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COXAVARA 
Definition. Coxa van is defined a.s any decrease in the 
femoral neck-shaft angle below the normal. Coxa van wa.s 
initially classified by Elmslie (1). This cla.ssific.arion has subse
quendy been modified by Fairbank and condensed into three 
broad can:gories: congenital coxa vara. acquired c:ox:a vara. and 
devdopmental c:ox:a vara (2) (fable 26-1). 

Congmit41 coxa vara is char.iaerlzed by a primary cartilagi
nous defect in the femoral neck. This can be a congenital short 
femur, a congenital bowed femur, or part of a proximal femoral 
focal deficiency (PFFD) (Fig. 26-1). The deformity is not always 
evident clinically at birth; however, it is usually evident on radio
graphs (3. 4). Significant leg length inequality is often present. 

Acquired coxa vara can be caused by a number of condi
tions including trauma (Fig. 26-2), infection, pathologic bone 
disorders (Fig. 26-3), slipped capital femoral epiphysis, and 
Legg-Calve-Perthes disease (LCPD). The resulting c:ox:a vara 
can be secondary to necrosis of the femoral head or altered 
physeal growth. Coxa v.u:a can also be aswciated with skeletal 
dyspla.sias and, although these conditions probably should be 
classified separately. they are included under "acquired causes" 
for the sake of simplicity (5-8) (Fig. 26-4). 

Dn~tlopmmtal coxa vara is a term reserved for coxa van 
of the proximal femur in early childhood, with classical radio
graphic changes and no other skdetal manifestations or obvious 
underlying causes (9, 10) (F.tg. 26-5). There is associmd mild 
limb-length inequality that develops secondary to the progres
sive varus deformity, but not because of a significant decrease 
in the length of the femoral shaft. The growth behavior and 

radiographic changes hdp d.i.ffi:.rentiate this condition from the 
others mentioned previously. 

Epidemiology. Developmental coxa vara is a rare entity. 
with a reported incidence of 1 in 25,000 live births worldwide 
(10, 11). The ~o ofboys to girls is 1:1, and there do not seem 
to be any major racial predilections (12, 13). The tate of occur
rence in the left and right hips is also equal. The condition is 
bilateral in 30% to 50% of patients (10, 12, 1~18). Bilateral 
cases may more li.kd.y be 3.S$0ciated with a skeletal dysplasia. 
so the cuminer should investigate for this possibility during 
the physical and radiographic examination. There is presumed 
to be a genetic predilection for developmental coxa vara. with 
several reports suggesting an autosomal dominant pattern of 
inheritance with incomplete penetrance (10, 13, 17-20). 

Etiology. The exact cause of developmental coxa wra 
remains unknown. The most widely accepted theory is that the 
deformity in the proximal femur results from a primaty defect 
in endochondral ossification of the medial part of the &moral 
neck (21). This results in dystrophic bone along the medial 
inferior aspect of the femoral neck. which fatigues with weight 
bearing, resulting in the progtessive varus defonnity that is 
seen clinicalty. In this regattl, the condition ha.s been likened 
to infantile Blount disease of the proximal tibia; however, the 
two conditions have not been shown to coexist (22, 23). 

Other investigators hypothesize that the varus deformity 
is caused by excessive intrauterine pressure on the developing 
fetal hip, resulting in a depression in the neck of the femur (9). 
A vascular insult causing a growth arrest to the developing 
femoral head and neclr: ha.s also been proposed as a cause of 
coxa vara (24). Yet another theory is that the varus deformity 
results from faulty maturation of the cartilage and metaphyseal 
bone of the femoral neck (10). 

Clinical Features. The child with <tm:lopmental coxa 
vara usually presents after he or she ha.s started walking and 
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before 6 yeats of age (25, 26). Clinically, the child presents 
with a painless limp that is caused by both the functional 
abductor muscle weakness and a relatively minor limb·length 
inequality in unilater.d cases. When the disease is bilawal, the 
child presents with a waddling gait and incn:ased lumbar lor· 
dosis as seen in bilater.d developmental hip dislocation (2, 10, 
25, 27-29). Although pain is seldom reported as a symptom, 
older children may report a deep ache in the buttock muscles 
after prolonged exercise. 

On physical eraminari.on, the greater trochanter will be 
more ptominent and proximal than the contralaternl normal side, 
thereby al~ normal hip joint mechanics. With increasing 
coxa vata defonnity, the origin and insettion of the hip abdwr 
tors approaclt eac:b. other, resulting in functional hip abductor 
wc::ak:ncss and a positive Trenddenburg test. An associan:d J.im.b... 
length inequality is present in unilateral cases but is r.ud.y >3 em 
at sJreletal maturity, even in untreated patients (13, 30). 

The range of motion of the hip is reduced in all planes 
of motion, with limitations of abduction and internal rota
tion being the greatest (12, 25). The limitation in abduction 
is due to impingement of the greater trochanter on the side 
of the pelvis. The loss of internal rotation is due to the loss of 
the femoral nec.k. anteversion that is a feature of developmental 
coxa vara. As part of the general clinical c::x:am.ination, other 
causes of coxa vara should be ruled out, for example, skeletal 
dysplasias (15, 31). 
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Radiographic Features. The diagnosis of developmental 
coxa vara is confirmed with a plain anteroposterior tadiogtaph 
of the affected hip. The typical radiographic findmgs are listed 
in Table 26-2. Mild acetabular dysplasia is sometimes present 
as well (4, 10, 15, 16, 21, 26, 31, 32). The invened Y pattern 
seen in the inferior femornl neck remains the sine qua non of 
this condition. The invened Y pattern is formed by a triangular 
piece of bone in the medial femoral n~ abutting the physis 
and bounded by two radiolucent bands (Fig. 26-6). Although 
these bands were once postulated to be two physeal plates, 
biopsy specimens and magnetic resonance studies have shown 
this to be an area of widening of the physeal plate with assa. 
ciated abnormal ossificarion (22). Kim et al. used computed 
tomogtaphy (Clj scanning in three patients and suggested that 
the triangular metaphyseal fragment is a Salter-Harris type 2 
'"separation" through the defective fumoral neck. (32). 

The amount of varus deformity of an affected hip may 
be quantified on anteroposterior radiographs by measuring the 
neck-shaft angle, the head-shaft angle, or the Hilgenreiner
epiph~ angle {H-E) (33). Neither the neck-shaft angle 
nor the head-shaft angle provides an accurate reflection of the 
severity of the d.efunnity and its likely progression or correc
tion (24, 29). On the other hand, the H-E angle, desaibc:d by 
Weinstein, has been shown to have good prognostic wluc (33). 
The H·E angle is the angle between the physeal plate and 
Hilgenreiner line (33) (Fig. 26-6). In 100 healthy patients, this 
angle ave.mged 16 degrees. In developmental con v.ua. the 
angle is between 40 and 70 degrees. Using this measurement 
in 22 patients with coxa vara, Weinstein was able to make rec
ommendations concerning the natural history and trea.unent 
options for this group of children. These are discussed in the 
subsequent text. 

Pathoanatomy. In early fetal development, the proxi· 
mal femoral ph:ysis extends across the entire proximal femur. 
The cartilage columns that make this physis then differenti
ate into cervical epiphyseal and trochanteric apophyseal por
tions. The medial cervical portion matures first, dongacing 
the femoral neck. The neck-shaft angle is determined by the 
relative amount of growth at these two sites (~38). The 
mean angle of the femoral nec.k.-shaft angle is 150 degrees at 
3 weeks of age, decreasing to 120 degrees in adulthood (39) 
(Fig. 26-7). 

A number of reports have been published on biopsies 
taken from both the proximal femoral physis and &moral 
neck. in patients with developmental coxa vara (12, 34, 40). 
These have shown defects in cartilage production and sec
ondary metaphyseal bone formation in the inferior portion 
of the proximal femoral physeal plate and adjacent femo
ral neck. The cartilage cell numbers are decreased and the 
remaining cells are not well organized in regular columns as 
seen in a healthy physis. The adjacent metaphyseal bone is 
osteoporotic and infiltrated with nests of cartilage cells (34, 
40) (Fig. 26-8). Chung and Riser reported on the postmor
tem findings in a 5-year-old boy with unilateral coxa vara. 
They noted that the acetabular volume and femoral head 
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FIGURE26-1. Natural history radiographically of a child with congenital coxa vara and congenital shonfemur. A: Radiographic 
appearance of a 9-month-old girl at presentation with unilateral coxa vara and congenital shan femur. B: The same patient 
at 2 years of age showing progression in femoral shonening and varus deformity. C: Patiem at 5 years of age with increased 
shortening and coxa vara deformity. 

were smaller. the femoral neck. was shorter. and the physis 
was wider on the affected side than on the nonnal contra· 
lateral side. They found that endochondral ossification was 
altered in the affected hip as we.ll as in the "normal,. contra· 
lateral side. They also observed that there was a '"reduction in 
the number and caliber of intraosseou.s arteries supplying the 
metaphyseal sides of the growth plates in the proximal femur 
and those supplying the subchondral region and exttaosseous 
medial ascending cervical arteries on the surface of the 
femoral neck" (34). 

The resulting deformity is a combination of the under· 
lying pathology and the ala:rc:d mechanical forces across the 
hip. With progressive varus deformity of the femoral neck. the 
force across the proximal femoral physis changes &om com
pression to shear as it assumes a more venical orientation. The 
shortened lever arm. and relative proximal migration of the 
grea-ter trochanter also leads to altered muscular forces in 
the abdUCtOr group. 

Natural History. Untreated developmental coxa vara was 
once viewed as a condition in which increased tensile forces on 
the superior femoral neck led to progressive varus deformity of 
the proximal femur. ultimately resulting in the development 

of a stre.ss·fractute·related nonunion of the femoral neck 
and premature degenerative arthritic changes within the hip 
joint in almost all the affected patients (41). Weinstein et al. 
(33). however. showed that not all patients with developmen
tal coxa vara follow such a progressive course. Their study 
demonstrated that the determining factor for progression 
of the varus deformity is the H-E angle. If the H-E angle is 
<45 degrees. the condition is stable and progressive defor
mity is unlikely. If the H·E angle is >60 degrees. surgical 
intervention is recommended because the defonnity invariably 
progresses. Between 45 and 60 degrees, the natutal history is 
not as dear. and these patients must havl: serial .radiographs 
to reevaluate their varus deformity (33). Serafin et al. (16). 
Carroll et al. (22), Cordes et al. (23), and Desai et al. (15) have 
all confirmed these parameters in their own patient popula
tions. What is not dear from natutal history studies is the time 
of onset of developmental coxa vara and the speed of progres
sion of the deformity.. 

Treatment Recommendations. The ueatm.ent algorithm 
for developmental coxa vara is based on the natural history 
studies mentioned in the preceding ten. Because the cause of 
the abnormal pathology is not known, a biologic cure is not 



FIGURE 26-2. The radiographic appearance of acquired coxa vara in 
a 7-year-old girl who had an intenrochanteric left hip fracture. 

possible. Treatment, therefore, is aimed at preventing the sec
ondary deformities of the pro:rimal fi:mur created by the con
dition's nac:ural history. Borden et al. (42) identified the main 
objectives of current tre:.ltment approaches: correction of the 
varus angulation into a more normal physiologic range; chang
ing the loading characteristics seen by the abnonnal &moral 
neck from shear to compression; correction of limb-length 
inequality; and reestablishment of a proper abductor muscle 
length-tension relation. 

Nonsurgical. Patients who have an H-E angle of <45 
degrees and are asymptomatic need to be assessed for limb
length inequality (in unilateral cases) and for evidence of 
skeletal dysplasia. These patients should also have periodic 
radiographic assessments to assess for progressive deformity 
until skeletal maturity. In patients with an H-E angle between 
45 and 59 degrees, serial radiographs are essential so as to assess 
for progression. In those who develop a symptomatic limp, 
Trenddenburg gait, or progressive deformity. surgical tteatment 
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FIGURE 26-3. The radiographic appearance of acquired coxa vara 
in an B·year·old child who had fibrous dysplasia and a shepherd-crook 
deformity of the proximal femur. 

is warr.mted. In general, nonsurgical treatments including bed 
rest, traction, and hip immobilization in a spica cast have 
not altered the natural course of the disease (24, 29, 43). 
Zadek (21), in a review of conservative treatment of devel
opmental coxa vara, concluded that the previously attempted 
nonopetative methods had universally little or no value. 

FIGURE 26-4. The radiographic appearance of coxa vara associated 
with cleidocranial dysostosis in a 4-year·old child. 
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RGURE 26-5. Radiographic appearance of developmental coxa vara 
in a 3-year-old child. 

Surgical 
Indication&. Surgical intervention is recommended for 
hips with an H~E angle of 60 degrees or greater, a progressive 
deaease in the femoral neck.·shaft angle to 90 to 100 degrees 
or less, or for patients who develop a symptomatic limp or 
Tn:ndelenburg gait (25, 33, 44). 

OptioDJ. A wriety of surgical o:eaanents have been ~m· 
mended for developmental con v.u:a over the ~· many of 
which ~ of historical int:er:est only. One such procedure is epi· 
physiodesis of the greater trochanter; which has been shown to be 
unrel.iable as the sole surgical tn:atment of this oondition (12, 27, 
45). Other historical surgical procedures included pin fixation 
and bone grafting of the femoral neck defect, which did not cor
rect the 'Y'.U1lS deformity. did not prevent progression, and some
times resulted in growth arrest of the capitil femoral physis (27). 

va1ga.t o.teotomy fo.r Dm:lopmeotal Coxa Vara. The 
most successful way to comet the defonnity and n:ston: mote 
normal hip joint mechanics is with a rotational valgus·pro· 
ducing proximal femoral osteotomy (Figs. 26-9 to 26-17). A 
valgus osteotomy converts the shear forces across the physis 
into compressive forces, and this appears to improve ~ifica
tio.o. in the femoral neck. Correction of the neck-shaft angle 

1. Decreased femoral neck-shaft angle 
2. Venical position of physeal plate 
3. Triangular metaphyseal fragment in inferior femoral neck 

with associated invened Y appearance 
4. Shonened femoral neck 
5. Decrease in normal anteversion 

A 

B 

RGURE 26-6. Hilgenreiner-epiphyseai!H-E) angle. A: The H-E angle 
is the angle between Hilgenreiner line and a line drawn parallel to 
the capital femoral physis. Note the inverted Y pattern formed by the 
triangular piece of bone in the medial femoral neck. B: H-E angle of 
68 degrees in a patiem with developmental coxa vara. 

to normal also restores the muscle function to the hip abduc
tors. Restoration of a normal neck-shaft angle allows proxi
mal femoral remodeling and normal ossification to occur. The 
proximal femoral osteotomy has been performed at the level of 
the ne~ the intertrochanteric region, and the subtrochanteric 
tegion, all with the goal of restoring the normal anatomy of 
the hip joint (2, 12, 29, 42. 44, 46-51). Femoral neck oste
otomies have had a higher morbidity rate and poorer clini~ 
cal results than either the intertrochanteric or subtrochanteric 
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FIGURE '5-7. Evolution of dle neck-shaft angle in the normal hip. 

osteotomies, which are the treatmen~ of choice (14, 15, 22, 
23, 31, 33, 52-54). Many intertrochanteric and subtrochan
teric osteotomies have been described for com:aing coxa vara, 

thereby indicating that no one method has proved to be totally 
satisfactory. Langcnsk:iold valgus-producing osteotomy (12) 
(Fig. 26-18) and Pauwd Y-shaped. osteotomy (23, 55) 
(Fig. 26-19) are examples of intertrochanteric corrective oste
otomies that have produced good results. Pauwel osteotomy 
is technically demanding and does not allow rotational cor
rection of the upper femur. Borden et al. (42) describe a 
subtrochanteric valgus-producing osteotomy that has been 

FIGURE 26-8. Photomicrograph of a biopsy specimen of the proxi
mal femoral physeal plate of a patient with developmemal coxa vara 
demonstrates irregularly distributed germinal cells in the resting zone; 
an absence of normal, orderly progression of the cartilage columns: 
and a poorly defined zone of provisional calcification. Nests of carti
lage cells reside at the margin of the metaphyseal bone. 

used swx;essfully in achieving and maintaining the goals of 
surgical treatment (Fig. 26-20). 

A diffic:ult decision to m.a1u: is the riming of the osteotomy. 
Some orthopaedists advocate perfonniag the osteotomy as soon 
as it is clinically indicated, whereas others prefer to wait until 
the child is older. Pylk:kanen (12), Weighill (47), and Serafin 
(52) recommend that the osteotomy be performed at an early 
age, even as young as 18 months. Weinstein et al. (33), and 
Duncan (10), on the other hand, recommend delaying surgery 
until the patient is 5 to 6 years of age. In very young children, 
it is diffic:ult to obtain adequate fixation because of the mostly 
cartilaginous proximal femur, and this may act:entuate the p~ 
pensity for recurrence of the deformity in this age group. On 
the other .hand, the amount of acetabular dysplasia associated 
with devdopmental coxa vara most likely incrc:ases with incrc:as-
ing age, and the capacity for acetabular remodeling decreases 
with increasing age. Therefore, the appropriate time for surgical 
intervention in indicated patients is as soon as there is adequate 
bone development to allow secure internal fixation. 

The proximal femoral redirectional osteotomy is per
formed with the patient in the supine position on a radiolu
cent table. The proximal femur is approached laterally with 
subperiosteal exposure obtained. The transverse intertrochan
teric osteotomy is performed with an oscillating power saw 
with subperiosteal retractors prote<;ting the medial soft-tissue 
mucnu:es. Location of the osteotomy is verified with use of a 
Cann. The amount of varus com:ction necessary to achieve 
recreation of the pathologic vertical orientation of the proxi· 
mal femoral physis is typically >30 degrees. In performing 
the proximal femoral varus correcting osteotomy. the location 
of the osteotomy relative to the attachment of the psoas ten
don should be considered. Perfonning the osteotomy proxi
mal to the lesser trochanter facilitates varus correction but in 
larger patients and/or severe defonnity the intact attachment 
of the psoas tendon to the proximal fragment makes it more 

Text continud on page 1234 
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Valgus Osteotomy for Developmental Coxa Vara (Figs. 26-9 to 26-17) 

RGURE 26-9. Valgus Osteotomy for Developmental Coxa 
Vara. The Pauwels osteotomy (53) is planned to place tile physis 
perpendicular to the direction of tile resultant compressive forces 
(16 degrees off the horizontal). eliminating tile shearing forces. In 
addition, the diaphysis is used to enlarge 1f1e proximal end of the 
femoral neck. The osteotomy does not allow for correction of rotation. 

The planning of the osteotomy is similar to planning for other 
osteotomies. A radiograph centered on the femoral head and in 
the proper degree of rotation is used for the tracing. First, tile 
proximal femur and its axis, the acetabulum. and the physis are 
outlined on tracing paper. Three lines should be drawn on this 
outline. First, a horizontal line is drawn several centimeters below 
the lesser trochanter and perpendicular to the femoral shaft (H). 
Second, a line is drawn through the physis intersecting H (PS). 
Third, a line is drawn 16 degrees from the horizontal H line. This 
will place the physis at 16 degrees. which is perpendicular to tile 
direction of the resultant compressive force. The angle formed by 
this third line and PSis the size of the wedge to be removed for 
correction. In this illustration this is 50 degrees. 

RGURE 26-10. The upper cut of the osteotomy is now drawn 
so tllat it reaches the physis in what Pauwels called tile region of 
resorption. The inferior cut is then marked so that it intersects the 
upper cut at a point that leaves a portion of the diaphysis equal in 
width to the widtfl of the triangular fragment. 
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FIGURE 26-11. Finally, the inferior portion of the osteotomy with the femoral axis is traced on a separate piece of paper 
(A). This paper is now superimposed on the first sheet and rotated so that the osteotomy lines on the two papers come 
together (B). The femoral axes now form a 50-degree angle. The upper fragment of the osteotomy is now traced on this 
second sheet. This second sheet is now rotated back and slid upward, keeping the femoral axes parallel. When the femoral 
head lies in the acetabulum, it is traced on this second sheet giving the result of the osteotomy (C). 
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RGURE 26-11. The patient is placed either on a translucent table top or on a fracture table, depending on the child's 
size and the surgeon's preference. The femur is exposed as previously described. Kirschner wires are placed under image 
intensifier control to marie the lines of the osteotomy (A). The wedge of bone is removed with a power saw. It is eas
ier to make the proximal cut first, leaving the medial conex intact. The inferior cut is made and the wedge removed 
(B). Finally, the proximal cut is completed. 

RGURE 26·13. A: A bone hook is now placed over the top of the trochanter. The trochanter and the proximal frag
ment are pulled down and laterally to displace the proximal fragment onto the diaphysis. The leg is abducted to close 
the osteotomy. B: Fixation can be by any method of the surgeon's choice. In our limited experience. two Kirschner 
wires are passed from the proximal fragment into the distal fragment. combined with a spica cast works well in 
smaller children. These Kirschner wires may be combined with a tension band wire for added fixation. In larger 
children, a blade plate works well. 
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RGURE 2&-14. Amstutz and Wilson (44) 
discussed the various methods for correction of 
coxa vara, the difficulty in obtainiJYJ and main
taining the desired amount of correction, and 
the reasons. They thought that in the absence 
of good fixation in young children, an interlock
ing osteotomy with a long spike of cortical bone 
from the distal fragmern mortised into a slat in 
the proximal fragmern was best Some cases 
required that the spike be placed across the ~ 
sis and into the femoral head. Mobilization of 
the fragments was difficult requiring adductor 
tenotomy, release of the abductor muscles, and 
subperiosteal stripping. Occasionally, Kirschner 
wire fixation was added. All these patients were 
tmated in abduction with a spica cast 

FIGURE 26-15. Plykkanen (56) described an osteotomy attributed to Langenskiold.ln this procedure, an intertrochanteric 
osteotomy is performed at the level of the triangular fragment. The distal fragment is abducted so that the lateral shaft of 
the distal fragment lies adjacent to the cut surface of the proximal fragment. The two fragments may be fixed with cerclage 
wires, Kirschner wires, or tension band wires. 
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RGURE 26-16. In the older child, the osteotomy can be accomplished with an angled blade plate as described by Borden 
et al. {49). For the child, the plate will either have to be custom made or have to be made by bending an available device. This 
may also be done with some of the newer pediatric screws and plate combinations provided that the plate permits a suf
ficient amount of valgus. It is often necessary to cross the physis to gain sufficient purchase on the proximal fragment. After 
the plate is seated, a subtrochanteric osteotomy is performed. With traction and abduction of the leg, the plate is brought into 
contact with the femoral shaft and secured with a clamp and then with screws. To achieve abduction of the distal fragment. 
an adductor tenotomy may be necessary (6). To complete the osteotomy without increasing the pressure on the hip joint it 
may also be necessary to remove a portion of the distal fragment or a wedge from the lateral aspect of the proximal fragment. 

RGURE 26-17. A: Anteroposterior radiograph 
of a child with bilateral developmental coax vara. 

A 
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FIGURE 26-17. (continued) B: Immediately after 
bilateral femoral osteotomies using the technique of 
Amstutz in a plaster cast. C: Eighteen months later. 
more horizontal growth plates are apparent along 
with the remodeling of the proximal femur. 
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FIGURE 2:6-18. Langenski!lld imertrochanteric osteotomy. A: Site of osteotomy in proximal femur. B: After osteotomy with 
fixation in place and resulting coxa valga. 

difficult to achieve both satisfactory con:eccion of the varus 
deformity and relative lateral displacement of the distal frag
ment. Performing the osteotomy just distal to the lesser tto

chanter makes it relatively easier to displace the distal fragment 
laterally. However, the necessary valgus tilting of the proximal 
fragment may potentiate near abutment of its distal medial 

A 

edge against the pelvis. When performing a valgus-producing 
osteotomy. it is often desirable to lateralize the distal fragment. 
Aligning the shaft of the distal fragment with piriformis fossa 
of the proximal fragment helps to assure a correct medial/ 
lateral relationship of the two osteotomy fragments. If exces
sive medialization is noted, either slightly withdrawing the 

B 

FIGURE 26-19. Pauwel Y-shaped osteotomy. A: Lines are drawn corresponding to the axes of the physis (P) and parallel to 
Hilgenreiner line several cemimeters below the lesser trochanter {H). The angle between lines P and H. less 16 degrees (the 
normal Hilgenreiner-epiphyseal angle}. describes the amount of deformity and therefore the angle of wedge to be resected {in 
this case, 44 degrees). B: Proximal femur after the wedge of bone has been removed. 



c 
FIGURE 26-19. (continued) C: Proximal femur with osteotomy com
pleted and hardware in place. 

blade from the proximal fragment or changing to an implant 
with a longer blade will help to achieve more lateralization. 
If alternatively relative excessive lateral.ization of the distal 

A 
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fragment is noted. the blade plate needs to be driven further 
into the proximal fiagment and/or an implant with a shoner 
blade should be used. 

In addition to obtaining correction of the varus, often the 
distal fragment should be intemally rotated to correct preoper
atively noted external rotation (proximal femoral retroversion). 
The amount of derotation required is a clinical decision made 
during swge.r:y. If there is an adductor conttact:ure, an adduc
tor tenotomy performed at the time of the valgus osteotomy 
will make it easier to obtain satisfactory varus correction (51). 
Similarly. at times, shortening the proximal or distal &.igment 
will make it easier to reduce the two fragments and obtain ade
quate valgus tilt of the proximal fragment (25). Care should 
be talcen to avoid crossing the physeal plate with the fixation 
device, if possible. 

Fixation with an intermediate rigid blade plate optimizes 
the resultant inherent stability of the construct. In younger 
children and/or those with less bone mass, an alternative fonn 
of internal fixation suggested by Wagner is performed with a 
bifurcated plate driven through the intramc:dullary sur&ce of the 
proximal fragment and sccun:d to the distal fragment with screws 
(Fig. 26--21). A number of other devices have been used, 
including cerclage wire (53), hook plates (54), and cnernal fix
ators (55), all of which have a higher incidence of fucu:ion failure. 

The goal of surgical treatment is to produce a valgus 
overcorrection of the neck-shaft angle of the proximal femur, 
regardless of the patient's age. A nwnber of authors have 
reported recuttence rates of between 30% and 70% because 
of insufficient correction at the time of surgery; or loss of 
correction in the postoperative period because of inadequate 
fixation of the osteotomy (15, 22, 23). Carroll et al. (22) 
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FIGURE 26-20. Borden subtrochanteric osteotomy. A: Line of osteotomy and insertion of 14{klegree angle blade plate 
parallel to the superior border of the femoral neck. B: Varus deformity corrected. Nate that the lateral cortex of the proximal 
fragment is approximated to the upper end of the distal fragment. 
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RGURE 26-21. Internal fixation of valgus osteotomy with the 
Wagner bifurcated plate. The bifurcated end of the plate is driven into 
the proximal fragment through its intramedullary surface. 

A 

found that if the H-E angle is reduced to <38 degrees, 
95% of the patients showed no evidence of recurrence 
(Fig. 26-22). In contrast, 93% of the osteotomies that 
retained a physeal angle >40 degrees required revision for 
recurrent varus deformity.. 

Successful treatment results in maintenance of the val
gus cottection and restoration of more normal growth of 
the proximal physis. By converting the shear stresses to 
compression, the osteotomy allows this more nonnal devd
opment. The triangular metaphyseal defect in the femo.rnl 
neck. spontaneously closes within the fim: months postop
erativdy in most cases, if adequate valgus has been created 
(25) (Fig. 26-23). The results of most studies show that a 
correction of the H-E angle to <40 degrees will result in a 
good clinical outcome. The published results of valgus oste

otomies for coxa vara invariably include multiple etiologies 
fur this deformity; hence, some conclusions are not neces
sarily specific fur developmental coxa vara. In a review of 14 
patients who had had a Pauwd Y-shaped intertrochanteric 
osteotomy for coxa vara. Cordes et al. (23) reported good 
maintenanc:.e of c:om:ai.on at 11 years average follow-up 
in patients in whom the H-E angle had been corrected to 
<40 degrees. Desai and Johnson (15) reviewed 20 hips in 
12 patients fur an average of20 years and found that sat:is&ctory 
results were achieved if the H-E angle was 35 degrees or less. 
Twelve hips had trochanteric overgrowth; however, only 
five of these patients had weakness of the abductor. Yang 
and Huang (50) showed that the acetabular depth improves 
significantly in patients with devdopmental coxa vara who are 
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RGURE 26-22. Anteroposterior pelvic radiographs of a 4-year-old child with developmental coxa vara. A: Preoperative radio
graph. B: Postoperative radiograph. A subtrochanteric derotational proximal femoral osteotomy successfully achieved the 
objectives of surgical correction, including correction of the varus angulation, restoring the Hilgenreiner-epiphyseal (H-EI angle 
to <30 degrees, and lateralizing the distal fragment to help reestablish the proper abductor muscle length-tension relation. 
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RGURE 26-23. Anteroposterior pelvic radiographs of a child with developmental coxa vara. A: The preoperative radiograph 
demonstrates a classic inferior femoral neck triangular fragment. B: Two months postoperatively, the radiograph demonstrates 
correction of the physeal angle, with spontaneous closure of the femoral neck triangular metaphyseal fragment. 

tteatc:d with a valgus intertrochanteric osteotomy, especially if 
it is performed before the child reaches 6 years of age. Canoll 
et al. (22) reviewed 37 affected hips in 26 children fullow.ing 
a valgus osteotomy fur congenital or acquired coxa vara. They 
reported a 50% reaurence tate that was unrelated to age at the 
time of surgery, the type of internal fixation, or the etiology. 
Of the children in whom the H-E angle was corrected to 

A 

<38 degrees, 95% had no recurrence of the deformity. If the 
femor.d osteotomy is performed before 10 ~ of age, 83% 
of the patients will have excellent acetabular development 
(Fig. 26-24). 

Aulflors· Preferred Recommendations. The impor
tant first step in treating developmental coxa wra is to rule 
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FIGURE 26-24. The anteroposterior pelvic radiographs of an 8-year-old child with developmental coxa vara. A: Preoperative 
radiograph. B: The postoperative radiograph 11 months after the subtrochanteric proximal femoral derotational osteotomy 
and fixation with a sliding hip screw demonstrates spontaneous closure of the proximal femoral epiphyseal plate. The greater 
trochanteric apophyses remain open. 
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out any other possible cause for this condition (Table 26-1). 
Once diagnosed, the child should be followed up every 
4 to 6 months with anteroposterior radiographs of the pelvis. 
Surgical intervention is recommended for hips with an H-E 
angle of 60 degrees or greater, a progressive decrease in the 
femoral neck-shaft angle of 90 to 100 degrees or less, or in 
patients with developmental coxa vara who develop a symp
tomatic limp or Trendelenburg gait. The authors prefer an 
intertrochanteric valgus-producing, and, as appropriate, rota
tional osteotomy of the proximal femur. The preferred fixa
tion device is an adolescent size blade plate (130-<legree angle). 
For larger adolescent patients, the adult size 130-degree blade 
plate is used. For small and/ or young patients, the modified 
Wagner plate (Fig. 26-23) and supplemented spica cast is pre
ferred. An adductor tenotomy is performed if contracture of 
the adductor muscles limits passive hip motion. If an adductor 
tenotomy is performed in conjunction with the valgus oste
otomy, an abducting wedge-shaped foam pillow is utilized for 
comfort for the first 3 to 4 weeks postoperatively. Following a 
valgus-producing osteotomy, bone overgrowth of the fixation 
device is likely. The authors recommend surgically removing 
the implant 1 to 2 years following healing of the osteotomy. 

Complications. Schmidt and Kalamchi (31) showed that 
89% of hips that have had an osteotomy have premature closure 
of the proximal femoral physeal plate. This usually occurs in 
the first 12 to 24 months after surgery (Fig. 26-23). This phe
nomenon is probably due to an inherently abnormal ph)15is that 
has a compressive force applied across it rather than any ph)15eal 
injury at the time of surgery. The surgery itself may also acceler
ate physeal closure. This premature closure may lead to both 
limb-length inequality and trochanteric overgrowth with resul
tant recurrent coxa vara. To prevent this recurrent deformity, it 
is recommended that after premature closure of the proximal 
femoral epiphyseal plate has been documented, an apophyse
odesis of the greater trochanter or a trochanteric advancement 
be performed before the development of a recurrent deformity 
(25). If the varus deformity does recur, a repeat valgus-producing 
femoral osteotomy can be performed. The residual limb-length 
inequality is usually mild and can be addressed in most cases 
with a shoe lift. Contralateral epiphysiodesis around the knee 
can be used in more severe cases to achieve equal limb lengths. 

The medial circumflex artery courses from its origin, typi
cally the profundus (deep) femoral artery, medially across the 
psoas tendon, and then in a posterior direction. A terminal 
branch of the medial femoral circumflex artery provides the 
essential blood supply for most of the lateral three-quarters 
of the femoral capital epiphysis. Injury to the medial circum
flex artery and the resulting avascular necrosis of the femo
ral capital epiph)15is is possible while performing a proximal 
femoral intertrochanteric osteotomy. Carefully positioning 
subperiosteal retractors should be insetted from both an 
anterolateral and posteromedial direction which in turn helps 
protect the medial circumflex artery. An oscillating power saw 
should be used to perform the intertrochanteric osteotomy. 
Care should be taken to prevent any excess penetration of the 

saw blade medial to the site of the osteotomy which potenti
ates injury to the medial circumflex artery. 

BLADDER EXSTROPHY 
Definition. Bladder exstrophy is part of a spectrum of 
anomalies which may involve, to varying degrees, the bladder, 
pelvis, intestinal tract, and external genitalia. The prototypical 
and most common form (70%) is "classic" exstrophy, which 
involves a widened pelvis with an anterior diastasis, an open 
bladder, and a complete epispadias (57). The most minor form 
of this spectrum is epispadias, which may also have a closed 
bladder but widened pelvic symph)15is. The most pronounced 
expression of this spectrum is cloacal exstrophy, which usu
ally involves all of the above findings, as well as omphalocde, 
and often, a neural tube defect. Although classic exstrophy is 
a relatively uniform anomaly, cloacal exstrophy is extremely 
variable from patient to patient and often includes anomalies 
of the spine and extremities. The orthopaedic surgeon may be 
consulted with questions about prognosis of the pelvic defect, 
assistance with closure of the bladder, and treatment of associ
ated anomalies of the spine and extremities. 

Epidemiology. The incidence of bladder exstrophy is 
between 1 in 10,000 and 1 in 50,000 live births (57). Males are 
more commonly affected, with a gender ratio of at least 2.5:1, 
M:F. "Classic" exstrophy is the most common type seen, with 
cloacal exstrophy being about one-fifth as common. The risk of 
recurrence for a family having a child with exstrophy is about 
1: 1 00. Many affected patients are currently diagnosed prenatally. 

Etiology and Pathogenesis. The etiology of this disor
der is not known. The pathogenesis is felt to be a failure of the 
cloacal membrane to be reinforced by the ingrowth of meso
derm (57, 58). The cloacal membrane is the caudal end of 
the embryonic abdominal wall. It initially forms the anterior 
boundary of the bladder and hindgut. Mesenchymal ingrowth 
allows formation of the anterior part of the pelvis and the 
abdominal wall muscles. A defect in this structure leads to the 
development of a large open bladder and urethra. In cloacal 
exstrophy, the hindgut is exposed as well. 

Clinical Features. The constant finding is a mid
line defect in the anterior abdominal wall at the level of the 
pubic symphysis, exposing an open bladder and urethra. This 
usually measures at least 3 to 4 em at birth in classic exstro

phy (Fig. 26-24). The bladder itself is a flat plate instead of 
a dosed sac. In classic exstrophy, the innervation is normal, 
the hips are usually stable, and the extremities are functional. 
In cloacal exstrophy, the abdominal wall defect is much larger 
and the lower intestinal tract is variably exposed (Fig. 26-25). 
A spinal exam and a neurologic exam of the lower extremities 
should be performed. Often in cloacal patients, there is a 
lower lumbar neurologic deficit due to lipomeningocde or 
myelomeningocele. Hip dislocation, foot deformity, and 
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hemisacr.d agenesis are common. Other anomalies that may 
c:oc:xist with cloacal amophy include parcial failu.res of fonna· 
tion of the lower e:nremity or a distal duplication of the spine. 

Radiographic Features. There is separation of the pubic 
bones, which usually are symmetrically formed in patients with 
classic cxsttophy. 'This separation is typically about 4 to 5 em 
at birth and increases su:adily'With age (59) (Fig. 26·248). By 
comparison, in normal individuals, thls separation should be 
a constant wlue of approximately 1 em throughout life. The 
iliac wings are externally rotated by about 15 degrees each and 
assume a "flattene<l" shape. The anterior (ischiopubic) portions 
of the pelvis are slightly underdeveloped. having a decreased 
transverse diameter. The hips themselves, apan from being in a 
retroverted position, rarely show dysplasia. In cloacal exstrophy, 
the diastasis is much larger (Fig. 26--17B), and many other spi· 
nopelvic anomalies exist: posterior laminar defects, vertebral 
body anomalies, sacroiliac asymmetry, and hip dysplasia. 
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FIGURE 26-25. Patient with classic exstrophy before closure. 
A: Clinical photo. B: Radiograph prior to closure. C: Radiograph 
after closure. {Courtesy of Paul Sponseller.) 

Other Imaging Studies. Other studies are rarely needed 
in classic exstrophy (Fig. 26--26). In cloacal exstrophy, cr may 
show the sacroiliac and pdvic malformations more completely. 
Magnetic resonance imaging (MRI) of the spine may be valu· 
able for patients with cloac:al c:mrophy in order to assess 
anomalies. 

Pathoanatomy. Studies of the pelvis by cr scan, MRI, 
and dissection of anatomic specimens of classic cxsttophy have 
established the following (60-62) (Fig. 26-27): 

1. The pubic bones are foreshortened by about one-third in 
transverse length. 

2. The ilia are normal in size but externally rotated approxi
mately 13 degrees. 

3. The acetabula are retroverted but femoral version is normal. 
Biomechanical modeling has shown that the total stress on 
the hip joint is increased by approximately 30% above 
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FIGURE 26-26. Patiem with cloacal exstrophy. A: Clinical photo. B: Radiograph before closure. C: Radiograph 2 months after 
closure. D: Radiograph 6 years after closure.ICourtasy of Paul Sponseller.) 

nonnal, due mainly to the inc..reased. transverse distance of 
the center of hip rotation from the center of body mass, 
as well as the change in orientation of the trochanter and 
acetabulum. 

4. The sacroiliac joints are aha externally rotated and the pel
vis is angled caudally. 

5. The muscles of the pelvic floor are divergent, causing a risk 
of uterine prolapse. 

6. The bladder itself is opened into the shape of a flat plate, 
small and fibrotic. The external genitalia are hypoplastic. 

7. In cloacal exstrophy; there may be absence, hypoplasia, or 
asymmetty of the sacroiliac joint, as well as a dislocation 
of the hip(s). In these patients, the bone density is usually 
diminished. The genitalia may be severely anomalous. 

Natural History (Long Term Willtout Treatment). 
The function of the pelvis and hips in the unueated patient 
with classic bladder exstrophy is generally quite good. 
Children learn to w:illc at a nonnal age, although they have 
an increased external foot-progression angle. This becomes less 
pronounced over time (59). Athletic ability is not impaired. 
Adults with exstrophy seem to have an increased incidence of 

pain in the region of the sacroiliac joints. One natural his
tory study suggested that there is an increased incidence of 
degenerative disease of the hip in patients with uncottected 
exstrophy (62). However, the number of patients in the study 
was small. It is not cutrendy established that osteotomy of the 
pelvis for c:xstrophy is necessary to protect against premature 
osteoarthritis of the hip in a patient with no associated ace· 
tabular dysplasia. There are some reports of uterine prolapse 
in adult females with exstrophy, but the frequency of this is 
not known. Patients with exstrophy are usually fertile, and a 
number of females have successfully given birth, usually by 
cesarean sea:ion. 

Treabnent Recommendations. The pediatric urologist 
(with other specialists as needed) usually performs the recon
strUCtion in several surgical procedures, including closure of the 
bladder and lower abdominal wall soon after birth, followed 
by epispadias closure at the same time or a later date. Surgery 
to achieve continence is commonly performed after the age 
at which children are normally continent and may consist of 
bladder neck suspension and/or collagen injections. Patients 
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FIGURE 26-27. An 18-year-old girl with uncorrected exstrophy and external cervical prolapse as well as dysplastic hips. 
A: Preoperative radiograph B: Radiograph 6 months postoperatively.(Courtesy of Paul Sponseller.} 

who are unable to become continent are offered a bladder aug
mentation and a catheterizable umbilical stoma. Finally, in the 
older child, occasionally plastic surgery is an option in o.rde.r to 

optimize the appear.mce of the perineum. In general, orthopae
dic surgery of the pdvic deformity is indicated as part of one 
of these procedures only if it is needed for achieving urologic 
goals. These goals include achieving a closed bladder, urinary 
continence, and acceptable appearance of the perineum. In the 
past, it was most common for male patients with cloacal ~ 
phy to be n:oonstructed as females with appropriate endocrine 
supplementation, due to e:x:treme abnormalities of the enemal 
genitalia. However, long-term studies have shown that psycho
logical distress at maturity is common after this practice, so 
fumilies are given both gender options. 

Nonsurgical. Patients with emrophy that has been success
fully managed without osteotomy may not need any procedures 
done to the pelvic bones. These are patients who may have 
been managed without bladder closure or dosed in the new
hom period without osteotomy. They may have had soft-tissue 
rotational procedures to manage a mild-to-moderate-sized 
c::x:strophy de&:ct. 

Neonates whose bladders are closed at birth can usually 
be dosed by manually approximating the two halves of the 
pelvis and a strong suture between the pubic bones. The lower 
e:nremities are immobilized in traction or a cast or splint. The 
mobility to allow the approximation of the pubis probably 
occurs through plastic deformation of the sacral ala and laxity 
of the sacroiliac joints. Although the pelvis gradually assumes 
its original diastasis over time, the tissue relaxation achieved by 
the above sequence lasts long enough for the midline closure 
to become mature in the majority of cases. 

Surgical 
Indications. The most common indication for orthopaedic 
surgery on the pelvis is a bladder and lower uti nary traa: which 
cannot be dosed without approximation of the pubic bones. 
1bis is usually the case in a patient who presents for closure after 
about the 6rst month of age, or who has &iled a prior closure 
without osteotomy. Another indication is in an older patient 
with a dosed bladder who requires osteotomy and pubic reap
proximarion for continence. A final and least common indica
tion is in an older child in whom perineal n:oonstruction is 
aided by bringing the pelvis closer together. This d~ the 
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RGURE 26-28. Schematic representa
tion of pelvic differences in classic exstro
phy versus normal in the transverse plane. 
ICounesy of Paul Sponseller.! 

' ' 

width of the perineum and restores a more normal appearance 
to the Cltte.l1lal genital st:.rw;tUteS. Patients who ha~ acetabular 
dysplasia with classic astrophy should have an osteotomy. 

Options. The benefit of approximating the divergent urogeni
tal smlcrutes with the aid of pdvic ostectomy was first dc:scribcd 
by Shultz and O'Ph.e.lan in Minneapolis nearly half a century 
ago (63). They employal bilateral vertical iliac osteotomies 
through a posterior approach. with a midline wire to hold the 
pubic bones together (64). This n~tated turning the patient 
from prone to supine in the middle of the procedure. Although 
the original procedure remains popular, other approaches have 
been devd.oped. Tr.msverse supra.-acet:abular iliac osteotomies 
from an anterior approach were described in the 1980s by sev· 
eral surga>ns (Figs. 26-28-26-32). An oblique osteotomy of the 
ilium has been described in Toronto which .is midway between 
the two prior approaches and can help to bring the wings of the 
ilium together (65). Anterior pubic ramotomy is a simple proce
dure that can aid in the approximation of the two pubic bones, 
although the effect .is not as pronounced as iliac osteotomy. 

The osteotomized pelvis may be immobilized using bed 
rest and a cast, traction, external fixation, or internal fixation. 
A combination of enemal and internal fixation provides the 
most consistent results. 

Authors· Preferred Reco0111endations. The awhors' 
preference is to assist the urologist in closing all newborn classic 
c:::x:strophy within a few days after birth, when the relaxin is 
maximal and the pelvic bones are malleable. Most babies can be 
successfully closed without osteotomy. We prefer to immobilize 
these patients in modified Bryant ttaaion with the legs sus· 
pended vertically so that the pelvis is slighdy off the bed. This 
maintains an anterior closing force to the anterior pelvis while 
the closure heals. Other surgeons employ casts or splints to 
adduct or internally rottte the hips. 

For those whose bladders reopen, who present late, or 
who fail simpler procedures for continence, the authors pre
fer anterior supra-acetabular iliac osteotomies. In children 
older than 1 year, an additional closing-wedge greenstick 

osteotomy is added lateral to the sacroiliac joints to rotate the 
iliac wings together. Pins are inserted for exte.rnal fixation, and 
the urologist closes the bladder, perineum, and abdomen. The 
external fixator is then assembled. 

In patients with cloacal exstrophy. the diastasis is much 
larger and the bone is softer. An anterior plate is especially 
helpful in maintaining the closure. For this reason, we prefer to 
defer cloacal closure until the child is at least 12 to 18 months 
of age and placing is feasible (66). 

All children have some recurrence of the diastasis as they 
grow after an osteotomy, although it is less than it would have 
been without closure. The patients who ha~ osteotomy at the 
youngest ages have greatest recurrence. The goal of maintain
ing pdvic approximation while the urologic reconstruction 
heals appears to be successful in most cases. 

Anterior Osteotomy for Bladder Extrophy. The main 
objectives in reconsttuct.ion for c:mrophy of the bladder are 
to obtain a closed bladder, continence (later), and an accept
able e:nernal appear.mce (Figs. 26-29 to 26-33). Decreasing 
the pdvic diastasis is hdpful to minimize the tension on the 
closure of the bladder and abdominal wall It will also narrow 
the width of the perinewn and help to eliminate the ~ive 
external rotation of the hips caused by the retroverted posi
tion of the acetabula. In newborns with classic exstrophy, the 
pdvis can be manually approximated and held with a suture, 
with the legs apposed in traction afterward. Eventually the 
bony diastasis will recur, but by this time the soft tissue clo
sure has bc:c.ome secure. This approach works for us in children 
within the first month of age. After that age the malleability 
of the pelvis decreases and we use osteotomies. The urologist 
rnalres the final decision and if he or she feels that the ten

sion on the baby's bladder closure is greater than expected, 
the urologist can call the orthopaedic surgeon to step in for 
planned osteotomies. Pelvic osteotomy may be needed in 
certain cases: late closures or failed closures older than a few 
months of age, cloacal exstrophy, and procedures to achieve 
continent voiding in patients with a wide pelvic diastasis. 

Text continued on pag~ 1247 
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Anterior Osteotomy for Bladder Extrophy (Figs. 26-29 to 26-33) 

FIGURE 26-29. Anterior Osteotomy for Bladder Extrophy. The patient is positioned on small flat folded towels to 
elevate the pelvis and to allow better visualization posteriorly. An oblique incision is made in the skin lines, 1 to 2 em distal 
to the anterosuperior iliac spine. This is the same as described for the Salter innominate osteotomy. 
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RGURE 26-30. The initial part of the approach is the same as the Salter innominate osteotomy when dona without 
open reduction of the hip. The lateral femoral cutaneous nerve is identified and the interval between the tensor fascia lata 
and the sartorius is developed lateral to this nerve so that it can be retracted medially. The iliac apophysis is split only 
for a distance of 1 em posteriorly. The hip is flexed to relax the psoas and iliacus muscles. The medial portion of the split 
apophysis is pulled off and the inner table of the pelvis is subperiosteally exposed back to the sciatic notch. In addition, the 
subperiosteal elevation is continued posteriorly to the medial ligaments of the sacroiliac joint and caudally to just above 
the triradiate cartilage. This posterior exposure is not necessary in the Salter osteotomy. 

A small "window" of subperiosteal exposure is developed on the lateral side of the ilium to visualize the osteotomy and 
pin insertion sites. This should extend back to the sciatic notch. 

With Hohman retractors in the sciatic notch, a transverse osteotomy of the ilium is performed with an oscillating saw 
(A). If the surgeon prefers it, a Gigli saw may be used as in the Salter osteotomy. Because the space available near the 
notch is often more limited than the excursion of an asci llating saw, the final cortical cut into the notch must as a routine be 
made with an osteotome. The mobility of the osteotome is tested by compressing or rotating the hips medially; the inferior 
segment of the pelvis should move medially when this is done. 

For children older than 1 to 2 years of age, a posterior osteotomy of the iliac wings is also performed through the same 
exposure in order to correct the external rotation of these bones. This osteotomy is performed just lateral and parallel to 
the sacroiliac joints. 

It is a closing wedge, preserving the posterior cortex of the upper part of the iliac wings in order to allow them to hinge 
(B~ The hard cortical bone of the inferior ilium just above the sciatic notch is scored with a burr or a rongeur. Once a trough 
is developed, the teeth of a rongeur are used to continue extending this trough cranially, a process which can be done partly 
by feel. When the trough is complete, the posterior cortex is cracked with an osteotome in the caudal end of the trough but 
left intact in the proximal one-third to one-quarter of the trough. 

The osteotomy is tested by rotating the iliac wings internally; the trough should close down. 

8 
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FIGURE 26-31. The location of the vertical osteotomy of the iliac wings is lateral and parallel to the sacroiliac joints. 
The first step in this osteotomy is to create a trough in the ilium that wi II hinge close on the posterior cortex. The trough is 
started in the hard dense cortical bone just above the sciatic notch. This can be done with either a rongeur or a motorized 
burr. This trough must extend around the curved surface funning the superior portion of the sciatic notch as well as over the 
top of the iliac wing. If this is not done, the bone in these areas will keep the trough from closing. 

To get the trough to close, one additional step is necessary: The outer cortex of the iliac wing needs to be broken in the 
inferior two-thirds to three-fourths of the trough. This is accomplished by inserting an osteotome and using itto break the cor
tex. It should now be possible to push both iliac wings medially, gaining correction by closure of the trough of bone removed. 
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FIGURE 26-32. The next step is fixation of the osteotomies with external fixation. The pins for the fixation are inserted 
under direct vision. The recommended pin sizes are approximately 2.5 mm for infants, 4 mm for older children, and 5 mm 
for adolescents. 

The pins in the lower segments of the pelvis are the most difficult to place correctly. 
The first two pins are placed in the distal segment just below the transverse horizontal osteotomy and just above the 

acetabulum. The starting point is just above the reflected head of the rectus femoris tendon. This first pin is placed poste
rior;. followed by the anterior pin. These pins should achieve bicortical purchase. Following this, two pins are placed in the 
iliac wings, passing between the inner and outer cortex. These pins should remain between the two cortices of the ilium 
for at least one-half of the distance from the iliac rim to the osteotomy. 

The incisions are closed and the pins are covered, allowing the urologists to complete the genitourinary repair. When this 
is completed, fixation of the pubic diastasis is addressed. 

The pubic diastasis may be closed in a number of different ways. In some instances. this will be done by the urologist. In 
a standard classic exstrophy patient <1 year old, a nylon suture is placed in a figure-8 around each pubic bone. Nylon seems 
preferable to wire as it may have less tendency to cut through the bone. The two sutures are tied together with the pelvis 
rotated inward, using the pins (if the bone is able to withstand this) or through manual pressure. 

In older children or in patients with cloacal exstrophy, we prefer a two-hole plate with one screw going up the middle of 
the pubic bone. This provides a more secure tension band anteriorly and allows the patient to be mobilized earlier. 

After all incisions are closed, the external fixator bars are added. We prefer an A-frame configuration, with long bars 
connecting the two sides joining in the middle as illustrated. 
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Although several types of osteotomy are described for patients 
with exstrophy, we prefer an anterior approach to the pdvis 
to perform a uansvme innominate osteotomy ~'Y much like 
the initial cut that is used in the Salter innominate osteotomy. 
In children older than 1 or 2 years of age, an additional poste· 
rior "hinge" osteotomy of the iliac wings is performed to cor· 
rect the external rotation of this segment of the pdvis. These 
procedures are performed in concen with the genitourinary 
reconstruction (58, 59, 64, 67). 

Complications. In one large series, the complication ~ 
of orthopaedic treatment of exstrophy was 4% (67). These 
included bony or neurologic complications at the osteotomy 
site, complications of traction, or infection. Bony complica· 
tions included ~rtical migration or nonunion after posterior 
iliac osteotomies, as well as inadvertent osteotomy through the 
sacroiliac joints, since the procedure does allow visualization of 
these joints. The most frequent neurologic complication was 
femoral nerve palsy after anterior osteotomy. This appears to be 
due to medial pressure and tension on the nerve and resolves 
spontaneously within 3 months. There were two reports of 
sciatic palsy. by mechanisms unknown. Complications of 
immobilization include skin breakdown from wrapping the two 
legs tighdy adducted together. Deep infection at the osteotomy 
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FIGURE 26-33. A 2-year-old boy with classic exstrophy. His 
prior closure had failed and iliac osteotomies were necessary to 
assist with closure. A: Preoperative AP radiograph demonstrat
ing a 5-cm pubic diastasis. B: After iliac osteotomies and exter
nal fixation (C) 11 years after surgery. Note that the diastasis has 
increased slightly with growth; this seems to be unavoidable and is 
less than it would have been without osteotomy. It is hypothesized 
that this is due to continued undergrowth of the pubic bones as the 
whole pelvis grows. Also note the notches at the top of the iliac 
wings. which is where the initial osteotomies carried over the top 
of the iliac wings. 

site does not occur with mo~ fu:quency than in other deccive 
surgeries, despite the proximity to the incontinent bladder. 

ILIOPSOAS SNAPPING HIP 

Definition. Coxa saltans, or snapping hip, is char.icter
ized by an audible snapping that usually occurs with flexion 
and extension of the hip. This snapping can be accompanied 
by pain and often occurs during physical activity. It can be 
divided into three types: external, intr:wticular, and internal, 
with the external type being by far the most common (68). 
The e:x:temal type is caused by snapping of either the poste-
rior border of the iliotibial band or the anterior border of the 
gluteus max:im.us over the gn:ater trochanter when the hip is 
flexed from an c:nended posicion (68-71). The internal type, 
which is still the most poorly understood, has a variety of pre· 
sumed etiologies, with snapping of the iliopsoas tendon aver 
the iliopectineal eminence (72) or aver the femoral head (71) 
being the most common. The intr:wticular type is caused by 
a loose body in the joint, such as a fracture fragment or a tom 

piece of labrum. It usually has a distinctive presentation and, 
unlike the other types of snapping, almost always requires sur
gety for sympwmatic relief (73. 74). 
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Epidemiology. The incidence of coxa saltans of the inter
nal type is unknown because snapping of the iliopsoas tendon is 
often unrecognized or misdiagnosed. In addition, internal snap
ping can be asymptomatic and therefore not reponed, making 
it difficult to assess the true incidence (75, 76). One study dem
onstrated that only 14 of 26 (54%) sonographically diagnosed 
snapping hips wt:re clinically painful (77). From the few reports 
in the literature, patients of both sexes are affected equally (68, 
69, 76, 78). In the adolescent population, symptomatic internal 
snapping is most common atnong teenagers (aged 14 to 17 
years) who are engaged in sports activities that involve running 
(76, 78). There is no evidence in support of a genetic basis for 
this condition. 

Etiology and Pathogenesis. The internal type of coxa 
saltans is a poorly recognized entity that was first reported 
in 1951 (72). The cause of this condition was bdieved to 
be snapping of the iliopsoas tendon over the iliopectineal 
eminence. Two of the three patients in the initial report had 
good rdief after iliopsoas lengthening. Other reported causes 
of internal snapping include snapping of the iliopsoas over 
an exostosis of the lesser trochanter (71), snapping attributed 
to the iliopsoas bursa (79), and snapping caused by habitual 
dislocation of the hip (80). Slipping of the iliofemoral liga
ments over the femoral head and slipping of the long head 
of the biceps femoris tendon over the ischial tuberosity have 
also been proposed as causes of snapping, but no pathologic or 
surgical basis has yet been identified (81). The pain associated 
with iliopsoas snapping hip is generally bdieved to be caused 
by the sudden movement of the iliopsoas tendon over the 
pdvic pectineal eminence, femoral head, or lesser trochanter. 

Clinical Features. The history and physical exatnination 
are usually diagnostic of the internal type of coxa saltans, with 
the patient describing a painful snapping sensation localized to 
the anterior part of the groin. However, because of its rarity, 
this type of snapping hip can present a formidable diagnostic 
challenge. The snapping can often be reproduced at will by 
the patient in either the supine or the standing position. In 
addition, the exatniner can frequendy reproduce the snapping 
by having the patient lie supine and bringing the hip from 
a flexed and abducted position to an extended and adducted 
position (Fig. 26-33). This is due to the iliopsoas tendon shift
ing from lateral to medial over the iliopectineal eminence (72, 
76) and/or the femoral head (71) when the hip is brought 
from flexion into extension. If the snapping occurs with these 
motions, blocking the snapping by applying Hnger pressure 
over the iliopsoas tendon at the level of the femoral head and/ 
or iliopectineal eminence will corroborate the diagnosis. 

The average duration of symptoms before presentation 
to the orthopaedist is 2 years (76). A specific event typically 
precipitates the symptoms; the most common precipitating 
activities are sprinting and long-distance running (76). The 
snapping gradually increases in frequency and intensity so 
that it occurs with daily activities and inhibits participation in 
sports activities. 

Radiographic Features. Plain radiographs can be used 
to rule out other causes of hip pain, such as osteitis pubis, 
pubic ramus fracture, avascular necrosis of the femoral head, 
and synovial chondromatosis, but are not helpful in diagnos
ing a snapping iliopsoas tendon. 

Other Imaging Studies. If the diagnosis remains uncer
tain, a magnetic resonance arthrogram may be useful for ruling 
out labral tears and intraarticular loose bodies. Bursography, 
tenography; and ultrasonography have been recommended for 
evaluating snapping of the iliopsoas tendon, but each modality 
has its limitations, and they are generally unnecessary for the 
diagnosis (71, 77, 82). Bursography involves injecting contrast 
material into the iliopsoas bursa whereas renography involves 
injecting into the iliopsoas tendon itsel£ Both are performed 
under fluoroscopic guidance with the use of a local anesthetic. 
One limitation of bursography is that the tendon itself is not 
injected and is therefore only visualized indirectly as a negative 
defect impressing upon the bursa. Tenography allows direct 
observation of the iliopsoas tendon's movement under fluoro
scopic exatnination. Unlike bursography; this technique allows 
direct visualization of the tendon. Although tenography has 
been useful in furthering our understanding of the etiology of 
the snapping, it is not necessary for clinical diagnosis. Recendy, 
dynamic sonography has emerged as a noninvasive technique 
for exatnining a snapping iliopsoas tendon (77). This has the 
advantage of being noninvasive and can be used in cases in 
which the clinical diagnosis is not obvious. 

Natural History. The natural history of iliopsoas snapping 
hip is poorly understood. Although iliopsoas tendon snapping 
can occur without pain, symptomatic iliopsoas tendon snap
ping in adolescence follows a somewhat predictable course 
(76). A specific event typically precipitates the symptoms; the 
most common precipitating activities are sports that involve 
running. The snapping initially occurs only rarely and does 
not inhibit participation in sports. Over a period of months 
to a few years, the snapping increases in severity to a point 
that participation in sports is no longer possible. The snapping 
often begins to occur even with daily activities. It is often at 
this point that the individual seeks medical attention. 

Treatment Recommendations 
Nonsurgical. Only patients who are symptomatic warrant 
treatment. Initial treatment includes rest, avoidance of activities 
that produced the snapping, nonsteroidal anti-inflatnmatory 
medications, and a 3-month physical therapy progratn 
emphasizing stretching of the iliopsoas tendon (76). 

Surgical 
Intliclltions. The indication for surgical lengthening of the 
iliopsoas tendon is continued snapping of the iliopsoas tendon 
with resulting pain despite an intensive 3-month supervised 
physical therapy program. The snapping and pain at this stage 
often occur with daily activities but, occasionally; are present 
only during physical exertion. 



Optiotu. Over the last 50 years, various surgical techniques 
have evolved for the treatment of refractory cases of the ilio
psoas snapping tendon. In 1984, Schaberg et al. (71) reviewed 
six patients treated with lengthening of the iliopsoas tendon, 
performed through a modified anterior approach to the hip, 
with the tendon being partially divided near its insertion on the 
lesser trochanter. Two of the patients had an exostosis removed 
from the anteromedial aspect of the lesser trochanter; these exos
toses were believed to have been contributing to the symptom
atic snapping. In 1990, Jacobson et al. (69) reviewed these six 
patients and also reponed on an additional14 patients who had 
undergone lengthening of the iliopsoas tendon as a treatment 
for internal snapping hip. The authors noted that their skin 
incision changed from an anterior vertical incision to a more 
cosmetically appealing incision running just distal to the ingui
nal crease in the last 14 patients. In all the patients, the tendon 
was partially divided below the pelvic brim near its insertion 
onto the lesser trochanter. Of the 20 patients in the series, 
6 (30%) had recurrent snapping, 3 (15%) reponed weakness in 
hip flexion, and 2 (I 0%) required reoperation. In addition, 10 of 
20 patients (50%) reponed periincisionalloss of sensation. 

Taylor et al. (83), in 1995, reported on 14 patients with 
internal snapping treated by partial iliopsoas tendon release. 
They described a medial approach through a horizontal inci
sion several centimeters below the inguinal skin crease. & with 
previously reponed approaches, the tendon lengthening was 
performed below the pelvic brim, dose to the insertion of the 
tendon on the lesser trochanter. Of the 14 patients, 2 reported 
postoperative hip-flexion weakness. Six patients continued to 
have snapping after surgery. 

Gruen et al. (78), in 2002, described 11 patients with 
internal snapping hip treated with iliopsoas tendon lengthen
ing above the pelvic brim through an ilioinguinal approach. 
Of the 11 patients, 5 reponed postoperative hip-flexion weak
ness. No patients experienced continued snapping postopera
tively; but two patients reported continued hip pain. 

In the only study to address internal snapping hip in the 
adolescent population, Dobbs et al. (76) describe 11 hips in 
9 patients. These internal snapping hips were unresponsive to 
conservative measures. All the hips were treated with a frac
tional iliopsoas tendon lengthening above the pelvic brim 
through a modified iliofemoral approach. This approach allows 
excellent visualization of the iliopsoas musculotendinous junc
tion and facilitates complete transection of all tendon fibers 
at this level. One patient in this study described recurrent 
snapping in one operatively treated hip, but stated that the 
symptoms were much less frequent and severe than they had 
been preoperatively. All patients returned to their preoperative 
level of activity. No patient had a detectable loss of hip-flexion 
strength. Two patients had a transient decrease in sensation 
that was localized to the anterolateral aspect of the thigh. 

Authors' Preferred Recommendations. Treatment 
is necessary only for patients with a painful and symptomatic 
iliopsoas snapping hip. A supervised physical therapy program 
emphasizing iliopsoas stretching for a minimum of 3 months 
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is the first line of treatment. For patients with continued pain 
and popping that limits activities, a fractional iliopsoas tendon 
lengthening through a modified iliofemoral approach is rec
ommended (76). This approach has been effective in relieving 
symptoms and allowing patients to return to their preoperative 
level of functioning while preserving hip-flexion strength. 

Complications. Both the anterior and medial approaches 
to the hip allow the surgeon to partially divide the iliopsoas 
tendon just above its insertion on the lesser trochanter. The 
advantages of these two approaches include good visualization 
of the tendon insertion and direct access to any contributing 
exostoses on the lesser trochanter and femoral head. The major 
problem with these two surgical approaches that attempt to 
lengthen the tendon below the pelvic brim lies in judging the 
amount of tendon to release. Insufficient lengthening results 
in recurrent snapping, whereas overlengthening results in hip
flexion weakness (69, 71, 83). Other problems include the 
potential for a cosmetically unappealing scar resulting from an 
anterior vertical incision (69) and the frequent periincisional 
loss of sensation with the medial approach through a horizon
tal incision below the inguinal crease (83). 

Approaches that lengthen the tendon above the pelvic brim 
have better reported maintenance of hip-flexion strength and 
less recurrence of snapping than those that lengthen the tendon 
below the pelvic brim (76, 78). A disadvantage of the ilioin
guinal approach for this condition is the relative unfamiliarity 
of this approach to many pediatric orthopaedic surgeons. The 
modified iliofemoral approach (76), on the other hand, is used 
frequently by pediatric orthopaedists in performing pelvic oste
otomies. Extreme care should be taken to correctly identify the 
tendon before transection because the femoral nerve lies nearby. 
To minimize the risk of injury of the femoral nerve, the authors 
recommend that the patient have no paralyzing agents admin
istered during the procedure and the surgeon use very low-level 
electrocautery to stimulate the tendon before cutting its fibers 
so as to ensure that nerve fibers are not included. Care should 
also be taken to avoid injury to the lateral femoral cutaneous 
nerve. The nerve should be identified on the sanorius side of 
the sartorius-tensor muscle interval and retracted medially. 

TRANSIENT SYNOVITIS OF THE HIP 

Definition. Transient synovitis of the hip is the most common 
source of pain in the young child. It is characterized by an acute 
onset of hip pain associated with a limp in a child that has no 
other musculoskeletal or constitutional symptoms. This clinical 
problem has been often referred to as irritable hip, observation hip, 
toxic synovitis, transitory coxitis, coxitis serosa, coxalgia fogfiX, and 
phantom hip. Transient synovitis is the term most commonly used 
because of its reference to this condition's benign shan duration. 

Etiopathogenesis. Affected children range in age from 
3 to 12 years, with the average patient being between 5 and 
6 years of age. However, the condition has been reported in 
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children as young as 3 months. Landin et al. reported that the 
risk of a child to be affected by at least one episode of acute 
transient synovitis of the hip is 3% (84). They also reported a 
seasonal variation, with more cases in the fall than in the 
winter. Males are twice as often affected as females, and there 
is a much lower incidence among African Americans (85). 
Ninety-five percent of the cases are unilateral and right and 
left hips are affected equally. After a child has had an episode 
of transient synovitis of the hip, the annual risk of recurrence 
for that child is 4% (84, 86). 

Lovett and Morse (87) first described this condition as 
a short-lived and ephemeral form of hip disease, and differen
tiated it from tuberculosis. Since then, many investigators 
have described a similar painful condition that is sdf-limiting 
and rapidly resolving, and that is now considered as transient 
synovitis of the hip. However, its cause still remains unknown. 

Some authors have proposed trauma as a cause of transient 
synovitis, with local trauma to the involved hip being present 
in up to 30% of the cases (88-91). However, as with most 
childhood musculoskdetal conditions, a significant number of 
patients may relate an episode of trauma to the onset of symp
toms, but this may not be the actual cause of this condition. 
No other studies have reported on this association. 

Because a high percentage of the children with tran
sient synovitis present with a recent history of an upper respi
ratory tract infection, a viral etiology has been suggested. 
Leibowitz et al. (92) found that blood interferon levels were 
significandy raised in 40% of patients with acute transient 
synovitis of the hip. In healthy subjects, these levels are usu
ally not measurable Tolat et al. (93) also found raised blood 
and synovial interferon levels. Bacterial and viral cultures 
of all synovial fluid samples were negative. Viral serology in 
67 patients showed raised antibody titers to viruses including 
rubella, enterovirus, and Epstein-Barr. Other investigators have 
evaluated different viruses including parvovirus B-19 and herpes 
virus-6 and were unable to confirm any correlation betwt:en tran
sient synovitis and infection with these specific viruses (94-96). 

Upper respiratory bacterial infections, pharyngitis, otitis 
media, and gastrointestinal problems have also been associated 
with transient synovitis of the hip in up to 70% of the patients. 
Spock (97) reported a higher incidence of nose and throat 
ft-hemolytic streptococci in patients with transient synovitis 
when compared to asymptomatic patients. However, Hardinge 
(98) did not find any corrdation between infection sources 
and transient synovitis. 

Allergic predisposition has also been associated with 
transient synovitis of the hip in up to 25% of patients. In 
1952, Edwards reported that patients with transient syno
vitis recovered in a few days with the use of antihistamines, 
and Rothschild et al. found a rapid clinical improvement 
when steroid injections were given intramuscularly. However, 
Nachemson and Scheller (99) did not find any association 
between allergic hypersensitivity and transient synovitis in a 
group of 73 patients, compared to the general population. 

Finally, some investigators have suggested that growth abnor
malities are associated with transient synovitis of the hip. Spock 

(97) found a three times greater incidence of transient synovitis 
in obese, stocky children compared with a randomly selected, 
age-matched control group. VIla-Verde and da Silva (100) evalu
ated children with LCPD and transient synovitis and found that 
in the active stage of both diseases there was a bone age delay that 
persisted after healing, but became normal by puberty. 

Clinical Features. The usual clinical presentation is a 
fairly rapid onset of limping, unilateral hip pain, and subsequent 
refusal to bear weight on the involved extremity in an otherwise 
healthy child. The pain is usually unilateral, with fewer than 5% 
of cases being bilateral. The pain is usually located in the groin 
and hip area, with referred pain to the anteromedial aspect of the 
thigh and knee. The pain is acute in about half of the patients, 
with symptoms being present for 1 to 3 days before presenta
tion. In other patients, the symptoms may be more chronic, 
with symptoms being present for several weeks. The pain is 
usually mild, but in some children, it can be severe enough to 
awaken them at night. Because the symptoms sometimes follow 
a recent upper respiratory tract infection, the patient may have 
a low-grade fever at presentation (rarely >38°C). 

Physical examination demonstrates a child in mild distress 
who will not bear weight or walk, or who does so reluctantly 
and with an antalgic limp. The extremity is hdd in flexion and 
external rotation, and there is decreased range of motion, espe
cially for hip abduction and internal rotation. The irritability 
of the hip is usually mild or moderate. If it is severe, a diagnosis 
of septic arthritis should be considered. Ipsilateral muscle atro
phy may be present, and this implies a long-standing duration 
of the symptoms, although this is not very common. In this 
situation, a diagnosis other than transient synovitis should be 
considered. 

Imaging Studies 
Radiographs. Radiographs of the pdvis and affected hip 
are usually normal or may demonstrate slightly widened joint 
space medially. Bone density is normal in all cases. Loss of the 
hip capsular shadow has been reported in cases of transient 
synovitis; however, this sign is not specific and it is related to 
holding the hip in abduction and external rotation (101, 102). 

Ultrasonography. Ultrasonography can be very useful in 
documenting the presence of an effusion in the hip joint, and 
it is usually performed prior to hip aspiration to be certain 
that an effusion accompanies the clinical findings (103-108) 
(Fig. 26-34). Although ultrasonography cannot identify the 
cause of an effusion in the joint, a negative result directs atten
tion to other causes of hip pain. 

Bickerstaff et al. (1 09) made a prospective study of 
111 children with acute hip pain to assess whether ultraso
nography can replace traditional radiography. An effusion was 

diagnosed in 71% of the cases by ultrasonography but in only 
15% by radiography. This effusion persisted for a mean of 
9 days; symptoms lasted for 5 days. Interestingly, in patients 
without an effusion, there was no obvious factor that could 
be causing their pain, so the pressure of an effusion from a 
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FIGURE 26-34. A schematic demonstrating the snapping iliopsoas tendon. A:. The iliopsoas tendon is lateral to the pelvic 
brim with the hip in flexion and abduction. B: Snapping is produced as the tendon moves to a more medial position on the 
pelvic brim with extension and adduction of the hip. 

trallS.ient synovitis does not account for all patients with irri
table hips. Fink et al. (110) assessed a protocol for the man
agement of irritable hip with the aim of avoiding hospital 
admissions while identifying all other serious causes ofhip pain, 
in particular, septic arthritis. Fifty children with painful hips 
were studied prospectively with immediate ultrasound-guided 
aspiration and Gram stain of all hip effusions. Bone scintigra
phy at an early stage was reserved for patients with unremitting 
symptoms. Thirty-six hips were aspirated. Only two patients 
were admitted to hospital. The final diagnoses wen: transient 
synovitis (45 patients), Perthes disease (3 patients), fracture 
(1 patient), and septic arthritis (l patient). The siagle case of 
hip sepsis was diagnosed on presentation. 

Miralles et al. (111) prospectively evaluated 500 chil
dren with painful hips or limps by using plain films and 
ultr.ISOnogtaphy. The clinical, radiographic, and ultrasono
graphic findings were correlated with the final di.agn01e1. 
Ultrasonography disclosed hip effusion in 235 patients, and 
plain films were abnormal in 58 of these 235 patients and in 4 
others. Both ultrasonography and plain films wen: normal in 
261 patients. No ultnsonographic signs ser-ved to ~ti
ate sterile, purulent, or hemorrhagic effusion. Ultrasonography 
showed that 73% of patients with presumed transient synovitis 
had no effusion 2 weeks after diagnosis. Patients with hip dis
orders other than transient synovitis had persistent effusion for 
more than 2 weeks; however, this was also observed in 27% of 
the patients with presumed transient synovitis. Ultrasonography 
was more sensitive than plain films in detecting hip effusion, 
but ultrasonographic detection of effusion changed the thera
peutic approach in only six patients. Therefore, although ultra
sonography can be useful in documenting and following a hip 
effusion, it is not in and of itself diagnostic of this condition 
and is not routinely required in making the diagnosis. 

Bone Scintigraphy. Skrkta1 scintigraphy is fttquently wed 
in the clinical investigation of young children who present with 
limping as their only or predominant symptom. In cases of tran
sient synovitis, it usually demonstrates a variety of possible patterns 
of isotope uptake. including those showing normal. increased, or 
decreased :u:ti:vity of the femoral epiphysis (112-117). 

Hasegawa et :11. (118) evaluated 55 consecutive children p~ 
sem:ing with transient synovitis of the hip, using 99mTc-MDP 
scintigraphy and pinhole collimator technique. A decrease in iso
tope uptake in the proximal 6:motal epiphysis was obsem:d in 
1.3 cbildren. This was correlated with a n:dwxd uptake in the 
growth plate, indicating a disturbance of blood supply to these 
regions. A characteristic pattern of isotope uptake relating to the 
duration of symptoms was observed, with a decrease in uptake 
during the £m ~ followed by rebound hyperemia within 1 
month. The signifiance of this finding is uncertain. but there has 
been a repon of coxa magna following transient synovitis of the 
hip, which may be caused by this increase in blood supply (119). 

Royle and Galasko (120) reported on a 4-year study during 
which 192 patients with a typical transient synovitis syndrome 
un.dermnt radionuclide scintigraphy shortly after presenta
tion. Tiw:e diffi:rent patternS ~ found, suggesting that not 
all the cases may have shared the same etiology. Fifteen patients 
had evidence of ischemia of the femoral head, but only four 
patients went on to develop the typical radiographic features of 
Perthes disease. The other 11 patients are thought to represent 
a minor, radiographically silent form of Perthes disease. 

The results of these stUdies demonstrate that there can be 
an early, transient decrease in vascular perfusion of the proximal 
femoral epiphysis, but it will resolve spontaneously. The role of 
bone scintigraphy in the diagnosis of transient synovitis and in 
the decision making about the tna~Ugement of the wndition 
remains undetermined, and its routine use is not recommended. 
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Magnetic Resonance Imaging. With the advent of 
MRI and, subsequently, magnetic resonance arthrogra~ 
phy; the imaging algorithm for hip pain is evolving. Toby 
et al. (121) reported the use of MRI in the assessment of 
pediatric hip disease (24 children, 8 of them with transient 
synovitis). MRI accurately showed articular cartilage thick
ening and effusion in the joint in two of the patients with 
transient synovitis. The images in the other six patients were 
unremarkable. 

Ranner et al. (122) wed conventional radiography, 
radioisotope bone scan, and MRI for evaluating 45 children 
who presented with acute hip pain. The final diagnoses were 
transient synovitis (n = 17), septic arthritis (n = 2), LCPD 
(n = 13), epiphyseal dysplasia (n = 2), other conditions (n = 4), 
and normal findings (n = 7). In the workup, MRI provided 
more morphologic information than other techniques and 
enlarged the diagnostic possibilities. MRI is extremely sen
sitive to alterations in the bone marrow that may represent 
pathology that remains occult to plain radiography and bone 
scintigraphy of the hips. For diagnosis and treatment planning, 
MRI of the hips should be performed early in patients with 
persistent pain and negative radiography findings. 

Lee et al. (123) evaluated differences in MRI findings 
between septic arthritis (7 patients) and transient synovitis 
(14 patients). The diagnoses were made by means of aspira
tion of the joint, bacteriologic study, arthrotomy, and clinical 
evaluation. MRI findings were analyzed with emphasis on 
the grade of effusion and alterations in signal intensity in 
the soft tissue and bone marrow of the affected hip joint. 
Alterations in the signal intensity in bone marrow (i.e., low 
signal intensity on fat~suppressed gadolinium-enhanced 
T1-weighted spin-echo images and high signal intensity on 
fat~suppressed T2~weighted fast spin-echo images) were seen 
in eight of nine patients with septic arthritis. Such altera~ 
tions in signal intensity were not seen in the 14 patients with 
transient synovitis. The investigators concluded that signal 
intensity alterations in the bone marrow of the affected hip 
joint are weful in differentiating septic arthritis from tran~ 
sient synovitis. 

Other Diagnostic Studies. The laboratory evaluation 
may show normal or mild elevation in the white blood cell 
(WBC) count (10,000 to 14,000 cdls per mm3), erythrocyte 
sedimentation rate (ESR) (range 1 to 63 mm per hour), and 
Creactive protein (CRP) level (<0.5). Urinalysis, serum elec
trophoresis, rheumatoid factor, blood culture, and tuberculin 
skin test results are wually within normal limits. 

Aspiration of the hip joint should be performed if sep
tic arthritis is swpected. Gram stain of the aspirated fluid will 
confirm the diagnosis of septic arthritis in 30% to 50% of the 
patients. The cell count of the fluid in the joint can vary; but 
it is wually <25,000 cells per mm3. The glucose concentra
tion of the aspirate is normal in transient synovitis. Zawin 
et al. (124) found that ESR and the WBC count of the synovial 
fluid were significantly higher in patients with septic arthritis 
than in those with transient synovitis. 

Differential Diagnosis. Transient synovitis should be 
distinguished from septic arthritis, which requires emergent 
treatment to prevent proximal femoral destruction and~ 
sequent permanent deformity; leading to early degenerative 
arthritis of the hip. Because of these disabling possibilities, 
many institutions have a policy of hospital admissions and 
workup investigations for all patients who present with an 
acutely painful hip. 

Since similar symptoms are present in these two diseases at 
the early stages, the differential diagnosis should remain one of 
exclusion. Classically, septic arthritis presents with more severe 
pain and marked limitation of motion of the hip becawe of the 
pain. However, low-grade septic arthritis in an older child or in 
a child who has received antibiotics for another problem (such 
as upper respiratory infection) may have a less acute presenta
tion. Many investigators agree that if the diagnosis is not clear 
from the history, physical examination, and radiography, hip 
aspiration should be performed, preferably with fluoroscopy or 
ultrasonography guidance. If the initial attempt is "dry" during 
fluoroscopy, dye should be injected to confirm that the needle 
has entered the joint. Some authors believe that a dry tap sug
gests an infection and it is an indication for surgical drainage. 

Several investigators have evaluated clinical prediction 
algorithms that are designed to help differentiate septic arthri
tis from transient synovitis (124-130). However, there are 
different opinions about the parameters to be wed for this 
indication. It has been suggested that aspiration should be 
performed in patients with a temperature higher than 37SC 
(99SF) or an ESR > 20 mm per hour. With the use of these 
two criteria, 97% of the patients with septic arthritis would 
have been identified as requiring a hip aspiration. On the other 
hand, 50% of the patients with transient synovitis would have 
undergone an unnecessary aspiration (125). 

Taylor and Clarke (126) evaluated 97 patients with tran
sient synovitis and 27 patients with septic arthritis. Plain radio
graphs showed a displacement or blurring of periarticular fat 
pads in all patients with acute septic arthritis, and multivariate 
regression analysis showed that body temperature >37°C, ESR 
higher than 20 mm per hour, CRP > 1 mg per dL, WBC count 
> 11,000 per mL, and an increased hip joint space of more than 
2 mm were independent multivariate predictors of acute septic 
arthritis. Eich et al. (131) found that all children with septic 
arthritis had hip effusion detectable by ultrasonography, and at 
least two of the following criteria: fever, elevation ofESR, and 
elevation of CRP. 

Kocher et al. (127, 130) identified four independent multi
variate clinical predictors to differentiate between septic arthri
tis and transient synovitis: history of fever, non-weight bearing, 
ESR >40 mm per hour, and serum WBC > 12,000 cells per mL. 
However, Luhmann et al. (129) found that this algorithm was 
not as useful in their institution. Given the devastating effects 
of a missed septic arthritis, the surgeons should have a very low 
threshold to indicate the need for aspiration of the joint. 

Other infections that should also be considered include 
femoral or pelvic bacterial osteomyelitis and tuberculosis. 
These conditions may present with very similar manifestations 



including hip pain, limited range of motion, and effusion in 
the joint. Some patients may demonstrate minimal elevation 
of body temperature and of laboratory values (WBC, ESR, 
and CRP). MRI and bone scintigraphy are very useful in dif
ferentiating between these conditions and can demonstrate 
characteristic bone marrow changes. Skin testing will be diag
nostic for tuberculous arthritis. 

Synovitis associated with acute rheumatic fever and group 
A streptococcal infections usually occurs 2 to 4 weeks postinfec
tion. The joint is usually warm, erythematous, and exquisitely 
painful to any range of motion, and there may be an associated 
skin rash. Several joints can become affected over time (migra
tory arthritis). In addition, juvenile rheumatoid arthritis or one 
of the seronegative spondyloarthropathies should also be con
sidered in the differential diagnosis. In these cases, the arthritis 
is more insidious in onset and will persist beyond the 2 weeks 
that are typical for transient synovitis. A careful examination of 
other joints and serology analysis will help clarify the diagnosis. 

LCPD often presents in a similar manner and occurs in the 
same age range, but it has a slightly greater male predominance. 
Pain is usually more insidious in onset and more protracted in 
duration. Hip motion at the onset of symptoms tends to be lim
ired to a lesser degree than in transient synovitis. Radiographs 
may show joint space widening and a smaller femoral ossified 
nucleus on the affected side. Bone scintigraphy and MRI in the 
early stages ofLCPD may show a decreased uptake of the femo
ral head and bone marrow abnormalities, respectively. 

Finally; tumors, particularly osteoid osteoma of the proxi
mal femur, must also be included in the differential diagnosis. 
Osteoid osteoma is usually associated with night pain that is 
relieved by aspirin. 

Natural History. As the term implies, transient synovitis of 
the hip is a self-limiting condition that resolves spontaneously. 
Most short-term studies of patients with transient synovitis usu
ally demonstrate a limited duration of the symptoms with no 
evidence of residual clinical or radiographic abnormalities (132). 
However, longer follow-up studies have demonstrated some 
abnormalities in the proximal femur. Sequelae or conditions 
associated with transient synovitis of the hip include coxa magna, 
LCPD, and mild degenerative cystic changes of the femoral neck. 

Coxa magna, defined as an enlargement of 2 mm or more 
of the proximal femoral epiphysis, has been noted in up to 32% 
of patients (99, 119, 133). The reason for this increase in size is 
not clear, but it has been suggested that a reactive increase in the 
blood supply to the femur or an increased growth of the anicular 
canilage secondary to the transient inflammation may be associ
ated with this finding (104). De Valderrama (133) reponed a 
21-year follow-up of patients who had transient synovitis of the 
hip. He found a 50% incidence of radiographic changes includ
ing coxa magna, widening of the femoral neck, and changes 
consistent with degenerative arthritis of the hip. However, 
Nachernson and Scheller (99) did not find any abnormalities of 
the hip joint. The full imponance of these radiographic changes 
remains unknown, and whether these patients will develop 
degenerative arthritis over the long term remains uncenain. 
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The reported incidence of LCPD following transient syno
vitis of the hip ranges from 1% to 3%. A direct correlation 
between transient synovitis of the hip and the development of 
LCPD has, however, never been documented. Therefore, it is 
reasonable to conclude that there is no association between these 
two conditions, and many of the reported instances of correlation 
undoubtedly represent an initial misdiagnosis of early LCPD. 

Treabnent. Patients with transient synovitis of the hip pres
ent frequently at the emergency department. The main aim 
of the tteatment is to resolve the underlying synovitis with its 
associated symptomatology. Bed rest and non-weight bearing 
on the affected side is the primary method of tteatment of this 
condition. Light skin traction can be applied for comfort in 
patients with recalcitrant or recurrent symptoms (134-136). 
Anti-inflammatory medications can be used for a short period 
of time, and this often results in rapid improvement. Because 
many children may have an associated upper respiratory tract 
viral infection, the use of aspirin should be avoided so as to 
prevent Reye syndrome. There is no indication for the use of 
antibiotics if the diagnosis is certain. In those cases in which 
the diagnosis is uncertain, hospital admission is often neces
sary. Close observation is essential in these cases and worsening 
of the symptoms suggests septic arthritis. 

Protected weight bearing with crutches can begin when pain 
has improved. Most patients will have resolution of their symp
toms in 5 to 7 days. In some cases, however, low-grade symptoms 
can last up to 2 to 3 weeks. Recurrences are uncommon. 

IDIOPATHIC CHONDROLYSIS OF THE HIP 

Definition. Idiopathic chondrolysis of the hip is a very rare 
disorder that occurs during adolescence. It is characterized by 
pain and a limp, with a rapid loss of the articular cartilage of the 
hip joint resulting in narrowing of the joint space and consequent 
stiffuess in the joint. This condition should be differentiated from 
chondrolysis secondary to prolonged immobilization, trauma, 
severe burns, infection, juvenile idiopathic arthritis, Marfan syn
drome, or slipped capital femoral epiphysis (137-140). 

It was first described by Jones ( 141) in 1971. He reported 
a series of nine adolescent girls who spontaneously developed 
symptoms and signs similar to the description of chondroly
sis secondary to slipped capital femoral epiphysis. Since then, 
several investigators have documented the pathology, clinical 
presentation, natural history, prognosis, and treatment of idio
pathic chondrolysis of the hip (137, 142-147). 

Epidemiology and Etiopathogenesis. The ttUe inci
dence of idiopathic chondrolysis of the hip remains unclear. 
Although there are fewer than 1 00 patients recorded in the 
literature to date with idiopathic chondrolysis of the hip, 
it may be more common than was once thought. In fact, 
Kozlowski and Scougall (148) believe that it is probably one 
of the most common causes of degenerative arthritis of the 
hip in women. 
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Idiopathic chondrolysis of the hip is more common bilat
erally than unilaterally (142-144, 147, 149). The right hip is 
involved at a slightly higher rate of occurrence than the left 
(150). There is an approximately 6:1 female gender pre
dominance. Onset is most frequently around the age of 
11 to 12 years of age, but it may occur until the age of 20 years. 
When first described, it appeared to be more common among 
individuals of African descent, but it has since been docu-
mented as occwring ubiquitously in African, Asian, Indian, 
.Australian, Hispanic, American, and European populations 
(141, 143, 145, 146, 148-155). 

Various theories have been suggested to account for the origin 
of this process. These include nuaitionally based abnormalities in 
the joint because of abnormal synov:ium (138, 140); mechanical 
insult to the articular cartilage, resulting in the release of chondro
lytic enzymes (153); abnonnal inm.capsular pressure (154); and 
intrinsic abnormal chondrocyte metabolism that can be triggeted 
by an unknown environmental event (143, 148, 155). 

The most accepted theory is the one proposed by Golding 
in 1973 in which there is articular cartilage resorption second
ary to an autoimmune response in the hip joint in geneti.cally 
susceptible individuals (154, 156) and based on the micro
scopic evaluation of the synovial tissue from affected joints and 
serologic abnormalities (141, 145, 157, 158). 

In the early stages of the disease, the synoviwn is edema
tous and demonstrates villous formation, nodular lymphoid 
hyperplasia of the suhsyn.ovium, and periwscular infiltrates of 
lymphocytes, plasma cells, and monocyte& (155). No fibrinoid 
necrosis or gwtuloma formation is SWt. There is minimal syno
vial fluid in the joint. The articular cartilage changes include loss 

A 

and thinning of the superficial areas on both sides of the joint, 
with more significant destruction on the femoral side. There 
may be complete loss of articular cartilage in the weight-bearing 
areas of the femornl head. Thickening of the joint capsule is 
common. The adjacent bone is osteopenic without evidence of 
necrosis, but there may be cysts filled with synoviwn. 

Microscopic studies demonstrate a nonspecific cluonic 
inflammation. The articular cartilage is fi:agmented., with the 
superficial zone I missing and with necrotic chondrocytes. 
Howem-, the basal zone II shows abnormalities in the orga· 
nization and size of the collagen fibrils, with viable chondro· 
cytes interspersed with necrosis and debris (Fig. 26-35). These 
chondrocytes are important for the subsequent regeneration 
of the articular cartilage in some cases (157, 159). 

Van der Hoeven et al. (160) demonstrated deposition 
of IgM and the C3 component of the complement in the 
synovium in patients with idiopathic chondrolysis. However, 
other investigators reported normal levels of serum immu
noglobulins and normal immunofluorescence studies of the 
synovium and cartilage (142, 154). 

Clinical and Laboratory Feablres. The rypical presen· 
tation of idiopathic chondrolysis of the hip is that of an adoles· 
cent girl (mean age 11 years, range 6 to 15 years) with a 2- to 
3-month history of unexplained hip pain, stiffuess, and a limp. 
Pain is usually insidious in nature and located in the hip, ante
rior thigh, or knee area. There is absence of systemic symptoms. 
The insidious nature of symptoms and lack of early radiographic 
findings and laboratory testing often delay the diagnosis. If pre
sentation for orthopaedic treatment is dela)'l'd, many patients 

B 

FIGURE 2:6-35. Longitudinal linear ultrasonographic view of the hips in a girl6 years and 6 months of age. A: Ultrasonographic 
scan of the symptomatic right hip demonstrates a large effusion in the joint. as indicated between the cursor markings. 
B: Ultrasonographic scan of asymptomatic left hip, for comparison, demonstrates no effusion. 



will demonstrate a flexion conuacrure of the hip often com
bined with either abduction or adduction contracture of the hip 
as well (141-143, 147, 150). ContractU.I.'es about the hip can 
result in secondary leg-length inequality. pelvic obliquity; and 
increased lwnbar lordosis causing difficulty with ambulation. 

Laboratory studies including complete blood count,. uri
nalysis, rheumatoid factor, human leucocyte antigen :m..A.
B27, antinuclear antibody, blood cultures, and tuberculin 
skin test are usually within normal limits. The ESR is usually 
normal, although in some cases it can be slighdy elevated 
(<30 mm per hour) (144, 148, 150, 160). 

The c:li.ffi:.rential diagnosis for idiopathic chondrolysis of 
the hip includes tr.wma. slipped capital femoral epiphysis, 
LCPD, juvenile rheumatoid arthritis, septic arthritis, tubercu
losis, migratory or transitory osteoporosis, idiopathic protrusio 
acetabuli, reflex sympathetic dystrophy, pigmented villonodu
lar synovitis, and synovioma (161). 

Radiographic Features. Radiographs of the pelvis and 
hip joints performed early in the co~e of the disease are often 
normal, but are important to exclude other causes of hip pain. 
Early features of can:ilage destruction include periarticular 
osteopenia. narrowing of the joint space, and small suhchon· 
dral bone erosions. Concenaic diminution of the articular 
space to <3 mm is considered to be a diagnostic criterion of 
chondrolysis (normal space measures between 3.5 and 7 mm) 
(142, 143) (Fig. 26-36). There may be slight overgrowth of the 
proximal femur, seen as widening and altered angulation of the 
epiphysis and femoral nedc. 

Later chaw;tcristics are obliteration of the joint space, 
subchondral bone cysts, protrusio acetabuli, and narrowing or 
early closing of the growth plate (Fig. 26-37 A). This early dos-
ing of the growth plare r.uely results in any major growth abnor· 
mality or significant change in the proximal femur. Prottusio 
acetabuli has been reported in as many as 50% of the patients 
and is thought to be caused by a softening of the acetabular 
floor, paralleling the loss of joint space seen radiographically 
(162) (Fig. 26-38). Widening of the symphysis pubis has also 
been noted. With resolution of the disease, there will be up to 

2 mm restoration of the joint space in as many as 50% of the 
patients. Long~term radiographic tesults demonstrate osteo
penia with degenerative changes, osteophytes, and cavities in 
the two articular surfaces, leading to complete ankylosis of the 
joint (142, 147). 

Other Imaging Studies. Isotopic bone scan demon
strates normal flow and blood pool, but delayed scans demon
strate periarticular increase in uptake within the femoral head 
and the acetabulum (Fig. 26-39) (163). MRI is used in chil
dren with severe symptoms or unusual presentation, or where 
there is doubt about the diagnosis. In idiopathic chondrolysis, 
there may be a small effusion in the joint,. without synovial 
enhancement, and with cartilage loss being conlined initially 
to areas of focal irregularity with deeper erosions. Interestingly, 
on serial examinations, the can:ilage loss was seen to c:nc:nd 
peripherally from the center. Some degree of bone marrow 
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FIGURE 26-36. The photomicrograph of a biopsy specimen of the 
femoral head from a patient with idiopathic chondrolysis demon
strates a frayed and fragmented superficial layer of articular cartilage, 
with viable chondrocytes remaining in the more basal layers. The sub
chondral bone appears histologically normal. 

FIGURE 26-37. Anteroposterior hip radiograph of a girl13 years and 
6 momhs of age. Radiographic findings in this case of bilateral idio
pathic chondrolysis of the hip include a narrowing of the joint space to 
<3 mm and diffuse osteopenia. 



m CHAPTER 26 I OTHER CONDITIONS OF THE HIP 

A B 

FIGURE 2&-38. A:. Anteroposterior radiograph of the pelvis of a girl, 12 years and 4 months of age. with idiopathic chon
drolysis of the right hip. Late radiographic signs shown here include obliteration of the joint space. subchondral bone cysts. 
narrowing or early closing of the growth plate. and pelvic obliquity. B: Anteroposterior radiograph of the same patient 1 year 
after a hip arthrodesis. 

edema and bone remodeling can be observed, with progres
sive protrUSio acetabuli. Profound muscle wasting around the 
affi:cted hip can be observed in most cases (164). 

Natural History. The natural history of idiopathic 
chondrolysis with or without treatment is unpredictable. 

RGURE 26-39. Anteroposterior radiograph of the pelvis of a girl 
13 years and 2 months of age, with idiopathic chondrolysis of the 
right hip. This radiograph reveals complete loss of the joint space with 
resultant acetabuli protrusio. 

Outcomes vary from spontaneous resolution to ankylosis of 
the hip joint, avascular necrosis, and long-term hip defor
mity. However, the disease process appears to have two dis
tinct stages in most patients. The acute stage commences 
with the onset of pain and decreased range of motion 
caused by an inflammatory response that lasts for 6 to 

16 months. As the synovial inflammation decreases, there is 
an increase in fibrous tissue leading to a chronic stage that 
lasts for 3 to 5 years and has a less predictable course. At 
the end of the chronic stage, the affected hip will manifest 
one of three possible outcomes: (a) the involved hip may 
show resolution of pain, improved motion, and parcial or 
complete return of joint space (142, 143); (b) the involved 
hip may become stiff and ankylosed in a position that limits 
function but causes minimal pain; and (c) the involved hip 
will continue to deteriorate to a painful and malpositioned 
ankylosis (Fig. 26-40). 

Further investigation is necessary to better elucidate the 
etiology of idiopathic chondrolysis of the hip and improve the 
undemanding of its natural history. 

Treatment. Treatment recommendations have changed 
aver the years and are still in evolution as more information 
is collected concerning the natural history of idiopathic chon
drolysis of the hip. Early definitive surgical intervention with 
hip fusion, joint arthroplasty, and corrective osteotomies has 
been largely abandoned because of reports that many hips will 
improveover(142, 143, 150, 165) (Fig. 26-41). 

The current recommendations for treatment of idiopathic 
chondrolysis of the hip include controlling in£l.ammation and 



FIGURE 26-40. The technetium bone scan of the pelvis of a patient 
with idiopathic chondrolysis demonstrating a diffuse uptake of the iso
tope by both sides of the affected left hip. 

maintaining hip motion during the acute phase (144, 145). 
This is accomplished in most patients with the use of nonste-
roidal anti-inflammatory medications, aggressi:v~ physical ther
apy, periodic t:.taaion with bed rest, and prolonged proteaed 
weight bearing for the involved hip. Thc.t'e is a n:cent report 
on the use of etanercept in one case of an adolescent boy with 
a stiff, painful hip that failed tre:.ttment with ttaction, physi· 
cal therapy. naproxen, and methotrexate (166) Etanercept is 
a biologic response modifier (fusion protein consisting of the 
extracellular ligand-binding domain of tumor necrosis factor· 
alpha and the constant portion of human IgGl) that binds and 
inactivates tumor necrosis fuctor-alpha, a proinflammatnry 
cytokine. After 1 year of daily therapy, the patient's hip motion 
imptovl:d and pain completely resolved. This novel therapeutic 
approach offi:rcd symptomatic relief and radiographic impl'CM:· 
ment and may provide an effi:ctive treatment strategy for these 
difficult cases. 

Surgical releases of unresolved conuactures including 
aggressive subtotal capsulectomy and tendon releases can 
be used, but more recent long-term follow-up indicates 
that the improvements achieved may deteriorate with time 
(165). Therefore, the routine use of this procedure can
not yet be recommended. In patients with hips that are 
painful, despite nonoperative measures, or malaligned, 
a hip arthrodesis is the preferred operative intervention 
(Fig. 26·37B). 
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RGURE 26-41. Anteroposterior pelvic radiographs of a girl13 years 
and 3 months of age, with idiopathic chondrolysis of the right hip. A: 
A radiograph made at the time of diagnosis demonstrates significant 
loss of joint space and osteopenia atthe involved hip. B: A radiograph 
of the same patient 18 months after diagnosis demonstrates partial 
regeneration of the joint space width in the affected hip. 
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