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Abstract
Background Acetabular retroversion is observed frequently in healed Legg–Calvé–Perthes disease (LCPD). Currently, it is 
unknown at which stage and with what prevalence retroversion occurs because in non-ossified hips, retroversion cannot be 
measured with standard radiographic parameters.
Methods In a retrospective, observational study; we examined pelvic radiographs in children with LCPD the time point of 
occurrence of acetabular retroversion and calculated predictive factors for retroversion. Between 2004 and 2017, we included 
55 children with a mean age of 5.7 ± 2.4 years at diagnosis. The mean radiographic follow-up was 7.0 ± 4.4 years. We used 
two new radiographic parameters which allow assessment of acetabular version in non-ossified hips: the pelvic width index 
and the ilioischial angle. They are based on the fact that the pelvic morphology differs depending on the acetabular version. 
These parameters were compared among the four Waldenström stages and to the contralateral side. Logistic regression 
analysis was performed to determine predictive factors for acetabular retroversion.
Results Both parameters differed significantly among the stages of Waldenström (p < 0.003 und 0.038, respectively). A 
more retroverted acetabulum was found in stage II and III (prevalence ranging from 54 to 56%) compared to stage I and IV 
(prevalence ranging from 23 to 39%). In hips of the contralateral side without LCPD, the prevalence of acetabular retrover-
sion was 0% in all stages for both parameters. Predictive factors for retroversion were younger age at stage II and IV, collapse 
of the lateral pillar in stage II or a non-dysplastic hip.
Conclusions This is the first study evaluating acetabular version in children with LCPD from early stage to healing. In the 
developing hip, LCPD may result in acetabular retroversion and is most prevalent in the fragmentation (stage II) and early 
healing stage (stage III). Partial correction of acetabular retroversion can occur after healing. This has a potential clinical 
impact on the timing and type of surgical correction, especially in pelvic osteotomies for correction of acetabular version.
Level of evidence Level III, retrospective observational study.
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Fig. 1  Natural course of Legg–Calvé–Perthes Disease (LCPD) staged 
according to Waldenström classification [24] into four stages: Stage 
I with sclerosis or loss of height of the epiphysis; Stage II with the 

beginning of fracturing or advanced fragmentation of the epiphysis; 
Stage III with early new bone formation; and Stage IV with complete 
healing of the epiphysis

Keywords Legg–Calvé–Perthes Disease · Acetabular retroversion · Morbus perthes · LCPD · Femoroacetabular 
impingement

Introduction

Legg–Calvé–Perthes Disease (LCPD) affects the devel-
oping femoral head and may result in retroversion of the 
acetabulum. Among different hip disorders, the prevalence 
of acetabular retroversion is reported highest in LCPD 
ranging from 31 to 49% [5]. Since LCPD typically occurs 
before skeletal maturity (typical onset from 4 to 8 years 
[2]), the shape of the acetabulum cannot be accurately 
assessed on radiographs due to the pending ossification. 
Most publications on acetabular version in LCPD are 
reported in skeletally mature hips with healed LCPD [4, 
11, 12]. Results on acetabular version in the early stage of 
LCPD are either performed using CT or MRI and have no 
evaluation over time [12, 17, 26].

Acetabular retroversion is not an isolated deformity 
of the acetabulum but rather the entire hemipelvis [1, 6, 
8, 10, 19, 22]. New and indirect radiographic parameters 
have been described to evaluate acetabular retroversion, 
based on the morphology of the hemipelvis rather than 
the bony morphology of the acetabulum itself [22]. Using 
these indirect radiographic parameters allows evaluation 
of acetabular version before ossification of the acetabu-
lum. Therefore, we asked: (1) In what stage according to 
Waldenström [24] does acetabular retroversion occur over 
the course of LCPD? (2) Does acetabular version of the 
contralateral hip in children with unilateral LCPD change 
as well? And (3) are there any factors predicting acetabular 

retroversion in stage II (fragmentation) or IV (healed) of 
LCPD according to Waldenström?

Patients and methods

We performed a retrospective, observational study to evalu-
ate acetabular version in children diagnosed with LCPD 
from the early stage of the disease to healing. Between 
June 2004 and October 2017, 98 children (101 hips) were 
diagnosed with LCPD. Thereof, we excluded 43 children 
(44%; 46 hips) with radiographs without correct center-
ing or malorientation of the pelvis, with radiographs not 
including a minimum of three out of four stages according to 
Waldenström (Fig. 1) or children with bilateral LCPD. This 
resulted in 55 children (55 hips) with LCPD (Table 1). The 
mean age at diagnosis of LCPD was 5.7 ± 2.4 (2–13) years 
and a majority of 40 children were male children (78%). 
All human and animal studies have been approved by the 
appropriate ethics committee and have been performed in 
accordance with the ethical standards of the 1964 Declara-
tion of Helsinki and its later amendments.

Standard radiographic parameters to directly evaluate 
acetabular retroversion (Table 2) are the ischial spine sign 
[10] (Fig. 2A), the cross over sign [8, 16] (Fig. 2B), the 
retroversion index [16, 23] (Fig. 2C) and the posterior wall 
sign [16, 23] (Fig. 2D). These radiographic signs require 
an ossified acetabulum or ischial spine to be determined. 
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Complete closure of the triradiate cartilage of the acetabu-
lum typically occurs in female and male at the age of 15 
and 16 years, respectively [15]. Since LCPD usually occurs 
before triradiate cartilage closure, the standard radiographic 
signs for acetabular retroversion cannot be assessed in chil-
dren with LCPD. Therefore, we used two new and indirect 
radiographic parameters to determine acetabular version 

before ossification: the pelvic width index (Fig. 2E, Table 2) 
and the ilioischial angle (Fig. 2F, Table 2). These indirect 
radiographic parameters [22] allow evaluation of acetabu-
lar version in children with acute LCPD and a non-ossified 
anatomy of the acetabulum (Fig. 3). Both parameters have 
previously been validated and shown to have an excellent 
inter- and intraobserver reliability [22]. Acetabular ver-
sion was evaluated on anteroposterior pelvic radiographs 
in all four stages according to Waldenström with the pelvic 
width index [22] and the ilioischial angle [22] and in addi-
tion with the four standard parameters in stage IV (healed 
stage; Fig. 1). Acetabular version was also compared to the 
contralateral and unaffected side. The mean radiographic 
follow-up was 7.0 ± 4.4 (2–23) years. Since no threshold 
for the pelvic width index and the ilioischial angle exist to 
define acetabular retroversion in children, a receiver oper-
ating characteristic (ROC) curve was calculated based on 
the retroversion index [21, 23] measured in hips in stage 
IV. The largest area under the ROC curve was found for 
a pelvic width index < 0.44 and an ilioischial angle > 97°. 
These thresholds were used to define acetabular retroversion 
in LCPD in children in all four Waldenström stages.

To answer the first research question, (1) the pelvic width 
index, the ilioischial angle and the prevalence of acetabu-
lar retroversion (using the thresholds for the pelvic width 
index and ilioischial angle) were compared among the Wal-
denström stages. For the second question, the pelvic width 
index, the ilioischial angle and the prevalence of acetabular 
retroversion were compared among the Waldenström stages 
for the contralateral unaffected side and compared to the 
LCPD side. The third question regarding possible factors 
predictive for acetabular retroversion in Waldenström stage 
II or IV, we tested several demographic and radiographic 
parameters. This included age at different stages of Walden-
ström, gender, subluxation of the femoral head (disrupted 
Shenton line [9]), collapse of the lateral pillar in the frag-
mentation stage (Herring lateral pillar classification [7]), 
dysplastic shape of the acetabulum (LCE angle < 20°) [14, 
25] in stage IV or sphericity of the femoral head and congru-
ency of the joint in stage IV (Stulberg classification [18]).

Normal distribution was confirmed using the Kolmogo-
rov–Smirnov test. We compared the pelvic width index and 
the ilioischial angle among the four stages of Waldenström 
using the multivariate analysis of variance (MANOVA). If 
differences existed, pairwise comparison was performed 
with the paired t test. The pelvic width index and the iliois-
chial angle were compared between the hip with LCPD and 
the unaffected contralateral hip using the unpaired t test. 
Predictive factors for acetabular retroversion were calculated 
using logistic regression analysis. All statistical analysis was 
performed using SPSS (Version 25, SPSS IBM Statistics, 
Armonk, New York, USA).

Table 1  Demographic and radiographic information of the patient 
series with Legg–Calvé–Perthes disease

Continuous parameters are expressed as mean ± standard deviation 
and range in parenthesis
LCPD Legg–Calvé–Perthes disease
*classified in the 54 hips with LCPD in Waldenström stage II; †classi-
fied in the 43 hips with LCPD in Waldenström stage IV

Parameter Value

Total number of hips (patients) 55 (55)
Age at diagnosis (years) 5.7 ± 2.4 (2.0–13.0)
Male (number of patients [% of all patients]) 40 (73)
Number of hips in each Waldenström stage (number of hips [% of 

all hips])
 Stage I 41 (75)
 Stage II 54 (98)
 Stage III 52 (95)
 Stage IV 43 (78)

Mean age in each Waldenström stage
 Stage I 6.1 ± 2.5 (2.7–13.0)
 Stage II 6.2 ± 2.3 (2.0–13.8)
 Stage III 7.3 ± 2.4 (3.1–15.6)
 Stage IV 9.3 ± 2.4 (5.7–16.2)

Lateral pillar classification* (hips [% of all hips])
 Group a 9 (17)
 Group b 32 (59)
 Group c 13 (24)

Stulberg  classification† (hips [% of all hips])
 Stage 1 6 (13)
 Stage 2 12 (28)
 Stage 3 12 (28)
 Stage 4 11 (26)
 Stage 5 2 (5)

Positive ischial spine  sign† (hips [% of all hips])
 LCPD 16 (37)
 Contralateral side without LCPD 0 (0)

Positive cross-over  sign† (hips [% of all hips])
 LCPD 17 (39)
 Contralateral side without LCPD 0 (0)

Retroversion Index > 30%† (hips [% of all hips])
 LCPD 13 (30)
 Contralateral side without LCPD 0 (0)

Positive posterior wall  sign† (hips [% of all hips])
 LCPD 16 (37)
 Contralateral side without LCPD 0 (0)
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Results

The pelvic width index (p < 0.001) and the ilioischial angle 
(p < 0.001) differed significantly among the four stages of 
Waldenström (Fig. 4A and B). The mean pelvic width index 
decreased to 44% in stage II and III (Table 3; p < 0.001). The 
mean ilioischial angle increased to a maximum of 98° and 
97° in stage II and III (Table 3; p < 0.001). Both parameters 
indicated a more retroverted acetabulum in stage II and III. 
The prevalence of acetabular retroversion differed among 
the four Waldenström stages for the pelvic width index 
(p = 0.038) and ilioischial angle (p = 0.003; Table 3). The 
highest prevalence of retroversion was found in stage II and 
III for both parameters ranging from 54 to 56% compared 
to stage I and IV with a prevalence ranging from 23 to 39% 
(Table 3 and Fig. 5).

In hips of the contralateral side without LCPD the pelvic 
width index (p = 0.709) and the ilioischial angle (p = 0.342) 
did not differ among the four stages of Waldenström 
(Table 3). Compared to the LCPD side, the pelvic width 
index was increased (Fig. 4A, p < 0.002) and the ilioischial 
angle was decreased (Fig. 4B, p < 0.009) for the contralat-
eral side in all Waldenström stages.

The prevalence of acetabular retroversion in hips without 
LCPD was 0% in all stages and for both pelvic width index 
and ilioischial angle (Table 3).

There were three predictive factors for acetabular retro-
version in LCPD (Table 4): younger age, a non-dysplastic 
shape of the acetabulum and a collapse of the lateral pillar 
in stage II. Age less than 6 years in Waldenström stage II 
had a 2.4 (range 1.3–4.2, p = 0.004) hazard ratio (HR) to 
develop acetabular retroversion in stage II and 4.2 (1.1–16.8, 
p = 0.042) HR to develop retroversion in stage IV (Table 4). 
Non-dysplastic hips (lateral center edge [LCE] angle > 20° 
[14, 25]) in stage IV had an increased risk to develop acetab-
ular retroversion in stage IV (HR 5.0 [1.7–10.0], p = 0.008, 
Table 4). Hips with a beginning or advanced collapse of 
the lateral pillar in stage II (Herring lateral pillar classifica-
tion group B or C) had a HR of 3.6 (1.1–12.0, p = 0.036) to 
develop retroversion in stage IV (Table 4).

Discussion

Among various disorders of the hip, LCPD has been shown 
to have the highest prevalence of acetabular retroversion 
ranging up to 31–49% [3, 5, 11]. Retroversion of the ace-
tabulum further restricts range of motion and aggravates 
femoroacetabular impingement in hips with LCPD [20]. 
We observed that the prevalence of acetabular retrover-
sion is increased in hips with unilateral LCPD compared to 

Table 2  Definitions of the radiographic parameters to assess acetabu-
lar retroversion (See Fig. 2 for illustration): common (direct) param-
eters to assess acetabular retroversion require an ossified acetabu-
lum and include the ischial spine sign [10], cross-over sign [8, 16], 

retroversion index [16, 23] and posterior wall sign [16, 23]. Indirect 
radiographic parameters allow to assess acetabular retroversion in 
hips without an ossified acetabulum in children and include the pelvic 
width index [22] and the ilioischial angle [22]

Radiographic Parameter Description

Direct parameters to assess acetabular retroversion (requiring an ossified acetabulum)
 Ischial spine sign [10] (Fig. 2A) Positive if the ischial spine is projected medially to the pelvic brim
 Cross-over sign [8, 16] (Fig. 2B) Positive if the anterior acetabular rim crosses the course of the posterior 

acetabular rim
 Retroversion index [16, 23] (Fig. 2C) Allows to quantify the amount of acetabular retroversion. Ratio of ‘a’ to 

‘b’ expressed as percentage. ‘a’ is defined as the distance of the cranial 
acetabular opening where the anterior rim is projected laterally to the 
posterior rim. ‘b’ is defined as entire width of the acetabular opening

 Posterior wall sign [16, 23] (Fig. 2D) Positive if the posterior acetabular wall runs medial to the femoral head 
center

Indirect parameters to assess acetabular retroversion (can be applied in hips without an ossified acetabulum)
 Pelvic width index [22] (Fig. 2E) Ratio of width of ischium (a) to width of ileum (b). ‘a’ is defined from 

symphysis to the most lateral point of the ischial tuberosity. ‘b’ is 
defined from center of the sacrum to the most lateral point of the iliac 
wing. Both distances are measured parallel to the interteardrop line

 Ilioischial angle [22] (Fig. 2F) Angle between the interteardrop line and a line connecting the intersec-
tion of the iliopectineal and iliioschial lines and a second point on the 
most lateral aspect on the ipsilateral obturator foramen
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the contralateral, unaffected side (Fig. 4). In addition, the 
prevalence increases in the fragmentation and early bone 
formation stages (Waldenström stage II and III) in hips with 
LCPD (Fig. 5). In some of the hips with acetabular retro-
version, normal version was observed in the healing stage 
(Waldenström stage IV; Fig. 6A–D). The contralateral side 
without LCPD rarely showed changes in acetabular version 
over the same time period (Fig. 5). Younger children, and 
those with advanced femoral head collapse were at higher 
risk to develop retroversion (Table 4). In contrast, a dysplas-
tic shaped acetabulum was associated with a decreased risk 
of retroversion (Table 4).

There are limited reports and contradictory findings 
about the prevalence of acetabular retroversion in skeletally 
immature hips with LCPD (Table 5). We found a prevalence 
of 37–39% in the very early stage of LCPD (Waldenström 
stage I) and the highest prevalence of 54–56% in stages II 
or III with fragmentation and new bone formation (Fig. 5). 
Larson et al. [12] found a substantially higher prevalence of 
acetabular retroversion of 90% in skeletally immature hips 
with LCPD when using the ischial spine sign for evaluation. 
In our experience, the ischial spine sign can be difficult to 
evaluate in skeletally immature hips since the ischial spine 

Fig. 2  Radiographic parameters to evaluate acetabular version (See 
definitions of these parameters in Table  2.). Standard radiographic 
parameters to evaluate acetabular retroversion require an ossified ace-
tabulum and include A the ischial spine sign [10], B cross-over sign 
[8, 16], C the retroversion index [16, 23], and D the posterior wall 

index [16, 23]. Indirect parameters allow to assess acetabular version 
in both hips with and without complete ossification of the acetabulum 
evaluating the shape of the hemipelvis. These parameters include E 
the pelvic width index [22] and F the ilioischial angle
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is not always visible due to the lack of ossification. Sankar 
et al. [17] have evaluated acetabular version in skeletally 
immature hips with LCPD using CT and MRI images. They 
defined acetabular retroversion on axial images at the level 
of the femoral head center with an angle of the acetabular 
opening being oriented posteriorly [17]. Using this defini-
tion, a prevalence of only 2% of retroversion in LCPD was 
found [17]. This is significantly lower than the prevalence 

of retroversion in the current study or any literature about 
this topic (Table 5) which might be due to the strict defini-
tion of acetabular retroversion in CT and MRI images. On 
conventional radiographs, retroversion appears earlier due to 
the conical projection of x rays compared to the parallelism 
of rays in CT or MRI. In skeletally mature hips and healed 
LCPD, the prevalence of acetabular retroversion ranges from 
31 to 49% in literature [3, 5, 11, 17]. We found comparable 

Fig. 3  Acetabular version in A adults with an ossified acetabular 
morphology can be assessed by outlining the anterior (blue dotted 
line) and posterior (red dotted line) acetabular rim. B In children, the 
acetabular rims are not yet ossified and, therefore, acetabular version 
can not be assessed directly. C Acetabular retroversion in adults is 
recognized by the crossing of anterior and posterior acetabular wall 
(blue and red dotted lines). D In children with Legg–Calvé–Perthes 

disease (LCPD) and a non-ossified acetabulum the version can 
be evaluated using indirect parameters including the pelvic width 
index [22] (ratio of ‘a’ to ‘b’ in the upper figure) and the ilioischial 
angle (black angle) [22]. The smaller the pelvic width index or the 
higher the ilioischial angle, the more retroverted the acetabulum. For 
detailed description of these parameters see Table 2 and Fig. 2

Fig. 4  Results for acetabular version in hips with Legg–Calvé–
Perthes Disease (LCPD) according to the Waldenström stages [24]. 
Compared to the non-affected hip, hips with LCPD showed A a 

decreased pelvic with index [22] in all four Waldenström stages [24] 
(p values < 0.002) and B an increased ilioischial angle [22] in all four 
Waldenström stages (p values < 0.009)
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results with a prevalence of 23–30% using the indirect radio-
graphic parameters (Table 3) and 30–39% with the standard 
radiographic parameters (Table 1).

We discovered a prevalence of acetabular retroversion of 
0% in all stages of Waldenström for the contralateral and 
unaffected hip (Figs. 4 and 5). Compared to the LCPD hip, 
a more anteverted acetabulum was found for the contralateral 
unaffected hip in most studies (Larson et al. [12], Yoshida 
et al. [26], Liao et al. [13]). In only one study by Sankar 
et al. [17] no difference in acetabular version was observed, 
which might be due to difference in the imaging modality, 

definition of acetabular retroversion or stages of LCPD. Lar-
son et al. [12] measured acetabular retroversion using the 
ischial spine sign and found in skeletally mature hips an 
increased prevalence of 75% in hips with LCPD compared 
to the unaffected contralateral hip with 64%, which in turn 
was higher than the prevalence of 32% found in a control 
group without LCPD in any hips.

In the current study, three parameters were predictive for 
acetabular retroversion in LCPD including younger age, head 
collapse (Herring lateral pillar classification B and C) and 
a non-dysplastic morphology of the acetabulum (Table 4). 

Table 3  Radiographic results for acetabular version in hips with Legg–Calvé–Perthes Disease (LCPD) staged according to Waldenström [24] 
(55 hips) and compared to the contralateral hip without LCPD (47 hips)

Continuous parameters are expressed as mean ± standard deviation and range in parenthesis
LCPD Legg-Calvé-Perthes Disease

Parameter Waldenström 
stage I (41 
hips)

Waldenström 
stage II (54 
hips)

Waldenström 
stage III (52 
hips)

Waldenström 
stage IV (43 
hips)

p value global p value stage I 
vs. II

p value 
stage II vs. 
III

p value 
stage III 
vs. IV

Pelvic width index (%)
 LCPD 46 ± 4 (37–55) 44 ± 5 (32–56) 44 ± 5 (34–58) 48 ± 5 (36–62)  < 0.001  < 0.001 0.621  < 0.001
 Contralateral side 

without LCPD
51 ± 4 (45–62) 52 ± 4 (45–65) 52 ± 4 (45–63) 51 ± 5 (45–2) 0.709 – – –

 p value LCPD vs. 
contralateral

 < 0.001  < 0.001  < 0.001 0.002

Ilioischial angle (°)
 LCPD 96 ± 4 

(90–106)
98 ± 4 

(89–110)
97 ± 4 

(88–109)
94 ± 4 

(84–109)
 < 0.001  < 0.001 0.201  < 0.001

 Contralateral side 
without LCPD

92 ± 4 (85–97) 92 ± 4 (84–97) 92 ± 4 (79–97) 92 ± 3 (82–98) 0.342 – – –

 p value LCPD vs. 
contralateral

 < 0.001  < 0.001  < 0.001 0.009

Prevalence of acetabular retroversion (hips [percentage])
 Pelvic width Index (PWI)
  LCPD 

(defined as 
PWI < 0.44%)

16 (39) 29 (54) 29 (56) 13 (30) 0.038 0.156 0.831 0.013

  Contralateral 
side without 
LCPD

0 0 0 0 1.000 – – –

 p value LCPD vs. 
contralateral

 < 0.001  < 0.001  < 0.001  < 0.001

Ilioischial angle (IIA)
 LCPD (defined as 

IIA > 97°)
15 (37) 30 (56) 29 (56) 10 (23)0 0.003 0.067 0.982- 0.001

 Contralateral side 
without LCPD

0 0 0 0 1.000 – – –

 p value LCPD vs. 
contralateral

 < 0.001  < 0.001  < 0.001 0.001
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Previously, Sankar et al. [17] could also show that hips with 
advanced loss of height of the lateral pillar of > 50% (Group 
C according to the Herring lateral pillar classification) had 
an increased risk to develop acetabular retroversion. In lit-
erature, age or a non-dysplastic shape was not shown to be 
predictive for acetabular retroversion. We found a 4.2 times 

increased risk of acetabular retroversion in healed LCPD 
for children younger than 6 years at the fragmentation stage 
(Waldenström stage II; Table 4). For children younger than 
12 years at the healed stage (Waldenström stage IV), the 
risk was 1.4 times increased for retroversion (Table 4). We 
speculate that the deformity of the femoral head in LCPD 
results in altered growth with retroversion of the acetabu-
lum in skeletally immature hips. Our results suggest that the 
younger the children with LCPD, the more retroverted the 
acetabulum becomes, which could be due to increased plas-
ticity of the bone. A more severe deformity (head collapse 
with Herring lateral pillar classification group B or C) of the 
femoral head would further increase the retroversion of the 
acetabulum. Eijer et al. [4] have previously speculated that 
in hips with LCPD, the primary deformity is the retroverted 
acetabulum which subsequently results in altered loading 
patterns of the joint and stress on the blood supply of the 
femoral head with secondary deformity of the femoral head 
[4]. Larson et al. [12] speculated about microtrauma to the 
retinacular vessels due to femoroacetabular impingement at 
the location of the vessels due to acetabular retroversion. 
The trauma to the retinacular vessels would eventually result 
in impaired femoral head perfusion resulting in LCPD [12]. 
Our findings are contradictory to these speculations since we 
could show that acetabular retroversion is present in only up 
to 39% after changes of the femoral head are observable. In 
addition, we could show that acetabular retroversion evolves 
during the course of the disease and partially resolves in the 
healing stage.

The study has several limitations. First, the study com-
prises a selected series of children with exclusion of children 

Fig. 5  The prevalence of acetabular retroversion during the course of 
the Legg–Calvé–Perthes disease (LCPD) was increased compared to 
the unaffected, contralateral hip (p values < 0.010), showed the high-
est prevalence in Waldenström [24] stages 2 and 3 and decreased in 
stage 4 with healed LCPD (p < 0.013 for the pelvic width index [22] 
and p < 0.001 for the ilioischial angle [22]; see Table  3 for detailed 
information of p values). For both indirect parameters to assess ace-
tabular retroversion (pelvic width index [22] and ilioischial angle 
[22]) comparable results regarding prevalence of acetabular retrover-
sion were found

Table 4  Predictive factors for acetabular retroversion in stages II or IV according to Waldenström [24] in hips with Legg–Calvé–Perthes disease

*hips with loss of height of the lateral pillar (Herring lateral pillar classification group B and C) were compared to those without of loss of 
height (Group A); †hips with a spherical head (Stulberg Class 1 or 2) were compared to hips with an aspherical or flat femoral head (Class 3 to 5)

Parameter Hazard ratio (95% confi-
dence interval)

p value

Retroversion in Stage II Age at stage II < 6 years 2.4 (1.3–4.2) 0.004
Male gender 0.8 (0.2–3.1) 0.372
Shenton line [9] not intact at stage II 0.5 (0.2–1.5) 0.220
Herring lateral pillar classification [7] B or C at stage II* 2.5 (0.9–6.4) 0.066

Retroversion in Stage IV Age at stage II < 6 years 4.2 (1.1–16.8) 0.042
Age at stage IV < 12 years 1.4 (1.1–1.7) 0.007
Male gender 2.3 (0.4–12.6) 0.342
Non-dysplastic acetabulum (LCE angle < 20°) at stage IV 5.0 (1.7–10.0) 0.008
Shenton line [9] not intact at stage IV 1 (0.7–3.3) 0.245
Herring lateral pillar classification [7] group B or C at stage II* 3.6 (1.1–12.0) 0.036
Stulberg classification [18] ≥ 3 at stage  IV† 2.5 (0.6–5)  0.183
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with LCPD but no radiographs for at least three out of four 
Waldenström stages (exclusion rate of 44%). This strict 
inclusion criterion minimizes the effect of missing radio-
graphs on the measured acetabular version due to individual 
differences in version rather than changes over time. Second, 
the pelvic orientation during radiograph acquisition has a 
direct implication on the radiographic anatomy of the pel-
vis. Therefore, we excluded all radiographs from evaluation 
without correct centering or malorientation of the pelvis. Tilt 
also directly affects acetabular version on radiographs, how-
ever, both hips to the same extent. Since, the non-affected 
side did not show any changes of acetabular orientation over 
time, we assume that pelvic tilt might not have substantially 
affected the measurements. Third, no normal cut-off val-
ues for acetabular retroversion for the pelvic width index or 
ilioischial angle in children exist. The parameters have been 
validated by comparing dysplastic and retroverted hips in 
adults [22]. Therefore, we defined the threshold for acetabu-
lar retroversion for both of these radiographic parameters in 

skeletally mature hips in Waldenström stage IV by compar-
ing them to the retroversion index with a ROC analysis. With 
this method, we found a comparable prevalence of acetabu-
lar retroversion (Tables 1 and 3) using the direct and indirect 
parameters (Table 2).

Conclusion

Understanding of the altered pelvic morphology in hips with 
acetabular retroversion permits the evaluation of acetabular 
version even in skeletally immature hips prior to complete 
ossification. To the best of the authors’ knowledge, the cur-
rent study is the first study evaluating acetabular version in 
children with LCPD from early stage to healing. In compari-
son with the unaffected, contralateral hip, we could show 
that acetabular retroversion is associated with LCPD in up 
to 56%. However, acetabular retroversion is not a constant 

Fig. 6  Four-year old boy with Legg–Calvé–Perthes Disease (LCPD) 
on the left hip at A the initial stage (Waldenström I [24]) showing 
a symmetrical shape of the obturator foramen. B At the fragmenta-
tion stage (arrow, Waldenström II [24]), an asymmetrical shape of 
the obturator foramen indicating acetabular retroversion can be seen 
despite correct pelvic position during radiograph acquisition. C With 

progressive healing of LCPD the foramen become more symmetri-
cal again (Waldenström III [24]) but D some asymmetry remains in 
the healed stage (Waldenström IV [24]). The white dots (Fig. 6A–D) 
indicate the mid of the sacrum and symphysis indicating correct pel-
vic rotation and constant pelvic tilt during radiograph acquisition
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deformity over the course of the disease and a potential of 
correction of acetabular version exists in some hips with 
healed LCPD (Fig. 6). This has a potential clinical impact on 
the timing and type of surgical correction, especially in pel-
vic osteotomies for correction of acetabular version. These 
interventions are typically performed in the fragmentation 
stage due to the highest capacity of remodeling, the stage 
where we found the highest prevalence of acetabular ret-
roversion. The clinical impact of these findings on surgical 
interventions needs further evaluation.
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