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Abstract

Background  Although Legg-Calvé-Perthes’ disease (LCPD)
is frequently associated with varying degrees of femoral
head deformity and leg length discrepancy (LLD), no factors
that predict residual shortening have been clearly identified.
Questions/purposes We attempted to determine whether
(1) the extent of femoral head involvement; (2) varus
osteotomy; and (3) patient demographic characteristics are
associated with LLD at skeletal maturity in patients with
LCPD.

Methods We retrospectively reviewed the records of
168 skeletally mature patients with unilateral LCPD. The
mean age at diagnosis was 7 years (range, 2—14 years). The
extent of femoral head involvement was determined from
the initial radiographs using the Herring lateral pillar and
Catterall classifications. LLD was defined as shortening
by > 1.0 cm as measured from scanograms. The patient’s
sex and the treatment modalities used were also recorded.
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Results LLD ranging from 10 to 38 mm (mean, 19 mm)
occurred in 93 (55%) patients and was associated with the
extent of femoral head involvement. Varus osteotomy was
not associated with residual shortening. The patient’s age at
diagnosis did not affect the LLD at skeletal maturity. The
strongest predictor of LLD was a lateral pillar classification
of B/C or C (odds ratio, 3.5; 95% confidence interval,
1.39-8.79).

Conclusions The extent of femoral head involvement, but
not the patient’s age at diagnosis or sex or the treatment
modality, can predict the LLD at skeletal maturity in
patients with unilateral LCPD.

Level of Evidence Level II, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Legg-Calvé-Perthes’ disease (LCPD) frequently results in
varying degrees of femoral head deformity and leg length
discrepancy (LLD) despite attempts to preserve the anat-
omy of the femoral head and proximal femoral physis
[9, 14, 35]. The consequences of LCPD such as residual
deformity of the femoral head are related to the restriction
of joint mobility [36], femoroacetabular impingement
[10, 33], pain [13], and premature osteoarthritis [2]. LLD
can also lead to abductor weakness and limping.

Several parameters reportedly predict the shape of the
femoral head after healing. These include the age at diag-
nosis [17, 32], head-at-risk sign [29], and the extent of
femoral head involvement [6]. However, most studies have
focused on the deformation of the spherical shape of the
affected femoral head as evaluated radiographically.
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Several analyses of the relationship between LCPD and
LLD have documented shortening of the affected limb
ranging in length from 1 mm to 7 cm [9, 14, 28, 31, 35, 39].
However, the incidence and predictors of LLD in patients
with LCPD remain unclear; furthermore, it is not known
whether parameters such as age at diagnosis, sex, type of
treatment, and the extent of femoral head involvement can
predict the occurrence of LLD.

Our goal was to determine whether (1) the extent
of femoral head involvement; (2) varus osteotomy; and
(3) patient demographic characteristics are associated with
LLD at skeletal maturity in patients with LCPD.

Patients and Methods

We retrospectively reviewed the medical records of
168 patients who had been diagnosed with LCPD from
April 2004 through February 2008. All patients had
reached skeletal maturity by the time of the last followup
visit (at least 4 years after diagnosis in all patients). Our
criteria for skeletal maturity were age > 17 years for males
or > 15 years for females or the presence of radiographic
physeal closure.

Two of the authors (KWP, KSJ) determined the skeletal
maturity at the time of the last followup visit by examining
the closure of the distal femoral and proximal tibial physes
on AP and lateral radiographs of the lower extremities. The
authors agreed that a physis had reached closure when the
radiolucent gap between the epiphysis and metaphysis of
the distal femur and proximal tibia had disappeared. If the
authors disagreed on closure of the gap, skeletal maturity
was considered to be the midpoint of a period during which
the length of the lower limb did not change in two suc-
cessive radiological measurements [21]. Scanograms were
obtained to measure leg lengths at each visit to our clinic
including the initial visit. Patients with bilateral LCPD, an
initial LLD exceeding 1.0 cm, or other underlying diseases
or risk factors related to osteonecrosis were excluded from
our study. We enrolled 146 (87%) male and 22 (13%)
female patients with a mean age at diagnosis of 7 years
(range, 2—14 years). No patients were lost to followup. The
minimum duration of followup was 4 years (mean, 9 years;
range, 4-25 years). All data were obtained from medical
records and radiographs, and no patient was called back for
an additional visit for the purpose of the study.

Two of the authors (KWP, KSJ) classified the extent of
femoral head involvement of the affected hips from AP and
lateral plain radiographs obtained at the time of presenta-
tion according to Catterall’s four-category classification
system [6]. The estimated kappa value for the interobserver
reliability of Catterall’s classification system was 0.51.
These were recategorized into a simpler two-group

classification [38] by combining Catterall Group 1 with
Group 2 and Groups 3 with Group 4. We also used the
lateral pillar classification developed by Herring et al.
[16, 18], which classifies hips into Groups A, B, B/C
border, and C. In this study, the hips were classified
according to the simplified two-group classification, in
which Groups A and B together represent mild involve-
ment and Groups B/C border and C severe involvement of
the femoral head. The kappa value for the interobserver
reliability of Herring’s lateral pillar classification system
was 0.79.

The treatment modalities used in these cases included
physiotherapy alone, abduction bracing, adductor tenot-
omy, varus osteotomy of the proximal femur, innominate
osteotomy of the pelvis, and shelf acetabuloplasty. The
indications for physiotherapy were (1) age < 6 years;
(2) a lateral pillar classification of A; and (3) full ROM of
the hip. The indications for abduction bracing were
(1) age < 8 years; (2) a lateral pillar classification of A or
B; and (3) full ROM of the hip. In cases in which the
motion of the hip was limited, with adductor tightness after
2 weeks of traction, the joint status was evaluated by
arthrogram obtained under general anesthesia. Adductor
tenotomy was considered for patients with a spherical
femoral head, full ROM, and no hinged abduction. The
indications for varus osteotomy of the proximal femur were
(1) age > 8 years; (2) a lateral pillar classification of B,
B/C border, or C; and (3) no hinged abduction. A single
patient, who was 14 years old at the time of the initial
assessment, was treated with Salter innominate osteotomy
and shelf acetabuloplasty. The contraindications for sur-
gery were (1) age < 8 years; and (2) a lateral pillar
classification of A. We considered all of these approaches
to be containment methods. To determine the effect of the
treatment modality on LLD, we divided the patients into
two groups: a nonoperative group consisting of patients
who were treated with physiotherapy alone, abduction
bracing, or adductor tenotomy and an operative group
consisting of patients who underwent varus osteotomy,
innominate osteotomy, or shelf acetabuloplasty. One hun-
dred four patients (62%) were treated with physiotherapy
alone, abduction bracing, or adductor tenotomy, whereas
64 patients (38%) were treated surgically (63 of 64
underwent varus osteotomy of the proximal femur).

Chi square tests were used to determine if the dichoto-
mized age, sex, and treatment modality used differed
between the femoral involvement groups as classified by
each system: Groups I and II versus III and IV and Groups
A and B versus B/C and C. The age at diagnosis, sex, and
treatment modality used did not differ between the two
groups for either classification system (Table 1).

Two of the authors (KWP, KSJ) measured the residual
LLD from scanograms taken at the final followup visit.
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Table 1. Patients’ demographics and radiographic classifications

Variables Two-group Catterall classification p value
A (I and II) B (III and IV)

Age at diagnosis (years) 0.59
<6 29 19
>6 67 53

Sex 0.26
Male 81 65
Female 15 7

Treatment 0.07
Nonoperative 65 39
Operative 31 33

Two-group lateral pillar classification p value
I (A and B) IT (B/C and C)

Age at diagnosis (years) 0.92
<6 32 16
>6 79 41

Sex 0.48
Male 95 51
Female 16 6

Treatment 0.08
Nonoperative 71 33
Operative 35 29

A difference in length between the legs of < 1.0 cm was
considered normal, a difference > 1.0 cm to < 2.5 cm was
considered mild residual LLD, and a difference > 2.5 cm
was considered moderate-to-severe residual LLD. Patients
with an LLD < 2.5 cm usually required no active inter-
vention and at most needed only a shoe lift [12]. We
estimated the intraclass correlation coefficient values and
corresponding 95% confidence intervals (Cls) for the
interobserver reliability of the measured residual LLD.
These were calculated with a two-way random effect
model assuming a single measurement and absolute
agreement. The estimate of interobserver reliability of
residual LLD was 0.96 (95% CI, 0.91-0.99).

Chi square tests were used to determine whether
potential predictive factors (sex, age at diagnosis, treatment
modality, Catterall classification, and lateral pillar classi-
fication) differed among the three LLD groups (Table 2).
We used multinomial logistic regression analysis to
determine whether varus osteotomy was independently
associated with the LLD at skeletal maturity. As described,
rather than analyzing the length of the LLD as a continuous
variable, we divided the patients into three groups
according to their LLD measurements. The group with an
LLD < 1.0 cm, which was considered normal, was used as
the reference group. Separate odds ratios (ORs) were
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determined for the treatment modality (nonoperative versus
operative) for each LLD group with the exception of the
reference category (no LLD group), which was omitted
from the analysis. We used multiple logistic regression
analysis to determine whether any of the potential predictors
were associated with LLD. The group with LLD < 1.0 cm
was again used as the reference category, and separate ORs
were determined for the mildly and moderately to severely
affected groups.

Results

The extent of femoral head involvement was associated
with the degree of LLD. LLD was found in 93 (55%)
patients and ranged in magnitude from 10 to 38 mm (mean,
19 mm). The mean amount of shortening was 12 mm
(range, 0-38 mm) in skeletally mature patients and 19 mm
in patients with LLD. The modified two-group Catterall
classification (I and II versus III and IV) and modified two-
group lateral pillar classification (A and B versus B/C
border and C) were associated with the LLD at skeletal
maturity (p = 0.02 for both).

Treatment with varus osteotomy was not associated with
the LLD (OR for mild LLD, 0.94; 95% CI, 0.48-1.84;
p = 0.85; OR for moderate to severe LLD, 1.02; 95% CI,
0.39-2.66; p = 0.97). The degree of LLD did not differ
with respect to age at diagnosis, sex, or treatment modality.

The strongest association was between modified Herring
Group II (lateral pillar B/C and C) and mild LLD (OR, 3.6;
95% CI, 1.41-9.14; p = 0.01) followed by that between
modified Catterall Group B (III and IV) and moderate-to-
severe LLD (OR, 3.32; 95% CI, 0.97-11.4; p = 0.06;
Table 3). An age of onset > 6 years, male sex, and oper-
ative treatment were not associated with LLD.

Discussion

The shape of the femoral head and congruency of the hip
after healing stage in patients who have been treated for
LCPD are determined by the extent of femoral head
involvement at the time of diagnosis (Fig. 1). However,
shortening of the affected limb to a variable degree is very
common (Fig. 2). LLD in patients with LCPD may be
caused by many different factors, including the extent of
femoral head involvement [14, 22], premature closure of
the capital femoral physis [1, 3, 24, 35], disuse atrophy
caused by bracing or nonweightbearing [20], and varus
osteotomy of the proximal femur [7, 14, 26]. However, the
association between femoral head involvement as graded
by different classification systems and LLD at skeletal
maturity remains unclear. Furthermore, varus osteotomy of
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Table 2. Leg length discrepancy at skeletal maturity
Variables Leg length discrepancy (mm) Number p value
<10 10-25 <25
Number (%) Number (%) Number (%)
Sex 0.8
Male 66 (45) 61 (42) 19 (13) 146
Female 9 (41) 9 (41) 4 (18) 22
Age at diagnosis (years) 0.58
<6 19 (40) 23 (48) 6 (13) 48
>6 56 (47) 47 (39) 17 (14) 120
Treatment group 0.98
Nonoperative 46 (44) 44 (42) 14 (14) 104
Operative 29 (45) 26 (41) 9 (14) 64
Two-group Catterall classification 0.02
A (I and II) 47 (49) 42 (44) 7(7) 96
B (III and IV) 28 (39) 28 (39) 16 (22) 72
Two-group lateral pillar classification 0.02
I (A and B) 58 (52) 41 (37) 12 (11) 111
II (B/C and C) 17 (30) 29 (51) 11 (19) 57

Table 3. Predictive factors of leg length discrepancy with corre-
sponding odds ratio

Parameter LLD Odds ratio (95% p value
(mm) confidence interval)
Age > 6 years 10-25 1.0 (0.85-1.17) 0.95
<25 1.0 (0.83-1.3) 0.7
Male sex 10-25  0.96 (0.43-2.67) 0.93
<25 0.46 (0.11-1.82) 0.27
Herring Group 1I (lateral ~ 10-25 3.6 (1.41-9.14) 0.01
pillar B/C and C) <25 1.6 (0.47-5.44) 0.45
Catterall Group B 1025  0.56 (0.23-1.36) 0.2
(Il and 1V) <25  3.32(097-11.4) 0.06
Operative treatment 1025  0.82 (0.38-1.77) 0.62
<25 0.75 (0.24-2.35) 0.61

LLD = leg length discrepancy.

the proximal femur, one of the procedures most commonly
performed for containment of LCPD, can cause iatrogenic
shortening. The prognostic factors for residual shortening
in patients with LCPD are also unclear. We therefore
investigated whether (1) the extent of femoral head
involvement; (2) varus osteotomy; and (3) patient demo-
graphic characteristics are associated with the degree of
LLD at skeletal maturity.

Readers should be aware of the limitations of our study.
First, this was by design a retrospective comparative study.
However, we examined all of the data from patients who

had reached skeletal maturity at the time of the final
followup visit. Second, the severity of disease was classified
using a simplified system. Although the Catterall classifi-
cation system reportedly has poor interobserver reliability
[8, 15], the modified two-group Catterall classification,
with 50% involvement of the femoral head as the dividing
line, may be more reliable [38]. Because lateral pillar
classifications of femoral head involvement of B/C border
and C have been considered to carry less favorable prog-
noses, we also used a modified two-group lateral pillar
classification [30]. Third, because of the retrospective
nature of this study, we were only able to report the
measured LLD and could not determine the functional
consequences of the scanographic findings. Therefore, our
classification of LLD did not reflect either the patients’
symptoms or any pathological gait patterns. However, our
investigation still provides valuable information for
patients and their caregivers. Fourth, because of the size of
the study, the patients were grouped into two general
treatment categories rather than individual treatment
groups. Although this was a small study using simple
classification systems, our findings indicate some patients
will have LLD at skeletal maturity after treatment of LCPD
by certain methods. Further studies with larger numbers of
participants will be required to confirm that the identified
factors actually influence the LLD.

The amount of shortening of the LCPD-affected leg has
been presumed to depend on the extent of femoral head
involvement [1, 3, 14, 28]. Our observations suggest that
more severe involvement of the femoral head is more likely
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Fig. 1A-D Serial radiographs of
a hip with LCPD at the time of
initial diagnosis show varying
degrees of femoral head involve-
ment: (A) a 7-year-old boy with
lateral pillar Stage B/C, Catterall
Grade 3; (B) a 6-year-old boy
with lateral pillar Stage B, Cat-
terall Grade 4; (C) a 6-year-old
boy with lateral pillar Stage B/C,
Catterall Grade 4; (D) a 7-year-
old boy with lateral pillar Stage
C, Catterall Grade 4.

Fig. 2A-D Followup  standing
full-length lower extremity radio-
graphs of the same patients at
skeletal maturity show (A) a
spherical femoral head (Stulberg
II) and no LLD; (B) a spherical
femoral head (Stulberg II) and
23 mm of LLD; (C) a nonspheri-
cal, ovoid femoral head (Stulberg
1) and 30 mm of LLD; (D) an
ovoid femoral head (Stulberg III)
and 36 mm of LLD.

to result in abnormal LLD. There could be several reasons
for this association. In the pathophysiology of LCPD,
disruption of the blood supply to the femoral head appears

@ Springer

to be the critical determinant of the fate of the femoral head
and proximal femoral growth plate [23]. Subsequent
changes in the mechanical properties of the affected
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Table 4. Previously reported leg length discrepancy in Perthes’ disease according to the different treatment modalities

Study Number Treatment Duration of Incidence Magnitude Remarks
of patients methods followup (years) of LLD of final LLD
(%) > 1 cm (mm) of all
patients (range)
Edgren [9] 50 Conservative  Uncertain (up to 100* 15 (1-35)
skeletal maturity)
Laron et al. [25] 81 Conservative 5 (range, 5-14) 44 9 (0-50)
Shapiro [35] 147 Conservative  Minimum 5 (up to 347 12 (0-29) 31 patients underwent
skeletal maturity) epiphysiodesis
to correct LLD
Mirovsky et al. [28] 55 Varization 9 (range, 1-24) 58 10 (0-45)
osteotomy
Grzegorzewski et al. [14] 261 Various Uncertain (up to 12.6 3 (0-52) Conservative (219);
skeletal maturity) varization osteotomy (18);
Salter (14); shelf (10)
Rowe et al. [31] 68 Various Uncertain (up to 54 12 (0-33) Conservative (38);
skeletal maturity) varization osteotomy (30)
Current study 168 Various 9 (range, 4-25) 554 12 (0-38) Conservative (104);

varization osteotomy (63);
Salter (1)

# LLD > 0 cm; 'LLD > 1.5 cm; LLD = leg length discrepancy.

femoral head lead to deformation. Furthermore, premature
closure of the proximal femoral growth plate is associated
with diminished growth of the femoral head [14]. However,
not all patients with LCPD develop clinically relevant
LLD. Premature growth arrest is seen in fewer than 30% of
patients with LCPD, suggesting that the growth plate
continues to function in most patients [4, 37]. We observed
a mean amount of shortening of approximately 12 mm and
a maximum amount of shortening of approximately
38 mm, and we assume that this shortening of the affected
limb is related to temporary or permanent growth arrest.
Although we did not evaluate the status of the affected
physis during growth, we also presume that bony bridge
formation can exacerbate the extent of shortening.

Varus osteotomy of the proximal femur creates imme-
diate postoperative shortening of the affected limb.
However, progressive straightening of the neck-shaft angle
and stimulation of the physis over a period of several years
after surgery may compensate for the initial loss of length
[28]. Compensatory remodeling starts after the completion
of treatment and may limit the LLD [9, 35, 39]. Previous
reports concerning LLD in patients with LCPD have
reported various incidence rates and amounts of LLD
depending on the treatment modality (Table 4). Several
researchers reported that the incidence of LLD ranged from
34% to 58%, and several reports [25, 28] found a magni-
tude of LLD at skeletal maturity of > 1 cm regardless of
the treatment method. Mirovsky et al. [28] reported a

58% incidence of LLD in 55 patients who had undergone
femoral osteotomy with a mean shortening of 1 cm at the
time of complete or near-complete skeletal maturity. They
also compared their results with the data reported by
Laron et al. [25] and concluded that neither the incidence
nor the magnitude of the LLD at skeletal maturity differed
between patients treated nonoperatively and those treated
with varus osteotomy of the proximal femur. Grzegorzewski
et al. [14] stated that varus osteotomy produces more short-
ening than do other methods of treatment. In contrast, Rowe
et al. [31] reported less residual shortening in patients treated
by varus osteotomy of the proximal femur than in those
treated by abduction bracing. However, our findings contrast
with those of both of these studies, because we observed
similar frequencies of LLD regardless of the patients’ age at
diagnosis, sex, or the treatment method. Although we found
an association between the extent of femoral head involve-
ment (by the Catterall and lateral pillar classifications) and
the incidence of LLD, mild LLD was most commonly
observed in patients in modified Catterall Group B and
modified lateral pillar Group II.

The shape of the femoral head after healing and the
Stulberg classification at skeletal maturity of the patients
with LCPD reportedly depend on two factors: the patient’s
age at onset and the extent of femoral head involvement.
Older age at onset and involvement of the entire femoral
head indicate a less favorable prognosis for femoral head
healing [11, 18, 19, 27]. Previous studies with mean
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followups of 5 to 11 years [5, 30, 38] show age at onset
of < 6 years is associated with a spherical femoral head
(Stulberg I and II) at skeletal maturity. However, our data
suggest that the age at diagnosis does not correlate with the
degree of LLD at skeletal maturity. Our findings are con-
sistent with those of several previous studies [5, 30, 34, 38]
in that the extent of femoral head involvement determined
the degree of LLD at skeletal maturity. Grzegorzewski
et al. [14] reviewed 261 patients with unilateral LCPD and
concluded that the extent of femoral head involvement was
associated with the occurrence of LLD. Mirovsky et al.
[28] stated that less residual shortening can be expected in
children who were aged < 7 years at the time of the onset
of symptoms or < 8 years at the time of surgery. However,
in our study, only the extent of femoral head involvement
determined the final LLD at skeletal maturity.

In conclusion, we found the extent of femoral head
involvement was the strongest predictor of the LLD at
skeletal maturity in patients with unilateral LCPD, whereas
the age at diagnosis, sex, and treatment modality were less
important for predicting the amount of residual shortening.
Clinicians should exercise caution when treating patients
with mild degrees of LLD, because this disorder is influ-
enced by the extent of femoral head involvement at the
time of diagnosis rather than by the age at diagnosis or
treatment method.
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