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AIM: To compare short-term radiographic outcomes of femoral varus osteotomy (FVO) and Salter innominate osteotomy (SIO) in treating
Legg-Calvé-Perthes disease (LCPD) and to identify prognostic factors through multivariate analysis.

METHODS: This retrospective study included 33 pediatric LCPD patients (mean age: 6.80 4 1.82 years) treated between January 2016
and January 2021, with a mean follow-up of 21.09 £ 10.63 months. Patients were categorized into FVO (n = 20) and SIO (n = 13)
groups. Radiographic parameters, including center-edge angle, acetabular index (Al), acetabular head index (AHI), and Sharp angle,
were evaluated preoperatively and postoperatively. Hip morphology was assessed using the modified Stulberg classification. Multivariate
ordered logistic regression was used to identify predictors of radiographic outcome.

RESULTS: Postoperative Al and AHI differed significantly between the two groups (p < 0.001). Stulberg classification outcomes showed
a higher proportion of excellent results in the SIO group (53.84%) compared to the FVO group (40.00%), although the difference was
not statistically significant (p =0.091). Multivariate analysis identified older age and advanced Catterall stage as independent predictors
of poorer outcomes (p < 0.05).

CONCLUSIONS: Both surgical approaches demonstrate clinical efficacy in the management of LCPD. However, SIO offers enhanced
acetabular remodeling potential. Key prognostic factors include skeletal maturity and the degree of epiphyseal involvement (Catterall
stage III/IV), suggesting that early surgical intervention may yield improved outcomes.
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factors

dence of 4.2 cases per 100,000 children aged 2—12 years in

2019, with 77% of the cases occurring in boys [3]. LCPD
Introduction most commonly affects children between the ages of 2 and
14 years, with peak incidence observed in the 5-6 year age
group [4].
Although the precise etiology of LCPD remains unclear,
several factors, including genetic predisposition, parental
smoking, environmental influences, and childhood obesity,
are considered significant contributors to disease develop-
ment [5,6]. The pathophysiological progression of LCPD
is divided into distinct radiological stages according to the
Waldenstrém classification, including stages Ia, Ib, Ila, IIb,
IMTa, IIIb, and IV. Reversible deformation of the femoral
head is observed in stages Ia through Ila, whereas irre-
versible changes begin in stage IIb and persist through

Legg-Calvé-Perthes disease (LCPD), also known as Perthes
disease, is a self-limiting pediatric hip disorder that primar-
ily affects children. As early as 1910, three physicians,
Legg, Jacques Calvé, and Georg Perthes, independently re-
ported cases of ischemic necrosis of the femoral head. They
were the first to describe osteochondrosis of the femoral
head, also referred to as epiphyseal hip osteonecrosis or ju-
venile osteochondritis of the femoral head. The principal
clinical manifestations of Perthes disease include limping
or a Trendelenburg gait, hip pain, and restricted range of
motion [1]. Epidemiological studies have shown signifi-

cant global variation in its incidence, ranging from 0.4 to

29.0 cases per 100,000 children under the age of 15 [2]. stage Illa [6]. This pathological process involves vari-
A recent nationwide study from Sweden reported an inci-  ©US biomarker changes, including impaired linear growth
and delayed bone age, reduced growth factor activity (no-

- . i tably decreased growth hormone mediator A and Insulin-
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lagen [2]. The widely accepted pathophysiological mecha-
nism involves compromised perfusion of the lateral femoral
epiphyseal artery, making the femoral head susceptible to
ischemic necrosis. Additional aggravating factors, such
as trauma and synovitis, may exacerbate the impairment
of blood flow to the femoral head, leading to elevated in-
traosseous pressure and venous congestion, thereby accel-
erating disease progression [7].

During the healing phase, treatment primarily aims to pre-
serve the spherical shape of the femoral head and maintain
optimal joint alignment, thus preserving a normal anatom-
ical relationship between the femoral head and acetabulum
[8]. Over the years, numerous surgical and non-surgical
methods have been proposed for symptomatic LCPD of the
hip, including femoral varus osteotomy (FVO), Salter os-
teotomy, combined osteotomies, triple osteotomy, Chiari
osteotomy, and acetabuloplasty. However, conclusive ev-
idence to determine the optimal surgical approach for the
best outcomes remains insufficient [9].

Among the available options, FVO and Salter innominate
osteotomy (SIO) are commonly employed surgical tech-
niques designed to enhance the acetabular head index, re-
distribute load forces across the hip joint, and promote re-
modeling and healing of the femoral head [10]. FVO facil-
itates improved femoral head perfusion by altering femoral
alignment, therefore supporting bone regeneration; con-
versely, SIO reorients the acetabular socket to enhance
femoral head containment, maintain sphericity, and pre-
vent further deformation [11,12]. Despite their widespread
use, there remains a lack of high-quality comparative evi-
dence on the efficacy of FVO versus SIO in the treatment
of LCPD, particularly in terms of immediate postoperative
radiographic outcomes and long-term functional recovery.
The primary objective of this study was to compare imme-
diate postoperative radiographic indicators, including ac-
etabular head index (AHI), acetabular index (Al), center-
edge (CE) angle, and Sharp angle, between FVO and SIO
in the surgical management of LCPD. Additionally, this
study identified key prognostic factors affecting treatment
outcomes, especially the impact of preoperative Catterall
classification, Herring classification, and patient age. Fur-
thermore, the study aimed to determine which surgical ap-
proach is more advantageous in restoring femoral head mor-
phology, improving hip joint function, and preventing fu-
ture deformation of the femoral head.

Materials and Methods
Study Subjects and Basic Information

Between January 2016 and January 2021, a total of 33 pe-
diatric patients diagnosed with LCPD were admitted to the
Department of Orthopedics at Kunming Children’s Hospi-
tal for treatment. This study was approved by the Ethics
Committee of Kunming Children’s Hospital (Approval No.
IEC-C-008-A07-V3.0) and conducted in accordance with
the principles of the Declaration of Helsinki. Informed con-
sent was obtained from the legal guardians of all patients,
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ensuring complete protection of patient privacy. The inclu-
sion criteria were as follows:

(1) Patients aged 4—12 years diagnosed with LCPD;

(2) Patients in the necrotic-sclerotic or fragmentation
stage of the disease;

(3) Patients who underwent either FVO or SIO;

(4) Patients with complete preoperative and postopera-
tive radiographic data and follow-up records, with a min-
imum follow-up duration of one year.

Exclusion criteria included:

(1) Patients aged <4 years or >12 years at the time of
surgery;

(3) Patients in the repair or healing stages of the disease;

(3) Patients with comorbid neuromuscular disorders, hip
dislocation, septic arthritis, or prior surgeries involving
femoral head repositioning or other types of osteotomy;

(4) Patients with incomplete or missing follow-up data.

Sample size determination was based on an expected large
effect size (Cohen’s d = 0.8) [13—15], with a statistical
power of 0.8 (1-5 = 0.80) and a significance level of
a = 0.05. Accordingly, a total of 33 subjects were in-
cluded to achieve adequate statistical power to detect sig-
nificant differences between treatment groups. The final
cohort included 33 LCPD cases (33 hips), including 26 boys
(78.79%) and 7 girls (21.21%). Left hip involvement was
observed in 51.52% of cases, while 48.48% involved the
right hip. Among the participants, 60.6% underwent FVO
and 39.4% underwent SIO, with a mean age at surgery of
6.80 + 1.82 years. Based on the Herring classification, 6
cases were Type B (18.18%), 7 were Type B/C (21.21%),
and 20 were Type C (60.61%). According to the Catter-
all classification, 9 cases were grade 2 (27.27%), 15 were
grade 3 (45.45%), and 9 were grade 4 (27.27%).

Surgical Interventions (FVO and SIO)

Two surgical approaches were employed in this study: FVO
and SIO. All surgeries were performed by a team of senior
orthopedic surgeons to ensure the consistency and repro-
ducibility of surgical techniques.

Femoral Varus Osteotomy (FVO Group)

Patients were positioned supine with the affected hip
slightly abducted to facilitate surgical access. A standard
lateral approach to the femur was used, involving an 8—
10 cm longitudinal incision along the outer thigh, extend-
ing distally from below the greater trochanter to expose the
proximal femur. The fascia lata and vastus lateralis were
carefully retracted to fully expose the femoral shaft and
neck.

A transverse osteotomy was performed approximately 1 cm
distal to the lesser trochanter. Based on preoperative radio-
graphic planning, a wedge-shaped osteotomy was carried
out to reduce the femoral neck-shaft angle. The preopera-
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tive femoral neck-shaft angle typically ranged from 130°—
140°, with correction targeted at 120°-125°. The average
internal rotation angle during osteotomy was 10° + 2°. Os-
teotomy angles were precisely controlled using a bone saw
to minimize the risk of instability or rotational misalign-
ment.

Following osteotomy reduction, femur stabilization was
achieved using a pre-contoured pediatric locking plate
(Synthes®, Oberdorf, Switzerland), positioned laterally on
the femur and secured with four cortical screws. This fix-
ation method ensured postoperative mechanical stability
while preserving the vascular supply to the femoral head.
Intraoperative fluoroscopy was used to confirm the correc-
tion of the neck-shaft angle within the desired range.
Postoperatively, the affected limb was immobilized in a hip
spica cast for six weeks to maintain osteotomy alignment.
Passive range-of-motion exercises for the hip joint were
started one week after surgery. Gradual weight-bearing
training was initiated after cast removal at six weeks, with
progressive rehabilitation to enhance joint mobility and pro-
mote bone healing.

Salter Innominate Osteotomy (SIO Group)

Patients were positioned supine, with the affected hip
slightly elevated to facilitate the pelvic osteotomy. A mod-
ified Smith-Petersen anterior approach was used, involving
a 5-8 cm incision extending from the anterior superior iliac
spine to the anterior inferior iliac spine. Care was taken to
avoid injury to the lateral femoral cutaneous nerve during
dissection, minimizing the risk of postoperative complica-
tions.

A complete innominate osteotomy was performed using a
bone saw, extending from the ischial notch to the anterior
inferior iliac spine. The goal was to advance the acetabu-
lum anteriorly and laterally. Intraoperative fluoroscopy was
used to monitor the osteotomy line and the correction angle.
The intended outcome was to increase the acetabular head
index by achieving a CE angle correction of 15° + 3°.
Following the osteotomy, the mobilized iliac bone frag-
ment was advanced and stabilized using two 4.5 mm cor-
tical bone screws placed in a cross pattern. Fluoroscopic
imaging confirmed successful anterior and lateral displace-
ment of the acetabulum and improvement in the acetabular
head index, verifying that the intended correction had been
achieved.

Postoperatively, patients wore a hip abduction brace for
four weeks to maintain the surgical correction. Weight-
bearing was restricted during this initial period. Active hip
joint exercises were initiated thereafter, with a gradual re-
sumption of weight-bearing walking allowed after between
6 and 8 weeks, depending on radiographic evidence of bone
healing.

Assessment Indicators

Radiographic evaluations were conducted at standardized
intervals: preoperatively, immediately postoperatively, at

3 months, 6 months, 1 year, and at the final follow-up.
Data collected included the patient’s age at surgery, surgi-
cal technique used, and radiographic parameters at the final
follow-up. These data were systematically retrieved from
the hospital’s inpatient electronic medical records. All ra-
diographs were independently reviewed and measured by
two senior orthopedic specialists. Measured radiographic
parameters included the Al, CE angle, Sharp angle, and
AHI. The AHI was defined as the proportion of the lateral
diameter of the femoral head that was covered by the ac-
etabulum.

Radiographic Measurements

For anteroposterior pelvic radiographs, patients were po-
sitioned supine with both lower limbs internally rotated by
15° to optimize visualization of the acetabulum and femoral
head in a standard orientation. The focal film distance
was maintained at 100 cm to optimize image clarity. For
frog-leg lateral views, patients were positioned supine with
the hip joint abducted 45° and flexed 90°, providing im-
proved visualization of the femoral head-acetabulum re-
lationship. Exposure parameters were adjusted based on
age and weight, typically ranging from 70-75 kV and 8-
12 mAs, to achieve optimal bone contrast.

Al: Measured on standard radiographs as the angle between
the lateral margin of the acetabulum and a horizontal refer-
ence. This index reflects the degree of acetabular inclina-
tion and indicates the acetabular development.

AHI: Defined as the proportion of the femoral head’s lateral
diameter that is covered by the acetabulum. Measurements
were obtained using the Picture Archiving and Communi-
cation System (PACS) system to ensure consistency, accu-
racy, and reproducibility.

CE Angle: Calculated as the angle between a vertical line
passing through the center of the femoral head and the line
connecting this center to the lateral edge of the acetabulum.
A normal CE angle is typically greater than 20°. Postoper-
ative increases in the CE angle indicate improved femoral
head coverage by the acetabulum.

Sharp Angle: Defined as the angle formed between lines
connecting the inferior margins of both teardrop shapes and
the lateral edges of the acetabulum. An increased Sharp
angle is associated with acetabular dysplasia, whereas a
postoperative decrease suggests improvement in acetabular
morphology.

Radiographic Classification
Catterall Staging [16]:

« Stage I: Involvement is limited to the anterior part of the
femoral epiphysis. There is no collapse; the affected area
undergoes complete resorption without the presence of
necrotic bone.

 Stage II: Approximately 50% of the femoral head is af-
fected, showing collapse and necrotic bone formation in
the anterolateral region of the femoral head.

 Stage III: Involvement extends to roughly 75% of the
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femoral head, including the lateral column, with progres-
sive flattening of the femoral head. Only a small portion
of the posterior epiphysis remains unaffected.

 Stage IV: The entire femoral head epiphysis is involved.

Herring Classification [17]:

» Type A: Mild changes in density in the lateral column,
with no height loss.

» Type B: Low-density region in the lateral column with
height loss of up to 50%. The central column often ap-
pears shorter than the lateral column, representing an
early manifestation of this type.

» Type C: Lateral column collapse exceeding 50% of its
original height, with no distinct boundaries between the
lateral and central columns.

» Type B/C: A mixed pattern with features of Type B and

Type C type.
Modified Stulberg Classification [18]:

* Group A (Stulberg I and IT): The femoral head maintains
a spherical shape.

* Group B (Stulberg III): The femoral head is ellipsoid in
shape.

» Group C (Stulberg IV and V): The femoral head is flat-
tened.

The modified Stulberg classification, as validated by Huhn-
stock et al. [18], is a reliable tool for evaluating radio-
graphic outcomes in patients with Perthes disease. Postop-
erative outcomes were classified into three categories based
on this system:

* Excellent: Corresponds to Stulberg I or II, indicating
near-spherical head remodeling with good joint congru-
ency and a favorable long-term prognosis for joint func-
tion.

* Fair: Corresponds to Stulberg III, showing moderate
femoral head deformity with preserved joint congruence,
potentially resulting in minor functional limitations.

» Poor: Corresponds to Stulberg IV or V, characterized
by severe femoral head deformity, often accompanied
by acetabular dysplasia, with significant impairment
in joint function and increased risk of early-onset os-
teoarthritis.

Statistical Analysis

Statistical analysis was performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were presented as mean + standard deviation (z £ SD),
while categorical variables were expressed as frequencies
and percentages (n, %). The Shapiro-Wilk test was used to
assess the normality of all continuous variables (e.g., age,
preoperative and postoperative radiographic data). For nor-
mally distributed data, comparisons were made using the
independent samples #-test. Categorical variables were an-
alyzed using the Chi-square test. Variables included in the
analysis were postoperative Al, AHI, age, and preoperative
Catterall and Herring classifications. Multivariate logistic
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regression analysis was performed to identify risk factors
associated with treatment outcomes. A p-value < 0.05 was
considered statistically significant.

Results

A total of 33 patients (33 hips) were included in this study,
comprising 26 males (78.78%) and 7 females (21.21%).
The mean age at the time of surgery was 6.80 + 1.82
years, and the mean follow-up duration was 21.09 £ 10.63
months. Comparison between groups using Chi-square and
t-tests revealed no statistically significant differences (Ta-
ble 1). In the FVO group, outcomes were classified as ex-
cellent in 40.00% of cases (Stulberg I and II, 8/20), mod-
erate in 30.00% (Stulberg III; 6/20), and poor in 30.00%
(Stulberg IV and V; 6/20). In contrast, the SIO group
demonstrated a higher proportion of excellent outcomes,
with 53.84% (7/13) rated as excellent, 46.15% (6/13) as
moderate, and none as poor. These findings suggest that
SIO may confer a more favorable long-term effect in pre-
venting femoral head collapse and enhancing hip joint mor-
phology.

Radiographic parameters, including CE, AI, AHI, and
Sharp angle, were compared between the FVO and SIO
groups (Table 2). Preoperatively, there were no statistically
significant differences in CE, Al, AHI, and Sharp angle be-
tween the two groups, indicating baseline comparability.
Postoperatively, significant differences were observed in
Al, Sharp angle, and AHI (p < 0.05). Notably, the post-
operative Al was significantly lower in the SIO group than
in the FVO group (p < 0.001), indicating that SIO more
effectively improved acetabular tilt and acetabular head in-
dex. Furthermore, the AHI improvement was significantly
greater in the SIO group compared to the FVO group (p <
0.001), suggesting superior restoration of the lateral acetab-
ular head index. Additionally, the postoperative Sharp an-
gle was significantly smaller in the SIO group (p = 0.034),
indicating that SIO more effectively corrected the acetabu-
lar abduction angle, achieving better alignment between the
acetabulum and the femoral head.

To further identify independent predictors of postoperative
radiographic and clinical outcomes, an ordinal logistic re-
gression analysis was performed, using the modified Stul-
berg classification (I/II = excellent, III = moderate, IV/V =
poor outcome) as the dependent variable. Candidate predic-
tors included age at the time of surgery, Catterall stage, Her-
ring classification, postoperative Al, postoperative AHI,
postoperative Sharp angle, surgical side, gender, and type
of surgical procedure. Results revealed that age (p =0.016)
and Catterall classification (Catterall 2: p =0.008; Catterall
3: p=10.006) were independent predictors of postoperative
modified Stulberg outcomes. Specifically, older patients
were more likely to exhibit poorer femoral head remod-
eling, while those classified with higher Catterall stages
(ITI/TV) presented more severe femoral head deformity and
unfavorable prognosis (Table 3). In contrast, postopera-
tive Al, AHI, CE angle, Sharp angle, surgical side, gender,
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Table 1. Baseline characteristics and radiographic staging of pediatric patients in the FVO and SIO groups.

Variable Category Total(n=33) FVO(n=20) SIO(n=13) Test Statistic  p-value

Gender (n, %) Male 26, 78.78% 15, 75.00% 11, 84.61% 0.045 0.835
Female 7,21.21% 5, 25.00% 2,15.38%

Affected Side (n, %) Left 17, 51.52% 9, 45.00% 8,61.53% 0.863 0.353
Right 16, 48.48% 11, 55.00% 5, 38.46%

Age (years) 6.80 £ 1.82 6.84 £ 1.89 6.73 £ 1.77 0.161 0.873

Herring Classification (n, %) B 6, 18.18% 4,20.00% 2,15.38% 1.178 0.555
B/C 7,21.21% 3, 15.00% 4,30.76%
C 20, 60.61% 13, 65.00% 7, 53.84%

Catterall Classification (n, %) 1T 9,27.27% 5,25.00% 4,30.76% 4332 0.115
11 15, 45.45% 7,35.00% 8,61.53%
v 9,27.27% 8, 40.00% 1,7.69%

Stulberg Classification (n, %)  I-1I 15, 45.45% 8, 40.00% 7,53.84% 4.798 0.091
11 12,36.36% 6, 30.00% 6,46.15%
v-v 6, 18.18% 6, 30.00% 0, 0.00%

Type B/C refers to a mixed pattern that exhibits features of both Herring Type B and Type C. Abbreviations: FVO, femoral

varus osteotomy; SIO, Salter innominate osteotomy.

Table 2. Comparison of postoperative radiographic parameters between FVO and SIO groups.

Variable FvO SIO Test Statistic p-value
Preoperative
Al 20.05+4.61 2092 +5.53 —0.492 0.626
AHI 71.12 +£5.87  72.83 £8.70 —0.676 0.504
CE 25.60 + 6.56  24.08 +4.99 0.713 0.481
Sharp Angle  44.55 £4.98 4523 +£2.01 —0.547 0.589
Postoperative
Al 19.154+4.75 1226 £4.92 4.752 <0.001
AHI 89.22 4449 9532 +4.10 —3.943 <0.001
CE 35.65 £ 6.68 39.69 +4.97 —1.868 0.071
Sharp Angle  43.60 +6.03  39.31 +4.29 2222 0.034

Abbreviations: Al, acetabular index; AHI, acetabular head index; CE, center-

edge.

type of surgery, and Herring classification were not signif-
icantly associated with modified Stulberg outcomes (p >
0.05). These findings suggest that earlier surgical interven-
tion may enhance femoral head remodeling and improve
long-term hip joint congruence.

Discussion

Perthes disease encompasses a broad range of treatment
methods. However, there is currently a lack of suffi-
cient clinical evidence to guide optimal treatment strategies.
The primary objectives of treatment are twofold: first, to
prevent deformation of the femoral head and preserve its
“spherical” shape; and second, to correct the abnormal re-
lationship between the acetabulum and the femoral head,
ensuring adequate containment and maintaining “concen-
tricity of the femoral head and acetabulum” [19]. A study
reported a 6.87% incidence of hip arthroplasty among in-
dividuals with LCPD [20]. Despite its self-limiting nature,
effective intervention remains challenging. Timely treat-
ment across disease stages can reduce or delay the on-

set of secondary complications, including osteoarthritis and
femoroacetabular impingement syndrome.

For children older than six years, especially those classified
as Catterall stage III or IV and Herring grade B or higher,
surgical intervention is associated with improved progno-
sis [21]. Currently, FVO and SIO are the most commonly
used surgical techniques. FVO, performed on the proximal
femur, enhances acetabular coverage of the femoral head,
thereby enveloping the affected lateral femoral head region
and improving joint stability. This technique aims to repo-
sition the femoral head more deeply into the acetabulum,
thereby enhancing containment and joint congruency. A
previous study [22] showed that FVO could enable the early
necrotic and sclerotic femoral head to bypass the fragmen-
tation stage and progress directly to the repair stage, poten-
tially shortening the disease course.

However, postoperative complications may include limb
shortening, gluteus medius gait due to elevation of the
greater trochanter, and lateral displacement of the femoral
shaft axis. Moreover, optimal surgical outcomes are highly
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Table 3. Multivariate logistics regression analysis of factors associated with postoperative outcomes.

Variable [ Coefficient  Standard Error (SE)  Wald Statistic OR (95% CI) p-value
Al -0.039 0.089 0.191 0.962 (0.807-1.146) 0.662
AHI -0.130 0.118 1.219 0.878 (0.696-1.108) 0.269
CE —0.046 0.137 0.112 0.995 (0.730-1.249) 0.738
Sharp Angle —-0.602 0.337 3.204 0.547 (0.283-1.059) 0.073
Affected Side 1.231 2.076 0.352 3.426 (0.059-200.465) 0.553
Gender -3.198 2.228 2.061 0.041 (0.001-3.215) 0.151
Operation Type (SIO vs. FVO) -2.759 3.375 0.668 0.063 (0.000-47.308) 0.414
Age (years) 0.691 0.286 5.824 1.996 (1.139-3.497) 0.016
Catterall Stage II -5.942 2.235 7.067 0.004 (0.001-0.210) 0.008
Catterall Stage I1I -3.480 1.261 7.616 0.031 (0.003-0.364) 0.006
Catterall Stage IV Reference - - - -
Herring Type B 1.161 1.820 0.407 3.193 (0.078-130.573) 0.523
Herring Type B/C 0.341 1.201 0.081 1.406 (0.130-15.211) 0.776
Herring Type C Reference - - - -

Abbreviations: OR, Odds Ratio.

dependent on the precision of osteotomy length and the de-
gree of varus correction. Kim ef al. [23] reported that a
varus correction of 10° to 15° during early FVO is associ-
ated with better clinical outcomes. In the study by Fried-
lander and Weiner [24], 43% of patients who underwent
femoral varus osteotomy before the age of 9 achieved fa-
vorable outcomes classified as Stulberg I or II. These sur-
gical results are slightly marginally superior to those of the
present study, suggesting that FVO remains a relatively fa-
vorable surgical option.

Salter osteotomy, on the other hand, modifies the orien-
tation of the acetabulum by using the pubic symphysis as
the postoperative rotational center, thereby enhancing the
acetabulum’s capacity to cover the anterosuperior femoral
head while preserving its structural integrity. Early study
has shown that Salter osteotomy improves the spheric-
ity of the femoral head. Grzegorzewski et al. [25] ob-
served that, compared to non-surgical management, Salter
osteotomy more effectively restores the femoral head to its
normal morphology. The study concluded that acetabular
osteotomy significantly aids in femoral head reshaping, and
improved sphericity is associated with a reduced incidence
of adult-onset degenerative osteoarthritis. In this study,
no adverse treatment outcomes were observed in the SIO
group. This may be due to preoperative differences in the
extent of femoral head necrosis between the groups. In the
FVO group, 40.00% of patients were classified as preoper-
ative Catterall grade 4, whereas only 7.69% were classified
as such in the SIO group. In cases of severe femoral head
necrosis, performing either femoral osteotomy or SIO alone
may not yield favorable outcomes, and a combined surgical
approach may be more effective.

According to comprehensive literature reports [26,27], fa-
vorable prognoses are typically observed when the postop-
erative Sharp angle is less than 44°, the CE exceeds 22°,
and the acetabular head index rate exceeds 80%. In evalu-
ating the efficacy of the two surgical methods in this study,
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no statistically significant difference in overall clinical out-
comes was found between the groups (p = 0.091), and both
procedures met the aforementioned criteria. Thus, both
surgical approaches are beneficial in the management of
Perthes disease, and the choice of procedure may be guided
by the surgeon’s experience and intraoperative judgement.
However, significant differences were identified between
the two groups in postoperative radiographic parameters,
including Al, AHI, and the Sharp angle. Al and Sharp an-
gle are key indicators of acetabular inclination and develop-
mental maturity. Lower Al and Sharp angle values suggest
enhanced acetabular containment capacity of the femoral
head [26,28]. The results of this study revealed that the
postoperative Al in the SIO group was significantly lower
than that in the FVO group (p < 0.001), with a correspond-
ing significant reduction in the Sharp angle (p = 0.034).
These findings suggest that SIO is more effective in repo-
sitioning and abducting the acetabulum, thereby improving
its conformity with the femoral head. Consistent with our
findings, previous studies have shown that Salter osteotomy
enhances the acetabular head index by rotating the acetabu-
lar roof, thus reducing lateral exposure of the femoral head
and decreasing the risk of femoral head collapse [29,30].

The AHI is a critical indicator for assessing the compati-
bility between the femoral head and acetabulum. An in-
creased AHI reflects greater femoral head stability and im-
proved load-bearing capacity of the hip joint [31]. In this
study, the improvement in AHI in the SIO group was signif-
icantly greater than in the FVO group (p < 0.001). This may
be attributed to the mechanism of Salter osteotomy, which
enhances femoral head containment through acetabular ab-
duction and anterior rotation. In contrast, FVO primarily
alters the alignment of the femoral mechanical axis to im-
prove its articulation with the existing acetabulum, offering
limited direct improvement in the acetabular head index.
Although radiographic assessment in this study revealed
superior acetabular containment and femoral head stability
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in the SIO group, it remains unclear whether these advan-
tages translate into long-term clinical benefits. The follow-
up period (21.09 4+ 10.63 months) primarily reflects short-
term radiographic outcomes and is insufficient for evaluat-
ing long-term joint function or degenerative changes. Some
studies have suggested that Salter osteotomy may increase
the risk of long-term hip joint degeneration [32,33]. There-
fore, while the present findings support Salter osteotomy
for improving short-term radiographic outcomes, long-term
functional benefits require further prospective investiga-
tion.

Multivariate logistic regression analysis was performed in
this study, incorporating variables such as postoperative Al,
AHI, age at the time of surgery, preoperative Catterall clas-
sification, and Herring classification. The results showed
that increased surgical age was associated with poorer post-
operative femoral head remodeling outcomes (OR = 1.996,
p =0.016). This may be due to the declining growth poten-
tial of the epiphysis with age, resulting in a reduced capac-
ity for femoral head reshaping. A previous study suggested
that LCPD patients undergoing surgery between the ages
of 5 and 7 tend to have better prognoses, while those oper-
ated on after the age of 8, even with optimal surgical inter-
vention, exhibit a higher proportion of Stulberg I1I-IV out-
comes [34]. This implies that earlier surgical intervention
may improve the remodeling potential of the femoral head.
Rosenfeld et al. [35] reported that 80% of patients treated
before age 6 had favorable outcomes. However, children
diagnosed at 4-5 years 11 months with Herring Type B/C
or C lateral column involvement demonstrated poorer out-
comes. Therefore, we believe that earlier disease onset and
a smaller area of femoral head involvement may contribute
to more favorable surgical outcomes.

Patients with Catterall stages II or III exhibited significantly
better postoperative outcomes compared to those classi-
fied as Catterall stage IV. Compared to the reference group
(Catterall stage IV), patients with Catterall stage II demon-
strated a markedly lower likelihood of poor outcomes (OR:
0.004, p=0.008), while those with stage III also showed
improved prognosis (OR: 0.031, p=0.006). These find-
ings suggest that patients with extensive necrosis have lim-
ited potential for femoral head remodeling, even following
surgical intervention. Previous study indicated that Catter-
all III/IV patients, due to larger necrotic regions and ab-
normal hip joint stress distribution, are more likely to de-
velop postoperative osteoarthritis [36]. Therefore, in pa-
tients with Catterall ITII/IV disease, careful preoperative as-
sessment of the extent of necrosis is crucial, and supple-
mentary interventions, such as hip joint unloading or reha-
bilitative therapies, should be considered to optimize treat-
ment outcomes. Notably, although significant differences
in postoperative Al, AHI, and Sharp angle were observed
between the two surgical methods, these parameters were
not identified as independent predictors in the multivari-
ate regression analysis (p > 0.05). This may be due to
variability in individual femoral head repair potential, ad-

herence to postoperative rehabilitation protocols, and other
biomechanical factors. These findings suggest that preop-
erative disease severity (Catterall classification) and timing
of surgical intervention (age) may be more decisive in influ-
encing outcomes. Early surgical intervention may optimize
femoral head reshaping, while patients with Catterall I1I/IV,
even with surgical correction, may continue to experience
less favorable outcomes. Thus, clinical attention should fo-
cus on early screening and tailored treatment strategies for
these high-risk patients.

Although this study provides valuable radiographic and
clinical follow-up data comparing two surgical approaches,
several limitations must be acknowledged. The sample
size was relatively small, potentially affecting the statisti-
cal power of the analysis. Future larger-scale, multi-center
studies are needed to validate these findings. Moreover, the
short-term follow-up period primarily reflects radiographic
changes and does not provide a comprehensive assessment
of long-term joint function, progression of hip joint degen-
eration, or postoperative complications. Therefore, longer-
term follow-up is required to evaluate the long-term effi-
cacy of these procedures. Additionally, this study relied pri-
marily on radiographic measurements and the Stulberg clas-
sification to assess surgical outcomes but did not incorpo-
rate patient-reported quality-of-life indicators, such as the
Harris Hip Score or Western Ontario and McMaster Uni-
versities Osteoarthritis (WOMAC). Future studies should
integrate both objective radiographic and subjective func-
tional outcomes to provide a more comprehensive evalua-
tion of treatment efficacy. Lastly, the retrospective design
of this study introduces potential selection and information
biases. For instance, factors such as postoperative rehabil-
itation compliance, which could influence final outcomes,
were not included in the analysis. Future prospective, ran-
domized controlled trials (RCTs) are warranted to further
validate the reliability and generalizability of these find-
ings.

Conclusions

This study demonstrates that SIO is superior to FVO in pro-
moting acetabular reshaping and femoral head containment.
SIO significantly improved the Al and Sharp angle, thereby
enhancing acetabular containment of the femoral head and
reducing the risk of femoral head migration, particularly in
patients with hip dysplasia or significant femoral head dis-
placement (such as those classified as Herring Type C). Fur-
thermore, the improvement in AHI was significantly greater
in the SIO group compared to the FVO group, potentially
offering advantages in preventing postoperative hip joint
degeneration and reducing the risk of osteoarthritis, espe-
cially in high-risk patients with Catterall III/IV classifica-
tions. Stulberg classification analysis revealed that SIO is
more effective in reducing the incidence of severe deformi-
ties (Stulberg IV/V), which may help delay or prevent the
need for late-stage total hip arthroplasty. Age and Catterall
classification were identified as key predictors of postop-
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erative femoral head remodeling. Early surgical interven-
tion (before growth plate closure) was associated with sig-
nificantly improved postoperative outcomes. However, for
patients with Catterall ITI/IV classification, surgical treat-
ment alone may not fully restore femoral head function.
Additional measures, such as rehabilitation training and hip
joint unloading, may be required to optimize clinical results.
The findings of this study offer valuable clinical insights for
surgical decision-making and underscore the importance of
early intervention strategies in the management of LCPD.
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