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Introduction

Legg–Calvé–Perthes disease (LCPD) is a self-limiting 
developmental disorder of the child’s hip characterized by 
avascular necrosis of the capital femoral epiphysis. The 
disease frequently develops between the ages of 4 and 
7 years when the femoral epiphysis is supplied solely by 
the lateral epiphyseal branches of the medial circumflex 
artery. Consequently, occlusion of either the medial cir-
cumflex artery or the lateral epiphyseal vessels can result 
in avascular necrosis of part, or all, of the capital femoral 
epiphysis (Figure 1).

Vascular basis for causation of LCPD

Angiographic studies of Atsumi demonstrated that occlu-
sion of the lateral epiphyseal arteries occurs in children 
with LCPD.1 This and several other studies have provided 
adequate evidence to establish that it is a localized vascu-
lar episode that leads to LCPD.1–9 The precise cause of 

vascular disruption that leads to femoral epiphyseal avas-
cular necrosis, however, remains unknown.

The extent of the femoral epiphysis rendered avascular 
by the vascular insult has an important bearing on the 
prognosis and treatment of the disease, and for this rea-
son, the area of epiphyseal infarction should be quanti-
fied. Traditionally, this was done by estimating the portion 
of the femoral epiphysis that was sclerotic on plain antero-
posterior and lateral radiographs and classifying the dis-
ease depending on whether the entire epiphysis, more 

1203009 CHOXXX10.1177/18632521231203009Journal of Children’s OrthopaedicsJoseph et al.
review-article2023

1Kasturba Medical College, Manipal, India
2University of Liverpool, Liverpool, UK
3University of Oxford, Oxford, UK
4Alder Hey Hospital Liverpool, Liverpool, UK

Date received: 22 August 2023; accepted: 7 September 2023

Corresponding Author:
Benjamin Joseph, Kasturba Medical College, Manipal 576104, KA, India. 
Email: bjosephortho@yahoo.co.in

Epidemiology, natural evolution, 
pathogenesis, clinical spectrum, and 
management of Legg–Calvé–Perthes

Benjamin Joseph1, Hitesh Shah1, and Daniel C Perry2,3,4

Abstract
Background: Legg–Calvé–Perthes disease is a self-limiting disorder that develops in children following interruption of 
the blood supply to the capital femoral epiphysis. This review outlines the current knowledge on the epidemiology, natural 
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than half the epiphysis and half or less than half the femo-
ral epiphysis, was sclerotic as described by Catterall.10 
The disease, often, must evolve beyond the early stage 
before this subjective classification can be reliably applied 
and its reproducibility is not very high.11 More recently, 
attempts have been made to use magnetic resonance imag-
ing (MRI) to delineate and quantify the region of the 
epiphysis that is not perfused.12 The technique referred  
to as “perfusion MRI” involves acquiring gadolinium 
enhanced images with fat suppression (Figure 2).12–16 The 
perfusion MRI can be performed at the onset of symptoms 
with the potential advantage of facilitating early decision-
making and intervention.

Biomechanical factors contributing to LCPD

Some theories suggest that in addition to the vascular 
insult, biomechanical factors may also contribute to the 
onset of symptoms and progression of the disease.17–19

Epidemiology

LCPD may affect children between 2 and 14 years of age, 
with the peak age of onset around 5 or 6 years.20 Males  
are affected five times more commonly than females.  

The disease predominantly affects white children from 
Northern Europe.21 Among affected Indian children, the 
epidemiology is slightly different, with a slightly later age 
at disease onset.22

Geographic distribution

There is a significant local, national, and international 
variation in the frequency of LCPD. The incidence varies 
between 0.2 and 19.1 per 100,000 0- to 14-year-olds per 
year, which equates to a lifetime risk between 1:400 and 
1:35,000.23 Equatorial regions have a low incidence of dis-
ease, while Northern Europe has the highest incidence. 
The geographic variation may be related to racial factors 
as black African children have a very low rate of disease as 
compared to Caucasian children.

Marked differences in the rates of disease have been 
noted within countries. In the United Kingdom, Scotland 
had more than twice the frequency of disease than London 
(10.39 vs 4.6 per 100,000 0- to 14-year-olds per year).21 In 
India, the incidence in Manipal (south-west) was 10 times 
that of Vellore (south-east) (4.4 vs 0.4 per 100,000 0-  
to 14-year-olds per year).22 In Norway, rates were 3.6 in 
the northern county of Finnmark, compared to 16.7 per 
100,000 per year in western county of Sogn og Fjordane.24

Figure 1. Diagrammatic representation of the vascular supply to the capital femoral epiphysis in children between the ages of 4 
and 7 years (a). Interruption of the medial circumflex artery (b) or the lateral epiphyseal vessels (c) can produce avascular necrosis 
of part or the entire epiphysis.
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Figure 2. Perfusion MRI scan of the hips of a child with LCPD of the right hip. Four sequential cuts through the LCPD hip are 
shown (a–d) and corresponding cuts through the normal hip are shown on the right. The avascular region appears black (*) and 
occupies over 95% of the epiphysis.
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The incidence varies considerably even within very 
small areas, with the disease frequency varying on a 
street-by-street basis. In Liverpool, England, a high inci-
dence of disease was noted in the inner city,25–27 which led 
to studies examining the relationship with socioeconomic 
deprivation.23,25,28 A very steep socioeconomic gradient 
was observed, with the most socioeconomically deprived 
households having four times more LCPD than the most 
affluent.26,29–31

Trends over time

In Merseyside, UK, the incidence of LCPD halved from 
14.2 to 7.4 cases per 100,000 per year between 1976 and 
2009.25–27 This period was associated with a progressive 
improvement in the standard of living, which may account 
for the change in incidence. Primary care records from the 
United Kingdom also demonstrated a steady fall in the rate 
of disease, with the greatest fall in the most socioeconomi-
cally deprived regions.23 Declining incidence rates have 
been noted in Northern Ireland also.32

Heritability

Data from large case series suggest the occurrence of dis-
ease is 0.5%–0.8% among parents of affected children and 
2%–4% among siblings of affected children.33,34 A robust 
study of heritability used the Danish twin registry to com-
pare the difference in rates of LCPD between identical and 
non-identical twins.35 The study included 81 sets of twins, 
of whom at least 1 had LCPD. The disease concordance 
was very low, and there were no occurrences of LCPD in 
the co-twin of identical twins, suggesting that any familial 
aggregation is due to a shared environment rather than a 
genetic susceptibility.

Associations

Stature. A large cross-sectional anthropometric study, of 
232 children, demonstrated global growth disturbance, 
termed “rostral sparing dwarfism.”36 The affected chil-
dren had a normal head size (i.e. “rostral sparing”), but the 
arms and legs had subtle disproportionate shorting; simi-
lar to that seen among neonates with intrauterine growth 
retardation. However, it was unclear if this was con-
founded by socioeconomic deprivation, which is known 
to be associated with both LCPD and abnormal growth. A 
follow-up study using siblings of affected children as con-
trols (thereby matching for socioeconomic deprivation) 
confirmed a clear growth restriction, most notable in the 
feet of affected children.37

Birth weight and birth length. A study from Sweden exam-
ined the association of birth weight and LCPD and demon-
strated a “dose-response”; children with the lowest birth 
weight had the greatest risk of LCPD (normal birth 

(1.0—ref), low birth weight odds ratio ((OR) = 1.33), very 
low birth weight (OR = 3.32)).38 A Norwegian study 
showed an association with birth length;39 the risk of 
LCPD increased by 50% among children with birth lengths 
below 50 cm, compared to those over 50 cm.

Disease associations. An association with congenital 
abnormalities could suggest an intrauterine disease trig-
ger. Catterall et al.40 first found an association between 
LCPD and inguinal hernia and genitourinary malforma-
tions. These findings along with a strong association 
with Down’s syndrome were subsequently reconfirmed 
in Norway39 and the United Kingdom.41

A strong association has been demonstrated with 
behavioral abnormalities and hyperactivity.42,43 However, 
it is uncertain if this finding is a consequence of the pain 
and immobility caused by disease, rather than something 
related to the disease etiology.

An association between asthma and Perthes’ disease 
has also been identified.41 However, although socioeco-
nomic deprivation was adjusted for in the analysis, this 
association could be the result of residual confounding or 
a further unadjusted confounder, such as tobacco smoke 
exposure.

Smoking

The marked variation in incidence, related to socioeco-
nomic deprivation, suggests a major environmental influ-
ence in the disease onset. This, combined with the 
association with low birth weight, has led to suggestion that 
tobacco smoke exposure may be important in the disease 
etiology. Using the Swedish inpatient register, a case– 
control study of 852 cases and 4432 controls, demonstrated 
a relationship between LCPD and parental smoking, with a 
dose-response (adjusted OR = 1.4 < 10 cigarettes/day and 
OR = 2.0 > 10 cigarettes/day).44 Other studies confirm this 
association, including one using a biological measure of 
current exposure (urinary cotinine; a metabolite of nico-
tine),45 and another which also confirmed an association 
with wood stove smoke exposure.30 All these studies 
attempted to adjust for socioeconomic deprivation, although 
there is the possibility that the strength of the association 
between tobacco smoke and socioeconomic deprivation is 
so strong that statistical adjustment is insufficient due to a 
phenomenon called “residual confounding.”

Etiological hypotheses

Given the early age of onset, absence of a genetic influ-
ence, association with congenital malformations and very 
strong association with socioeconomic deprivation, it 
seems that the key etiological determinant is environmen-
tal, which must occur either during the prenatal period or 
very early in life. Hypotheses postulated to explain these 
findings include nutritional deficiency and thrombophilia.
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A nutritional deficiency examined has been manganese, 
because of disproportionate growth abnormality and 
epiphyseal dysplasia in animals with the deficiency of this 
element. A case–control study appeared to support this 
association,46 although a second study did not support the 
findings nor did supplementation after disease onset have 
any influence on disease.47

Thrombophilia has been the more recent major focus of 
etiological investigations. If a thrombophilic tendency 
were important in the disease, it would be directly on the 
mechanistic pathway of disease (i.e. one would expect a 
clot to cause the epiphyseal infarct). We would also expect 
a very high proportion of children with LCPD to demon-
strate this abnormality compared to a risk factor not 
directly on the mechanistic pathway such as social depri-
vation which is a risk factor although on its own is not a 
plausible cause of LCPD. However, there are weak asso-
ciations to a range of thrombophilic traits and LCPD, with 
findings that are far from being consistent.48,49 So, studies 
of coagulopathy appear to exclude a major association. 
The etiological factor responsible for causation of LCPD, 
therefore, remains elusive.

Natural evolution of LCPD

The self-limiting nature of LCPD is evident on two fronts: 
first, the blood supply to the femoral epiphysis gets restored 
and second, the necrotic avascular bone is resorbed and 
replaced by healthy new bone over a period of 2–4 years.

Revascularization of the femoral epiphysis

Angiographic,7–9 radioisotope,19 and more recent MRI 
studies12,14 confirm that revascularization of the femoral 
epiphysis occurs spontaneously. Based on radioisotope 
studies, Conway50 demonstrated evidence of very early 

revascularization of the lateral part of the epiphysis which 
he attributed to recanalization of the occluded vessels 
(Figure 3(a)). If these recanalized vessels remain patent, 
they contribute to rapid restoration of normal epiphyseal 
blood supply. However, if epiphyseal collapse occurs, the 
recanalized vessels may get obliterated (Figure 3(b)) lead-
ing to considerable delay in the process of revasculariza-
tion of the epiphysis. In rare instances, revascularization 
may be incomplete leading to osteochondritis dissecans of 
the femoral head.51 Revascularization may also be incom-
plete when the onset of the disease is in adolescence.52

Reconstitution of the necrotic femoral epiphysis

Healing of injured or diseased bone involves an interplay 
of osteoclastic resorption of damaged bone and new bone 
deposition by osteoblasts, and these cellular responses pro-
ceed in tandem in most clinical situations. In LCPD, how-
ever, there is a distinct paucity of an osteoblastic response 
in the early part of the disease.53,54 At the same time, osteo-
clastic resorption of dead bone proceeds at a brisk pace 
resulting in weakening of bone trabeculae of the femoral 
ossific nucleus and fragmentation of the epiphysis. As the 
disease evolves, new woven bone is laid down and eventu-
ally this bone is converted to lamellar bone. This sequence 
of repair and reconstitution of the femoral epiphysis can be 
followed on plain radiographs enabling classification of 
disease evolution into discrete stages (Stage Ia, Ib, IIa, IIb, 
IIIa, IIIb, and IV; Figure 4).55–57 This classification (the 
modified Waldenström classification) is reproducible and 
consequently suitable for treatment planning.57

Pathogenesis of femoral deformity

The femoral epiphysis may get irreversibly deformed in 
children with LCPD and treatment of this self-limiting 

Figure 3. Very soon after the vascular insult, there is an attempt to restore the epiphyseal blood supply by recanalization of the 
occluded vessels (a). These recanalized blood vessels, however, can get obliterated if the epiphysis collapses (b).
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disease is warranted primarily to prevent this complication. 
A clear understanding of the pathogenesis and the timing of 
deformation is needed to plan appropriate preventive 
intervention.

Three patterns of epiphyseal deformation may occur.58 
First, there may be a loss of epiphyseal height with a 
concomitant increase in the width of the epiphysis. This 
is referred to as “mushrooming”59 and the mushroomed 

epiphysis heals with metaphyseal widening and coxa 
magna (Figure 5).

Second, there may be loss of epiphyseal height with-
out an increase in epiphyseal width (Figure 6(a)). This 
could occur if the broken fragments of bone trabeculae 
are compacted.58 The height of the femoral epiphysis is 
permanently reduced even in hips where sphericity is 
retained (Figure 6(b)).

Figure 4. Stages of evolution of LCPD. The original Waldenström classification had four stages; stage of avascular necrosis (I), 
stage of fragmentation (II), stage of reconstitution (III), and healed stage (IV). In the modified classification, Stages I, II, and III are 
subdivided into early (a) and late (b) parts of the respective stages. Fragmentation commences with a vertical fissure, perpendicular 
to the articular surface (vertical white arrow—Stage IIa). In Stage II, metaphyseal cysts (black arrows) may be seen. Appearance of 
“wooly” new bone at the periphery of the epiphysis signals the beginning of Stage IIIa (horizontal white arrow).
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Third, localized, focal collapse of the epiphysis may 
occur under the margin of the acetabulum (Figure 7).

The mechanisms involved in causation and the propensity 
for femoral head deformation vary as the disease evolves.

Reversible femoral head deformation in the 
early stages of LCPD (Stages Ia, Ib, and IIa)

It has been estimated that the femoral head is subjected to 
compressive forces several times the individual’s body 

weight while standing, walking, running, or jumping.60,61 
Although they were unaware of the magnitude of forces 
acting on the hip, surgeons in the latter half of the last cen-
tury had assumed that compressive loading deforms the 
femoral epiphysis in LCPD and advocated restrictions on 
weight-bearing.62,63 However, until recently, no one had 
demonstrated that in LCPD, the femoral head gets deformed 
during normal childhood activity. Recent advances in imag-
ing techniques enabled acquisition of MRI scans of the hips 
of children in the upright and recumbent positions and in 

Figure 5. Radiographs of the hips of a child with LCPD of the right hip that was not treated. In Stage III of the disease (a), 
the femoral epiphysis is severely flattened. The details of changes in the proximal femur are shown in the tracing (b); the 
femoral epiphysis, consisting of new bone that has formed (red) on either side of the necrotic part of the epiphysis (black), has 
“mushroomed” well beyond the margins of the metaphysis (green). In response to mushrooming of the epiphysis, there have been 
repeated attempts to increase the width of the metaphysis by remodeling of the neck (purple lines). The disease healed and at 
skeletal maturity, there is coxa magna, a short neck, and an aspherical femoral head (c).
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2020, an elegant pilot study demonstrated that in the early 
stages of LCPD (Stages Ia, Ib, and IIa), the femoral epiphy-
seal cartilage and the ossific nucleus deform in response to 
loading on bearing weight.64 A mean 7.2% increase in the 
width and a 12.4% decrease in height of the femoral epiph-
ysis occurred on standing (Figure 8) and the dimensions of 
the epiphysis were restored to the pre-loading state on lying 
down. This pattern of reversible deformation, akin to plas-
tic deformation typical of soft tissues of the human body, 
was noted in all hips in the early stages of the disease. 
Epiphyseal deformation on weight-bearing was less evi-
dent in the later stages of the disease and was negligible in 
the normal femoral epiphysis.64 These observations suggest 
that soon after infarction of the epiphysis, its mechanical 
properties are markedly altered leading to deformity 
through simply bearing weight on the limb.

It is uncertain whether repeated reversible deformation 
of the epiphysis on cyclical loading of the LCPD hip while 
walking, running, or jumping in this early stage of the dis-
ease leads to permanent deformation. It is also unclear if the 
avascular epiphysis exhibits creep characteristics with fur-
ther deformation on standing for a longer duration of time.

Irreversible femoral head deformation in Stages 
IIb and IIIa of LCPD

In Stage IIb of the disease, the bone trabeculae are weak 
and prone to crumble if subjected to compressive loading 
because the anabolic response of the osteoblasts does not 
keep pace with osteoclastic resorption.53,54 Collapse of the 
epiphysis at this stage is irreversible and permanent.55,56

New bone laid down in Stage IIIa is woven bone which 
is prone to deformation as the trabeculae of woven bone 

are aligned haphazardly and not aligned to counter deform-
ing forces.65 In Stage IIIb, the propensity for further defor-
mation of the epiphysis is no longer present as the new 
bone has remodeled into lamellar bone with trabeculae 
aligned to resist compressive forces.65,66

Thus, the susceptibility of the femoral head to get 
deformed begins early in the disease and continues until 
the disease evolves to Stage IIIb (Figure 9). It follows 
that any method of treatment of LCPD that aims to pre-
vent femoral head deformation should be instituted soon 
after onset of the disease and should continue through to 
Stage IIIb.67

Extrusion

The lateral and anterior part of the femoral epiphysis 
tends to extrude beyond the confines of the acetabulum in 
LCPD,55,56 and there is evidence to show that lateral 
extrusion is associated with a poor outcome, particularly 
if more than 20% of the femoral head protrudes outside 
the acetabular margin.68,69 Hypertrophy of the articular 
cartilage of both the acetabulum and the femur and hyper-
trophy of the ligamentum teres initiate early extrusion 
and in untreated children, extrusion increases as the dis-
ease evolves (Figure 10(a)).70 The progressive increase 
of extrusion is the modest and gradual in the early part of 
the disease (Stages Ia, Ib, and IIa); thereafter, an abrupt 
increase in extrusion occurs in Stage IIb.55 Thus, at Stage 
IIb, extrusion often exceeds 20%, and at the same time, 
the epiphyseal bone is weak because of the imbalance 
between osteoclastic resorption and new bone formation 
(Figure 10(b)). A combination of both these factors 
makes the femoral head most vulnerable for deformation 

Figure 6. Appearance of the right hip at onset of the disease 
(a) and at healing (b). Uniform loss of epiphyseal height which 
persists till the disease heals.

Figure 7. Arthrogram of the hip of a child with LCPD 
demonstrating localized collapse of the femoral epiphysis under 
the acetabular margin.
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when subjected to compressive stress at this point in the 
evolution of the disease. Figure 10 summarizes the causes 
and effects of femoral head deformation in LCPD as the 
disease evolves.

Clinical spectrum

“Typical” LCPD

The clinical presentation of typical LCPD has been well 
described in the literature;10,71 the child presents with a 

limp and pain in the hip or knee, without any associated 
constitutional symptoms. Typically, moderate restriction 
of abduction and internal rotation of the hip is noted. A 
plain radiograph of the hip early in the disease may not 
show any abnormality, but most radiographs show an area 
of sclerosis of the femoral capital epiphysis. Synovitis 
with a mild effusion is characteristically seen in the early 
part of the disease. Pain usually decreases, and the limita-
tion of movement improves in a few weeks of restricted 
activity. Recurrence of pain and restriction of motion indi-
cates the onset of complications like “hinge abduction.”10 
The disease heals after 2–4 years; generally, the shorter the 
duration of the disease, the better the outcome. The pattern 
of presentation and evolution of the disease is similar in 
children from varied ethnic backgrounds.55,56,71–74

LCPD in the adolescent

In a small proportion of children with LCPD, the onset is 
in adolescence and the disease progression in these chil-
dren is quite different from that of typical LCPD.52 Three 
patterns of disease evolution have been described; they are 
the late-onset pattern, segmental collapse pattern, and the 
destructive pattern. The process of revascularization is 
very slow and often incomplete in the first two types and 
almost non-existent in the destructive pattern. The progno-
sis is poor in most adolescents with LCPD; in particular, 
the outcome is uniformly poor in hips with the destructive 
pattern.52

The “discoid” epiphysis

A small subset of children with LCPD present with a com-
pletely sclerotic epiphysis (Catterall Group IV—whole 
head involvement) that is uniformly flattened (Herring C) 
even before fragmentation has commenced.58 The appear-
ance of the epiphysis is like a discus, and hence, it is 

Figure 8. Diagrammatic representation of the unloaded hip (a) and on bearing weight (b) demonstrating reversible deformation 
of the femoral epiphysis on weight-bearing in the stage of avascular necrosis of LCPD. Increased width of the epiphysis results in 
extrusion of its lateral part (purple lines). Reduction of epiphyseal height also occurs.

Figure 9. The femoral epiphysis may get deformed between 
Stages Ia and IIIa of LCPD.
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referred to as a “discoid” epiphysis.58 The prognosis is 
poor since the entire epiphysis is avascular and epiphyseal 
collapse is severe; only about 25% of these children end up 
with spherical heads even among those treated early.

Management

Management of LCPD may be classified as preventive 
intervention, remedial intervention and salvage depending 
on when during the evolution of the disease treatment is 
instituted.67

Preventive intervention (Stages Ia, Ib, and IIa)

Preventive intervention aims to preserve the spherical 
shape of the femoral head by protecting it from factors that 
predispose to its deformation. Since irreversible deforma-
tion tends to occur in Stage IIb of the disease, it is impor-
tant that treatment commences by Stage IIa. The importance 
of intervention early in the disease was emphasized in  
the results of a study that set out to determine the optimal 
time for preventive intervention.75 The OR of the disease 

healing with an aspherical femoral head was 16.58 when 
the treatment was initiated in Stage IIb or later.75 Three 
treatment approaches merit closer scrutiny; these are con-
tainment, weight-relief, and trochanteric growth arrest.

Containment. It is unclear who introduced the concept of 
“containment,” but over 50 years ago, attempts were made 
to reverse extrusion by non-operative and operative means. 
Realizing that extrusion (Figure 11(a)) can be corrected by 
abducting the hip (Figure 11(b)), Gordan Petrie and 
Bitenc76 achieved containment with a broomstick plaster 
cast while Anatol Axer77 resorted to a proximal femoral 
varus osteotomy (Figure 11(c)). Robert Salter78 advocated 
an alternative approach by reorienting the acetabulum to 
cover the extruded part of the epiphysis by performing an 
innominate osteotomy (Figure 11(d)).

Proximal femoral osteotomy. Femoral varus osteotomy is 
the most widely used operation to achieve containment of 
the femoral head in LCPD (Figure 11(c)).79–93 The precise 
technique, including whether the osteotomy is an open-
wedge or a closed wedge osteotomy, the nature of internal 

Figure 10. Diagrammatic representation of factors contributing to femoral head deformation during different stages of the 
evolution of LCPD (a–c) and the effect of femoral head deformation on revascularization of the epiphysis (d).
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or external fixation, and the post-operative care, varies a 
great deal.

Concerns have been expressed regarding the extent of 
permanent shortening of the limb, the failure of the varus 
angulation to remodel with a persistent trendelenburg gait 
and valgus deformity of the knee secondary to the proxi-
mal femoral varus osteotomy. However, long-term studies 
have discounted each of these concerns; the mean shorten-
ing at skeletal maturity was 0.44 cm ± 0.68 (SD) in one 
study,94 the neck shaft angle was restored to normal in 
most children in another study95 and genu valgum was not 
encountered at skeletal maturity in a third study.96 The 
advantages of a proximal femoral osteotomy are the sim-
plicity of the operation and the ability to perform trochan-
teric epiphysiodesis, if required, through the same incision. 
The need of a second operation to remove the implant is 
one unavoidable disadvantage.

Innominate osteotomy. In many centers in North 
America, innominate osteotomy is the preferred option for 
achieving containment97 with some surgeons performing 
a Salter osteotomy (Figure 11(d)) and others performing a 
triple innominate osteotomy.97–107 Compared with the fem-
oral varus osteotomy, a triple pelvic osteotomy may have 
some advantages; no shortening of the limb, no increased 
inclination of the epiphyseal plate or the risk of a tren-
delenburg gait. Unlike the Salter osteotomy, a triple pel-
vic does not increase the pressure on the femoral head and 
offers better freedom of reorientation of the acetabulum 
with the axis of rotation at the joint and not at the pubic 
symphysis (Figure 11(e)).108–112

Shelf acetabuloplasty (labral support) and Chiari osteotomy.  
Yet another approach has been to create a shelf to cover 
the extruded part of the femoral head without reorienting 

Figure 11. Diagrammatic representation of methods of treating femoral head extrusion in LCPD. The extruded femoral epiphysis 
(a) can be contained by abduction the hip in a broomstick cast or an abduction brace (b) or by a proximal femoral varus osteotomy 
(c). Containment can also be achieved by reorienting the acetabulum by a Salter innominate osteotomy (d) or a triple pelvic 
osteotomy (e). A shelf acetabuloplasty (f) and a Chiari osteotomy (g) provide a cover for the extruded part of the femoral epiphysis 
without attempting to reverse extrusion itself.
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either the proximal femur or the acetabulum (Figure 11(f) 
and (g)). The shelf operation, also referred to as a “labral 
support” procedure, is popular in some centers.113–117 A 
similar concept of creating a cover for the extruded part of 
the femoral epiphysis is the rationale behind performing a 
Chiari osteotomy.118–124

Combined femoral and innominate osteotomies. Combined 
femoral and innominate osteotomies have been practiced 
by a few surgeons.125–128

Weight-relief. Animal studies have shown that weight-relief 
does have a beneficial effect on maintaining the shape of 
the femoral head following induced ischemic necrosis129 
and a few surgeons advocate weight-relief as an adjunct to 
operative or non-operative containment.130–132 However, 
most surgeons recommend weight-relief only for the period 
of bone healing after an osteotomy, rather than prolonged 
weight-relief as a form of definitive treatment, because of 
concerns of adverse psychological effects on the child.133

Duration of weight-relief. If weight-relief is included in 
the treatment protocol, what should the duration of weight-
relief be? Since the propensity for femoral head defor-
mation persists till the disease has reached Stage IIIb, it 
follows that weight-bearing should be avoided till Stage 
IIIb and this may entail around 24 months of weight-relief 
in children in whom treatment commenced at the onset of 
symptoms.132

Trochanteric epiphysiodesis. One of the complications of 
LCPD is premature growth arrest of the proximal capital 
physis leading to a short femoral neck (coxa brevis) and 
what is erroneously referred to as “greater trochanteric 
overgrowth.” Unfortunately, there is no known sign  
during the evolution of the disease that will enable the 
surgeon to predict impending capital physeal arrest.  
Prophylactic trochanteric epiphysiodesis performed in 
conjunction with containment has been found to be effec-
tive in minimizing the frequency of trochanteric “over-
growth” in LCPD.94,134–139

Decision-making for preventive intervention. Several factors 
have been identified as having important prognostic sig-
nificance in LCPD.68 The most important of them include, 
the age at onset of the disease, the extent of the epiphysis 
that is avascular, and the presence of epiphyseal extrusion; 
the greater each of these variables are, the greater the risk of 
permanent deformation of the femoral head.10,52,58,68,69 Con-
sequently, these factors need to be taken into reckoning in 
treatment planning. Other signs that put the “head-at-risk” 
described by Catterall10 are of prognostic significance but 
are seldom seen in Stage Ia, Ib, or IIa to include them in 
the treatment plan for preventive intervention. Similarly, 
often the extent of epiphyseal collapse on which Herring 

made recommendations for treatment may only be clear in 
Stage IIb.140–142

Containment has been advocated for the older child 
and those with extrusion provided the disease has not pro-
gressed beyond Stage IIa.78,87 Pre-emptive “containment” 
is recommended in children over the age of 7 years at 
onset of the disease even in the absence of extrusion as 
extrusion invariably develops sooner or later in these 
older children.67,75,143

Remedial intervention (Stages IIb and IIIa)

Containment in Stage IIb may not prevent the femoral 
head from getting deformed,75 and consequently, the role 
of surgical intervention is no more preventive in nature. 
The femoral head begins to get deformed at this point 
(Figure 12(a)). Recrudescence of pain and reduction of the 
range of motion of the hip (particularly abduction) may 
occur in Stage IIIa when a phenomenon initially recog-
nized and termed “hinge abduction” by Catterall devel-
ops.144 On attempting to abduct the hip the “bump” on the 
lateral aspect of the femoral head fails to slide under the 
acetabular rim but impinges against it and the medial joint 
space opens (Figure 12(b)). The center of rotation of the 
hip is no longer at the center of the femoral head but is at 
the acetabular margin.144–146

Initially, when examined under anesthesia, muscle 
spasm is overcome, the hinging resolves and the femoral 
head can be “reduced” into the acetabulum (Figure 12(c)). 
Increasing the volume of the acetabulum to accommodate 
the mushroomed femoral head has been shown to help 
relieve pain and prevent further hinging in hips with 
“reducible hinge abduction” (Figure 12(d)).145,146 Some 
hips do not reduce under anesthesia; adducting these hips 
with “irreducible hinge abduction” relieves pain and 
improves the congruence of the femoral head and acetabu-
lum (Figure 12(e) and (f)). After confirming, with an 
arthrogram, the extent of adduction that restores maximum 
congruence of the femur and acetabulum, a proximal fem-
oral osteotomy can be performed with the same degree of 
valgus angulation (Figure 12(g)).145–153 While some sur-
geons may undertake this operation in Stage IIIa,148 others 
prefer to defer it till Stage IIIb.150

Decision-making for remedial intervention. The aims of treat-
ment of LCPD in children presenting in Stages IIb and IIIa 
are to minimize the extent of femoral deformation and to 
relieve pain associated with hinge abduction. The factors 
that may influence treatment planning include the pres-
ence and severity of femoral deformity and the presence of 
reducible or irreducible hinge abduction. The treatment 
choices include femoral or pelvic osteotomy or a shelf pro-
cedure for hips with mild deformity and reducible hinge 
abduction and valgus osteotomy for irreducible hinge 
abduction. It needs to be emphasized that the chances of 
the femoral head retaining a spherical shape are low.68,75
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Salvage (Stage IIIb and beyond)

Whatever femoral head deformity that is present at the 
onset of Stage IIIb will remain permanently with little 
chance of spontaneous remodeling. Consequently, treat-
ment beyond this point is essentially the treatment of 
sequelae of LCPD.

With the refining of the technique of safe surgical dislo-
cation of the hip, it has become possible to surgically 
reshape the misshapen femoral head.154–157 At the same 
time, it is possible to identify and correct structural defor-
mities of the proximal femur that cause impingement and 
damage the acetabulum.154–157 The femoral abnormalities 
include intra-articular and extra-articular impingement, 

each of which can injure the acetabulum most frequently 
in the anterosuperior part of the acetabular rim between the 
12 o’clock and 3 o’clock positions.154

Decision-making for salvage. The aims of treatment at this 
stage are to halt the progression of joint damage brought 
on by the alteration in the shape of the femoral head and 
more importantly, to delay or prevent the onset of degen-
erative arthritis. The decision to address the problems by 
safe surgical dislocation or arthroscopically depends on 
the nature of abnormality and the expertise of the treating 
surgeon.

Outcome evaluation

Since the aim of preventive intervention is to preserve the 
sphericity of the femoral head by preventing femoral head 
deformation, the primary outcome measure should be the 
shape of the femoral head when the disease is fully healed 
and again at skeletal maturity. Till recently, the shape of 
the femoral head was assessed either by the Mose semi-
quantitative method158 or by the qualitative method of 
Stulberg et al.159 from anteroposterior and frog lateral 
radiographs of the pelvis at skeletal maturity. Of five 
Stulberg classes, only Stulberg I and Stulberg II should be 
regarded as acceptable outcomes since the femoral head is 
spherical in these two classes only.

The Sphericity Deviation Score (SDS), which is a 
quantitative measure based on the engineering principle 
of “roundness error” estimation, has been shown to be 
reproducible and applicable both when the disease heals 
and at skeletal maturity.160–162 A femoral head with a 
SDS value of 10 or below is regarded as a spherical 
head.160,161

Apart from the radiological outcome measure of femo-
ral head sphericity, it is important that functional outcomes 
evaluating hip and lower limb function are also mea-
sured163 as also patient-reported outcomes.164,165 However, 
there are strong correlations between the radiological out-
come, functional outcome, and patient-reported outcomes 
of treatment of LCPD.164–166

Effectiveness of preventive intervention

Unfortunately, there is no Level I study that evaluates 
preventive intervention in LCPD. Most studies are retro-
spective case series without controls.97 A meta-analysis 
of this low-quality evidence suggested that containment 
may offer some benefit.167

Two large, prospective studies from North America and 
Norway also suggest that containment surgery improves 
the chances of retaining a spherical femoral head particu-
larly in older children.168,169 However, a recent prospective 
study from the United Kingdom casts some doubt on these 
findings, with no improvement demonstrated with surgical 
containment.170

Figure 12. Diagram depicting hinge abduction. By Stage IIb or 
IIIa the femoral head may be deformed (a) and on attempting 
to abduct the hip (red arrow) the deformed femoral head may 
impinge on the acetabular margin and hinge on it such that the 
joint opens medially (b), creating a crescentic joint space. If 
the hinge abduction is reducible (c) a shelf acetabuloplasty is a 
recommended option (d). If the hinge abduction is irreducible 
(e), the hip is adducted (green arrow) and the position of 
maximum congruence is identified (f) and a proximal femoral 
valgus osteotomy is performed (g).
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There are no robust data to indicate which method of 
surgical containment may yield the best results. Combined 
femoral and pelvic osteotomies have not proved to be more 
effective than isolated femoral or innominate osteotomies.127

The results of the Norwegian prospective study169 sug-
gest that abduction braces are ineffective and should not 
be used to treat LCPD; similar views have been expressed 
by other authors.171 However, impressive results have 
been reported with prolonged use of an A-frame172 and 
with a Pogo stick brace, a non-weight-bearing abduction 
brace worn for up to 21 months.173

Reappraisal of the role of weight-relief in the treatment 
of LCPD is warranted with experimental and clinical stud-
ies supporting the practice of avoiding weight-bearing till 
the disease has evolved till Stage IIIb.130–132 A recent study 
compared the results in a group of children treated by con-
tainment and weight-relief for 6 months with results of a 
control group treated by identical containment and weight-
relief till Stage IIIb. Seventy-five percent of hips protected 
from weight-bearing till Stage IIIb healed with spherical 
femoral heads while only 49% of hips protected from 
weight-bearing for 6 months were spherical when the dis-
ease healed.132 The observation that prolonged weight-
relief did not result in psychological problems in children 
lends further support this approach.131 The results of some 
series that combined containment with weight-relief till 
Stage IIIb have been very good with 75% or more of hips 
healing with spherical femoral heads.132,173

Effectiveness of remedial intervention

Intervention in Stage IIb or IIIa of LCPD in children with 
symptomatic hinge abduction often results in relief of pain 
and improved range of motion of the hip, but the femoral 
head is seldom spherical when the disease heals.145–151

Effectiveness of salvage intervention

Relief of pain, increased range of hip motion, and 
improvement in hip abductor muscle strength have been 
reported following surgery that improves the shape of the 
femoral head and removes intra-articular and extra-artic-
ular impingement.154–157 However, adequate long-term 
follow-up of these patients are not yet available, and it 
remains to be seen if the aim of avoiding or significantly 
delaying total hip replacement is achieved by, so-called, 
“hip preservation surgery.”

Future directions

Since the imbalance between osteoclastic resorption and 
osteoblastic new bone formation has been implicated in 
the pathogenesis of femoral head deformation, attempts 
have been made to modulate these mechanisms. Bisphos-
phonates have been shown to suppress osteoclastic activity 

and bone morphogenetic protein to enhance new bone 
formation. Studies in experimental animals suggest that 
systemic administration of bisphosphonates may reduce 
the severity of femoral head deformation.174–176 Since high 
systemic doses may be needed to reach and have a local 
effect on the avascular epiphysis, local administration of 
much small doses of bisphosphonates and bone morphoge-
netic protein into the epiphysis has been shown to be of 
benefit.176 Clinical trials are currently underway and their 
results awaited.177

The recent study that casts doubt on the effectiveness 
of containment surgery170 clearly emphasizes the urgent 
need to embark on well-designed, prospective studies 
with adequate follow-up (ideally randomized controlled 
trials (RCTs)) to clarify the role of the current approach to 
treatment of LCPD. Realizing the need for robust pro-
spective studies, the International Perthes Study Group 
(IPSG) has begun collecting data prospectively and under-
taking studies on various aspects of LCPD. We hope that 
this international effort will answer several unanswered 
questions related to this enigmatic condition and improve 
its treatment outcomes in future.
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