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and radiographs of all patients diagnosed with 
LCPD between 2007 and 2017 at a single 
pediatric tertiary care institution were reviewed. 
We included only those patients who were 
diagnosed with LCPD prior to their fourth 
birthday, and who had adequate radiographs 
obtained at initial diagnosis and during the 
active stages of the disease. Patients were 
excluded if they were diagnosed with a skeletal 
dysplasia, Meyer’s dysplasia, had other diagnoses 
known to cause osteonecrosis (e.g. septic 
arthritis, sickle cell disease etc.), did not have at 
least 3 radiographs during the disease course, or 
were treated surgically as this would affect the 
natural history of the disease. When a patient 
had bilateral involvement, only the hip(s) that 
were diagnosed with LCPD prior to the patient’s 
fourth birthday were included. 

The time intervals between radiographs 
showing features of subsequent stages were 
calculated in order to determine the length 
of each stage. Mean and standard deviations, 
medians, and ranges were used to describe 
continuous variables. Non-normally distributed 
data were analyzed using non-parametric Mann-
Whitney U test. The relationships between age 
at diagnosis, weight, BMI, presence or absence of 
symptoms at the time of diagnosis, Herring grades, 
and stage lengths were analyzed using Pearson 
Chi-square test or Fisher exact probability test 
with IBM SPSS statistics 15.0 software (Chicago, 
IL). Significance was set at two-sided alpha level 
of p  0.05. In order to relate our findings to 
those in typical-aged patients, we compared our 
results with those reported by Joseph et al.5

Results
Twenty-seven patients (32 hips) were 

included in the study. The age at presentation 
ranged from 1.8 years to 4.0 years with a mean 
age of 3.1 years (SD  0.6 years). Twenty-
three patients (85%) were male; mean BMI was 
16.7 kg/m2 (range 14.4 to 24.0) at the time of 
diagnosis. Five patients had bilateral disease 
with onset under four years of age in both hips. 
Twenty-two patients presented with a limp 
and 25 patients presented with pain in the 
affected hip joint. The overall mean and median 
interval between sequential radiographs were 
138 days (SD  53.9 days) and 126 days (range, 
29-272 days), respectively. The average follow-
up interval during early stages (IA-IIA) and late 

Introduction
Although it has been more than a century 

since its original description by Henning 
Waldenström and Arthur T. Legg, the etiology 
and natural history of Legg-Calve-Perthes 
disease (LCPD) remain controversial.1 This 
rare condition of idiopathic osteonecrosis 
of the femoral head in children has a variable 
incidence of 0.2 to 29 per hundred thousnad 
children less than fifteen years of age, depending 
on the geographic location and ethnicity of 
the children.2,3 Additionally, the disease is most 
commonly diagnosed in males between the ages 
of four years and fourteen years.2

As initially recognized by Waldenström, the 
affected femoral head in LCPD progresses through 
four distinct radiographic stages over the course 
of the disease.4 These four stages are the initial (I) 
stage, fragmentation (II) stage, reossification (III) 
stage, and residual (IV) stage. Joseph et al later 
modified Waldenström’s classification system by 
further sub-categorizing the first three stages as 
either early (A) or late (B) in order to determine 
when radiographic changes occur in the femoral 
epiphysis during evolution of the disease.5 In 
terms of classification, the lateral pillar grading 
system, described by Herring et al, stratifies the 
femoral head into four distinct groups (A, B, B/C, 
and C) based on the height of the lateral third 
of the epiphysis during “early” fragmentation.6 
Several publications have correlated increasing 
severity of Herring grade with poorer functional 
and radiographic outcomes.6-8

Several studies have evaluated long-term 
outcomes in LCPD patients under six years old. 
However, to our knowledge, there is a paucity 
of data on the disease progression and natural 
history of LCPD in patients diagnosed at a very 
young age. Thus, the purpose of this study was 
to describe the presentation and duration of 
modified Waldenström stages in patients with 
LCPD diagnosed prior to four years of age. 
We hypothesized that the length of modified 
Waldenström stages would be shorter in young 
patients compared to typical-aged children with 
LCPD, which might explain, in part, the favorable 
outcomes seen in younger patients with the 
disease.

Methods
After obtaining approval from our 

institutional review board, the medical records 
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smaller, retrospective studies with patients ranging from 18 
months to 12 years.5,8-10 The scarcity of data is even more 
pronounced in children with disease onset under the age of 
four years as none of the recent studies have been performed 
exclusively in this very young patient population with LCPD.

In their landmark series of 164 LCPD hips with disease 
onset under six years of age, Rosenfeld et al noted that the 
patients with disease onset prior to age four had a greater 
than 84% probability of a favorable disease course.10 They 
also observed that the combination of age at onset and lateral 
pillar involvement correlated more strongly with a favorable 
outcome compared to age at onset alone. In spite of the 
authors’ conclusions that younger patients with LCPD tended 
to have improved outcomes, the authors did not separately 
report the number of patients in their series younger than 
four years of age, nor did they comment on the duration of 
disease stages in any of these younger patients. Similarly, other 
investigators have confirmed this apparent positive influence 
of younger age at onset on disease outcome.8,11,12 However, 
none of these studies in very young children report on the 
duration of Waldenström stages, which may be a factor that 
influences outcome. In an important study evaluating the 
natural history of LCPD in children up to 12 years of age, 
Joseph et al reported the length of modified Waldenström 
stages.5 The mean age in their series was 9.08  2.91 years for 
males and 8.48  3.56 years for females. Although the authors 
did not stratify their findings according to age at onset, it is the 

stages (IIB-IIIA) were similar (Table 1). Patients had an average 
of 5.6 radiographs (range 3-13) during the disease course, and 
all hips were treated conservatively without surgery as per 
our inclusion criteria.

Overall, sixteen hips (50%) were graded as Herring B, and 
16 (50%) as grade C in the fragmentation stage. All 4 females 
(5 hips) were graded as Herring C while 9 males (11 hips) 
were Herring grade C. The remaining 14 males (16 hips) were 
graded as Herring B (Table 2). All hips remained in the same 
Herring grade throughout the duration of active disease. With 
the exception of one hip which presented during modified 
Waldenström stage IA, all hips presented at stage IB or later. At 
most recent follow-up, fifteen hips were in Waldenström stage 
IV; 6 in stage IIIB; 5 in stage IIIA; 5 hips in stage IIB; and 1 in 
IIA. Mean age at last follow-up was 5.0 years (SD  1.6 years). 

Based on the time intervals between radiographs showing 
features of subsequent stages, the median duration of early 
stage disease (modified Waldenström IA-IIA) was 513 days, and 
of late stage disease (IIB-IIIB) was 833 days (Table 3). In our 
series, age, weight, BMI, and presenting symptoms at the time 
of diagnosis showed no association with duration of disease 
stages (all p values  0.05).

Discussion
To our knowledge, this series is the first to specifically 

describe the course of LCPD in very young patients. Most 
literature describing LCPD in younger patients consists of 

Table 1. Mean and median follow-up intervals during early and late stages of LCPD.

  Follow-up Intervals (days)

 
Early stages 

(IA-IIA)
Late stages 

(IIB-IV) P value

Median (range) 119 (29-252) 133 (36-272) 0.155

Mean  SD 126  51.7 143  59.3

Table 2. Modified Waldenström stages and Herring grades of the hips.

Herring grades assigned during early 
fragmentation

Modified Waldenström stages at the time of presentation

IA* IB* IIA IIB

B 1 (3.1%) 7 (21.9%) 6 (18.8%) 2 (6.3%)

C 0 (0.0%) 5 (15.6%) 6 (18.8%) 5 (15.6%)

Total no. of hips 1 (3.1%) 12 (37.5%) 12 (37.5%) 7 (21.9%)

* For hips presenting in Stage IA and IB, the Herring grades were assigned when they progressed to the fragmentation 
stage. 

Table 3. Duration of Waldenström stages in children with LCPD presenting before age 4 years.

Stage 
(no. of hips) Median duration (days) Mean duration, in days 

(95% CI)

IA (1) 240 240 (n/a)

IB (12) 130 141 (108-173)

IIA (14) 199 162 (140-243)

IIB (17) 283 240 (140-339)

IIIA (15) 273 257 (194-320)

IIIB (11) 384 420 (312-528)
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features of one stage and radiographs demonstrating features 
of the next stage. In reality, the stage may have progressed at 
any point between images. Thus, the accuracy of the stage 
duration depended on the time interval between subsequent 
radiographs. To partially address this issue, we included only 
patients with a minimum of 3 radiographs showing sequential 
progression through disease stages. In addition, the median 
follow-up interval during early stages was not significantly 
different compared to during late stages (119 days and 
133 days, respectively; p  0.155). However, the difference 
between median combined duration of early stages and that 
of late stages was found to be statistically significant (513 days 
and 833 days, respectively; p  0.011). These findings suggest 
that our reported stage durations are not merely a function of 
the time intervals between successive radiographs. However, 
we certainly acknowledge that our calculated durations of 
LCPD stages are still an estimated value at best. That being 
said, our methodology for computing duration of stages is 
comparable to the one used by Joseph et al, and represents 
a good faith attempt to measure a continuous variable (i.e. 
stage length) using periodic data.5 Secondly, it is important 
to acknowledge that Joseph et al conducted their study on 
children from the Indian subcontinent where the incidence of 
LCPD is much lower and the age at onset is greater compared 
to North American population.3,5,14 While their study is the 
only previous work in the literature that reports on the 
duration of Waldenström stages, our direct comparison may 
not be generalizable to typical aged patients in North America.

Despite its limitations, this study is the first to characterize 
the duration of LCPD stages in very young patients. Our 
findings, in contrary to our original hypothesis, suggest that 
the duration of LCPD stages may actually be longer in these 
younger patients as compared to typical-aged LCPD patients. 

This may imply that factors other 
than a shorter duration of disease 
stages could be responsible for the 
improved outcomes seen in these 
children. 
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Figure 1. The median duration of modified Waldenström stages of LCPD in children younger than four years of age at the onset 
compared to older children.
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