
Introduction
Legg-Calvé-Perthes disease (LCPD) is defined as the ischemic 
necrosis of the proximal femoral epiphysis which typically occurs 
in children aged 3–10 years old. The principle treatment strategy 
for LCPD is one of containment. Containing the femoral 
epiphysis in the acetabulum and non-weight-bearing will prevent 

or greatly reduce the chance of collapse.
The age and disease severity at onset are important in the choice 
of treatment and affect the prognosis. Poor prognostic factors 
include an age of >9 years, subluxation of the femoral head, 
massive necrosis, and severe collapse. For severe cases of late-
onset LCPD, operative procedures such as combined osteotomy 
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Introduction: The purpose of treatment for Legg-Calvé-Perthes disease (LCPD) is to regain the sphericity of the femoral head in childhood 
and prevent degenerative changes in adulthood. Due to the largely unsatisfactory results of conservative treatment for late-onset LCPD (i.e. 
patient age >9 years.), surgery is generally indicated. Various surgeries have been applied and the reported short-term results are generally good. 
However, few reports have described the long-term (approximately 30 years) outcomes of femoral anterior rotational osteotomy (ARO). We 
herein report the long-term results of late-onset LCPD treated by femoral ARO.
Case Report: This report describes a boy and a girl with LCPD who underwent surgical treatment at the ages of 12 and 11 years, respectively. 
Conservative treatment with a brace had initially been applied, but the patients subsequently developed hinge abduction; therefore, we 
performed femoral ARO. Five-year postoperatively, the patients’ Stulberg classification was Class II and Class III, respectively. The clinical 
results were satisfactory after 27 years of follow-up. Slight anterior residual deformity was seen, but there were no degenerative changes.
Conclusion: In patients with hinge abduction, it is difficult to achieve good containment by conservative treatment, and even by surgical 
treatment, degenerative changes can occur in the early post-operative period. In severe cases of late-onset LCPD, a femoral ARO is performed, 
effectively transferring the viable posterior area of the femoral head onto the weight-bearing area. Maintaining good sphericity of the femoral 
head helps to prevent degenerative change and leads good long-term results. Both patients described in this report were asymptomatic and did 
not show any signs of degenerative change upon final examination. We did, however, confirm that the anterior head-neck junction exhibited 
residual deformity. ARO is a proven effective option for treating late-onset severe LCPD.
Keywords: Legg-calvé-perthes disease, anterior rotational osteotomy, hinge abduction, late onset.

Abstract

Learning Point of the Article:
Femoral anterior rotational osteotomy is a treatment option for late-onset severe Legg-Calvé-Perthes disease.

Long-term Survival after Femoral Anterior Rotational Osteotomy for 
Late-onset Legg-Calvé-Perthes Disease: A Case Report with 27-year 

Follow-up?
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and triple osteotomy are recommended [1, 2, 3, 4, 5]. Regarding 
the long-term outlook, degenerative changes occur before the 
age of 50 years in patients with aspherical incongruency [6].

Femoral anterior rotational osteotomy (ARO) is a surgical 
technique employed to address extensive necrosis in the 
femoral head, a condition known as osteonecrosis; it was first 
reported by Sugioka in 1978 [7, 8]. This is accomplished by 
rotating the femoral head forward about the axis of the femoral 
neck, utilizing the posterior viable region as the weight-bearing 
zone. We performed this technique to treat two patients with 
late-onset LCPD with hinge abduction. At the last examination, 
the patients underwent clinical and radiological assessments, 
with the follow-up period being 27 years. To the best of our 
knowledge, there are no other reports of the long-term follow-
up of ARO for LCPD.
The purpose of this report is to present the extended outcomes 
of two patients who underwent femoral ARO for the treatment 
of LCPD.

Case Report

Case 1
A 9-year-old boy came in for examination due to pain in his left 
hip. A year later, he was referred and initially diagnosed with 
LCPD.
At the initial examination, the femoral head was found to have 
collapsed (Stage IIA according to the modified Waldenström 
classification) (Fig. 1). He was admitted to the hospital where 
traction and range-of-motion (ROM) exercises were 
administered.
After restoration of ROM, a full-time A-cast was applied. 
However, at Waldenström stage IIB, the collapse progressed, 
and its severity was classified as Catterall group III, lateral pillar 
Type C (Fig. 2). Considering the patient’s age, disease severity, 
and presence of hinge abduction, femoral ARO with 90° 
anterior rotation and 10° varus was performed at 12 years 1 
month of age. Partial weight-bearing was started at 5-week 
postoperatively. Healing of the necrotic area progressed well 
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Figure 1: X-ray images at first presentation in Case 1. (a) The femoral head was collapsed and classified as modified Waldenström Stage IIA. 
(b) Pre-operative lateral view.

Figure 2: X-ray images at 12 years 1 month in Case 1. (a) The patient’s disease was classified as modified Waldenström Stage ⅡA, Catterall 
Group Ⅲ, lateral pillar Type C. (b) In the abduction view, abduction was restricted.
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leading to the patient being allowed to bear full weight after 6 
months (Fig. 3).

Five years after the operation at primary healing, the outcome 
was classified as Stulberg Class II [6]. During the final follow-up 
examination conducted 27-year post-surgery, it was observed 
that the length of the left leg was 1 cm shorter compared to the 
right leg. In addition, hip ROM was slightly restricted by flexion 
and internal rotation. However, the patient had no limitation in 
activities of daily living or work-related activities. The hip score 
determined by the Japanese Orthopaedic Association was 83 
out of a possible 100 points. On radiographic evaluation, the 
femoral head showed good sphericity.

The degenerative change according to the Tönnis classification 
was Grade 0. Sharp’s angle (right/left) was 36.0°/35.0°, the 
center-edge angle (right/left) was 37.0°/24.0°, the acetabular 
head index (r ight/lef t)  was 88.2%/78.4%, and the 
articulotrochanteric distance (right/left) was 21.1/0.0 mm 

(Fig. 4).

Case 2
A 10-year-old female was assessed for pain in her left hip. She 
had been diagnosed with LCPD at another hospital 4 months 
after symptom onset and was referred to us at 11 years 2 months 
of age. The anterolateral portion of the femoral head displayed 
flattening, and there was noticeable hinge abduction. Based on 
these observations, the stage was determined to be modified 
Waldenström Stage IB (Fig. 5). Three months after the initial 
diagnosis, she underwent femoral ARO with 75° anterior 
rotation and 10° varus when she was 11 years and 5 months of 
age (Fig. 6). At 5 weeks after the operation, partial weight-
bearing was allowed. As healing of the necrotic area progressed, 
full weight-bearing was allowed for the patient after 8 months. 
Five years after the operation at primary healing, the outcome 
was classified as Stulberg Class III. At final stage follow-up 
examination conducted 27 years after the surgery, it was 
observed that the length of the left leg was 1 cm < that of the 
right leg.

ROM was restricted in flexion and internal rotation. However, 
the patient had no limitations in activities of work or daily living. 
The hip score as per the Japanese Orthopaedic Association 
scale was 87 out of a maximum possible 100 points.
Radiographically, the degenerative changes according to the 
Tönnis classification were Grade 0. Sharp’s angle (right/left) 
was 39.0°/44.0°, the center-edge angle (right/left) was 
31.0°/22.0°, the acetabular head index (right/left) was 
85.6%/77.4%, and the articulotrochanteric distance 
(right/left) was 23.2/7.89 mm (Fig. 7).
In both cases, deformity of the anterior femoral head-neck 
junction remained on the Lauenstein view.

Discussion
The goal of treatment for LCPD is to maintain the sphericity of 
the femoral head and prevent future hip osteoarthritis. 
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Figure 3: Anterior rotational osteotomy with 90° forward rotation and 10° 
varus was performed in Case 1. (a and b) 1-month post-operative radiographs. 
(c and d) 8-month post-operative radiographs.

Figure 4: (a and b) At the end of growth in Case 1, the result was classified as Stulberg Class II at 5-year postoperatively (17 years of age). (c and d) At the 
final follow-up at 27-year postoperatively (39 years of age), there was no degenerative change.
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However, according to Herring et al. [3], children who 
experienced the onset of symptoms at the age of 9 or older are 
resistant to various treatments, their condition is difficult to 
manage, and late onset is associated with poorer outcomes. 
Because of the natural history of severe LCPD, aspherical 
incongruency tends to remain after maturation. In such 
patients, degenerative changes occur around 50 years of age. 
Therefore, it is essential to conduct long-term follow-up to 
accurately evaluate the treatment outcomes of LCPD. In the 
cases described here, femoral ARO was performed for late-
onset LCPD. These cases are particularly valuable because the 
patients were followed up until middle age.

Femoral varus osteotomy (FVO) is a common surgical 
procedure for LCPD. In general, the indication for FVO is an 
age of >6 years and involvement of >50% of the epiphysis [9]. 
FVO is a simple procedure, but it has limitations in severe cases 
of LCPD. Rotational open wedge osteotomy is effective and 
relatively simple to perform, but it is fundamentally different 
from ARO in that there is a limit to the forward rotation.
Pelvic osteotomy has also been indicated for LCPD. Salter 
innominate osteotomy is an effective procedure with good 
long-term results [10]. However, some reports have indicated a 

risk of pressure on the necrotic femoral head, and achieving 
sufficient acetabular coverage is difficult [10, 11].

In severe cases, Salter innominate osteotomy or triple 
innominate osteotomy (TIO) combined with FVO (combined 
osteotomy) is recommended. Combined osteotomy improves 
both coverage and containment, but the procedure is highly 
invasive. Javid and Wedge [1] performed combined osteotomy 
at an average of 9.7 years for lateral pillar Type C or B/C. And 
according to the modified Stulberg classification, they reported 
a favorable or acceptable outcome for 67% of the patients 
treated.

The results of TIO for severe LCPD have also recently been 
reported. Stepanovich et al. [2] found that TIO proves effective 
in younger patients with milder cases of LCPD.
The advantage of TIO is its large coverage; however, it is 
invasive for children. Although various surgical procedures have 
been reported for patients with severe LCPD, there is no 
consensus regarding the ideal operative procedure.
Herring reported that there was no association between the 
treatment modality and outcomes at any age in patients with 
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Figure 5: (a) In Case 2, the femoral head was sclerotic and partly collapsed. (b) In the abduction view, hinged abduction was evident.

Figure 6: Anterior rotational osteotomy with 75° anterior rotation and 10° varus was performed in Case 2. (a and b) 1-month post-operative radiographs. 
(c and d) 8-month post-operative radiographs.
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Figure 7: (a and b) At the end of growth in Case 2, the result was classified as Stulberg Class III at 5-year 
postoperatively (17 years of age). (c and d) At the final follow-up at 27-year postoperatively (39 years of 
age), there was no degenerative change.

lateral pillar Type C LCPD [5]. Thus, treatment tends to be 
chosen according to the surgeon’s experience [12].

ARO has been performed in severe cases of femoral head 
necrosis in adults. Dean and Cabanela evaluated 18 hips of 17 
adults at a mean of 5 years after ARO for avascular necrosis [13]. 
Only three hips exhibited satisfactory results with respect to the 
application of ARO in children, Nakashima et al. [14] evaluated 
children aged over 9 years who had extensive necrotic lesions in 
the femoral head, subluxation, and/or hinge abduction. To 
undergo ARO for LCPD, it was necessary to have evidence of a 
previously healed or intact region in either the posterior or 
anterior femoral head. In this report, the average age for surgical 
intervention in cases of severe LCPD was 12 years.

The results were acceptable and half of hips were class II or III 
according to the modified Stulberg classification [14]. Sugioka 
[8] reported that in seven cases (including six cases with hinge 
abduction) with mean age at the time of ARO of over 10 years, 
the results were good beyond 1-year postoperatively. 
Hotokebuchi et al. [15] performed ARO in patients with severe 
LCPD at an average age of 10 years. The results were satisfactory; 
no hips were classified as Stulberg Class IV or V. However, all of 
these reports involved only short-term follow-up.

Our indications for ARO are an age >9 
years, subluxation, and hinge abduction. 
Both of our patients in this report had 
severe collapse, were older than 9 years at 
the time of surgery, and exhibited hinge 
abduction.

Our results support the hypothesis that 
ARO provides good containment. We 
added slight femoral varus, and a more 
concentric position of the femoral head 
was achieved. It is thought that the intact 
area is subjected to more mechanical stress, 
reducing the stress on the involved area and 
promot ing quick  repair.  However, 
drawbacks of ARO include possible 
nonunion and a high greater trochanter in 
patients in cases in which the physis 
remains intact. Another problem in our 
cases is that a slight (1-cm) leg length 
difference remained.

The protrusion of the head-neck junction 
remained in our patients and there was little modeling outside 
the acetabulum. The Tönnis classification grades of the hip joint 
were not advanced along the course and the dispersion of weight-
bearing stress in the acetabulum was sufficient.

In patients presenting with hinge abduction, asphericity and 
incongruency tend to remain. Residual deformity was present 
only in the anterior head-neck junction of both of our patients. 
Th ere  are  co n cer n s  regard i ng  f u t u re  s y m p to m s  o f 
femoroacetabular impingement, and we plan to perform 
bumpectomy if such symptoms appear.

Conclusion
Only a few reports to date have described femoral ARO for the 
treatment of LCPD and no reports have included a follow-up of 
more than 27 years. The reported cases demonstrate that ARO is 
an optimal treatment option for severe LCPD.

Clinical Message

This report presents the extended outcomes of LCPD with hinge 
abduction treated using ARO. The findings strongly support ARO as 
the preferred treatment option for severe cases of LCPD.
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