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Abstract
BACKGROUND 
The treatment of late stages of Legg-Calvé-Perthes disease (LCPD) is contro-
versial. Although the concept of femoral head containment is a well-established 
technique of treatment, its use remains debatable in the late stages of the disease, 
as it does not improve symptoms in terms of limb length discrepancy and gait.

AIM 
To assess the results of subtrochanteric valgus osteotomy in symptomatic patients 
with late-stage Perthes disease.

METHODS 
From 2000 to 2007, 36 symptomatic patients with late stage of Perthes disease 
were surgically treated with subtrochanteric valgus osteotomy and followed-up 
for 8 to 11 years using the IOWA score and range of motion (ROM) variables. The 
Mose classification was also assessed at the last follow-up to reflect possible 
remodeling. The patients were 8 years old or older at the time of surgery, in the 
post-fragmentation stage, and complaining of pain, limited ROM, Trendelenburg 
gait, and/or abductor weakness.

RESULTS 
The preoperative IOWA score (average: 53.3) markedly improved at the 1-year 
post follow-up period (average: 85.41) and then slightly improved at the last 
follow-up (average: 89.4) (P value < 0.05). ROM improved, with internal rotation 

https://www.f6publishing.com
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increased on average by 22° (from 10° preoperatively to 32° postoperatively) and abduction 
increased on average by 15.9° (from 25° preoperatively to 41° postoperatively). The mean Mose 
deviation of femoral heads was 4.1 mm at the end of the follow-up period. The tests used were the 
paired t-test and Pearson correlation test, where the level of significance was a P value less than 
0.05.

CONCLUSION 
Subtrochanteric valgus osteotomy can be a good option for symptomatic relief in patients with 
late-stage of LCPD.

Key Words: Legg-Calvé-Perthes disease; Femoral head avascular necrosis; Valgus osteotomy; Deformity 
correction; Post fragmentation stage; Late stage Perthes

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study on 36 patients with ages ranging from 8 to12 years with late stage 
Perthes disease (re-ossification and healing stages) underwent femoral valgus osteotomy with rotational 
component which result in pain relief, improved gait, and increased range of motion. In addition, relative 
neck lengthening is also achieved that can correct limb length discrepancy resulting from head deformity 
associated with the disease which for many patients may be the only problem encountered Preoperative 
hip arthrography is done to see the sphericity of the hip and whether there are lateral osteophytes or not.

Citation: Emara KM, Diab RA, Emara AK, Eissa M, Gemeah M, Mahmoud SA. Mid-term results of sub-
trochanteric valgus osteotomy for symptomatic late stages Legg-Calvé-Perthes disease. World J Orthop 2023; 
14(5): 328-339
URL: https://www.wjgnet.com/2218-5836/full/v14/i5/328.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i5.328

INTRODUCTION
Legg-Calvé-Perthes disease is the childhood onset of osteonecrosis of the femoral head and its etiology 
remains poorly understood. The incidence of the disease among children varies from 0.2 per 100000 to 
19.1 per 100000, with white populations being the most affected and East Asians being the least affected
[1]. The prognosis of Perthes disease is controversial, with some studies showing a benign long-term 
outcome[2,3], while others suggest that it may lead to poor long-term sequalae (Stulberg classification 
type IV and V)[4-6]. Consequently, the optimal treatment approach for this condition remains debatable.

Although varus femoral osteotomy[7-10] and pelvic osteotomy[11-16] are well-established techniques 
for enhancing femoral head containment in the treatment of Perthes disease, their use in the late stages 
of the disease is controversial. They do not appear to improve symptoms such as limb length 
discrepancy (LLD) and may even worsen them[17-20]. Therefore, head containment should not be the 
primary target of treatment, particularly in the late stages of Perthes disease[7-9]. The prognosis 
depends more on the disease stage rather than the type of surgery performed[21], and there is no 
significant difference in outcomes using Stulberg radiographic criteria between conservative treatment 
and containment surgery in late Perthes disease[17,22].

Valgus femoral osteotomy is usually described for treatment of hinged abduction that is associated 
with late stages of Perthes disease[23-26]. The benefits are gained by moving the abutting epiphyseal 
fragment away from the acetabulum and lateralizing the greater trochanter increasing the abductor 
lever arm and the offset, and hence the abductor function. This results in pain relief, improved gait, and 
increased range of motion (ROM). In addition, relative neck lengthening is also achieved that can correct 
LLD resulting from head deformity associated with the disease[25]. Valgus osteotomy is also used to 
treat severely deformed Perthes disease, Herring classification system type B-C and C, in the 
fragmentation stage that showed greater congruency with adduction with improved clinical and 
radiological outcomes[27].

To our knowledge, no prior studies have investigated the role of femoral valgus osteotomy in the 
symptomatic late stages (re-ossification and healing) of Perthes disease in the absence of hinged 
abduction. Our hypothesis is that this approach can improve symptoms and function without targeting 
remodeling, as it is not possible after the fragmentation stage. We conducted a study to evaluate the 
clinical and radiological outcomes of this approach, with an average follow-up period of nine years.

https://www.wjgnet.com/2218-5836/full/v14/i5/328.htm
https://dx.doi.org/10.5312/wjo.v14.i5.328
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MATERIALS AND METHODS
This retrospective cohort case series study was conducted on human participants from 2000 to 2007, 
performed by a single surgeon at an institutional hospital, and followed-up over 8-11 years (mean 9.36). 
It was conducted in accordance with the 1964 declaration of Helsinki and its later amendments/clarific-
ations and with approval from the ethics and search committee, approved and analyzed prior to 
invitation of the study. Inclusion criteria were: (1) Ages 8 years or older; (2) femoral heads in the re-
ossification or healing stages according to the Waldenström classification[28]; and (3) exhibition of 
symptoms in the form of Trendelenburg gait, abductor weakness, limping, LLD, pain, and/or limited 
ROM. Exclusion criteria were: (1) Patients below 8 years of age; (2) a Waldenström classification of 
initial or fragmentation stages; (3) asymptomatic patients; (4) patients with hinge abduction deformity; 
and (5) history of previous hip or pelvic surgeries.

The study included 36 patients, 23 males and 13 females, with Perthes disease in re-ossification or 
healing stage, 11 and 25 respectively, presented by symptoms. The symptoms varied and included pain, 
abductor weakness (Trendelenburg gait), external rotation gait, LLD, and/or limited abduction 
(Table 1). Asymptomatic Perthes disease (20 cases) was excluded from the study. None of the patients 
included had hinged abduction deformity confirmed by examination under general anesthesia 
according to Kruse et al[14] and Rhienker et al[29] definitions. The age range was between 8-12 years 
(mean 9.41). All the patients in the study group were treated with subtrochanteric valgus osteotomy and 
fixation was by pre-contoured plate in 23 cases (63.9 %) or dynamic hip screw (DHS) in 13 cases (36.1 %) 
(Table 2)[30-32]. All patients reached skeletal maturity at the time of last follow up.

The patients underwent a thorough clinical assessment focusing on functionality and pain history, as 
well as clinical examination that addressed gait, ROM, and deformity. Hence, the IOWA hip score[33] 
and ROM were evaluated once preoperatively and twice postoperatively (1st at 1 year postoperative and 
2nd at the end of the follow-up period). The IOWA hip score is a 100-point scale that evaluates the hip by 
assessing different functional activities (35 points), freedom from pain (35 points), gait abnormality (10 
points), deformity (10 points), and ROM (10 points), with the highest point scale indicating the best 
function[33]. Data collection was performed by the 2nd, 3rd, and 4th authors.

Surgical technique
The extent of limb deformity was carefully evaluated both clinically and radiologically (using plain X-
rays, computed tomography scans, and intraoperative arthrography) to plan for the required planes and 
degrees of correction and to identify the most deformed part of the femoral head, with the goal of 
unloading it (Figure 1). The degree of valgus and rotation performed was measured by using the 
unaffected limb as a reference. If the patient was affected bilaterally, we relied on hip arthrography and 
neck shaft angle (NSA) and performed the valgus and rotation to the degree that brought lateral 
osteophytes away from the required range of motion and made the NSA more than 130 degrees. 
Therefore, the degree of correction was tailored to each patient individually.

Patients were placed supine on a radiolucent table. A direct lateral approach was utilized to access 
the femur. First, hip arthrography is done to confirm the sphericity of the head and to see whether there 
are lateral osteophytes or not, also the hip arthrography determines the direction of our osteotomy 
according to the site of osteophytes as mentioned above (Figure 2). The level of osteotomy was 
determined under an image intensifier, which was always subtrochanteric. In some cases, a pre-
contoured plate (narrow plate) was used, and the plate was contoured to the desired degree of valgus 
and loosely fixed with a screw to the neck. In cases involving DHS, the desired degree of valgus was 
achieved by adjusting the inclination of the guide wire of the lag screw accordingly. The osteotomy was 
performed using multiple drill holes to weaken the cortex then completed by an osteotome. The 
osteotomy aimed to perform valgus, internal rotation, lateral translation, and extension of the distal 
femur if any limitations in the preoperative flexion range were discovered. Additionally, the osteotomy 
was oblique to provide inherent stability, and a de-rotation element was added to unload the affected 
portion, thereby relieving pain and correcting the external rotational deformity that is frequently 
associated with Perthes disease. After plate fixation, frequent irrigation was performed, followed by 
tissue closure in layers (Figures 3 and 4).

Postoperative protocol included non-weight bearing for 6 wk, followed by physical therapy for gait 
training, balance, and abductor muscle strengthening. Subsequently, partial weight bearing was 
allowed with crutches, which was then progressed to full weight bearing without crutches.

Statistical analyses
Statistical analysis was conducted to determine the significance of functional outcomes, patients' age at 
the time of surgery, and the follow-up period for the improvement of symptoms. IBM SPSS statistics 
(version 24.0, IBM Corp., United States, 2016) was used for data analysis. The data were presented as 
mean ± SD for quantitative parametric measures and as numbers and percentages for categorized data. 
The following tests were performed: (1) Paired t-test was used to compare two dependent groups for 
parametric data; and (2) Pearson correlation test was used to analyze the possible association between 
each two variables among each group for parametric data. The level of significance was set at P < 0.05.
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Table 1 The clinical picture of the surgically treated patients with their proportions, n (%)

Clinical picture Count

Pain 31 (86.1)

Trendlenburg gait and abductor weakness 30 (83.3)

External rotation gait 29 (80.5)

Limb length discrepancy 34 (94.4)

Limited abduction 3 (8.3)

Fixed flexion deformity 9 (25)

Figure 1 The extent of limb deformity. A: Preoperative Plain X ray of 11 years male patient with left Perthes disease (Waldenström: Healing stage); B: 
Preoperative 3D-computed tomography scan.

Figure 2 Intraoperative arthrography of the previous patient showing that the head is aspherical with lateral osteophytes.

RESULTS
ROM
On average, the internal rotation increased by 22° (range: 10°-40°), from an average of 10° preoper-
atively to an average of 32° postoperatively with SD 5.72. Abduction increased by an average of 15.9° 
(range: 10°-35°) from an average of 25° preoperatively to an average of 41° postoperatively with SD 5.18. 
LLD improved in 30 cases (average improvement 0.9 cm) and remained unchanged in 6 cases. LLD was 
measured using the tape method and approximated to 0.5 cm, 1 cm, 1.5 cm, and so on. The difference 
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Table 2 Details of patients treated by femoral valgus osteotomy

Case Sex Age at 
surgery

Waldenström 
classification

Joseph 
classification[30]

Catterall 
classification[31]

Stulberg 
classification

Mose[32] at 
last F.U. 
(mm)

Follow up 
period Implant

1 M 9 Re-ossification IIIb III III 3 9 Contoured 
plate

2 M 8 Re-ossification IIIa III III 2 8 Contoured 
plate

3 F 9 Healing IV IV IV 5 10 DHS

4 M 11 Re-ossification IIIb III IV 8 11 DHS

5 F 10 Re-ossification IIIb IV III 5 9 Contoured 
plate

6 F 8 Healing IV III III 6 9 Contoured 
plate

7 M 9 Re-ossification IIIb II II 1 8 Contoured 
plate

8 M 9 Re-ossification IIIa II II 2 9 Contoured 
plate

9 M 12 Healing IV IV III 4 10 DHS

10 F 10 Healing IV IV III 5 9 Contoured 
plate

11 M 9 Re-ossification IIIa III IV 9 8 Contoured 
plate

12 F 8 Healing IV II II 1 8 DHS

13 M 9 Healing IV III III 3 9 Contoured 
plate

14 M 10 Re-ossification IIIb III III 4 10 Contoured 
plate

15 F 11 Re-ossification IIIb IV III 4 9 Contoured 
plate

16 M 10 Re-ossification IIIb III IV 8 9 DHS

17 F 11 Healing IV II II 1 8 Contoured 
plate

18 M 9 Healing IV IV IV 7 11 Contoured 
plate

19 F 8 Re-ossification IIIa III III 2 9 DHS

20 M 9 Healing IV III III 4 10 Contoured 
plate

21 M 8 Healing IV II II 1 11 DHS

22 M 9 Re-ossification IIIb III II 2 9 Contoured 
plate

23 F 9 Re-ossification IIIa II III 6 8 DHS

24 M 8 Re-ossification IIIa III III 5 9 Contoured 
plate

25 F 10 Healing IV IV IV 8 10 DHS

26 F 11 Healing IV III II 1 9 Contoured 
plate

27 M 9 Healing IV IV IV 5 9 Contoured 
plate

28 M 9 Re-ossification IIIa III III 2 9 Contoured 
plate

29 F 8 Re-ossification IIIa II II 2 9 DHS
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30 M 8 Healing IV III III 4 10 Contoured 
plate

31 M 9 Re-ossification IIIb III III 5 8 DHS

32 M 10 Re-ossification IIIb III IV 4 8 DHS

33 M 11 Re-ossification IIIb II II 2 9 Contoured 
plate

34 M 10 Healing IV IV IV 6 9 Contoured 
plate

35 M 9 Healing IV IV IV 10 9 DHS

36 F 12 Healing IV III II 1 10 Contoured 
plate

DHS: Dynamic hip screw; F: Female; M: Male.

Figure 3 Immediate post operative pregnane X receptor of the previous patient fixed with dynamic hip screw. 10° valgus, 10° extension and 
15° internal rotation were done.

between the preoperative and postoperative measures was statistically significant (P < 0.05) (Table 3).

IOWA score
Twenty-three boys and 13 girls underwent unilateral subtrochanteric valgus osteotomies. The average 
age was 9.4 years (range 8-12) with an average follow-up period of 9.1 years (range 8-11). Clinical 
outcomes were assessed using the IOWA hip score[33] preoperatively, at 1-year postoperative, and at 
the last postoperative follow-up. The preoperative IOWA score had an average of 53.3 and SD 10.1, and 
it showed a marked improvement at the 1-year postoperative follow-up, with an average of 85.4 and SD 
5.4. There was a slight improvement at the final follow-up, with an average of 89.4 and SD 5.2. The 
improvement was significant in pain, with an average of 22.4 preoperative to an average of 36.2 
postoperative, walking tolerance, with an average of 4.7 preoperative to an average of 8.7 postoperative, 
gait, with an average of 3.5 preoperative to an average of 12.9 postoperative, shortening, with an 
average of 1.2 preoperative to 2.6 postoperative, and Trendelenburg absence, with an average of 2 
preoperative to 0 postoperative. The difference between preoperative and final outcomes was statist-
ically significant (P < 0.05).

Mose’s circles
At the end of the follow-up period, Mose classification[32] was evaluated to assess any remodeling, with 
physis closure ensured. The mean Mose deviation was 4.11 mm, ranging from 1-10 mm.
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Table 3 Statistical analysis of valgus osteotomy case series

Descriptive statistics n Min Max mean ± SD

Age 36 8 12 9.4 ± 1.5

Follow up 36 8 11 9.36 ± 2.2

IOWA score preoperative 36 30 70 53.3 ± 10.1

Postoperative after 1 yr 36 77 100 85.4 ± 5.4

Final 36 79 100 89.4 ± 5.2

Internal rotation degree 36 10 40 22.1 ± 5.26

Abduction degree 36 10 35 15.7 ± 6.2

Figure 4 Treatment of a femoral valgus osteotomy in a 10-year-old man with left Pertes disease. A: Intra-operative surgical steps of another 10 
years old male patient with left Perthes disease (Waldenström: Re-ossification stage) treated with femoral valgus osteotomy using pre-contoured plate. Note the 
extension component of the osteotomy was evident in the lateral shot to compensate associated fixed flexion deformity of the hip; B: Immediate post operative pelvic 
X-ray of the same patient.

Complications
Superficial infection occurred in four cases, which were treated with daily dressings and a parenteral 
antibiotic course with no sequels. Six cases required hardware removal due to pain.

DISCUSSION
The optimal treatment approach for late stages of Perthes disease is still debatable. Although achieving 
proper femoral head containment (such as varus femoral osteotomy and pelvic osteotomy) to promote 
head remodeling and delay the need for total hip replacement (THR) has been widely accepted in the 
surgical treatment of the disease, there are many clinical and pathological aspects that raise concerns 
about the use of this surgical method in late symptomatic stages[34]. Firstly, the relationship between 
Perthes disease and osteoarthritis (OA) is atypical. According to Stulberg classification[4], only 
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aspherical incongruent cases carry a risk of severe OA, which usually doesn't develop before the 5th 
decade. Additionally, there is no correlation between symptom severity and osteoarthritic radiographic 
changes in Perthes disease. Furthermore, Perthes OA affects the medial joint compartment rather than 
the superior compartment, which is typically affected in age-related degenerative joint diseases. This 
different pattern of OA carries a better prognosis than the typical superior compartment one[5,22]. 
Larson et al[17] studied the outcomes of conservative management on 58 hips with a mean follow-up of 
20.4 years, where only three patients required hip arthroplasty, and one patient required a pelvic 
osteotomy. This study supports the atypical relationship between Perthes disease and OA. Regarding 
varus femoral osteotomy, its use in treating Perthes disease has many limitations. Its effectiveness in 
providing the desired remodeling potential is restricted to cases in the early avascular and 
fragmentation stages. Therefore, its use in the re-ossification or healing stages is of questionable value[7,
9]. It is also limited to cases with a skeletal age of 8 years or more at onset, particularly Herring classi-
fication system group B and B/C border[5,21]. Sponseller et al[10] even concluded that the use of varus 
femoral osteotomy in patients older than 10 years yielded poor results, indicating that its use may be 
restricted to Herring classification system group B and B/C border in patients aged 8-10 years in the 
early avascular or fragmentation stages. Moreover, although varus femoral osteotomy may relieve pain 
associated with the disease by providing containment, it exacerbates the symptoms of limping due to 
the shortening of the affected limb[8]. It also worsens the Trendelenburg gait by increasing the abductor 
weakness[18,20]. Watanabe et al[19] studied gait analysis after varus femoral osteotomy and found that 
the stance phase was shorter, cadence was faster, and the strength ratio of hip abductor muscles was 
lower in operated patients vs non-operated and healthy subjects.

Arthrodiastasis has been studied in cases of late-stage Perthes disease with advanced Catterall stages 
and has shown satisfactory clinical and radiological outcomes. However, its effect is most significant 
when the disease is in the early avascular or fragmentation stages, as it can prevent head collapse and 
speed up recovery[27,35].

Two surgical approaches have been utilized to treat patients with healed Perthes in adulthood; safe 
surgical dislocation and combined acetabular and femoral osteotomies[36-38]. Safe surgical dislocation 
has been used to treat complex femoral deformities resulting from Perthes disease, with positive 
outcomes and statistically significant results. Trochanteric advancement and osteochondroplasty have 
been performed to address short neck, chondral and labral lesions, and femoro-acetabular impingement 
that may complicate Perthes disease in adulthood[36-38]. Clohisy et al[37] described a combined 
periacetabular osteotomy and intertrochanteric valgus osteotomy to treat femoral head deformities 
complicated by acetabular dysplasia. The procedure was performed on 42 cases (mean age 22.7 years) 
and followed up over 4.5 years, with statistically significant improvement in the Harris hip score. 
However, none of these procedures were used to treat Perthes disease before healing during childhood.

In addition, head remodeling is not limited to the containment concept. Yoo et al[24] studied the effect 
of valgus extension osteotomy on remodeling potential in hinge abduction cases and observed favorable 
remodeling in young cases that were at the fragmentation or early re-ossification stages. This is 
supported by Kim et al[27], who studied valgus osteotomy on patients at the fragmentation stage who 
had better containment by adduction. All femoral head roundness measures and the Shenton line were 
improved, with the best results demonstrated in severely deformed heads with Herring classification 
type C. This indicates that patient characteristics and disease stage at the time of intervention are the 
main determinants of head remodeling, rather than the type of surgery performed[24]. In delayed stages 
of Perthes disease, such as re-ossification and healing stages, containment can no longer be achieved, 
and the potential for remodeling is lost[39]. Many of these cases develop hinged abduction, and several 
studies have described the use of valgus femoral osteotomy in an attempt to move the abutted head 
away, with good outcomes[23-26]. Bankes et al[25] described the use of extension valgus osteotomy in 48 
cases in the re-ossification stage, resulting in improved symptoms with a ten-year follow-up, but no 
prospective scoring system was used to quantify the improvement. Yoo et al[24] added sagittal and 
coronal rotational components to accurately accommodate different hinging patterns, resulting in 
improved mean IOWA score from 71 to 92 in a long-term study on 31 patients. The same results were 
achieved by Myers et al[26] in a short-term study, with an improved mean Harris hip score by 41.

However, no studies have discussed valgus femoral osteotomy among symptomatic late-stage 
Perthes disease in the absence of hinged abduction. We conducted a retrospective study on such a 
population group with ages ranging from 8 to 12 years. Our chosen operative intervention was femoral 
valgus osteotomy with a rotational component, and we observed the patients over a period of 8-11 
years, assessing them clinically using the IOWA score[33] (Figure 5). Preoperative hip arthrography was 
done to assess the sphericity of the hip and the presence of lateral osteophytes. This simple surgical 
procedure, femoral valgus osteotomy, can relieve existing symptoms such as pain, limping, limb length 
discrepancy, limited ROM, and abductor weakness, which for many patients may be the only problem 
encountered.

On the other hand, we considered the re-ossification and healing stages to be critical periods, as we 
could not guarantee containment via varus femoral or pelvic osteotomy, and the potential complication 
of OA later on was uncertain to have a significant impact on the functional activity of the diseased 
patients compared to other patients who might eventually develop it. The controversies regarding the 
prognosis of Perthes disease compelled us to focus on relieving existing symptoms and improving the 
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Figure 5 Clinical evaluation for 8-11 years in patients with femoral valgus osteotomy with a rotational component. A: Preoperative pelvic X-ray 
(PXR) of 9 years old male patient with right Perthes disease (Waldenström: Healing stage); B: Follow up scanogram after 10 years showing no limb length 
discrepancy nor hip arthritis; C: Intraoperative hip arthrography just before plate removal that show smooth head with no osteophytes; D: Post removal PXR, 
computed tomography and magnetic resonance imaging respectively that show normal hip.

quality of life of these patients. In this study, the clinical outcomes significantly improved from an 
average IOWA score of 53.3 preoperatively to 89.4 at the end of the follow-up period, with a highly 
significant P value (P < 0.01). ROM increased, which is reflected in the patient's quality of life. Internal 
rotation and abduction improved by an average of 22° and 15.9° degrees, respectively. The mean Mose 
deviation was 4.11 mm, reflecting the lack of remodeling in these stages, and this is consistent with 
results of Yoo et al[24], which showed no improved radiographic indices in such an entity. There was a 
positive relationship between the age at the time of surgery and functional improvement, with a P value 
of 0.001, making it a potential good option in the treatment of older symptomatic patients with Perthes 
disease. There was no correlation between the duration of the follow-up period and functional 
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improvement, with a P value of 0.979. This necessitates further evaluation by long follow-up studies.
There is no proof that other types of surgery could change the natural history of late-stage Perthes 

disease or add value in improving patient symptoms, articular impingement, weak abduction, and limb 
length discrepancy. Therefore, our protocol to deal with symptomatic late-stage Perthes disease is either 
to leave the patient with no surgery, just conservative treatment for symptoms, or to do valgus de-
rotation osteotomy to bring the osteophyte away from the joint articular surface. Hip arthrography is 
needed for proper dynamic assessment of the articular surface.

The limitations of this study include its retrospective nature and lack of control groups that receive 
other treatments such as conservative and other surgical procedures. Longer follow-up periods are also 
needed to assess the end fate of the hips and the risk of OA development, although the mid-term 
outcomes display promising efficacy and safety. It is also important to determine whether the deformity 
of the proximal femur would remodel or have any impact on future THR surgery. Further studies to 
tailor the use of sub-trochanteric valgus osteotomy according to the patient's age of onset and the 
disease stage are also required.

CONCLUSION
We hypothesize that valgus femoral osteotomy is a valid option for patients with late-stage Perthes 
disease. This procedure can effectively alleviate symptoms such as pain, limping, and limb length 
discrepancy, which may be the only problems encountered by many patients for an extended period of 
time. Therefore, valgus femoral osteotomy could be used beyond its role as a salvage option in hinge 
abduction cases.

ARTICLE HIGHLIGHTS
Research background
Legg-Calvé-Perthes disease is a condition that affects the hip joint, most commonly in children between 
the ages of 4 and 10. In this disease, the blood supply to femoral head. The treatment of late-stage 
Perthes disease remains controversial, and there is debate about the most effective techniques for 
managing symptoms and improving long-term outcomes.

Research motivation
The motivation for this study was to contribute to the ongoing debate about the most effective treatment 
approaches for late-stage Perthes disease, and to evaluate the potential benefits of subtrochanteric 
valgus osteotomy in improving symptoms and long-term outcomes.

Research objectives
The objective of this study was to evaluate the outcomes of subtrochanteric valgus osteotomy in patients 
with late-stage Perthes disease.

Research methods
The study included 36 symptomatic patients with late-stage Perthes disease who underwent 
subtrochanteric valgus osteotomy between 2000 and 2007. The patients were aged 8 or older at the time 
of surgery, in the post-fragmentation stage of the disease, and experiencing pain, limited range of 
motion, Trendelenburg gait, and/or abductor weakness.

Research results
The results of the study showed that subtrochanteric valgus osteotomy significantly improved hip 
function and range of motion in patients with late-stage Perthes disease.

Research conclusions
The study concluded that subtrochanteric valgus osteotomy can be an effective treatment option for 
relieving symptoms and improving hip function and range of motion in patients with late-stage Perthes 
disease. The results of the study suggest that this surgical technique can be a valuable addition to the 
range of treatment options available for this condition.

Research perspectives
The study provides important insights into the potential benefits of subtrochanteric valgus osteotomy 
for patients with late-stage Perthes disease. However, further research is needed to confirm the findings 
of this study and to evaluate the long-term outcomes of this treatment approach.
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