphericity. If uncontained the soft 
head will be extruded, collapse and lose its sphericity leading to early OA of head and acetabulum. 
This is the basis of containment treatment.	

Ø Remodelling(residual)stage: The head is considered healed when there is no avascular bone 
visible on the radiographs; however it continues to remodel until skeletal maturity. The head 
becomes large (coxa magna) and hard with residual deformity of head according to the shape at 
the end of the fragmentation phase.	



 �
�

how do you classify this condition?  �
�
 	•    Catterall (1971) Based on extent of head involvement at fragmentation phase. 

Catterall advised four stages: 	
	
Ø   Catterall I: 0–25% head involvement. Only anterior epiphysis (therefore seen only on the frog 

lateral film).	

Ø Catterall II: 25–50% head involvement. Anterior and central segments	

Ø Catterall III: 50–75% head involvement. Only the medial portion is spared.	
Ø Catterall IV: the entire epiphysis is involved. 	





 �
�

how do you classify this condition?  �
�
 	•  (Herring) lateral pillar. This is based on the integrity of the lateral pillar on the AP film 

only, at the beginning of the fragmentation phase. The femoral head is divided in to 
medial, central and lateral (Pillar) segments, the central segment is the largest 
representing 50% of the width with the medial and lateral segment representing 20-30% 
each.	

Ø Group A:  Normal height of the lateral one-third of the head is maintained. Fragmentation occurs in 
the central segment of the head.	

Ø Group B : More than 50% of the original lateral pillar height is maintained.	

Ø Group C : Less than 50% of the original lateral pillar height is maintained.	
Ø Group B/C : This group has been added recently to increase the prognostic accuracy of the lateral 

pillar classification. In this group the lateral pillar is exactly 50% of lateral pillar height is maintained.	
v It has the best interobserver agreement. Limitation is that final classification is not possible at initial 

presentation due to the fact that the patient needs to have entered into the fragmentation stage 
radiographically	

	





 �
�

how do you classify this condition?  �
�
 	•  Stulberg classification showed that a lack of sphericity and congruency were both 

predictors for poor outcome. A modified version of the Stulberg classification is 
becoming more popular. It consists of three groups: 	

Ø group A hips (Stulberg I and II) have a spherical femoral head	
Ø group B (Stulberg III) have an ovoid femoral head	
Ø group C (StulbergIV and V) have a flat femoral head.	



 �
�

What factors affect prognosis?�
�
 	Ø Gender. Females have poor prognosis, they mature earlier with less remodelling potential 	

Ø Age. The most important prognostic factor. Children older than 8 years(6 years of bone age) at 
the onset of diagnosis have a guarded prognosis. 	

Ø Obesity. Poor prognostic factor 	

Ø Bilateral involvement.	
Ø Stiffness with progressive loss of ROM 	

Ø Catterall classification. Type III & IV have poor prognosis. 	

Ø Herring classification. Groups B & C have poor prognosis. 	

Ø sphericity of femoral head and congruency at skeletal maturity (Stulberg 
classification)	



 �
�

What factors affect prognosis?�
�
 	Ø Catterall head at risk signs: 	

ü Gage sign: radiolucency in the shape of V in the lateral portion of the epiphysis 
+/- the adjacent metaphysis. 	

ü Calcification lateral to the epiphysis- implies loss of lateral support and head 
extrusion	

ü Lateral subluxation of the femoral head	
ü Horizontal physis	
ü Metaphyseal cyst	



Gage sign 




Metaphyseal cyst 




 �
�

What is the natural history of this condition? �
�
 	•  long-term studies show that most patients do well until fifth or sixth decade of life 

in which secondary OA develops in approximately 1/2 of patients.	
•  In another ward half of the patients will develop secondary OA by the age of 

50-60	



How to know If the joint is congruent or incongruent 
radiologically and clinically?	

• Clinically there will be limitation of the IR with flexion and limitation 
of the abduction with extension 	
•  In radiographs it will have discrepancy between the femur head and 

the acetabulum articulation through out the whole joint.	



 �
�

What are the goals & principles of the management of 
this condition?  �

�
 	•  The goals of treatment : 	

Ø Alleviate symptoms 	
Ø Maintain ROM	
Ø containment of the femoral head in the acetabulum to facilitate healing of the 

femoral head in a spherical shape 	



 �
�

What are the goals & principles of the management of 
this condition?  �

�
 	•  Principles: 	

Ø Group A lateral pillar → no treatment. 	
Ø Group B or B/C in children > 8yaers → better outcomes with surgical treatment 

(femoral or pelvic osteotomy)	
Ø Group B or B/C in children <8 years → good outcomes regardless the treatment.	
Ø Group C → poor prognosis regardless the treatment. 	



 �
�

What are the goals & principles of the management of 
this condition?  �

�
 	Ø For patients with a good prognosis, with containable hips → symptomatic and 

supportive treatment (pain medications-PT-activity restriction)	
Ø literature does not support use of orthotics	
Ø follow up until completion of disease process	



 �
�

How	is the bone repositioned in a femoral and pelvic 
osteotomy for LCPD?�

 	Ø The proximal femur is repositioned in more varus (bending the distal fragment to 
the midline). The goal is to place the anterior and lateral portions of the epiphysis 
(extruded segment) within the acetabulum to promote healing in a spherical 
shape. 	

Ø Drawbacks: Varus osteotomies are associated with 	
Ø shortening of the limb, 	
Ø decreased mechanical advantage of the abductor muscles resulting in abductor insufficiency 

and a limp	



 �
�

How	is the bone repositioned in a femoral and pelvic 
osteotomy for LCPD?�

 	Ø In pelvic osteotomy The bone is repositioned to provide more anterior and lateral  
coverage of the femoral head. Early in the disease process, when head is 
contained, this is can be  achieved by a Salter innominate osteotomy, which 
redirects the acetabulum to provide greater anterior and lateral coverage with 
articular cartilage.	

Ø  shelf or Chiari osteotomies are also considered when the femoral head is no 
longer containable. Some authors have favoured a shelf arthroplasty, which 
augments the acetabulum, and places extra bone anteriorly and laterally. The 
capsular tissue undergoes metaplasia, resulting in the formation of fibrocartilage, 
which is less durable when compared with hyaline cartilage. In Chiari osteotomy, 
the acetabulum is displaced medially, improving the coverage, and perhaps 
reducing the joint reaction forces.	

	



 �
�

What is hinge abduction and how do you treat it?�
 	

Ø Lateral extrusion of the femoral head resulting in impingement of the femoral 
head on the edge of the acetabulum with abduction	

Ø Treated with valgus-extension proximal femoral osteotomy. 	
	





 �
�

what are the long term sequences of this condition?�
�
 	Ø Enlargement of the femoral head (Coxa magna). Flattening of the femoral head 

(Coxa plana) → The mushroom femoral head	
Ø Damage of the femoral physis that result in shortening and widening of the 

femoral neck (Coxa breva)	
Ø Hinge abduction 	
Ø Coxa vara	
Ø Degenerative disease. 	
	





4A: coxa breva and mushroom shaped femoral head. 4B: Coxa magna  �
4C: The sagging rope sign is visible on a plain radiograph of the hip or pelvis. It describes the thin sclerotic line 
that crosses the femoral neck and resembles a hanging or sagging rope that is suspended on both ends. This sign 
indicates a late stage of Perthes disease. 	



 What are technical difficulties with THA in this 
condition? 	

Ø Anteverted femoral neck may lead to component malpositioning and increased 
risk of dislocation or proximal femur fracture. 	

Ø A previous femoral osteotomy may cause difficulties in reaming the femoral canal. 	
Ø Increased risk of HO if prior hip surgery has been performed. 	
Ø Distorted anatomy 	
	



Viva 8	



•  What can you see?	
•  How would you treat it?	
•  6-months later the patient presented 

with this radiograph. How are you 
going to treat it?	



What can you see?	
Ø The radiograph shows a fracture of the medial proximal tibial metaphysis, also 

called Cozen fracture. 	
Ø It heals reliably but often progress to a valgus deformity. 	
Ø The valgus deformity seen with Cozen fractures is secondary to an increase in 

metaphyseal growth medially.	



How would you treat it?	
Ø  I would manage this patient by taking a full history and perform clinical 

examination. 	
Ø I would warn the parents about the risk of later deformity. This may result from 

asymmetrical growth stimulation of the proximal tibial physis following the injury. 	
Ø It would be best managed in a long-leg straight cast in extension with varus 

moulding. cast is maintained for 6-8 weeks and followed with serial radiographs. 	





6-months later the patient presented with this 
radiograph. How are you going to treat it?	

Ø  the radiograph shows valgus deformity, I will treat it with observation for 12 to 
24 months as they almost always spontaneously correct over time.  	

Ø if deformity fails to resolve → 	
Ø medial hemi-epiphysiodesis in skeletally immature patient	
Ø corrective osteotomy in skeletally mature patient. 	
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A 3-year-old presents with a 24-hour 
history of limping and progressive 
inability to bear weight. The parents 
recount no history of trauma, but note 
that he recently had an upper respiratory 
infection	
•  Outline the initial steps in investigating 

and managing this child.	
•  Should x-rays be obtained to evaluate for 

septic arthritis? 	

•  ESR 57, CRP 44, WBC 11.1. what 
information is provided by these results? 
What is the supporting evidence from the 
literature? 	

•  What are the next steps in your 
management of this child? describe 
exactly you would do	

•  What potential complications would you 
discuss with the parents? 	



�
Outline the initial steps in investigating and managing 

this child. �
	

•  This is a clinical picture of a child holding the left lower extremity in an flexed, abducted and 
externally rotated position. This scenario mandates a high index of suspicious for septic arthritis	

•   My clinical assessment would start with a detailed history from the parents.  On examination I 
would make an assessment of whether the child was well or unwell, and request a temperature 
measurement and vital signs. I would assess the resting posture and range of motion of the hips. I 
would also examine the whole lower limb, chest, abdomen, and spine. 	

•  Urgent blood test (inflammatory markers- blood cultures) should be sent	
•  I would also request pelvis X-ray	
•  Antibiotics should ideally be withheld until microbiological have been obtained	



 
Should x-rays be obtained to evaluate for sep/c 

arthri/s?  



•  Yes,	x-rays	of	the	symptoma7c	joint	should	be	obtained	in	a	pa7ent	being	evaluated	for	sep7c	
arthri7s.	They	can	help	narrow	the	differen7al	diagnosis	as	it	may	reveal	fractures		or	bone	lesions	
that	are	sources	of	joint	pain.	Radiographs	can	also	increase	your	suspicion	for	sep7c	arthri7s	if	a	
joint	effusion,	increased	joint	space,	localized	soW-7ssue	swelling,	or	evidence	of	osteomyeli7s	is	
present.	However,	a	normal	x-ray	does	not	rule	out	sep7c	arthri7s	(or	an	occult	fracture).		



 
ESR 57, CRP 44, WBC 11.1. what informa/on is provided by these 

results? What is the suppor/ng evidence from the literature?  
  



•  Kocher’s	landmark	paper	(JBJS-Am,1999)	set	out	four	criteria	based	on	a	retrospec7ve	review	that	
used	in	the	differen7a7on	between	sep7c	arthri7s	and	transient	synovi7s	in	a	child	presen7ng	
with	a	hip	pain:	

Ø Inability	to	weight	bear	on	the	affected	limb	

Ø Fever	>	38.5	
Ø ESR	>40	
Ø WBC>12	

•  Based	on	the	number	of	these	criteria	that	are	met,	the	likelihood	of	underlying	sep7c	arthri7s	can	
be	predicted	

•  In	this	case	3	of	4	criteria	are	met,	sugges7ng	a	93%	likelilhood	of	hip	sepsis	





 
What are the next steps in your management of this child? describe 

exactly you would do 



•  The	safest	interven7on	in	this	case	would	be	to	proceed	directly	to	open	surgical	
drainage	to	avoid	destruc7on	of	the	ar7cular	surface	by	ly7c	enzymes	from	both	
bacteria	and	neutrophils	(within	8	hours).	This	is	should	be	undertaken	via	an	
anterior	approach	(Smith-Peterson)	approach.	An	incision	in	the	groin	area,	the	
approach	u7lises	the	internervous	plane	between	the	femoral	and	superior	
gluteal	nerves.	Superficial	dissec7on	between	the	Sartorius	and	tensor	fascia	lata,	
at	which	point	the	ascending	branch	of	lateral	femoral	circumflex	artery	must	be	
iden7fied	and	ligated.	The	dissec7on	then	con7nues	in	the	same	plane	between	
the	rectus	femoris	and	the	gluteus	medius,	the	straight	and	the	reflected	heads	of	
the	rectus	are	detached	from	the	AIIS	and	from	the	front	of	the	capsule.	Once	the	
joint	capsule	is	opened,	fluid	should	be	taken	and	sent	for	microbiological	analysis	
and	C/S.	copious	lavage	should	be	undertaken,	using	normal	saline.	The	capsule	
should	then	be	closed	and	the	wound	repaired	in	layers.	There	is	no	evidence	to	
support	leaving	a	drain.	



 
What are the next steps in your management of this child? describe 

exactly you would do 



•  Following	surgery,	empirical	an7bio7cs	should	con7nue	un7l	culture	results	are	
available,	at	which	point	the	an7bio7c	can	be	adjusted	as	required	depending	on	
C/S.	clinical	and	haematological	parameters	should	be	closely	monitored	to	
assess	the	need	for	further	wash	out.	The	child	should	be	allow	to	weight	bear	as	
tolerated.		



 
What poten/al complica/ons would you discuss with the parents?  




•  The	parents	should	be	warned	about	the	standard	risks	of	surgical	arthrotomy:		
Ø Anaesthesia	related	complica7ons	
Ø Scarring		
Ø Nerve/vessel	injury	(ascending	branch	of	lateral	femoral	circumflex	artery-	lateral	cutaneous	nerve	of	
the	thigh)	

Ø Recurrent/residual	infec7on	requiring	repeat	washout		
Ø Progression	to	osteomyeli7s	

•  Long	term	complica7ons:		
Ø Mild	coxa	magna	
Ø Deformity	of	the	epiphysis-physis-metaphysis	
Ø Malalignment	of	the	femoral	neck	(excessive	anteversion	or	retroversion)	
Ø Complete	destruc7on	of	the	femoral	head	and	neck	



 
What are the different ways bacteria can enter the joint? 

 



•  Bacteria	gain	access	to	the	joint	via	hematogenous	dissemina7on,	by	local	spread	
of	disease	(e.g.,	osteomyeli7s),	or	via	direct	inocula7on	from	trauma	or	surgery.	
The	metaphysis	is	intra-ar7cular	in	the	proximal	radius,	proximal	humerus,	
proximal	femur,	and	distal	fibula.	As	a	result,	direct	spread	from	a	metaphyseal	
osteomyeli7s	is	a	higher	risk	at	the	elbow,	shoulder,	hip,	and	ankle.	In	these	
joints,	bacteria	may	directly	invade	the	joint	from	the	metaphysis	in	children	up	to	
12–18	months	of	age	aWer	which	the	paNern	of	circula7on	changes	and	the	
physis	forms	a	more	effec7ve	barrier	to	spread.		



 
What factors increase a pa/ent’s risk for developing sep/c arthri/s? 




•  Young	age	
•  prior	trauma	to	the	joint	
•  systemic	diseases	affec7ng	the	joint	(e.g.,	rheumatoid	arthri7s,	hemophilia)	
•  immunocompromised	states	all	increase	suscep7bility	to	sep7c	arthri7s.		
•  Prematurity		
•  Ceserian	sec7on.		



 
 

What organism is most commonly implicated in sep/c arthri/s in 
neonates? In children less than 2 years old? In children greater than 2 

years old?  
 

•  Staphylococcus	aureus	is	the	most	common	pathogen	of	sep7c	arthri7s	in	all	of	

these	age	groups.	Haemophilus	influenza	has	been	a	common	cause	of	sep7c	
arthri7s	in	children	less	than	2	years	old,	but	the	H.	influenza	type	B	vaccine	has	
decreased	the	incidence	of	H.	influenza-related	sep7c	arthri7s.	Neisseria	
gonorrhoeae	is	a	common	cause	in	adolescents.		



 
 

What is the difference in the synovial fluid analysis between infec/on 
and non-infec/ous condi/ons? 

 





 
 

What landmarks are used to aspirate an ankle? A knee? A hip? 
 



•  For	an	ankle	aspira7on,	insert	the	needle	approximately	1	cm	anterior	to	the	
lateral	malleolus	at	the	level	of	the	joint	line	just	lateral	to	the	extensor	digitorum	
longus.	For	a	knee	aspira7on,	insert	the	needle	laterally	at	the	level	of	the	
superior	pole	of	the	patella.	Alterna7vely,	with	the	knee	flexed	30–40°,	the	needle	
can	be	inserted	medial	or	lateral		to	the	patellar	tendon	at	the	level	of	the	joint	
line.	A	hip	aspira7on	should	be	performed	under	ultrasound	or	fluoroscopic	
guidance.	The	needle	can	be	inserted	anteriorly	(1	inch	lateral	and	distal	to	the	
inguinal	ligament),	medially	(inferior	to	the	adductor	longus	tendon),	or	laterally	
(inferior	and	anterior	to	the	greater	trochanter).		
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This 12-year-old boy is about to 
undergo an opera:on because of 
progressive valgus of the le= elbow 
and early symptoms of ulnar neuri:s 

•  What	is	the	condi-on	and	what	opera-on	

would	you	undertake?	



 
What is the condi/on and what opera/on would 

you undertake? 

•  The	clinical	photograph	shows	valgus	deformity	of	the	leW	elbow,	and	the	

radiograph	shows	non-union	of	lateral	condyle	of	leW	humerus.		
•  Delay	in	diagnosis	and	treatment	of	lateral	condylar	fractures	may	result	in	a	
nonunion.	Cubitus	valgus	may	develop	secondary	to	the	fracture	nonunion.	As	the	
deformity	progresses,	a	tardy	ulnar	nerve	palsy	may	develop.	However,	if	no	
symptoms	are	present	and	non-union	is	the	isolated	issue,	observa7on	is	the	
recommended	treatment.	If	the	non-union	is	evident	within	the	first	6	to	12	
months,	treated	with	bone	graWing	and	fixa7on		
•  In	cases	of	valgus	deformity	with	Tardy	ulnar	nerve	palsy	→		supracondylar	
closing-wedge	osteotomy	with	transposi7on	of	the	ulnar	nerve.	



Viva 11




•  What	is	sign?		

•  What	is		the	e-ology	of	Duchenne	
muscular	dystrophy?	Becker’s?	How	are	
they	diagnosed?		

•  What	are	the	treatment	goals	of	DMD?	

•  What	are	the	treatment	principles	of	
scoliosis	in	DMD?	



What is sign?  



•  This	a	clinical	picture	of	Gower	sign,	which	indicates	weakness	of	the	proximal	
muscles	of	the	lower	limbs.	The	sign	describes	a	pa7ent	that	has	to	use	their	
hands	and	arms	to	"walk"	up	their	own	body	from	a	squapng	posi7on	due	to	lack	
of	hip	and	thigh	muscle	strength.	
• William	Richard	Gowers	1845-1915.	Neurologist,	London,	UK.	



 
 

What is the e/ology of Duchenne muscular 
dystrophy? Becker’s? How are they diagnosed?  

 



•  Duchenne	muscular	dystrophy	(DMD)	is	neuromuscular	disorder	characterized	by	
progressive	muscle	weakness	which	is	most	pronounced	in	proximal	muscle	groups.	
Affec7ng	young	males	between	2-6	years.	Pa7ents	typically	have	delayed	walking,	
waddling	gait	or	toe	walking	gait,	Gower	sign.	Pa7ents	have	normal	deep	tendon	
reflexes,	and	typically	have	pseudohypertrophy	of	the	calf	muscles.	Muscle	7ssue	is	
gradually	replaced	by	fibrous	7ssue.	The	pa7ents	usually	have	decreasing	ambula7on	by	
age	6-8	years,	transi7on	to	wheelchair	about	12	years,	progressive	scoliosis	and	
respiratory	illness,	cardiac	failure	and	death	toward	end	of	second	decade.	Duchenne	and	
Becker’s	muscular	dystrophy	are	both	X-linked	recessive.	Duchenne	muscular	dystrophy	is	
associated	with	an	absent	dystrophin	protein	and	is	more	severe	than	Becker’s	which	is	
associated	with	an	abnormal	dystrophin	late	onset(aWer	7)	and	markedly	elevated	CPK	
(crea7ne	phosphokinase,	an	enzyme	found	in	the	heart,	brain	and	skeletal	muscles).	These	
diseases	were	tradi7onally	diagnosed	by	muscle	biopsy;	however,	there	are	now	
laboratory	tests	which	allow	the	diagnosis	to	be	established.		



 
 

What is the e/ology of Duchenne muscular 
dystrophy? Becker’s? How are they diagnosed?  

 



•  Dystrophin	is	a	rod-shaped	cytoplasmic	protein,	and	a	vital	part	of	a	protein	
complex	that	connects	the	cytoskeleton	of	a	muscle	fibre	to	the	surrounding	
extracellular	matrix	through	the	cell	membrane	



 
 

what are the treatment goals for DMD? 
 

•  The	prognosis	for	Duchenne	muscular	dystrophy	is	poor	and	most	pa7ents	

succumb	to	the	disease	in	the	3rd	decade	due	to	respiratory	problems.	Pa7ents	
usually	lose	the	ability	to	ambulate	in	late	childhood,		
•  treatment	with	steroids	has	been	shown	to	prolong	ambula7on,	delay	the	
development	of	scoliosis	and	slow	the	deteriora7on	of	FVC.	Nighpme	ven7la7on	
significantly	prolongs	the	survival	
•  All	children	will	require	bracing	(ankle–foot	orthosis)	for	ambula7on,	and	in	some	
cases,	tendon	lengthening	and	transfers	are	performed	with	the	goal	of	
prolonging	ambula7on.	Flexion	and	abduc7on	contractures	at	the	hip	may	be	
treated	by	soW-7ssue	release	in	the	rare	case	that	these	interfere	with	sipng	or	
wheelchair	use.	Progressive	and	rigid	equinovarus	deformi7es	may	require	soW-
7ssue	releases	to	facilitate	shoe	wear	



 
What are the treatment principles of scoliosis in 

DMD? 

•  Scoliosis	is	seen	in	more	than	90%	of	pa7ents,	and	the	natural	history	is	rapid	

progression	with	a	nega7ve	impact	on	sipng	balance	and	pulmonary	func7on.	As	
a	result,	an	instrumented	posterior	spinal	fusion	is	offered	as	soon	as	progression	
is	documented,	typically	when	curvatures	are	in	the	range	of	20–30°	and	before	
deteriora7on	of	FVC	to	<35.	The	procedure	is	much	safer	from	a	medical	
perspec7ve	when	done	early,	before	the	predictable	decline	in	cardiopulmonary	
func7on	has	been	observed.	
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•  Describe the photograph	
•  What is the etiology of this condition?	
•  What are the associated conditions? 	
•  How do you classify this condition?	

•  How would you manage this child 	



Describe the photograph 	
•  This is a clinical photograph showing the classic features of bilateral club feet 

deformity which is consisting of hindfoot equinus and varus, midfoot cavus 
deformity and forefoot adduction. 	
•  It’s more common in males. 	
•  50% of cases are bilateral. 	



What is etiology of this condition?	
•  The cause in the majority of cases is unknown (idiopathic).A few theories have 

been introduced to explain the aetiology: 	
•  1. The neuropathic theory. Biopsies were taken from the posteromedial and peroneal muscle 

groups in 60 patients mostly under the age of 5 years. Evidence of neurogenic disease was seen in 
most instances and was more obvious in the older patients. 	

•  2. The myopathic theory. A histochemical analysis was made of 103 muscle biopsies taken from 62 
patients with idiopathic club feet. The authors noticed the muscles in patients aged under 6 months 
contained 61% Type 1 fibres in the affected legs, compared with 44.3% in normal legs. 	

•  3. genetic component.	



What is etiology of this condition?	
•  4. Congenital constriction of the annular band. 	
•  5. Viral infection. 	
•  6. Mechanical moulding theory. 	



What are the associated conditions?	
•  Although less common than idiopathic, there are identifiable causes for club feet 

which need to be excluded. These include the following: 	
Ø 1. Neurological causes: spina bifida (myelomeningocoele), polio, cerebral palsy. 	
Ø 2. Sacral agenesis. 	
Ø 3. Fetal alcohol syndrome. 	
Ø 4. Congenital myopathy.	
Ø 5. Down syndrome. 	
Ø 6. Arthrogryposis. 	
Ø 7. Diastrophic dysplasia. 	
Ø 8.Tibial hemimelia	



How do you classify this condition? 	
•  Pirani scoring system, based on the severity of clinical findings and correctability of the 

deformity It composed of two main scores, 	
•  midfoot contracture score	
•  hindfoot contracture score	

•  Combined to give maximum total score of 6. 	
•  (the higher the score the more the deformity) Each of these scores is made up of three 

separate components which are graded as 0, 0.5, or 1.	
•   The individual components of the deformity assessed are:	

•   severity of medial crease, 	
•  coverage of the lateral head of talus, 	
•  curvature of the lateral border	

•   rigidity of equinus, 	
•  severity of the posterior crease	
•  degree of emptiness of heel.     	

	





What are the components of the deformity in 
club foot?	

• Midfoot Cavus (tight intrinsics, FHL, FDL)	
• Forefoot Adductus of forefoot (tight tibialis posterior)	
• Hindfoot Varus (tight tendoachilles, tibialis posterior, tibialis anterior)	
• Hindfoot Equinus (tight tendoachilles)	



How would you manage this child	
•  Having established the diagnosis of idiopathic club feet, my management is serial casting 

by the Ponseti method (has 90% success rate to avoid further surgical release). The treatment should be 
started as early as possible; serial casting weekly for up to 3 months. Sequence of deformity 
corrections (CAVE): 	

Ø Cavus is corrected first by supination of the forefoot via dorsiflexion of the 1st MT (supination of the forefoot 
will make the foot look worse after the 1st cast, so I have to warn the parents)	

Ø Adductus and varus are simultaneously corrected by abducting the foot at midfoot level using the uncovered 
head of the talus laterally as a fulcrum. Above-knee casts with the knee at 90° (to prevent cast falling off and 
control tibia rotation)  are applied with moulding into the corrected position and then each week the old cast 
is removed, the foot is scored and then subsequent casts are applied. Foot supination is slowly decreased 
during each casting. 	

Ø The midfoot usually corrects well after four or five casts. If there is residual equinus (or less than 20 °  of 
dorsiflexion) of the hindfoot then this can be addressed by performing an Achilles tenotomy under a local or 
general anaesthetic before the last cast applied. 	



How would you manage this child	
Ø  A final cast is applied for a further 3  weeks while the tenotomy heals. 	
Ø  Babies then go into Denis Browne boots with a bar (23 hours a day for 3 months then just at night 

and naptime until the age of 5 years).	
Ø   This holds the affected foot externally rotated at about 70°. 40°  to the normal side.	
Ø However, approximately 25%   will require a tibialis anterior transfer laterally( prefered is the lateral cuniform, 

followed by cuboid) for residual (dynamic supination)inversion in swing after the age of about 4–5 years. 	
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•  Name this device and describe the 
different parts and their functions? 	



�
Name this device and describe the different parts and 

their functions? �
	

•  the picture shows Denis-Brown Boots brace which consists of open-toe high-top 
straight-last shoes attached to a bar. The bar should be of sufficient length so that 
the heels of the shoes are at shoulder width. This can be adjusted using the sliding 
clamp in the middle. The end of the bar should be bent 5–10° to hold the feet in 
dorsiflexion.	
•  It is used after initial correction of clubfoot deformity with Ponseti casting	
•  For unilateral cases, the brace is set at 60–70° of external rotation on the clubfoot 

side and 30–40° of external rotation on the normal side. In bilateral cases, it is set 
at 70° of external rotation on each side. 	
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•   What is this condition , how would you 
manage it and what is the likely outcome?	



•  There is a calcaneovalgus deformity due to congenital postero-medial bowing of 
the tibia and fibula, result from intrauterine positioning. The condition should be 
treated by gentle stretching and simple splintage during infancy. The bowing will 
correct spontaneously during childhood it will rarely resolve completely. 	
•  Must monitor for LLD.	
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•  Describe	the	radiograph	

•  Are	you	aware	about	any	classifica-on	for	
this	condi-on?		

•  What	are	the	principles	of	management	
of	this	condi-on?	



Describe the radiograph


•  This	is	an	A/P	radiograph	showing	lateral	bowing	of	the	7bia	with	
pseudoarthrosis,	there	is	tapering	of	the	7bia	at	the	defec7ve	site.		
•  50%	of	pa7ents	with	anterolateral	bowing	have	neurofibromatosis.		
•  10%	of	pa7ents	with	neurofibromatosis	have	anterolateral	bowing.		



Are you aware about any classifica/on for this 
condi/on? 


v Boyd	&	Crowford	classifica7on	
Ø Type	I:	anterolateral	bowing	with	increased	cor7cal	density,	narrow	but	normal	medullary	canal.		

Ø Type	IIA:	anterolateral	bowing	with	widened	medullary	canal.		

Ø Type	IIB:	anterolateral	bowing	with	cys7c	lesion	before	fracture.		
Ø Type	IIC:	frank	pseudoarthrosis	with	tapering	of	the	7bia	at	the	defec7ve	site.		



What are the principles of management of this 
condi/on?


•  The	primary	goal	of	treatment	is	preven7on	of	pseudoarthrosis	
Ø Total	contact	brace	
•  In	case	of	pseudoarthrosis,	all	treatment	op7ons	have	limited	access:		
Ø Intramedullary	rod	and	bone	graWing		

Ø Circular	fixator	with	bone	transport	
Ø Vascularized	fibular	graW	
•  Amputa7on	is	indicated	for	persistent	pseudoarthrosis	
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•  What	is	the	diagnosis?	

•  What	are	the	associated	abnormali-es	of	
this	condi-on?		

•  Any	classifica-on	for	this	condi-on?	

•  What	are	the	principles	of	treatment	?		



What is the diagnosis? 


•  This	is	a	radiograph	of	leW	lower	limb	of	skeletally	immature	child,	showing	
anteromedial	bowing	of	the	7bia	with	en7re	absence	of		fibula.	Known	as	fibular	
hemimelia.		
•  It	is	the	most	common	long	bone	deficiency		



What are the associated abnormali/es of this 
condi/on?  


Ø Shortening	of	the	femur	or	7bia	
Ø Genuvalgum	deformity	from	lateral	femoral	condyle	hypoplasia.		
Ø Cruciate	ligament	deficiency		
Ø Anteromedial	bowing	of	the	7bia	
Ø Ball	and	socket	ankle.		
Ø Equinovalgus	foot	deformity		
Ø Tarsal	coali7on	
Ø Absence	of	lateral	rays	



Any classifica/on for this condi/on?


v Johnson	classifica2on:	
Ø Type	I:	Shortened	fibula	with	Ia:	normal	foot.	Ib:	equinovalgus	deformity		
Ø Type	II:	complete	absence	of	the	fibula	with	foot	deformity		
Ø Type	III:	bilateral		



What are the principles of treatment ? 


•  Depends	on	the	func7onal	status	of	the	foot	and	LLD	
Ø Nonfunc7on	al	foot	→	amputa7on	(Syme	or	Boyd)	

Ø Func7onal	foot	+	LLD	<5cm	or	<10%	→	lengthening		

Ø Func7onal	foot	+	LLD	5	to	10cm	or	10	to	30%	→	lengthening	or	amputa7on		
Ø Func7onal	foot	+	LLD	>30%	→	amputa7on		
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•  What	is	the	diagnosis?	

•  Are	you	aware	about	any	classifica-on	
system	for	this	condi-on?	

•  Treatment	principles	?		



What is the diagnosis? 


•  this	a	radiograph	of	both	LL	of	skeletally	immature	child	showing	shortened	
femur.	The	proximal	parts	(head	and	trochanter)	are	visible;	features	consistent	
with	PFFD.		
•  It	is	spectrum	of	femoral	hypoplasia	includes	congenital	short	femur	to	complete	
absence	of	the	proximal	femur	
•  It	is	associated	with	ACL	deficiency-fibular	deficiency		



Are you aware about any classifica/on system 
for this condi/on?




Treatment principles


•  Non-opera7ve	(extension	prosthesis)	→	in	bilateral		
•  Lengthening	→	predicted	LLD	at	maturity	<20cm	with	stable	hip	and	func7onal	
foot	
•  Knee	arthrodesis	with	abla7on	of	the	foot	→	foot	on	the	affected	side	is	at	the	
level	of	contralateral	knee	or	higher	with	non-func7onal	foot.		
•  Van	Ness	rota7onplasty	→	foot	on	the	affected	side	is	at	the	level	of	contralateral	
knee	or	higher	with	stable	func7onal	ankle.		
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•  What	can	you	see?	

•  What	are	the	causes	of	bowing?		

•  So	how	can	you	tell	whether	the	bowing	
is	physiological	or	pathological?	

•  What	is	Blount’s	disease?	

•  Outline	the	radiographic	measurements	
of	alignment	and	angles	used	in	lower	
limb	angular	deformity?	

•  Are	you	aware	of	any	classifica-on	
system	of	this	condi-on?	

•  What	are	the	principles	of	treatment?					



What can you see?


•  The	photograph	show	bilateral	genu	varum.	It	is	important	to	know	the	age	of	the	
child,	as	varus	is	physiological	before	the	age	of	two	and	is	definitely	pathological	
aWer	three.	



What are the causes bowing? 




So how can you tell whether the bowing is physiological 
or pathological?


•  In	most	cases,	history,	examina7on	and	appropriate	inves7ga7ons	are	adequate	
to	differen7ate	between	pathological	and	physiological	bowing.	However,	
some7mes	it	is	not	possible	to	be	certain	whether	it	is	physiological	or	
pathological	and	follow-up	becomes	necessary.		
•  Genu	varum	is	more	likely	to	be	pathological	if	it	is:		
Ø 1.	Present	aWer	2	years.		
Ø 2.	Unilateral	or	with	asymmetry		
Ø 3.	Associated	with	shortening	of	the	limb	LLD	(or	stature).		
Ø 4.	Severe	(beyond	2	SD	of	the	mean	as	per	Salenius	chart;	SD	=	8°).		
Ø 5.	In	a	child	with	obesity.	
Ø 6.progressive	deformity	
Ø 7.apex	at	the	proximal	7bia	or	lateral	thrust.		



So how can you tell whether the bowing is physiological 
or pathological?


•  Genu	valgus	is	more	likely	to	be	pathological	if	it	is:		
Ø 1.	Severe	(intermalleolar	distance	>10	cm	at	10	years	or	>15	cm	at	5	years).		

Ø 2.	Unilateral.	



What is Blount’s disease?


•  It’s	a	developmental	disorder	that	characterized	by	disordered	growth	of	the	
medial	aspect	of	proximal	7bia	physis	resul7ng	in	progressive	LL	deformity.		
•  	There	are	two	recognized	types:	1.	Infan7le	(0–3).	2.	late	(juvenile	4-10.	
adolescent	>10	years).	
•  In	infan7le	7bia	vara,	pa7ents	generally	start	to	walk	early	(9–10	months);	it	is	
more	severe,	more	prevalent	in	females,	blacks,	and	those	with	marked	obesity.	It	
is	bilateral	in	approximately	80%	of	cases.	The	deformity	is	painless.		
•  In	the	adolescent	type,	pa7ents	complain	of	pain	at	the	medial	aspect	of	the	
knee.	These	pa7ents	are	overweight	and	involvement	is	unilateral	in	80%	of	cases	
with	LLD.	



Outline the radiographic measurements of alignment 
and angles used in lower limb angular deformity? 


Ø 1)	Mechanical	axis	of	limb:	a	line	drawn	from	the	centre	of	femoral	head	to	centre	of	ankle	
should	pass	through	the	centre	of	knee	(usually	about	8mm	medial	to	the	centre)	

Ø 2)	Tibio-femoral	angle:	the	angle	between	longitudinal	axis	of	femur	&	7bia	(should	be	within	
the	normal	range	presented	by	Salenius)	

Ø 3)	Metaphyseal	diaphyseal	angle	(Drennan):	the	angle	between	a	transverse	line	
connec7ng	the	metaphyseal	beak	and	a	line	perpendicular	to	the	longitudinal	axis	of	the	7bia.	
<10°	→	95%	chance	of	resolu7on.	>16°	→	95%	chance	of	progression.		

Ø 4)	Epiphyseal-metaphyseal	angle	(EMA):	the	angle	between	a	line	through	the	proximal	
7bia	physis	and	a	line	connec7ng	the	base	of	the	epiphyseal	ossifical	centre	to	the	most	distal	
point	on	the	medial	beak	of	proximal	7bial	metaphysis.	EMA	>	20°	→	greater	risk	of	developing	
blount	



Outline the radiographic measurements of alignment 
and angles used in lower limb angular deformity? 


Ø 5)	mLDFA	(85-90)	
Ø 6)	mMPTA	(85-90)	
Ø 7)	mLDTA	(86-92)	





Are you aware of any classifica/on system of this 
condi/on?   


v Langenskiold	classifica2on	of	Blount’s	disease	
Ø Medial	metaphyseal	beaking		
Ø Medial	epiphyseal	wedging		
Ø Medial	epiphyseal	irregularity		
Ø Epiphyseal	filling	of	metaphyseal	depression	
Ø Double	epiphyseal	plate		
Ø Medial	physeal	closure	



What are the principles of treatment?    


v Infan2le		
Ø Non-opera7ve	treatment	with	KAFO	→	indicated	in	stage	I&II.	Must	be	con7nued	
un7l	resolu7on	of	bony	changes	(2	years)	

Ø Proximal	7bia/fibula	valgus	osteotomy	→	indicated	in	>	stage	II-	failure	of	non-
opera7ve	management.	Technique:		

ü Performed	below	7bia	tubercle.		

ü Overcorrect	into	10-15	degree	because	the	medial	physeal	growth	abnormali7es	persist	
ü The	distal	fragment	is	fixed	in	slight	valgus,	lateral	transla7on	and	external	rota7on	with	pins	

ü Anterior	compartment	fasciotomy	to	decrease	the	risk	of	post-op	compartment	syndrome	



What are the principles of treatment?    


v Adolescent		
Ø Non-opera7ve	treatment	with	→	poor	outcomes	
Ø Lateral	7bia/fibula	Epiphysiodesis→	indicated	mild	to	moderate	cases	
Ø Proximal	7bia/fibula	osteotomy	in	sever	cases	
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•  Describe the chart?	



•  This is Salenius curve (1975). Described the development of tibiofemoral angle 
during growth. 	
•   The average child is born with genu varum of 15° which decreases through 

infancy. 	
•  The legs are straight at some point in the second year then go into progressive 

valgus reaching maximum valgus of average 10° at around 3–4 years of age. 	
•  Valgus then gradually decreases reaching the adult value (5° of valgus) at around 

8 years of age. 	
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�
 This 2 1/2-year-old girl is 

referred to your clinic 
with a limp. 	

•  Describe the radiograph	
•  What is the etiology of this condition?	
•  What is the Pathoanatomy of this 

condition?	

•  How is this condition detected on exam? 	
•  How would you treat a child with this 

condition?   	
•  What are different types of femoral & 

pelvic osteotomy? 	



Describe the radiograph	
•   This is an AP pelvic radiograph of a skeletally immature child showing a 

dislocated left hip and dysplastic acetabulum noted by increased acetabular index. 
Asymmetric appearance of femoral nucleus. Shenton’s line is broken and the 
femoral head lies lateral and superior to the inferio-medial quadrant (made by the 
intersection of Perkin’s and Hilgenreiner’s lines) with absence of the tear drop. 	
•  Features are suggestive of DDH which is the most common disorder of the hip in 

children.	
•   It describes a spectrum of pathologic conditions involving the developing hip, 

ranging from acetabular dysplasia to hip subluxation to irreducible hip 
dislocation. 	



What is the etiology of this condition? 	
•  The exact cause is largely unknown but is thought to be multifactorial. These include 

(6Fs): 	
Ø 1. First baby (the uterus is tighter and less elastic-less room for baby motion). 	
Ø 2. Female (lax ligament due to maternal hormones). 	
Ø 3. Family history (may be genetic predisposition. No parent involvement + one affected child → 6%. 

One parent involved + no sibling involved →12%. Parent and sibling involved →36% ). 	
Ø 4. Fetal malposition (breech presentation with knee in extended position). 	
Ø 5. Fetal packaging disorders (oligohydramnios, twins, neck torticollis, cong knee dislocation, 

metatarsus adductus ). 	
Ø 6. LeFt side (60% left hip, 20% right and 20% both). May be related to the fetal position.	
v Family history and breech presentation are probably the most important factors	



What is the Pathoanatomy of this condition?  	
Ø The hip slides in & out → deforming of fibrocartilaginous rim → inverted labrum 

(neolimbus). Rose horn sign. 	
Ø Fibrofatty tissue fills the acetabulum → prevent reduction. 	
Ø Ligamentum teres becomes hypertrophied. 	
Ø Transverse ligament becomes hypertrophied. 	
Ø The iliopsoas is pulled across the isthmus of the capsule → hourglass appearance. 	



How is this condition detected on exam? 	
•  The clinical presentation varies with age: 	
Ø In the neonatal period: Ortolani and Barlow tests are very important in the early weeks of 

life but their value becomes less as the child gets older.	
Ø  Ortolani test identifies a dislocated hip that can be reduced. By flexing the infant’s hip and knee to 

90°, the thigh is then gently abducted with the middle finger over the greater trochanter to feel for 
the reduction of the dislocated head as it comes from the dislocated position to the socket. With 
time, it becomes more difficult to reduce the femoral head into the acetabulum, and the Ortolani 
test becomes negative. 	

Ø The Barlow manoeuvre attempts to dislocate a hip that is reduced; the hip is flexed and adducted, 
and posterior pressure is exerted in an attempt to push the hip out of joint. A Barlow positive 
involves feeling the femoral head clunk out of the acetabulum. Barlow test is rarely positive after 
10 weeks.	

	





How is this condition detected on exam? 	
•  The clinical presentation varies with age: 	
Ø In infants older than 6 months: limitation of motion(mainly abduction) and apparent LLD 

and asymmetrical skin folds 	

Ø In walking child: in addition to the above findings- lumbar lordosis-pelvic obliquity-
trendelenberg gait- Galeazzi test +ve only in unilateral cases	

	





How would you treat a child with this 
condition?     	

Ø I would take a full history and examine the child. There may be risk factors for 
developmental dysplasia of the hip (DDH) including positive family history and/or 
decreased intrauterine space [first born, breech, oligohydramnios (associated 
packaging problems)]. More importantly I would be looking to see if there were 
any underlying neuromuscular conditions such as spina bifida, arthrogryphosis, 
or cerebral palsy. 	

Ø Examination may reveal a Trendelenberg gait, leg length discrepancy, fixed flexion 
deformity as well as reduced abduction of the left hip, which is the most consistent 
and reliable clinical sign of this condition. Barlow & Ortoani in neonates.   	

Ø  I would fully explain the condition and the future prognosis. 	



How would you treat a child with this 
condition?     	

•  The principles of treating DDH are: (goals)	
Ø 1. Achieve a concentric reduction. 	
Ø 2. Maintain stability in the concentric reduction. 	
Ø 3. Promote normal growth and development of the hip. 	
Ø 4. Minimize complications.	



How would you treat a child with this 
condition?     	

•  Treatment based on:	
Ø the age of the child	
Ø stability of the hip 	
Ø the severity of acetabular dysplasia: 	



How would you treat a child with this 
condition?     	

•  < 6months:	
Ø Pavlik Harness	

Ø Contraindicated for teratologic hip dislocation and spastic hips 	



How would you treat a child with this 
condition?     	

•   6- 18 months: and failure of Pavlik Harness	
Ø Closed reduction 	
Ø Performed under GA	
Ø Adductor tenotomy  frequently is necessary 	
Ø Hip arthrography is used intraoperatively to confirm the adequacy of reduction 

(through adductor approach into empty acetabulum-look for rose thorn and hourglass signs)	

Ø The safe zones should be established. (hip abduction should be <60° to minimize the risk of 
AVN. Hip flexion 90 to 100°)	

Ø A spica is applied with maintained reduction. (The reduction is confirmed by CT. cast 
is continued for 3 months with cast change at 6 weeks)	



How would you treat a child with this 
condition?     	

•   >18 months:	
Ø Open reduction( and cast application if failed closed reduction in 6-18 months)	
Ø Femoral osteotomy ( best in children < 4 years)	
Ø Pelvic osteotomy. used more commonly in older children > 4 years	



How would you treat a child with this 
condition?     	

•  Medial approach 	
Ø Position: supine, the affected hip flexed, abducted and externally rotated. 	
Ø Landmarks: adductor longus – pubic tubercle. 	
Ø Incision: longitudinal incision starting 3cm below the pubic tubercle, runs down 

over the adductor longus. 	
Ø Superficial dissection: not a true internervous plane between the adductor longus 

and gracillis which are both innervated by anterior division of obturator nerve. 	
Ø Deep dissection: between adductor brevis (supplied by anterior division of 

obturator nerve) and adductor magnus (supplied by posterior division of 
obturator nerve and tibial part of sciatic nerve) 	



How would you treat a child with this 
condition?     	

•  Medial approach 	
Ø Pros: allow direct access to medial structures blocking reduction – avoids 

splitting of iliac crest apophysis – avoids damage to hip abductors – less invasive. 	
Ø Cons: pelvic osteotomy not possible – higher risk of ON(osteonecrosis) – longer 

duration of cast immobilization	
•  Anterior approach 	
Ø Pros: pelvic osteotomy is possible – lower risk of ON – short duration of spica 

casting. 	
Ø Cons: potential blood loss – LFCN injury 	



What are the obstacles to a concentric reduction?	

•  Intra-articular:	
Ø Contacted joint capsule	
Ø Pulvinar (fibrofatty tissue fills the acetabulum)	
Ø Inverted labrum ( labrum enhances the depth of the acetabulum by 20% to 50% and 

contributes to the growth of the acetabular rim, in the older infant with DDH the labrum may be 
inverted and may mechanically block concentric reduction of the hip)	

Ø Inverted limbus (abnormal fibrous tissue due to abnormal pressure of the migrated head)	

Ø Hypertrophied ligamentum teres & transverse acetabular ligament. 	



What are the obstacles to a concentric reduction?	

•  Extra-articular:	
Ø Tight ilioPsoas tendon	
Ø Tight adductor muscles 	



Radiological features 	

• Center edge angle of 
werberg:	
•   angle formed between 

Perkins line and a line 
down the lateral lip of 
acetabulum through the 
center of the femur head 
normal if more than 10 
for children 6-13	

• Acetabulum index in 
newborn is around 30 at 
6 months around 25 and 
at age of 2 years should 
be less than 20 	



What is von rosen view?	

• Both hips abducted and internal rotated with extension of the hip 
radiograph	
• Normally a line along with the femur shaft should intersect the 

acetabulum in DDH it passes above the acetabulum rim 	



What are different types of femoral & pelvic 
osteotomy? 	

•  Femoral osteotomy: varus derotational osteotomy	
Ø It provides shortening (to decrease pressure on the femoral head and decrease the 

risk of osteonecrosis) derotation (external rotation to address the excessive 
femoral anteversion) and varus (to contain the head in the acetabulum to promote normal 
growth of the acetabulum). 	



What are different types of femoral & pelvic 
osteotomy? 	

•  Pelvic osteotomy:	
Ø Reconstructive osteotomies: redirect or reshape the roof of acetabulum with its 

normal hyaline cartilage into a more appropriate weight bearing position. A 
prerequisite to a reconstructive pelvic osteotomy is a hip that can be reduced 
concentrically and congruently. The hip must be near-normal ROM. 	

•  Redirectional osteotomies include: Salter (single innominate), Steel (triple innominate), Ganz 
(periacetabular)	

•  Reshaping: Pemberton and Dega	



What are different types of femoral & pelvic 
osteotomy? 	

•  Salter osteotomy:	
Ø Triradiate cartilage must be open, single cut above the acetabulum through the ilium to sciatic 

notch. The entire acetabulum with pubis and the ilium is rotated as one unit anteriorly and 
laterally. It hinges on symphysis pubis. Pros: less demanding. Cons: needs fixation, needs another 
surgery for removal	



What are different types of femoral & pelvic 
osteotomy? 	

•  Steel osteotomy:	
Ø For adolescents and mature. Salter osteotomy + additional cuts in Sup & Inf pubic rami. Pros: 

better coverage-better stability. Cons: difficult to perform-distorts the pelvis so normal birth is 
impossible	



What are different types of femoral & pelvic 
osteotomy? 	

•  Ganz (periacetabular) osteotomy:	
Ø Triplaner osteotomy for adolescents and adults	



What are different types of femoral & pelvic 
osteotomy? 	

•  Pemberton osteotomy:	
Ø Cuts both the inner and the outer tables of ilium  and hinges on the triradiate cartilage. 	

•  Dega osteotomy: 	
Ø Preserves the inner table of pelvis. It also preserve the entire cortex of sciatic notch. Preferred in 

patients with neuromuscular disease with posterior acetabular deficiency . Triradiate must be 
open, hinges on triradiate	





What are different types of femoral & pelvic 
osteotomy? 	

•  Pelvic osteotomy:	
Ø Salvage osteotomies: indicated in adolescents with severe dysplasia. Weight 

bearing coverage is increased by using the joint capsule between the femoral head 
and the bone above it. These osteotomies rely on fibrocartilaginous metaplasia of 
the interposed joint capsule to provide an increased articulating surface 	

Ø Shelf and chiari osteotomies 	
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This is an Ultrasound of a 
newborn infant’s hip�
�
	
•  Label the areas marked 1 to 5	
•  What is the role of U/S in DDH?	
•  What are the anatomical landmarks 

of normal infant hips in ultrasound ?	
•  Are you aware of any classification 

system based on U/S?	



�
Label the areas marked 1 to 5�

	
Ø 1 = Ilium	
Ø 2 = Femoral head 	
Ø  3 = Triradiate cartilage	
Ø 4 = Labrum 	
Ø  5 = Ischium 	





�
what is the role of U/S in DDH? �

	
Ø Ultrasound is the preferred imaging modality in DDH during the first few months 

of life	
Ø evaluates for acetabular dysplasia and/or hip dislocation.	
Ø It should be delayed until age 4 to 6 weeks because of the poor specificity in the 

initial newborn period. 	
Ø can be used to perform a static examination of the hips to assess anatomy, and a 

dynamic examination to assess stability.  	
Ø It has 90% sensitivity & specificity.	



�
what are the anatomical landmarks of normal 

infant hips in ultrasound ?�
	Ø 1. Chondro-osseous junction. 	

Ø 2. Femoral head. 	
Ø 3. Synovial fold. 	
Ø 4. Joint capsule. 	
Ø 5. Labrum. 	
Ø 6. Cartilage part of the roof. This is pliable and can be deformed with dislocation. 

Labrum and the cartilage part of the roof are sometimes collectively called 
limbus. 	

Ø 7. Bony part of the roof. 	
Ø 8. Bony rim (or the turning point between concavity and convexity of the roof). 	
Ø 9. Ilium.	







Are you aware of any classification system 
based on U/S?	

v Graf classification	
Ø Based on the angle between the bony roof line and the baseline is the alpha angle 

(a) whereas the angle between the cartilage roof line and the baseline is the beta 
angle (b). Importantly, notice that the bigger the alpha angle and the smaller the 
beta angle the better the hip is (within limits). 	

Ø Based on the above, Graf classified infant hips into several types (this has been 
updated on several occasions)	
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•  Name the device	
•  What are the indications for Pavlik 

Harness?	
•  What are the components of Palvik 

Harness? 	
•  Explain, how can you use it in the 

treatment of DDH?	
•  What is Pavlik Harness disease? 	



What are the indications for Pavlik Harness?	
•  DDH	
•  Femoral fractures in children < 6 months 	



What are the components of Pavlik Harness?	



What are the components of Pavlik Harness?	

• The harness has shoulder and leg straps. The anterior leg straps are 
to keep the hip flexion more than 90°. 	
• while the posterior leg straps are to keep hip abduction in the safe 

zone( 30 -60 abduction ramsey safe zone)	



Explain, how can you use it in the treatment 
of DDH?	

Ø DDH may be treated in a Pavlik harness in patients up to 6 months of age. The 
hips should be flexed to 100° with mild abduction safe zone (two to three fingers 
breadths between knees are flexed and adducted). Excessive flexion → femoral nerve 
palsy. Excessive abduction → osteonecrosis (due to impingement of posterior-superior 
retinacular branch medial circumflex artery) 	

Ø The child is kept in the harness until ultrasound parameters normalize, and is then 
weaned out of the harness over a period of weeks( the harness is worn for 24 hours for the 
first month, then US examination is repeated at around 3-4 weeks to check the stability if the hip is reduced 
and stable then allow the baby of harness for 1-2 hours for 2 weeks followed by 3-4 hours for another 2 weeks 
during this period follow up the maturation of the acetabulum dysplasia with US if the hip is stable and 
maintained then harness is worn for additional 1 month only at night) 	

Ø Total period of harness is around 3 months 	



What is Pavlik Harness disease? 	
•  It describes the condition when the femoral head sits up against the edge of the 

acetabulum, worsens the acetabular dysplasia and prevents the development of the 
posterolateral wall of the acetabulum	
•  Pavlik Harness treatment should be discontinued if dislocated hip doesn’t relocate 

within 3-4 weeks. 	
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•  What	is	the	diagnosis?	

•  What	are	the	characteris-c	features	and	
the	associated	condi-ons?	

•  How	does	it	differ	from	
pseudochondroplasia?	

•  What	are	the	features	of	Diastrophic	
dysplasia?			

•  What	are	the	features	of	Cleidocranial	
dysplasia?	



What is the diagnosis?


•  Based	on	the	clinical	photo	shown,	the	pa7ent	has	rhizomelic	dwarfism	and	
frontal	bossing.	The	most	common	cause	of	this	is	achondroplasia.	
Achondronplasia	results	from	a	muta7on	in	the	FGFR3	gene.	This	leads	to	
abnormal	chondroid	produc7on	in	the	zone	of	prolifera7on	of	the	physis.		
•  Autosomal	dominant	disorder,	most	common	cause	of	dispropor-onate	dwarfism	
•  They	have	reduced	growth	of	long	bones,	sparing	the	flat	bones	



What are the characteris/c features and the 
associated condi/ons?


Ø Dysmorphic	facial	features	(Frontal	bossing-	midface	hypoplasia)	
Ø spine	findings	(foramen	magnum	stenosis,	thoracolumbar	kyphosis,	spinal	stenosis,	decreasing	
interpedicular	distance	from	L1	to	L5)	

Ø Rhizomelic	dispropor7onate	dwarfism	(normal	sipng	height	with	reduced	standing	height,	
because	of	normal	trunk	and	shortening	of	the	proximal	limb	segments,	e.g:	humerus	&	femur)	

Ø pelvic	findings	(champagne	glass	pelvis	with	squared	iliac	wings)	–	horizontal	acetabulii	
Ø Extremi7es:	Bowed	legs	(Coxa	valga	and	Genu	varum)-	Radial	head	subluxa7on-		trident	
hands	(inability	to	approximate	extended	middle	and	ring	finger)-	Hypotonia	

Ø Life	expectancy	&	intelligence	are	unaffected		





How does it differ from 
pseudochondroplasia? 


Ø Pseudochondroplasia	is	an	autosomal	dominant	condi7on	that	is	clinically	similar	
to	achondroplasia,	caused	by	a	defect	in	the	car7lage	oligomeric	matrix	protein	
(COMP)	on	chromosome	19,	in	the	reserve	zone,	differs	from	achondroplasia	by		

ü normal	facies	on	physical	exam	

ü mul7ple	joint	deformi7es	
ü severe	early	dysplasia	of	the	hips	
ü associated	with	cervical	instability	due	to	odontoid	hypoplasia		
ü absence	of	spinal	stenosis	



What are the features of Diastrophic 
dysplasia?  


Ø Autosomal	recessive,	caused	by	failure	of	forma7on	of	the	secondary	ossifica7on,	due	to	
muta7on	in	DTDST	gene	(Detec7ve	sulfate	transporter	protein)	in	reserve	zone	
characterized	by:		

ü rhizomelic	shortening	
ü cleW	palate	(60%)	
ü cauliflower	ears	(80%)		
ü hitchhikers	thumb			
ü thoracolumbar	scoliosis	
ü severe	cervical	kyphosis		
ü hip	and	knee	contractures	
ü skewfoot	(serpen7ne	or	Z	foot)	
ü rigid	clubfeet	(equinocavovarus)	





What are the features of Cleidocranial 
dysplasia?


Ø Autosomal	dominant,	RUNX2	muta7on	(transcrip7on	factor	which	regulate	
osteoblas7c	differen7a7on),	defect	in	intermembranous	ossifica7on		
characterized	by:		

ü Propor7onate		
ü short	stature,	delayed	closure	of	cranial	fontanel	
ü Wormian	bones	

ü frontal	bossing	
ü absent	clavicles	
ü wide	pubic	symphysis	

ü shortened	middle	phalanges	of	3-5	fingers	
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•  What	are	the	different	types	of	obstetric	
brachial	plexopathy?		

•  What	are	the	factors	that	determine	the	
prognosis?	

•  What	are	the	principles	of	treatment?		



What are the different types of obstetric 
brachial plexopathy? 


•  It	is	usually	a	stretching	injury	from	a	difficult	vaginal	delivery.		
•  Types:		
Ø Erb's	Palsy	(upper	trunk	C5-6).	Most	common	type		
Ø Klumpke's	Palsy	(lower	trunk	C8-T1)	
Ø Total	plexus	injury		
•  internal	rota7on	contracture	of	the	shoulder	is	the	most	common	
problem	requiring	treatment	in	children	with	incomplete	brachial	
plexus	palsy	recovery	



What are the different types of obstetric 
brachial plexopathy? 


•  90%	of	cases	will	resolve	without	interven-on.		
• Almost	all	children	that	have	regained	elbow	flexion	by	3	months,	will	
have	complete	recovery	by	18	months	of	age	without	interven-on.		



Erb's Palsy (C5,6) - Upper 
Lesion 

• Mechanism:	results	from	excessive	abduc-on	of	
head	away	from	shoulder,	producing	trac-on	on	
plexus.		
•  Prognosis:	the	best	prognosis	for	spontaneous	
recovery	
•  Physical	exam:	(“waiter’s	-p”)		
Ø adducted,	internally	rotated	shoulder.		
Ø pronated	forearm.		
Ø extended	elbow	
	



Erb's Palsy (C5,6) - Upper Lesion 


• C5	deficiency:	
Ø Suprascapular	nerve	(supraspinatus-infraspinatus).		
Ø Axillary	nerve	(deltoid-teres	minor)	
Ø Musculocutaneous	nerve(biceps)	
• C6	deficiency:		
Ø Radial	nerve	(brachioradialis-supinator	weakness)	



Klumpke's Palsy (C8,T1) - Lower lesion


• Mechanism:	usually	arm	presenta-on	with	subsequent	trac-on/
abduc-on	from	trunk.	
• Prognosis:	poor	prognosis	for	spontaneous	recovery.	frequently	
associated	with	a	preganglionic	injury	and	Horner's	Syndrome	
• Physical	exam:	deficit	of	all	of	the	small	muscles	of	the	hand	(ulnar	
and	median	nerves).	Claw	hand	

Ø wrist	in	extreme	extension	because	of	the	unopposed	wrist	extensors	
Ø hyperextension	of	MCP	due	to	loss	of	hand	intrinsics	
Ø flexion	of	IP	joints	due	to	loss	of	hand	intrinsics	



What are the factors that determine the 
prognosis?


•  Favourable	
Ø Erb's	Palsy	
Ø Return	of	biceps	func-on	by	2	months	
•  Poor	
Ø lack	of	biceps	func-on	by	3	months	
Ø preganglionic	injuries	(worst	prognosis)	
Ø Horner's	syndrome	(ptosis,	miosis,	anhydrosis)	
Ø Klumpke's	Palsy	
Ø The	Moro	reflex	is	elicited	by	dropping	a	baby's	head	a	short	distance	and	
observing	ac-ve	elbow	extension	and	fanning	of	the	fingers,	followed	by	elbow	
flexion	and	crying.	Absence	of	the	Moro	reflex	suggests	a	poor	prognosis.	



What are the principles of treatment? 


v Observa=on	&	daily	passive	exercises	by	parents	
• first	line	of	treatment	for	most	obstetric	brachial	plexopathies	
•  In	case	of	elbow	flexion	contracture	>>	serial	night	-me	extension	
splin-ng	if	<	40	degrees.	Serial	extension	cas-ng	if	>	40	degrees.		
•  If	this	fails,	next	step	is	MRI	to	evaluate	the	glenohumeral	joint	



What are the principles of treatment? 


v Early	surgical	interven=on	(microsurgical	nerve	repair	or	nerve	
graCing)	
•  Indicated	in:		
Ø complete	flail	arm	at	1	month	of	age	
Ø Horner's	syndrome	at	1	month	of	age	
Ø lack	of	an-gravity	biceps	func-on	between	3-6	months	of	age	



What are the principles of treatment? 


v Early	surgical	interven=on	(neuro=za=on	(nerve	transfer)	fascicular	
nerve	transfer)	
•  Indicated	in	pre-ganglionic	obstetric	brachial	plexus	palsies	at	3	months	of	
age.		
•  Signs	of	pre-ganglionic	lesions	(root	avulsion)	include:	winged	scapula	(long	
thoracic	nerve),	absent	rhomboid	(dorsal	scapular	nerve),	rotator	cuff	
(suprascapular	nerve)	and	la-ssimus	dorsi	(thoracodorsal	nerve)	func-on,	
Horner's	syndrome	(sympathe-c	chain)	and	elevated	hemidiaphragm	
(phrenic	nerve).	
•  Donor	nerves:	sural-intercostal-spinal	accessory-phrenic-cervical	plexus-
contralateral	C7-hypoglossal	



What are the principles of treatment? 


v Late	surgery		
• posterior	glenohumeral	disloca-on	with	minimal	glenoid	deformity	
>>	open	reduc=on	and	capsulorrhaphy	
• posterior	glenohumeral	disloca-on	with	no	glenoid	present	>>	
proximal	humeral	derota=on	osteotomy.		
• persistent	external	rota-on	and	abduc-on	weakness,	internal	
rota-on	contractures	>>	la=ssimus	dorsi	and	teres	major	transfer	to	
rotator	cuff	



What are the principles of treatment? 


v Late	surgery		
•  Internal	rota-on	contractures	in	older	children>	5	yrs	>>	
proximal	humeral	derota=on	osteotomy	
•  supina-on	contractures	with	intact	forearm	passive	prona-on>>	
biceps	tendon	transfers.		
•  supina-on	contractures	with	limited	forearm	passive	prona-on	>>	
forearm	osteotomy	(radius	+/-	ulna)	+/-	biceps	tendon	transfer	



What are the principles of treatment? 


v Late	surgery		
•  Elbow	contracture>>	Anterior	capsular	release,	biceps/brachialis	
tendon	lengthening.		
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• A	10-year-old	child	comes	to	your	office	in	a	wheelchair,	and	he	has	a	
history	of	anoxia	as	an	infant.	
•  You	no-ce	that	the	child	has	total	body	involvement.	His	mother	
states	that	the	child	is	unable	to	ambulate	and	is	incon-nent.	He	has	
never	been	able	to	sit	independently.	He	is	fed	through	a	gastrostomy	
tube.	His	arms	are	in	a	flexion	posture	at	the	elbow	and	wrist.	The	
child	can	look	at	you	and	is	interac-ve.	
•  The	mother	is	curious	about	what	types	of	problems	she	should	
expect	from	an	orthopedic	standpoint,	and	what	can	be	done	about	
them.	



• What	is	the	defini-on	of	cerebral	palsy?	
• What	are	the	different	types	of	neurologic	disorders	observed	in	CP?	
• What	is	the	geographic	classifica-on	in	CP?	
• What	is	the	classifica-on	system	for	func-on	that	is	commonly	used	for	
pa-ents	with	CP?	
• What	are	some	non-orthopedic	surgical	treatment	op-ons	for	spas-c	CP?	
•  Describe	the	spine	problems	encountered	in	CP.	
•  Describe	the	hip	problems	encountered	in	CP.	
• What	are	the	stages	of	hip	instability	in	CP	and	how	are	they	typically	
measured?	What	is	the	treatment?	
• What	are	the	two	most	common	foot	deformi-es	in	CP?	How	are	they	
treated?	
•  How	would	you	evaluate	a	pa-ent	with	CP?		
	



What is the defini:on of cerebral palsy? 


• Cerebral	palsy	(CP)	is	a	sta7c,	non-progressive	upper	motor	neuron	
disease	due	to	an	injury	to	immature	brain	with	an	onset	prior	to	2	
years	that	results	in	a	progressive	musculoskeletal	manifesta7ons.		



What are the different types of neurologic 
disorders observed in CP? 


•  The	physiologic	classifica-on	of	CP	,	depends	on	the	loca-on	of	brain	
injury	
•  	Spas2city	(“pyramidal”	involvement)	describes	an	increase	in	muscle	tone	
which	varies	with	the	rate	of	stretching	and	may	lead	to	the	development	and	
progression	of	musculoskeletal	deformi-es.	The	most	common	type	
•  Extrapyramidal	involvement,	which	is	oien	related	to	damage	to	the	basal	
ganglia	and	cerebellum:	
•  	Athetosis	represents	slow,	writhing	movements	which	can	be	observed	in	the	
fingers,	resul-ng	from	damage	to	the	basal	ganglia.	
•  	Ataxic	is	characterized	by	wide-based	gait,	and	difficulty	with	coordina-on,	
typically	due	to	problems	with	the	cerebellum	or	spinocerebellar	system.		

• Mixed	contains	elements	of	the	above	findins.	



What is the geographic classifica:on in CP? 



• Quadriplegic:	Total	body	involvement,	wheelchair	bound	

• Diplegic:	Lower	extremi-es	involved	more	than	upper	extremi-es,	

cogni-vely	usually	closer	to	normal	

• Hemiplegic:	Arms	more	than	legs	on	one	side	of	the	body	

•  Triplegic:	Both	legs	and	one	arm.	



What is the classifica:on system for func:on that 
is commonly used for pa:ents with CP? 


•  The	Gross	Motor	Func7on	Classifica7on	system	is	the	most	commonly	used	
for	ages	6	–	12	years.	The	defini-on	of	each	level	varies	by	the	age	of	the	
child.	There	are	five	levels	ranked	from	1	to	5	with	higher	levels	
represen-ng	higher	levels	of	neurologic	involvement	and	disability.	At	
maturity,	GMCS	5	children	are	totally	dependent	for	mobility,	even	with	a	
power	wheelchair.	GMCS	4	children	are	generally	able	to	independently	
locomote	with	a	power	wheelchair.	GMCS	3	children	are	able	to	ambulate	
with	a	device	short	distances,	and	can	oien	maneuver	a	manual	
wheelchair	independently.	They	may	require	transport	for	long	distances	
or	uneven	surfaces.	GMCS	2	children	are	able	to	ambulate	without	a	
device,	though	they	may	require	assistance	or	a	rail	for	steps.	They	may	
have	trouble	in	crowds	or	uneven	surfaces.	GMCS	1	children	are	essen-ally	
normal	children,	though	they	have	difficulty	with	coordina-on,	speed,	and	
balance.	





What are some non-orthopedic surgical 
treatment op:ons for spas:c CP?


• Physical	therapy:		commonly	used	in	CP	to	promote	neuromuscular	

development,	to	treat	or	prevent	muscle	contractures,	and	to	strengthen	

muscles.	

• Occupa=onal	therapy:	addresses	fine	motor	func-on,	ADLs,	self	dressing,	self	

feeding.	

•  Speech	therapy:	in	pa-ents	with	bulbar	involvement		



What are some non-orthopedic surgical 
treatment op:ons for spas:c CP?


•  Splin=ng	or	serial	cas=ng	to	improve	and	prevent	spas-city	and	contractures	

Ø Supramalleolar	orthosis:	used	to	control	coronal	plane	deformi-es	of	the	foot	&	ankle	

(prona-on	&	supina-on).	Do	not	address	saginal	plane	deformity	(equinus	&	calcaneus)	

Ø AFOs:	solid	AFOs:	control	equinus	and	calcaneus	deformity.	Hinged	AFOs:	used	to	allow	

dorsiflexion	while	preven-ng	equinus	during	gait.	Floor	reac-on	AFOs:	cause	knee	

extension	to	improve	crouched	gait	secondary	to	ankle	plantar	flexion	weakness.	

Ø KAFOs:	stabilize	the	knee,	useful	for	maintaining	knee	posi-on	in	children	who	walk	very	

limited	distances	or	only	stand	



v An=spas=city	medica=ons	
• Botulinum	toxin	A	(Botox)	results	in	a	reversible	denerva-on	at	the	
neuromuscular	junc-on	by	compe--vely	inhibi-ng	acetylcholine	at	
presynap-c	receptors.	Useful	in	dynamic	spas-city	not	for	fixed	
contractures.	It	can	be	considered	a	temporizing	measure	to	delay	
surgery	when	the	child	is	too	young	for	surgery.	The	effects	last	for	3–8	
months	aier	which	reinnerva-on	is	observed.	
• Oral	Baclofen	(GABA	agonist)	may	reduce	muscle	tone,	but	the	dosages	
required	will	oien	result	in	seda-on	which	may	interfere	with	daily	
ac-vi-es	and	school.	In	non-ambulators,	an	intrathecal	baclofen	pump	
may	be	implanted	to	reduce	spas-city,	without	the	side	effect	of	
seda-on.	



• An=spas=city	medica=ons	
•  Intrathecal	baclofen	preferred	to	avoid	cogni-ve	impairment	seen	with	
oral	administra-on,	may	unmask	muscle	weakness	and	have	a	nega-ve	
impact	on	ambula-on.	Used	in	non-ambulatory	pa-ents	with	moderate	
to	severe	spa-city	
• Rhizotomy	involves	selec-ve	or	nonselec-ve	resec-on	of	posterior	
sensory	rootlets,	resul-ng	in	a	permanent	reduc-on	in	spas-city.	The	
indica-ons	for	this	procedure	are	narrow,	and	it	is	typically	performed	in	
diplegic	children	(4–8	years)	who	have	adequate	underlying	muscle	
strength,	adequate	selec-ve	motor	control,	and	minimal	soi--ssue	
contractures	or	bony	deformi-es.	Rhizotomy	has	been	unsuccessful	in	
non-ambulatory	pa7ents	and	those	with	extrapyramidal	disease.	



Describe the spine problems encountered in CP. 

•  Scoliosis.	Characterized	by:	
•  Encountered	more	commonly	in	non-ambulatory	pa-ents	with	quadriplegic	CP,	and	
results	from	global	weakness	of	the	trunk,	oien	associated	with	asymmetric	
spas-city.	

•  Once	curves	progress	beyond	40–60°,	they	will	con-nue	to	progress	even	aier	
skeletal	maturity,	resul-ng	in	loss	of	siXng	balance	and	hinderance	of	pulmonary	
and	gastrointes-nal	func-on.		

•  These	curves	are	usually	in	the	thoracolumbar	or	lumbar	region,	and	are	associated	
with	pelvic	obliquity.		

•  Bracing	can	help	to	achieve	posi-onal	curve	control,	and	may	slow	down	
progression,	but	will	not	alter	the	natural	history	of	scoliosis.		

•  Spinal	fusion	from	the	upper	thoracic	spine	(T2)	to	the	pelvis	with	segmental	
instrumenta-on	is	most	commonly	performed.	While	the	risks	are	significant,	
especially	infec-on	and	medical	complica-ons,	the	majority	of	pa-ents	benefit	with	
regards	to	quality	of	life	



Describe the hip problems encountered in CP.

•  Neuromuscular	hip	dysplasia	:persistent	spas-city	and	muscle	imbalance,	as	
the	muscles	of	flexion	and	adduc-on	overpower	the	muscles	of	extension	and	
abduc-on	èadduc=on	contracture	èthe	femoral	head	is	gradually	displaced	
laterally	and	proximallyèprogressive	dysplasia	of	the	acetabulum,	which	is	
typically	deficient	globally	or	posterolaterally	èComplete	disloca-on	(50%	of	
cases)	è	50%	of	which	may	become	chronically	painful.	Subluxa-on	is	
uncommon	in	ambulatory	pa-ents.	
•  Abnormali-es	in	proximal	femoral	morphology	include:	

•  	Persistent	fetal	anteversion	(normally	40°	at	birth	and	remodels	to	15°	in	adults)	and	
some-mes	a	proximal	femoral	valgus	deformity.		

•  Coxa	valga:	The	neck	shai	angle	is	normally	135°,	but	in	pa-ents	with	cerebral	palsy	it	
ranges	from	normal	to	150°	or	more	of	valgus.	The	neck-shai	angle	may	be	difficult	to	
assess	on	standard	images	due	to	the	excessive	anteversion,	so	either	an	anteroposterior	
radiograph	in	maximum	internal	rota-on	or	an	exam	under	fluoroscopy	at	the	-me	of	
surgery,	is	required	to	obtain	a	true	anteroposterior	view.	



What are the stages of hip instability in CP and how 
are they typically measured? What is the treatment?

•  Pa-ents	progress	from	normally	stable	hips	to	a	hip	at	risk,	which	may	be	
defined	clinically	as	less	than	45°	of	passive	abduc-on	assessed	with	the	hips	in	
full	extension	and	defined	radiographically	as	an	increase	in	the	Reimer’s	
migra-on	percentage	(uncovering	of	the	femoral	head	by	the	acetabulum)	
beyond	approximately	30%.		
•  Treatment:	Preven-ve	soi--ssue	releases	are	considered	in	pa-ents	with	these	
at	risk	signs,	and	the	best	results	are	achieved	in	pa-ents	with	lesser	overall	
degrees	of	neurologic	involvement	and	no	subluxa-on	on	radiographs.	The	soi	
-ssue	release	involves	the	adductor	longus,	the	gracilis,	and	fibers	of	the	
adductor	brevis.	Some	authors	also	release	the	psoas	tendon.	A	neurectomy	of	
the	anterior	branch	of	the	obturator	nerve	should	be	avoided	due	to	the	risk	of	
a	disabling	extension	and	abduc-on	contracture.	This	preventa-ve	surgery	has	
been	shown	to	be	effec-ve	in	elimina-ng	the	need	for	bony	surgery	in	25–60%	
of	pa-ents	at	midterm	follow-up.	





• Pa-ents	younger	than	8	years,	with	Reimer	index	<	60%	can	be	treated	
with	adductor	and	iliopsoas	release.	Pa-ents	younger	then	8	years	ane	
with	index	>	60%	or	older	than	8	years	and	index	>	40%	should	be	
treated	with	open	reduc-on	+	VDRO	and	pelvic	osteotomy	(Dega	–	
shelf	or	chiarri	in	older	pa-ents	with	closed	triradiate	car-lage)	

•  In	the	chronically	painful	and	dislocated	hip,	or	failed	hip	
reconstruc-on,	resec-on	arthroplasty	(Castle	procedure)	for	pain	
relief	



What are the two most common foot 
deformi:es in CP? How are they treated?

•  Equinovarus	foot	is	due	to	muscle	imbalance	and	spas-city	of	the	-bialis	
anterior	or	posterior	(or	both)	and	gastrocsoleus.	It	is	characterized	by	inversion	
of	the	foot	during	the	gait	cycle,	and	the	pa-ent	lands	on	the	outer	border	of	the	
foot	which	rolls	inward.	In	early	stages,	when	the	deformity	is	rela-vely	flexible	
•  ALWAYS	DD	between	flexible	&	rigid	deformity		
•  Rx:	may	include	a	recession	of	the	gastrocsoleus	along	with	a	split	tendon	
transfer.	The	split	transfer	helps	to	balance	the	forces,	as	transfer	of	an	en-re	
tendon	may	result	in	produc-on	of	the	opposite	deformity.	A	dynamic	EMG	test	
is	oien	u-lized	to	determine	which	muscle	is	crea-ng	the	deformity.	Op-ons	
include	transfer	of	-bialis	posterior	to	the	peroneus	brevis,	and/or	transfer	of	
the	-bialis	anterior	to	the	cuboid.	Rigid	deformi-es	require	soi--ssue	releases	
and/or	osteotomies	to	restore	mobility	prior	to	tendon	transfer.	Severe	
deformi-es	in	older	pa-ents	are	treated	by	bony	osteotomies	or	triple	
arthrodesis.	



• Planovalgus	is	the	opposite	problem.	The	foot	appears	as	a	rigid	
flauoot.	The	hindfoot	is	in	valgus,	the	peroneal	muscles	are	oien	
contracted	and	also	contribute	dynamically	to	the	deformity,	and	the	
subtalar	joint	is	permanently	unlocked	resul-ng	in	poor	propulsion	at	
the	start	of	the	gait	cycle.	This	problem	may	be	associated	with	
external	-bial	torsion.	Flexible	deformi-es	are	treated	by	
gastrocsoleus	recession	and	lateral	column	lengthening	(calcaneal	
osteotomy	with	inser-on	of	a	bone	grai).	
• ALWAYS	DD	between	flexible	&	rigid	deformity		
• Rx:	
	Severe	and	rigid	deformi-es	are	treated	by	triple	arthrodesis,	especially	
in	older	adolescents.	



• A	15-year-old	spas-c	diplegic	pa-ent	comes	
to	your	office.	He	had	numerous	orthopedic	
surgeries	as	a	child.	He	is	a	community	
ambulator,	but	recently	has	begun	to	have	
more	difficulty	walking.	You	watch	him	
walk,	and	no-ce	that	his	knees	remain	bent	
throughout	the	gait	cycle.	He	complains	of	
anterior	knee	pain	and	has	popliteal	angles	
of	70°.	His	lateral	x-ray	is	shown	
• Name	the	common	gait	disorders	in	CP	and	
their	treatment.	
• What	are	the	upper	extremity	problems	
found	in	CP,	how	are	they	treated?	



Sissoring:


• Occurs	due	to	-ght	adductors,	can	interfere	with	gait	
and	hygiene	
•  Treatment:	

•  Proximal	adductor	release	



Toe walking:


•  This	gait	panern	can	be	caused	by	spas-city	of	the	
gastrocsoleus	and	oien	contracture	of	the	muscle.	
•  Treatment:	

•  Non-opera-ve:	
•  botulinum	toxin	injec-on	for	spas-city,		
•  stretching	and/or	serial	cas-ng,		
•  use	of	an	ankle-foot	orthosis	(if	no	significant	contracture)	

•  surgical	lengthening.	Surgical	treatment	consists	of	
selec-ve	gastrocnemius	recession	rather	than	a	
percutaneous	non-selec-ve	technique	to	reduce	the	risk	
of	overlengthening	and	iatrogenic	calcaneus	deformity.	



Crouched gait:

•  This	gait	panern	is	generally	mu-factorial,	and	
related	to	both	bone	and	soC-=ssue	problems.	
Due	to	-ght	hip	flexors	–	-ght	hamstring	(the	
most	common	cause)	-	iatrogenic	lengthening	
of	Achilles	tenodon	(excessive	ankle	
dorsiflexion)	or	ankle	equinus	
•  Surgical	treatment	consists	of	mul-level	soi-
-ssue	and	bony	procedures.	Lengthening	of	
medial	hamstring,	lengthening	of	both	medial	
and	lateral	hamstring	carries	increased	risk	of	
Recurvatum		



S/ff knee gait:


•  This	gait	panern	is	characterized	by	inadequate	knee	flexion	during	
swing	phase	and	is	due	to	inappropriate	ac-vity	of	the	rectus	femoris	

during	swing	phase	or	due	to	-ght	GN	muscle	

•  Treatment	involves	either	removing	a	sec-on	of	rectus	femoris	or	

transferring	it	to	the	sartorius,	gracilis,	or	semitendinosus.	Or	GN	

lengthening		





Intoeing gait:


• Occurs	due	to	increased	femoral	anteversion	–	increased	-bial	

torsion	–	varus	foot	

•  Treatment	involves	either	femoral	rota-onal	osteotomy	–	-bial	

rota-onal	osteotomy	–	varus	correc-on.		



What are the upper extremity problems 
found in CP, how are they treated?

•  Treatment	of	upper	extremity	problems	in	CP	is	largely	dependent	on	the	
func=on	of	the	pa=ent.	If	the	pa-ent	has	severe	involvement	and	the	hand	is	
func-onless,	then	surgical	releases	may	be	considered	to	improve	hygiene.	In	
contrast,	for	the	hemiplegic	pa-ent	who	exhibits	some	degree	of	func-on	and	
adequate	rehabilita-on	poten-al,	surgical	treatment	is	directed	towards	
improving	func-on.		
•  Common	contractures	include	elbow	flexion,	forearm	prona-on,	wrist	flexion		
hand	is	fisted,	and	thumb	in	the	palm,	swan	neck	deformi-es	of	the	fingers.		
•  Non-opera-ve	treatment	includes	stretching,	splin-ng,	and	botulinum	toxin	
injec-on	to	address	spas-city.	Botulinum	toxin	injec-ons	oien	help	to	predict	
the	response	to	selected	surgical	procedures.		
•  Surgical	treatment	usually	includes	frac-onal	lengthening	of	muscles	or	tendon	
transfers	such	as	flexor	superficialis	to	profundus	and	FCU	to	ECRB.	



How would you evaluate a pa/ent with CP?


• Get	prenatal	history		
Ø Did	the	mother	take	any	drugs	during	pregnancy			
Ø Did	the	mother	have	any	infec7ons?	
Ø Did	the	mother	have	any	history	of	substance	abuse?		
Ø Is	there	any	maternal	health	problems?		
Ø Did	prenatal	ultrasounds	show	any	abnormality?		
Ø Was	there	any	abnormality	in	previous	pregnancies?	



How would you evaluate a pa/ent with CP?


• Get	a	natal	history		
Ø Was	it	a	full	term	delivery?	
Ø 	What	was	the	type	of	delivery?	
Ø 	What	was	the	type	of	presenta7on	at	birth?	
Ø 	What	was	the	birth	weight?	
Ø 	Was	there	any	delay	in	first	cry?	
Ø 	Were	there	any	complica7ons	during	delivery?	



How would you evaluate a pa/ent with CP?


• Developmental	history		:	
Ø 	When	did	social	smile	appear	?	
Ø When	did	the	child	achieve	
•	Neck	steadiness	
•	Sipng	
•	Standing	
•	Crawling	
•	Walking	
•	Stair	climbing	and	descending	
•	Hand	to	hand	transfer		
•  Get	details	of	nutri2on			
•  Family	history	>>		H/o	similar	or	other	deformi7es		



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Inspec2on	(General)	
ü Comment	on	presence	of	wheelchair	(with	or	without	head	support),	walking	aids,	orthosis	(AFO-	
KAFO-	RGO-	wrist	splint-	spinal	brace…)	

ü Athetosis:	slow	nonrhythmic,	writhing	involuntary	movement	of	upper	extremi7es		

ü Chorea:		rapid,	involuntary,	dance-like	movements	that	involved	the	distal	muscle	group	more	
than	proximal.	

ü Surgical	scars-	muscle	was7ng.		

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Inspec2on	(siJng/standing)	
ü Comment	on	posture	(head	&	neck	control)-	any	dystonic	posture	
ü Posi7on	of	the	upper	limb	
ü Posi7on	of	lower	limb:	Short	adducted	leg-	foot	posi7on	and	deformi7es	

ü Comment	on	trunk	&	spine	alignment:	Scoliosis-Kyphosis	

ü LLD	
	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Inspec2on	(walking)	
ü With	or	without	walking	aids	
ü Head:	steady-	moves	from	side	to	side	

ü Upper	limbs:	asymmetrical	arm	swing	(hemiplegia)	
ü Trunk:	flexion-	lordosis-	lateral	7lt.		
ü Lower	limb:	describe	the	joint	posi7ons	of	the	hip,	knee	and	ankles-	comment	on	the	three	rocker	
of	the	foot-	foot	progression	angle	

ü Marina7ng	balance	or	swaying.		

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Inspec2on	(walking)	
ü Type	of	gait:		
•  Equinus-	ankle	in	equinus-	knee	straight	or	in	recurvatum-	hip	extends	full	

•  Jump-	equinus	of	ankle-	flexion	of	knees	and	hips,	never	extend	fully	
•  Crouch-	ankle	in	dorsiflexion-	over	lengthening	of	T	Achilles-	have	to	flex	knees	and	hips	to	regain	
centre	of	balance	

•  S7ff	knee	gait:	inadequate	knee	flexion.	When	hamstring	and	rectus	are	7ght.		

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Supine	(look-feel-move)	
•  Foot	&	Ankle:		
ü Look:	callosi7es-	ulcera7on-	describe	the	deformi7es	

ü Feel:	bony	prominences	
ü Move:	1-ROM	(silverskiold	test).	2-Muscle	tone.	3-Clonus.	4.	Tardieu	scale,	check	for	ankle	
dorsiflexion		R1	–	fast	stretch	(spas7city	occurs	earlier).	R2	–	slow	stretch,	Looking	for	a	difference	
between	the	R1	and	R2	(Dynamic	spas7city)	-	if	there	is	dynamic	element-	amenable	to	botox.	If	
R1	=	R2,	no	role	for	Botox	

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Supine	(look-feel-move)	
•  knee:		
ü Look:	callosi7es-	ulcera7on-	describe	the	deformi7es	

ü Feel:	bony	prominences	
ü Move:	ROM-	check	for	spas7city	and	contracture	of	the	hamstring	by	performing	SLR	and	
measure	the	popliteal	angle	(the	hip	is	flexed	to	90	degree	and	then	the	knee	is	extended	from	
flexed	posi7on).	Normal	values	are	less	than	20	degrees-	Tardieu	scale,	check	for	knee	extension	
while	hip	is	flexed.			

	





How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Supine	(look-feel-move)	
•  Hip:		
ü Look:	callosi7es-	ulcera7on-	describe	the	deformi7es	

ü Feel:	bony	prominences	
ü Move:	ROM-	Thomas	test	to	assess	the	Iliopsoas	(do	over	edge	of	bed	if	FFD	knee)-	Phelp’s	test	
for	Gracilis	-ghtness,	measure	the	abduc-on	in	knee	extension	and	flexion.			

	





How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Lateral		
•  Ober’s	test:	used	to	assess	7ghtness	of	ilio7bial	band	and	any	abduc7on	contracture	of	the	hip.	
The	child	is	asked	to	lie	on	the	side.	The	uninvolved	hip	and	knee	are	maximally	flexed	to	flaNen	
the	lumbar	spine.	The	hip	to	be	tested	is	flexed	to	90	degrees	with	the	knee	flexed	and	then	fully	
abducted.	The	hip	is	then	brought	into	full	extension	and	allowed	to	adduct	maximally	with	a	
controlled	drop.	A	posi7ve	Ober’s	test	is	when	the	limb	tends	to	remain	in	abduc7on		

•  Tight	ilio7bial	band	can	cause	triple	deformity	(Knee	flexion-	valgus	and	external	rota7on)			

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Prone			
•  RF	7ghtness		
ü s7ff	leg	gait-	inability	to	flex	knee	with	hip	extended	suggests	7ght	rectus	
ü Duncan-	Ely	test	(RF)-	when	the	knee	is	flexed	the	hip	flexes	because	of	the	pull	of	the	rectus	on	
AIIS,	sugges7ng	7ght	RF	

	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Prone			
•  Rota7onal	profile	
ü internal	and	external	hip	rota7on	including	the	Gage	test	to	determine	the	angle	of	femoral	
anteversion	

ü thigh-foot	axis	(The	angle	between	an	imaginary	straight	line	along	the	axis	of	the	thigh	and	an	
imaginary	line	along	the	axis	of	the	foot,	average	during	infancy	is	5	degrees	internal	rota7on,	
that	slowly	derotates,	average	at	8	years	of	age	is	10	degrees	external,	ranging	from	-5	to	+30	
degrees)	

ü transmalleolar	axis	(measure	the	angle	between	the	7bial	plateau	and	an	imaginary	line	drawn	
through	the	medial	and	lateral	malleoli,	about	20	degrees	external	rota7on)	

ü heel-bisector	angle	(normally	through	the	2nd	web	space)	



How would you evaluate a pa/ent with CP?


v Physical	examina=on	
•  Neurological	examina2on			
•  Hyperreflexia	:	in	pyramidal	involvement	
•  Normal	or	hyporeflexia:	in	extrapyramidal	(outcome	of	surgery	is	not	reliable	when	there	is	
significant	extrapyramidal	involvement)			



Viva 25	



•  What is the diagnosis?	
•  What are the management options?  	



What is the diagnosis? 	
•  The clinical photograph and the radiograph findings (sclerotic bone at the 

pseudoarthrosis site)  demonstrate congenital pseudoarthrosis of right clavicle. 	
•  It occurs due to congenital failure of fusion of the medial and lateral ossification 

centres of the clavicle	
•  Almost always occur on the right clavicle (middle 1/3) if occurs on the left side, it 

is associated with dextrocardia (because it is thought that the subclavian artery interferes 
with fusion of medial and lateral ossification centres)	
•  It is a painless condition and produces little functional deformity. 	



What are the management options?  	
•  Observation (leave it alone)	
•  Surgery (excision of the pseudoarthrosis, curettage of the bone ends and fixation with plate and 

screws + bone graft-tricortical iliac crest- to restore the length and the shape of the clavicle) by 
the age of 4 to 6 years, indicated in : 	

ü pain	
ü functional impairment	
ü Cosmesis	
v avoid bone graft substitute, higher rates of non-union	
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4-year-old girl presents with 
the neck deformity and 
palpable mass

•  What	is	the	most	likely	diagnosis?	

•  How	would	you	manage	this	pa-ent?			



What is the most likely diagnosis? 


•  The	clinical	photograph	shows	lateral	7l7ng	of	the	head	with	visible	neck	mass	
(band	like	appearance).		
•  Features	are	sugges7ve	of		tor7collis.		



What is the most likely diagnosis? 


•  Tor7collis	is	a	7l7ng	of	the	head	to	the	affected	side	and	rota7on	toward	the	
unaffected	side.	It	can	be	classified	as	follows:		

v Congenital		
•  Congenital	muscular	tor7collis:	the	most	common	cause	of	infan7le	tor7collis,	occurs	due	to	
contracture	of	the	sternocleidomastoid	(SCM),	associated	with	other	packaging	disorders	(DDH-	
Metatarsus	adductus,	clinically	there	is	a	painless	palpable	neck	mass	(the	contracted	SCM)	is	
noted	within	the	first	four	weeks	of	life,	gradually	subsides,	becoming	a	7ght	band	as	the	pa7ent	
ages.		

•  Vertebral	anomalies:	Failure	of	segmenta7on	–	occipitaliza7on	of	C1	



What is the most likely diagnosis? 


v Acquired	(usually	painful)	
•  Trauma7c:	C1	fracture	
•  Inflammatory:	atlantoaxial	rotatory	subluxa7on-	juvenile	rheumatoid.		

•  Tumors:	osteoid	osteoma-	eosinophilic	granuloma-	posterior	fossa-	acous7c	neuroma-	cervical	
cord.		



How would you manage this pa/ent?  


•  Evalua7on	should	include	inspec7on	of	any	asymmetry	(ears,	hairline,	eyes,	
temporal	bones).	Features	sugges7ve	of		Klippel-Feil	Syndrome,	low	posterior	
hair	line-	short	webbed	neck-	limited	cervical	ROM.	Evalua7on	of	eyes	mo7on	is	
important(not	easy	before	age	6mos),	and	helps	in	older	babies,	as	visual	
disturbances	are	common	causes	of	pseudo-tor7collis	(head	7l7ng	during	gaze),	
palpa7on	of	the	neck	(SCM	muscle,	lymph	nodes,	lumps),	painful?-	evalua7on	of	
ROM	is	essen7al	in	rota7on	and	lateral	7lt.		
•  In	atlantoaxial	rotatory	instability	(AARD),	the	head	is	rotated	and	7lted	like	
tor7collis	but	the	SCM	is	spas7c	and	firm	on	the	CONTRA-LATERAL	side--opposite	
of	congenital	tor7collis	(e.g.	right	sided	facet	subluxa7on	will	have	chin	rotated	to	
the	leW,	and	leW	SCM	will	be	spas7c)	



How would you manage this pa/ent?  


•  If	the	history	dates	back	to	birth	and	there	is	a	palpable	‘tumour’	in	the	
sternomastoid	muscle	(disappears	by	4	months	of	age),	and	the	sternomastoid	
feels	7ght,	a	diagnosis	of	congenital	muscular	tor7collis	can	be	made.	This	is	
treated	with	stretches	and	postural	encouragement,	should	include	lateral	head	
7lt	away	from	the	affected	side	and	chin	rota7on	toward	the	affected	side	
(opposite	of	the	deformity)		
•  90%	respond	to	passive	stretching	of	the	sternocleidomastoid	in	the	first	year	of	
life.		
•  If	stretching	fails	to	improve	the	condi7on,	surgical	interven7on	is	indicated,	this	
involves	a	unipolar	(distal	release	of	clavicular	head	and	z-lengthening	of	the	
sternal	head)	or	bipolar	(as	for	unipolar	and	proximal	release	just	below	mastoid	
aNachment)release.	Bipolar	release	produces	beNer	results	but	the	proximal	
release	has	a	risk	of	accessory	nerve	injury	



How would you manage this pa/ent?  


•  Imaging	is	indicated	if	no	palpable	mass	present	to	rule	out	other	condi7ons.		
•  ophthalmic	examina7on		
•  Dynamic	CT	Scan	of	cervical	spine	rules	out	atlantoaxial	rotatory	subluxa7on.	
Scan	at	the	C1-2	level	with	head	straight,	then	in	maximum	rota7on	to	the	right,	
and	then	in	maximum	rota7on	to	the	leW,	will	see	fixed	rota7on	of	C1	on	C2	which	
does	not	change	with	dynamic	rota7on.	Treatment:	soW	collar	+	NSAIDs.	If	failed	
→	head	halter	trac7on,	benzodiazepines	then	hard	collar	for	3	months.	If	failed	
→	halo	trac7on,	then	halo	vest	for	3	months.	If	failed	→	C1-C2	fusion.	
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•  Spot	diagnosis	

•  What	are	the	causes	of	this	deformity?	

•  What	are	the	different	measurements	
and	angles	that	used	for	assessment	of	
this	deformity?		

•  How	would	you	manage	this	child?				



Spot diagnosis 


•  The	clinical	photograph	and	the	radiograph	show	a	varus	deformity	of	the	leW	
elbow	(Gunstock	deformity),	most	probably	following	a	supracondylar	fracture.		
•  Originally,	e7ology	of	cubitus	varus	was	thought	to	occur	because	of	growth	
disturbance	of	distal	humeral	epiphysis;	this	may	be	true	but	is	uncommon.		
•  current	thinking	is	that	it	stems	from	malreduc7on	of	frx,	with	medial	
displacement,	internal	rota7on,	and	extension	of	the	distal	fragment;	this	then	
permits	distal	fragment	to	7lt	into	varus.		
•  cubitus	varus	produces	a	cosme7c	deformity	but	liQle	func2on	deficit.		





What are the causes of this deformity?  


•  Post	trauma7c	malunited	humerus	supracondylar	fracture	(the	most	common	
cause)	–	lateral	condyle	–	medial	condyle.		
•  Congenital	(progressive)		
•  Tumor	–	Hereditary	mul7ple	osteochondromatosis	(bilateral	and	progressive)	
•  Infec7on		



What are the different measurements and angles 
that used for assessment of this deformity?   


•  Carrying	angle	is	formed	between	the	axis	of	a	radially	deviated	forearm	and	the	
axis	of	the	humerus.	It	helps	the	arms	to	swing	without	hipng	the	hips	while	
walking.	Normally	it	is	165-175o	towards	the	body.	

		
•  Baumann's	angle	is	created	by	drawing	a	line	parallel	to	the	longitudinal	axis	of	
the	humeral	shaW	and	a	line	along	the	lateral	condylar	physis	as	viewed	on	the	AP	
image,	normal	is	70-75°,	but	best	judge	is	a	comparison	of	the	contralateral	side,	
devia7on	of	>5°	indicates	coronal	plane	deformity	and	should	not	be	accepted	





What are the different measurements and angles 
that used for assessment of this deformity?   


•  Crescent	sign	normally	there	is	no	overlap	between	the	distal	humerus	(lateral	
condyle	epiphysis)	and	the	olecranon.	This	overlap	appears	when	there	is	a	
significant	7lt	of	the	distal	humerus.		





How would you manage this child?   


•  History		
Ø 	main	pa7ent	&	parent	concern	(cosme7c	–	pain	–	func7on)	

Ø Sta7c	or	progressive		
Ø History	of	trauma	–	surgery		

Ø Pa7ent	&	parents	expecta7ons		



How would you manage this child?   


•  Physical	examina2on		
•  inspec7on		
Ø Describe	the	deformity		

Ø Inspect	both	side	for	scars		
Ø Muscle	was7ng	distally		

•  Palpa7on		
Ø 3	bony	points	rela7onship	(medial	epicondyle	is	higher)		

Ø Any	palpable	lumps	(Hereditary	mul7ple	osteochondromatosis	)	



How would you manage this child?   


•  Physical	examina2on		
•  Movement			
Ø Hyperextension		
Ø Limited	flexion	

Ø Demonstrate	the	range	of	movement	and	func7onal	movement	(can	reach	the	mouth,	face	and	
buNocks)	

Ø Check	for	instability		
Ø Check	for	neurological	status		



How would you manage this child?   


• Management		
•  If	the	deformity	is	mild	and	not	affec7ng	the	pa7ent	func7on	→	reassurance	of	
the	child	and	parents	(observa7on).		
•  If	the	deformity	is	sever	and	not	progressive	→	correc7ve	osteotomy	(lateral	
closing	wedge	supracondylar	osteotomy).	The	parents	and	the	child	need	to	be	
reminded	that	the	opera7on	ma	not	correct	the	deformity	completely	and	would	
be	associated	with	scarring.		
•  If	the	deformity	is	sever	and	progressive	→	delay	treatment	un7l	skeletal	maturity	
unless	the	deformity	becomes	very	sever	and	the	joint	becomes	unstable.		
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4-year-old girl 
presented with a limp

•  What	is	you	differen-al	diagnosis?	

•  How	would	you	evaluate	a	child	with	
a	limp?			

•  Have	a	look	at	the	radiograph.	What	
is	your	diagnosis?		

•  What	is	the	e-ology	of	this	
condi-on?		

•  What	are	the	clinical	features	of	this	
condi-on?		

•  Outline	the	principles	and	op-ons	of	
management	



What is you differen/al diagnosis? 




What is you differen/al diagnosis? 




What is you differen/al diagnosis? 




How would you evaluate a child with a limp?  


• History		
Ø How	long	the	condi7on	is	present?	
Ø How	did	it	start?	Any	H/O	trauma?	Any	H/O	recent	viral	infec7on?		(	Limps	of	recent	
onset	are	typically	due	to	trauma	or	acute	infec7on.	Chronic	limps	more	oWen	arise	from	overuse	
syndromes,	apophysi7s,	Legg-Calve-Perthes	disease,	slipped	capital	femoral	epiphysis	(SCFE),	or	
systemic	illness	(rheuma7c	disease,	tumor).	

Ø How	is	it	progressing?	
Ø Is	it	painful?	Is	it	ac7vity	related?	
Ø Any	associated	symptoms?	





How would you evaluate a child with a limp?  


• Get	prenatal	history		
Ø Did	the	mother	take	any	drugs	during	pregnancy			
Ø Did	the	mother	have	any	infec7ons?	
Ø 	Did	the	mother	have	any	history	of	substance	abuse?		
Ø Is	there	any	maternal	health	problems?		
Ø Did	prenatal	ultrasounds	show	any	abnormality?		
Ø Was	there	any	abnormality	in	previous	pregnancies?	



How would you evaluate a child with a limp?  


• Get	a	natal	history		
Ø Was	it	a	full	term	delivery?	
Ø 	What	was	the	type	of	delivery?	
Ø 	What	was	the	type	of	presenta7on	at	birth?	
Ø 	What	was	the	birth	weight?	
Ø 	Was	there	any	delay	in	first	cry?	
Ø 	Were	there	any	complica7ons	during	delivery?	



How would you evaluate a child with a limp?  


• Developmental	history		:	
Ø 	When	did	social	smile	appear	?	
Ø When	did	the	child	achieve	
•	Neck	steadiness	
•	Sipng	
•	Standing	
•	Crawling	
•	Walking	
•	Stair	climbing	and	descending	
•	Hand	to	hand	transfer		
•  Get	details	of	nutri2on			
•  Family	history	>>		H/o	similar	or	other	deformi7es		



How would you evaluate a child with a limp?  


• Physical	examina2on:			
• General	inspec7on	
ü Vital	signs	and	anthropometric	measurements		
ü Any	facial	or	body	features	sugges7ve	of	associated	syndromes	or	dysplasia	

ü Postural	abnormality	(pelvic	7lt	secondary	to	LLD	–	spine	scoliosis,	hyper	lordosis,	kyphosis)	
ü Any	angular	or	rota7onal	deformity	

ü Check	for	Trendelenburg		
ü Ask	the	pa7ent	to	walk	(painful	limp	→	antalgic	gait.	Painless	unilateral	→	non-antalgic	limping	
gait.	Bilateral	→	waddling	gait)	



How would you evaluate a child with a limp?  


• Physical	examina2on:			
• Palpa7on		
ü Any	tenderness		
ü Any	masses	

ü Feel	the	high	posi7on	of	GT,	par7cularly	if	it	is	unilateral.		



How would you evaluate a child with a limp?  


• Physical	examina2on:			
• Movements		
ü Assess	the	ac7ve	and	passive	movements	of	the	joints	and	record	range	of	mo7ons	
ü Any	restric7on	of	mo7ons	

ü In	supine	and	prone	posi7ons		



How would you evaluate a child with a limp?  


• Physical	examina2on:			
•  Special	test			
ü Assessment	of	rota7onal	profile	
ü Assessment	of	LLD	



How would you evaluate a child with a limp?  


• Physical	examina2on:			
• Neurovascular	examina7on		



Have a look at the radiograph. What is your 
diagnosis?   


•  This	is	an	A/P	radiograph	of	the	pelvis	and	both	hips	that	showed	
ü decreased	femoral	neck	shaW	angle.	Usually	associated	with	retroversion		
ü ver7cal	orienta7on	of	the	proximal	physis.	

ü 	inverted	Y	sign	(a	triangular	metaphyseal	fragment	in	the	inferior	femoral	neck,	which	is	
pathognomenic)	

ü Increased	Hilgenreiner	epiphyseal	angle	(HEA)	
•  Features	sugges7ve	of	coxa	vara	of	the	right	side		



What is the e/ology of this condi/on? 


•  The	condi7on	have	many	e7ologies:		
Ø Congenital	coxa	vara:	characterized	by	car7laginous	defect	in	the	femoral	neck,	commmonly	
associated	with	congenital	short	femur,	PFFD,	fibular	hemimelia,	Cliedocranial	dysplasia,	present	
at	birth,	nearly	always	unilateral	

Ø Developmental	coxa	vara:	occurs	in	early	childhood,	progressive,	with	classic	radiographic	
changes	(including	the	inverted	Y	sign)	no	other	skeletal	manifesta7ons.	The	exact	cause	remains	
unknown,	the	most	widely	accepted	theory	claimed	by	chung	&	Riser	1978,	showed		abnormali7es	
in	the	proximal	femoral	physeal	chondrocyte	matura7on.	This	abnormal	enchondral	ossifica7on	
results	in	decreased	produc7on	of	metaphyseal	bone,	leading	to	a	rela7ve	osteoporosis	and	
subsequent	weakness	in	this	area		



What is the e/ology of this condi/on? 


•  The	condi7on	have	many	e7ologies:		
Ø Acquired	coxa	vara:	secondary	to	numerous	condi7ons			
ü Trauma:	due	to	improper	healing	of	a	fracture	between	the	greater	and	lesser	trochanter	

ü Infec7on:	osteomyeli7s.		
ü Metabolic:	Paget’s	disease		

ü Post	Perthes	disease	
ü Tumor:	fibrous	dysplasia		



What are the clinical features of this 
condi/on? 


•  Affected	children	generally	present	between	the	7me	they	begin	ambula7on	and	
age	5	years.		
•  In	unilateral	cases,	children	present	with	a	painless	progressive	limp,	rela7ve	LLD.	
•  In	bilateral	involvement,	a	waddling	gait	is	noted,	lumbar	lordosis	may	be	
increased.	
•  Examina7on	revealed	>>	prominent	greater	trochanter	on	the	affected	side,	
weakness	of	hip	abductors.		
•  ROM	may	demonstrate	decreased	in	abduc7on	and	internal	rota7on.	



Outline the principles and op/ons of 
management


•  Treatment	recommenda7ons	are	based	on	the	severity	of	Hilgenreiner	epiphyseal	
angle	(HEA)	and	the	prescence	of	symptoms.	

Ø An	HEA	<	45	usually	improves	without	interven7on.	
Ø An	HEA	>60	usually	worsens	if	leW	untreated	and	it	is	an	indica7on	for	surgery.	
Ø An	HEA	of	45-60	requires	observa7on	for	either	healing	or	progression.	



Outline the principles and op/ons of 
management


•  The	goals	of	surgical	interven-on	are	as	follows	:	
Ø Correc7on	of	Neck-shaW	angle.	
Ø Correc7on	of	femoral	version.	
Ø Restoring	abductor	mechanism	through	replacement	of	its	normal	length-tension	
rela7onship		



Outline the principles and op/ons of 
management


•  The	standard	procedure	is	a	proximal	femoral	valgus	derota7onal	osteotomy.	
Ø Pauwels’	Y-shaped	osteotomy		

Ø The		Langenskiöld	intertrochanteric	osteotomy		

Ø Borden	subtrochanteric	osteotomy		(have	provided	good	and	las7ng	clinical	results	More	important,	
perhaps,	is	not	the	actual	type	of	osteotomy	performed	but,	rather,	that	the	goals	of	surgical	correc7on,	as	
outlined	above,	are	achieved)	

•  good	results	have	been	achieved	consistently	when	the	HEA	has	been	corrected	
to	less	than	35-40°.	
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A 13-year-old boy with knee pain	
•  What’s the diagnosis?	
•  What is the patho-anatomy of 
this condition?	
•  What are the clinical features of 
this condition?	
•  How would you treat it? 	



What’s the diagnosis?	
•  The clinical photograph and radiograph showed prominent swelling around the 

anterior tibial tuberosity – irregularity and fragmentation of the tibial tubercle	
•  Osteochondrosis or traction apophysitis of tibial tubercle (Osgood – Sclatter 

disease)	
•  It is a self-limiting but does not resolve until growth has halted	
•  It is more common in boys	
•  Bilateral in 20 – 30%	
•  age bracket: boys 12-15y - girls 8-12y	



What is the patho-anatomy of this condition?	
•  Tibial tubercle is a secondary ossification center :	
Ø age <11y, tubercle is cartilaginous	
Ø age 11-14y, apophysis forms	
Ø age 14-18y, apophysis fuses with tibial epiphysis	
Ø age >18y, epiphysis (and apophysis) is fused to rest of tibia	

•  It is traction apophysitis of tibial tubercle due stress from extensor mechanism, it 
occurs during the growth spurt in this age group that causes the bone to grow 
longer than the soft tissue such as the quadriceps and the hamstrings tendons. 	





What are the clinical features of this 
condition?	

•  History 	
ü pain on anterior aspect of knee	
ü exacerbated by kneeling	

•  Physical exam	
ü enlarged tibial tubercle	
ü tenderness over tibial tubercle	
ü Check for any tightness in the quadriceps and hamstring. 	

•  provocative test	
ü pain on resisted knee extension	



How would you treat it?	
•  Non-operative supportive treatment with reassurance – rest – NSAIDs – hip and 

quad strengthening – activity modification is the mainstay of treatment. 	
•  Most ossicles are relatively asymptomatic.	
•   90% of patient will have complete recovery with these measures. 	
•  In rare cases with unremitting symptoms that are not responsive to other 

treatments, they can be excised (ossicle excision with or without tubercleplasty) with good 
results. 	



Viva 31




•  Describe	what	you	see	

•  What	are	the	most	common	types	of	this	
condi-on?	

•  What	is	the	Pathoanatomy	of	this	
condi-on?	

•  What	are	the	clinical	features	of	this	
condi-on?		

•  What	is	the	role	of	CT	&	MRI	in	this	
condi-on?		

•  What	are	the	treatment	op-ons?		



Describe what you see


Ø A	clinical	photograph	fla�oot	noted	by	flaNening	of	the	longitudinal	arch.	
Ø An	oblique	radiograph	of	the	foot	showed	an	elongated	anterior	process	of	the	
calcaneus.		

Ø Features	are	consistent	with	tarsal	calcaneonavicular	coali7on.		
•  Tarsal	coali7on	is	an	osseous,	car7laginous,	or	fibrous	connec7on	between	bones	
of	the	hindfoot	and	midfoot	
•  Most	tarsal	coali7ons	are	asymptoma7c.		
	



What are the most common types of this 
condi/on?


	 Calcaneonavicular		 Talocalcaneal	(middle	facet)	

More	common		 Less		

Age	8	to	12	years	 Age	12	to	15	years	

Radiographic	features:		
ü  Elongated	anterior	process	of	

calcaneus	(anteater	sign).	oblique	
view	

ü  Broad	medi-lateral	dimesnsion	of	the	
navicular	bone	(wider	than	talar	head)	
on	A/P	view	

	

Radiographic	features:		
ü  c-shaped	arc	formed	by	the	medial	

outline	of	the	talar	dome	and	
posteroinferior	aspect	of	the	
sustentaculum	tali.	lateral	view	

ü  talar	beaking	on	lateral	radiograph		
occurs	as	a	result	of	limited	mo-on	of	
the	subtalar	joint.	lateral	view	

ü  Brick	sign:	distorded	and	curved	
subtalar	joint.	Lateral	view		

	
	





What is the Pathoanatomy of this condi/on?


Ø Occurs	due	to	failure	of	the	primi7ve	mesenchymal	cells	to	differen7ate	and	form	
normal	ar7cular	separa7on	between	bones	

	



What are the clinical features of this 
condi/on? 


Ø 75%	of	people	are	asymptoma7c	
Ø History	of	recurrent	ankle	sprain	and	difficulty	with	uneven	ground.			
Ø Pain	in	sinus	tarsi	and	inferior	fibula	suggests	calcaneonavicular	–	pain	distal	to	
medial	malleolus	or	medial	foot	suggests	talocalcaneal		

Ø Pain	worsened	by	ac7vity	
Ø Hindfoot	in	valgus	–	forefoot	in	abduc7on	(if	adducted	think	of	skewfoot)	–	pes	
planus	(rigid).	Double	heel	raise	fails	to	correct	the	hindfoot	valgus	

Ø Jack’s	test	fails	to	correct	the	Pes	planus	deformity.		
Ø Limited	subtalar	mo7ons	
Ø Heel	cord	contracture	

	



What is the role of CT & MRI in this 
condi:on? 


•  CT	scan		
Ø It	is	necessary	to	rule-out	addi7onal	coali7ons,	incidence	approx.	5%	
Ø determine	size,	loca7on	and	extent	of	coali7on			

Ø size	of	talocalcaneal	coali7on	based	on	size	of	posterior	facet	using	coronal	slices			
•  MRI	
Ø may	be	helpful	to	visualize	a	fibrous	or	car7laginous	coali7on		



What are the treatment op/ons?  


•  The	ini7al	treatment	for	symptoma7c	cases	→	NSAIDs	–	ac7vity	modifica7on	–	
shoe	orthoses	–	immobiliza7on	in	severe	cases.		
•  In	cases	of	persistent	symptoms	despite	prolonged	period	of	nonopera7ve	
management	and	coali7on	<	50%	→	coali7on	resec7on	with	interposi7on	graW,	
+/-	correc7on	of	associated	foot	deformity		

ü interposi7on	material:		extensor	digitorum	brevis	(calcaneonavicular	coali7on)	-	split	flexor	
hallucis	longus	tendon	(talocalcaneal	coali7on)	-	interposed	fat	graW	-	bone	wax.		

ü calcaneal	osteotomy	for	hindfoot	valgus	

ü heel	cord	lengthening	if	intraopera7ve	ankle	dorsiflexion	is	not	past	neutral	



What are the treatment op/ons?  


•  If	coali7on	involves	>50	%	of	the	joint	surface	of	a	talocalcaneal	coali7on	→	
subtalar	arthrodesis.		
•  In	advanced	coali7ons	that	fail	resec7on	–	diffuse	associated	degenera7ve	
changes	affec7ng	calcaneocuboid	and	talonavicular	joints	→	triple	arthrodesis.		
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•  What	is	the	most	likely	diagnosis?	

•  What	is	the	basic	pathology	of	this	
condi-on?		

•  What	are	the	clinical	manifesta-on	of	this	
condi-on?		

•  What	classifica-on	system	used	for	this	
condi-on?	

•  How	would	you	diagnose	it?		

•  How	would	you	treat	a	pa-ent	with	this	
condi-on?	



What is the most likely diagnosis?


•  This	is	AP	radiograph	of	the	knee	in	a	skeletally	immature	pa7ent	shows	dense	
parallel	bands	in	distal	femoral	and	proximal	7bial	and	fibular	metaphysis.	This	
radiographic	finding	is	associated	with	long-term	bisphosphonate	use,	it	is	most	
appropriately	prescribed	in	the	sepng	of	OI.		



What is the basic pathology of this condi/on? 


•  Osteogenesis	imperfecta	(OI)	is	caused	by	muta7ons	in	the	genes	that	produce	
type	I	collagen	(COL1A1	and	COL1A2).	Type	I	collagen	fibres	are	found	in	the	
bones,	joint	capsules,	fascia,	cornea,	sclera,	tendons	and	skin.	Qualita7ve	defects	
(an	abnormal	collagen	I	molecule)	and	quan7ta7ve	defects	(decreased	produc7on	
of	normal	collagen	I	molecules)	have	been	both	described	in	OI	and	this	leads	to	
bone	fragility	and	other	features	of	OI.		
•  	The	quan7ta7ve	disorders	of	type	I	collagen	are	associated	with	milder	forms	of	
OI	(Type	I),	whereas	the	qualita7ve	disorders	are	associated	with	more	severe	
phenotypes	(Types	II,	III	and	IV).	
•  Autosomal	dominant	→	mild	disease		
•  Autosomal	recessive	→	more	sever	disease	



What are the clinical manifesta/on of this 
condi/on? 


v Orthopedic	manifesta2ons	
Ø bone	fragility	and	fractures:	fractures	heal	in	normal	fashion	ini7ally	but	the	bone	does	not	remodel,	can	lead	
to	progressive	bowing	

Ø ligamentous	laxity	

Ø short	stature	
Ø scoliosis	
Ø codfish	vertebrae	(compression	fracture)	

Ø basilar	invagina7on		
Ø olecranon	apophyseal	avulsion	fracture	
Ø coxa	vara	(10%)		





What are the clinical manifesta/on of this 
condi/on? 


v Non-Orthopedic	manifesta2ons	
Ø wormian	skull	bones	(puzzle	piece	intrasutural	skull	bones)		

Ø blue	sclera	
Ø dysmorphic,	triangle	shaped	facies	

Ø hearing	loss	
Ø brownish	opalescent	teeth	(den7nogenesis	imperfecta),	brown/blue	teeth,	soW,	translucent,	prone	to	cavi7es	

Ø increased	risk	of	malignant	hyperthermia	

Ø hyperhidrosis,	tachycardia,	tachypnoea,	heat	intolerance	
Ø thin	skin	prone	to	subcutaneous	hemorrhage	

Ø Cardiovascular:	mitral	valve	prolapse,	aor7c	regurgita7on	





What classifica/on system used for this 
condi/on? 




How would you diagnose it? 


•  Diagnosis	is	based	on	family	history	associated	with	typical	radiographic	and	
clinical	features.	Child	abuse	should	always	be	considered	in	differen7al	diagnosis	
•  Laboratory	values	are	typically	within	normal	range.		
•  However,	confirma7on	is	by	skin	biopsy	(biochemical	analysis	of	collagen	
produced	by	cultured	fibroblast)	or	gene7c	tes7ng	to	detect	the	culprit	muta7on.	



How would you treat a pa/ent with this 
condi/on?


v Preven2on		
•  Preven7on	of	fractures	is	the	mainstay	of	treatment;	correct	posi7oning	and	
suppor7ng	of	the	pa7ent,	muscle	strengthening,	early	bracing.		
•  Bisphosphonate	(Pamidronate):	indicated	in	most	cases	of	OI	to	reduce	fracture	
rate,	pain,	improve	ambula7on.		

v Fracture	treatment	
•  Nonopera7ve	→	indicated	if	child	is	<2	years	(treat	as	child	without	OI)	
•  Opera7ve	(fixa7on	with	telescoping	rods)	→	consider	in	pa7ents	>	2	years	to	
allow	con7nued	growth	



How would you treat a pa/ent with this 
condi/on?


v Treatment	of	long	bone	deformity	
•  Indicated	in	severe	deformity	to	reduce	risk	of	fracture.		
•  Mul7level	osteotomies	to	correct	severe	deformi7es	using	IM	rods	(Sofield-Miller	
procedure	/	“shish	kabab	technique”).		
•  The	Sheffield	telescopic	intramedullary	rod	system	is	widely	used	and	long	term	
follow-up	data	are	available.			





Viva 33	



�
 This 6-year-old child fell out of a 
tree onto their left arm. Patient 
arrived middle of the night.	

•   Can you describe the radiograph?	
•  What are the types of this injury? 

How can be classified? 	
•  What does a fat 	pad sign typically 

indicate in a child? 	
•   How would you manage this child?	
•   You reduce and pin the fracture 

under anaesthetic, but on post-
operative review in recovery you are 
unable to feel a pulse. What would 
you do now?	

•  What deformity 	can occur with 
improperly reduced supracondylar 
humerus fracture?   	



Can you describe the radiograph?	

• This is A/P and lateral views of left upper extremity in a skeletally 
immature child that showed an extension type Gartland 3 
supracondylar fracture of the distal humerus. 	



What are the types of this injury? How can be 
classified? 	

• Supracondylar fractures occur most commonly in children aged 
between 5 and 7 years. 	
•  recent studies have suggested a nearly equal incidence between males 

and females. 	
• Extension fractures account for approximately 98% of these injuries, 

and they usually occur as the result of a fall on an outstretched hand 
with the elbow in full extension	



What are the types of this injury? How can be 
classified? 	

• Fractures of the distal radius are the most common ipsilateral fractures 
that occur in conjunction with supracondylar fractures.	
• The Gartland classification.	

•   Type I fractures are nondisplaced	
•   type II fractures have an intact posterior hinge	
•   type III fractures involve complete displacement. 	
•  Wilkins 1984 modified the Gartland classification by dividing type II fractures 

into subtypes A and B. Type IIA fractures are extended but have no rotational 
abnormality. These fractures are frequently stable following a flexion 
reduction manoeuvre and can be held in a cast	



What are the types of this injury? How can be 
classified? 


•  In addition to extension deformity, type IIB fractures involve some 
degree of rotational element. These fractures are generally unstable 
after reduction. 	
• Distinguishing between the subtypes allows the surgeon to predict 

which type II fractures may be successfully managed with reduction 
and casting and which require reduction and fixation. 	
• Correct rotational alignment is best judged on 4 views, the AP/lateral/

and internal and external obliques. Each view should demonstrate the 
lateral and medial column to be in alignment to confirm anatomic 
reduction.	
	



What are the types of this injury? How can be 
classified? 	

• Leitch et al recently proposed the addition of a type IV fracture to the 
Gartland classification. Type IV fractures are unstable in both flexion 
and extension because of complete loss of a periosteal hinge. These 
fractures occur either as result of trauma or by excessive flexion force 
applied during the closed reduction manoeuvre.	
	







What does a fat	pad sign typically indicate in 
a child? 	

• An anterior fat pad sign is often physiologic. When a posterior fat pad 
sign is present, it is generally indicative of an elbow effusion. This 
most commonly is due to a non-displaced supracondylar humerus 
fracture (SCH). Approximately 80% of positive posterior fat pad signs 
are the result of occult fractures.	



 How would you manage this child? 	

•  I would assess the child for the presence of an open injury.	
• Assess for compartment. Children who sustain supracondylar fractures 

with diaphyseal forearm fractures are at higher risk of developing 
compartment syndromes.  	



 How would you manage this child? 	

•  In patients with extension-type supracondylar fractures, anterior 
interosseous nerve injury is most common, This nerve is tested by 
flexion of the interphalangeal joint of the index finger and thumb, 
followed by median, radial, and ulnar nerve injuries. The ulnar nerve 
is most commonly injured in flexion-type fractures. Babal JC, Mehlman CT, 
Klein G. Nerve injuries associated with pediatric supracondylar humeral fractures: a meta-analysis. J 
Pediatr Orthop. 2010. 	
• The vascular status of the injured extremity is categorized as normal, 

pulseless with a pink hand, or dysvascular, which is sometimes 
described as pulseless with a white hand. Supracondylar fracture with 
a dysvascular hand constitutes a surgical emergency.	





 How would you manage this child? 	
•  I would organize for the child to have analgesia and a temporary backslab 

splint. 	
•   Treatment options: Type I fractures are managed with 3 to 4 weeks of 

long arm cast immobilization with the elbow flexed to 90° and the forearm 
held in neutral rotation. This treatment is also used when the initial 
radiograph is negative for fracture but demonstrates a visible posterior fat 
pad.	
• Many patients with type IIA fractures may be 

successfullytreatedwithclosedreductionandcasting;however,closeobservatio
n is required to monitor for loss of reduction. All typeIIBfracturesare best 
managed with closed reduction and pinning.	
•  Type III: CRPP/ORIF	



 How would you manage this child? 	

•  In theatre:  The technique for reduction of these injuries is to apply 
good continuous traction (in 20°   of flexion ) for several minutes, then 
correct any valgus/varus and rotational deformity, When a 
supracondylar fracture is displaced posteromedially, pronation may 
facilitate reduction by placing the medial perisoteum under tension 
and closing the lateral gap. Conversely, when the fracture is displaced 
posterolaterally, supination may facilitate reduction. 	



 How would you manage this child? 	

v Pin configuration 	
•  3-lateral pins biomechanically stronger in bending and torsion than 2-

pin constructs	
•  no significant difference in stability between three lateral pins and 

crossed pinsrisk of iatrogenic nerve injury from a medial pin makes 
three lateral pins the construct of choice	
• Cross pins biomechanically strongest to torsional stress. (highest risk 

if placed with elbow in hyperflexion as ulnar nerve subluxates 
anteriorly over medial epicondyle in some children) 	



 How would you manage this child? 	

v Techniques to reduce iatrogenic ulnar nerve injury: 	
•  placing medial pin with elbow in extension to allow the nerve to relax. 	
•  use small medial incision (rather than percutaneous pinning). 	



 How would you manage this child? 	

•  I would bend and cut the wires for ease of removal in the clinic in 3–4   
weeks’ time. I would splint the arm in a backslab in semi flexion (< 
90◦) . 	
•  I would reassess the perfusion of the hand and watch for compartment 

syndrome. 	
•  In case of failed closed reduction → The anterior approach to the 

elbow provides the best exposure of the neurovascular structures and 
the soft-tissue obstacles anteriorly that prevent reduction. This 
approach is performed through either a transverse or an oblique 
incision made across the elbow flexion crease.	



�
 �
 �

 You reduce and pin the fracture under anaesthetic, but on post-
operative review in recovery you are unable to feel a pulse. What would 

you do now? �
 �
 	

•  If I found no pulse in my post-operative review of the patient, I would 
make an assessment of the rest of the vascularity of the hand in terms 
of its colour and warmth and also the capillary refill time. If the hand 
was pink and warm with adequate capillary refill of the fingertips, then 
I would monitor the situation with regular review. The artery is likely 
to be in spasm and the pulse can take a day or two to recover. If the 
hand was white and capillary refill reduced, I would release the back 
slab and allow the arm to extend to see if this improved the situation. 
If not I would contact the vascular/plastic surgeons for an urgent 
review as the artery may have been caught up in the fracture and has 
now been occluded by the reduction. If so this would now require 
open exploration, usually via an anterior approach. 	



What deformity can occur with improperly reduced 
supracondylar humerus fracture?   


• Cubitus varus is the most common deformity. It has been termed 
“gunstock deformity”. 	
• Cubitus valgus and varus can accompany supracondylar and lateral 

condyle fractures. Also, tardy ulnar nerve palsy can occur secondary to 
either cubitus varus or cubitus valgus.	
• Cubitus varus can cause a tardy nerve palsy. The proposed etiology is 

from a medial shift of the triceps (from the cubitus varus) which 
results in a compression neuropathy. 	


