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Abstract

Objective: We evaluated the long-term clinical and radiographic outcomes of femoral valgus extension osteotomy combined
tectoplasty in Herring group C Perthes disease patients with hinge abduction. Method: A total of 13 patients underwent this
procedure between 2002 and 2009. In this retrospective study, all patients were classified as Herring group C. The mean age
at diagnosis was 8.6 + 2.2 years. The mean age at surgery was 9.3 = 1.7 years. The mean age at the most recent follow-up
was 23.3 years (range 19-29 years). All patients were followed at least 11.5 years after surgery. Results: All patients had hinge
abduction deformity preoperatively. The mean Harris hip score improved from 70.23 + 10.43 points preoperatively to 91.76 +
7.25 points at the final follow-up. No patient had a limping gait at the final follow-up. The pre-operative visual analog scale
score was 7.84 £ 0.22, and the last follow-up was 1.03 + 0.25 (p < 0.001). According to the Stulberg classification, good
radiological outcomes were obtained in 7 hips, whereas fair or poor outcomes were noted in 6 hips. Conclusions: In severely
affected hips of Perthes, patients who underwent femoral valgus extension osteotomy combined tectoplasty revealed satisfac-
tory long-term clinical and radiological outcomes.
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Resumen

Objetivo: Evaluar los resultados clinicos y radiogréficos a largo plazo de la tectoplastia combinada con osteotomia de extension
en valgo femoral en pacientes con enfermedad de Perthes del grupo C de Herring con abduccién en bisagra. Método: Entre 2002
y 2009 se sometieron a este procedimiento 13 pacientes. En este estudio retrospectivo, todos los pacientes fueron clasificados
como Herring C. La edad media en el momento del diagndstico fue de 8.6 afios. La edad media en el momento de la cirugia fue
de 9.3 afios. La edad media en el seguimiento mas reciente fue de 23.3 afios. Resultados: Todos los pacientes tenian deformi-
dad en abduccion en bisagra preoperatoriamente. La puntuacion media de cadera de Harris mejor6 de 70.23 puntos antes de la
operacion a 91.76 puntos en el sequimiento final. La puntuacion en la EVA preoperatoria fue de 7.84 y en el dltimo seguimiento
fue de 1.03. Segun la clasificacion de Stulberg, se obtuvieron buenos resultados radiolégicos en 7 caderas, mientras que se
observaron resultados regulares o malos en 6 caderas. Conclusiones: En caderas gravemente afectadas de Perthes, los paci-
entes sometidos a osteotomia de extension femoral en valgo y tectoplastia combinada revelaron resultados satisfactorios.

Palabras clave: Tectoplastia. Osteotomia de extensién en valgo femoral. Abduccion en bisagra. Herring grupo C.
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|ntroduction

Perthes disease impaired vascularization in the
femoral head and may cause incongruence of the hip
joint during the hip remodeling period'. Hip joint osteo-
necrosis leads to various deformities of the hip joint,
and in later life, secondary end-stage degenerative
osteoarthritis may occur?. Despite numerous studies,
an algorithm could not be established for this clinical
entity.

Maintaining hip containment during the disease
reduces the deforming forces on the femoral head.
During the disease process, the shape of the femoral
head and its congruency with the acetabulum affect
the prognosis. The “Biological plasticity” concept
allows the acetabulum to serve as a mold to the femo-
ral head during the healing process. The treatment
goal is to obtain a congruent hip joint with a good
range of movement by achieving a spherical femoral
head and a well-shaped acetabulum at skeletal matu-
rity. The risk of developing coxarthrosis in the joint
may be reduced or delayed®*.

In the late stage of LCP (Legg-Calve-Perthes) dis-
ease, the anterolateral deformed femoral head pro-
trudes outside the acetabulum, and during hip
abduction, impingement occurs. Hinge abduction
causes incongruity of the hip joint and restricts hip
movement. Various surgical procedures ranging from
cheilectomy to shelf acetabuloplasty for surgical con-
tainment have been described to overcome “hinge
abduction.” In the presence of severe femoral head
deformity, valgus extension osteotomy may be
required as a salvage procedure because it over-
comes the hinging and creates a more congruent
surface of the femoral head within the acetabulums®®.
Tectoplasty provides an extra-articular weight-bearing
surface and a more congruent acetabular roof®.

The basis of treatment in Perthes disease is to pro-
vide and maintain containment in the hip joint. Accord-
ing to the lateral colon classification, Hering group C
patients have a poor prognosis. Femoral head defor-
mation and decreased acetabular depth cause con-
tainment problems and create discongruence in the
hip joint. In case of discongruence in the hip joint,
remodeling is impaired. In the combined treatment we
performed femoral valgus extension osteotomy to
overcome the hinged abduction while the anterolateral
part of the femoral head impinges during abduction.
The aim of tectoplasty is to create an extra-articular
load-bearing surface area on the acetabular side.

The purpose of this study was to evaluate the long-
term clinical and radiographic outcomes of femoral
valgus extension osteotomy combined with tecto-
plasty in severe LCP patients. In a previous study, we
evaluated the short-term clinical and radiographic out-
comes of this technique in 11 Herring group C LCP
patients’.

Method

The study had institutional review board approval
(reference number 2020/170). We evaluated retro-
spectively the long-term clinical and radiographic out-
comes of 13 LCP patients who underwent femoral
valgus extension osteotomy combined with tecto-
plasty between 2002 and 2009. In our study, all
patients were diagnosed with LCP and classified
according to lateral pillar classification as Herring
group C. All patients had intraoperative radiographic
and clinically diagnosed hinge abduction.

The study group of 13 patients analyzed consisted
of one female and 12 males; in eight cases, the right
hip was affected, and in five, the left (Table 1). The
mean age at diagnosis was 8.6 + 2.2 years. The mean
age at surgery was 9.3 + 1.7 years. The mean age at
the most recent follow-up was 23.3 years. All patients
were followed at least 11.5 years after surgery (mean
15.5 + 3.3 years). Clinical assessments of all patients
were made in terms of pain, range of hip motion, fixed
hip contractures, leg length discrepancy, and pres-
ence of limp. All patients were examined preopera-
tively under general anesthesia to confirm the
presence of hinge abduction. With the presence of
hinge abduction femoral valgus extension, osteotomy
was performed in all the patients in our study. A lateral
approach was performed to the proximal femur. The
femoral neck was prepared for an angled blade plate
or K wires. A transversal cut between the femoral
shaft and lesser trochanter was performed, and an
extension and valgus were built into the osteotomy.
The correction angles required for adequate femoral
coverage, were determined by comparison of the
contralateral side. After femoral valgus extension
osteotomy, fluoroscopic evaluation was performed
intraoperatively. Tectoplasty procedure was added to
patients who were detected to have inadequate femo-
ral head coverage. The tectoplasty procedure aims to
enlarge the weight-bearing area at the hip joint and
obtain a more congruent joint. It was performed in a
supine position by an anterior Smith-Peterson incision
with the technique described by Saito et al.8. In this
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Table 1. Patients demographics

Number of patients 13
Number of hips 13
Age at diagnosis (years)* 86+22
Age at surgery (years)* 9317
Gender (M/F) 12/1
Involved site (R/L) (8/5)
Length of follow-up (years)* 155 £33
Length of post-op (months)* 188.4 + 34.6
Age at last follow-up (years)* 155 +3.3
Lateral pillar classification -I--/13
(A/B/B/C/C)

Patients with Hinge abduction 13

*The values are given as the mean, with the standard deviation in parentheses. M: male;
F: female; R: right; L: left.

technique, care was taken not to damage the lateral
acetabular growth cartilage. All surgical procedures
were led by a single experienced pediatric orthopedic
surgeon (C, B). Patients were mobilized non-weight
bearing with crutches to the operated side until graft
healing was observed. After graft healing and oste-
otomy union were observed radiologically, partial
weight-bearing was permitted, and commencing full
weight-bearing began at 3-4 months.

All the patients had pre-operative, early post-oper-
ative, and final follow-up clinical and radiographic
evaluations (Fig. 1). The radiographic examination
included an anteroposterior view of the pelvis in neu-
tral and frog-leg position. Pre-operative staging and
severity of disease were determined using modified
lateral pillar Herring classification®. These subjective
assessments were carried out independently by two
of the authors (MK and ME-B). The radiographic
parameters included Center-Edge angle (CE angle),
Sharp angle, femoral head size ratio, neck shaft angle,
acetabular depth width index, caput index, subluxation
ratio, femoral head coverage ratio, and femoral head
extrusion index. Osteoarthritic changes were evalu-
ated using the Tonnis classification'®. At the final fol-
low-up, the radiographic outcome was assessed using
the Stulberg classification to evaluate femoral head
sphericity and hip remodeling". The spherical femoral
head (Stulberg 1 or 2) was rated as good, the ovoid
femoral head (Stulberg 3) as moderate, and the flat
femoral head (Stulberg 4 or 5) was rated as poor

outcomes. The clinical assessment includes; the hip
range of motion, limb-length discrepancy, the pres-
ence of a Trendelenburg sign, and a visual analog
scale (VAS) (ranging from 0 to 10). All participants
completed the Harris hip scoring system (maximum
score, 100 points). A total Harris hip score below 80
points was considered a poor or fair result, and 80-100
was a good or excellent result™.

Statistical analysis

The statistical analysis was performed using Statis-
tical Package for Social Sciences (SPSS) Version
22.0 (SPSS, Chicago, IL) statistical analysis software.
Normal distribution was defined by the Shapiro-Wilk
test. All values were calculated as the mean and the
standard deviation. The pre-operative and post-
operative comparisons were performed using repeated
measures analysis of variance. Data were analyzed
for statistical significance using the paired t-test, and
p < 0.05 was considered statistically significant.
Spearman correlation analysis was conducted to ana-
lyze the pre-operative factors that were strongly asso-
ciated with patient outcomes. Patients who were
< 8 years old at the time of diagnosis were compared
with those who were > 8 years old. Harris hip score
and the Stulberg classification were used to determine
patient outcomes.

Results

All children presented with a painful limping gait
preoperatively. At the time of surgery, all hips were
classified according to lateral pillar classification as
Herring group C. The mean Harris hip score improved
from 70.23 + 10.43 preoperatively to 91.76 + 7.25
points at the final follow-up. The mean leg length dis-
crepancy preoperatively was 1.46 + 0.51 cm and after
skeletal maturity at the last follow-up, was 0.53 +
0.59 cm (p < 0.001). No patient had a limping gait or
Trendelenburg sign at the final follow-up. The mean
last follow-up hip flexion was 122.30° + 11.65°. There
were no significant complications or need for addi-
tional surgery. The pre-operative VAS score was 7.84
+ 0.22, and the last follow-up VAS score was 1.03 +
0.25 (p < 0.001).

Follow-up radiographs were analyzed for 13 patients
(13 hips) (Table 2). According to the Stulberg classifi-
cation, good radiological outcomes were obtained in
seven hips (seven hips were class 2), whereas fair or
poor outcomes were noted in six hips (four hips were
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Figure 1. Plain radiographs of an 11-year-old boy following femoral valgus extension osteotomy combined tectoplasty. A: pre-operative antero-
posterior radiograph. Herring group C Perthes. Femoral head subluxation and flattening B: pre-operative lateral radiograph C: early post-opera-
tive anterior-posterior radiograph D: post-operative 1-year anterior-posterior radiograph E: post-operative 4-years anterior-posterior radiograph
F: last follow-up post-operative anterior-posterior radiograph. There is good and lasting coverage with satisfaction of the femoral head.

Table 2. Clinical outcomes according to age at diagnosis

Measure Age at diagnosis p
< 8years >8years
(n=5) (n=8)
Stulberg classification
1or2 4 2 0.159*
3,40rb5 1 5
Last follow-up Harris hip score
>80 points 4 7 0.742*
< 80 points 1 1
Ténnis grade
Oorf 3 3 0.471*
20r3 2 5

*No significant difference between < 8 and > 8 (p > 0.05).

class 3 and two hips class 4). Six hips had mild
degenerative changes (T6nis grade 1), five had mod-
erate (Tonis grade 2), and two had severe changes
(Tonis grade 3). The mean subluxation ratio was 1.66
preoperatively and 1.23 at the last follow-up (< 0.001).
The mean femoral head coverage ratio was 67.53%
preoperatively and 84.61% at the last follow-up
(= 0.009). The mean femoral head size ratio was 1.1
preoperatively and 1.20 at the last follow-up (p = 0.077).

Sharp angle decreased from 46.76 to 35.77 (p < 0.001).
Centre edge angle increased from 14.30 to 40.07
(p < 0.001). It was no significant change in neck-shaft
angle (p = 0.477). The acetabular depth-to-width index
improved from 272 to 308 (p = 0.008).

Patients who were < 8 years old at the time of
diagnosis were more likely to have a lower Stulberg
class; however, the differences were not significant
(Table 3). There was no significant relation between
age at diagnosis and last follow-up Harris hip score
and last follow-up Ténis classification. There were no
cases of failure of fixation, and all osteotomies went
on to radiologically proven union. There were no sig-
nificant deep infections.

Discussion

We evaluated the long-term clinical and radio-
graphic outcomes of femoral extension valgus oste-
otomy combined tectoplasty as a means of surgical
containment for Herring group C LCP patients with
hinge abduction. In our study, we aimed to provide a
spherical femoral head within a well-shaped acetabu-
lum in the final process. Even in the case of collapse
and deformation, the femoral head tends to be
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Table 3. Comparison of pre-operative and post-operative radiological outcomes

Measure Pre-operative 1 year post-operative Last follow-up p
Mean SD Mean SD Mean SD

Subluxation ratio 1.66 0.33 1.47 0.26 1.23 0.12 < 0.001*
Femoral head coverage ratio (%) 67.53 11.68 100.30 6.27 84.61 11.75 =0.009"
Femoral head size ratio 1.13 0.11 1.23 0.18 1.20 0.13 =0.077
Sharp angle 46.76 6.85 33.38 4.92 35.77 2.95 <0.001*
Sharp ratio** 1.13 0.11 1.22 0.18 1.19 0.12 =0.077
Center-Edge angle 14.30 5.21 43.23 6.33 40.07 9.38 < 0.001*
Neck shaft angle 142.61 8.55 152.46 7.63 145.38 10.16 =0.477
Caput index 0.69 0.12 0.67 0.15 0.74 0.12 =0.166
Acetabular depth-to-width index 0.27 0.03 0.31 0.05 0.30 0.04 =0.008"
Femoral head extrusion index 32.13 5.66 0.57 0.22 13.38 6.23 < 0.001*
Acetabular depth-to-width ratio 272.3 316 315.3 504 308.4 39.1 =0.008*

*Statistically significant (p < 0.05).
**The ratio of the Sharp angle of the affected hip versus the contralateral normal hip.
SD: standard deviation

remodeled if it is well-contained in the cartilage™. All
patients in our study were severely affected and had
a massive femoral head involvement with lateral
subluxation.

The treatment algorithm in severely affected Perthes
patients is still controversial. In a multicentric prospec-
tive study, it was shown that the lateral pillar classifi-
cation and age at the time of onset of the disease are
strongly correlated with outcomes'. Some reports
stated that group C hips frequently had poor outcomes
unrelated to treatment's. However, in those studies,
the surgically treated group received either a femoral
or acetabular osteotomy, not a combination of these
procedures. It was shown in a study of severely
affected patients, that a femoral varus osteotomy
improved the sphericity of the femoral head compared
to conservative treatment'®. Combined procedures in
severely affected patients provide better congruency
of the hip joint". In another study, the combined pro-
cedure group obtained significantly better outcomes
both clinically and radiologically in severely affected
hips compared with the single procedure group™.

Hinge abduction is the process of severe Perthes
disease, causing the deformed and extruded antero-
lateral femoral head impingement to the lateral lip of
the acetabulum during the abduction. Operative
and non-operative treatments were reported to
deal with this entity. Traction and bed rest, Shelf

acetabuloplasty, and triple pelvic osteotomy treatment
methods were performed. Another treatment method
is femoral valgus extension osteotomy, which was first
described by Catterall. It rotates the deformed
extruded femoral head away from the lateral lip of the
acetabulum, and the abnormal hinge movement aimed
to get resolved. This relieves pain, reestablishes the
abductor mechanism, and improves leg length.
Unloading the lateral part of the femoral head and the
lateral acetabular physis may produce favorable hip
remodeling. We added the tectoplasty procedure to
enlarge the weight-bearing surface without decreas-
ing the volume of the acetabulum. Thus, the develop-
ment of femoroacetabular impingement was prevented.
A deformed femoral head and acetabulum cause an
obliquity of the weight-bearing joint surface that
changes the rotation center of the femoral head. As a
consequence, the loading pressure in the reduced
articular area increases. Osteotomies are designed to
reduce the loading of the joint surface by increasing
the area of the weight-bearing surface. Femoral val-
gus extension osteotomy stretches the superior zone
of the joint capsule and its synovial membrane. It
stimulates the remodeling capacity of the hip'. There
was no other study that reported the long-term out-
comes in the literature of the femoral valgus extension
osteotomy combined tectoplasty procedure for hinge
abduction in Herring group C perthes patients®.



M.E. Baki et al. Salvage procedure in end-stage Perthes

Stulberg classification has been used to evaluate
the surgical clinical outcomes in the literature?'?2, In
the treatment procedure, we aimed to prevent femoral
head subluxation, obtain a congruent hip joint, elimi-
nate hip irritation, restore adequate hip movement,
and relieve pain. Treatment modalities performed on
patients with severely affected hips vary widely in the
literature202324, These are femoral valgus osteotomy,
shelf acetabuloplasty, tectoplasty, triple pelvic oste-
otomy, Chiaris’ pelvic osteotomy, Salter pelvic oste-
otomy, and a combination of them. Chang et al.
evaluated the outcomes of patients with 21 severely
affected hips undergoing the Staheli procedure.
According to Stulberg’s classification, 33.3% were
good (class 1 or 2), 38.1% were fair (class 3), and
28.6% were poor and bad (class 4 or 5)%. In another
study, the results of patients who underwent Shelf
acetabuloplasty were reported as 51.8% good, 29.6%
fair, and 18.6% poor®. Huang and Huang reported
14 patients’ results who underwent triple pelvic oste-
otomy as good at 35.7%, moderate at 42.8%, and
poor at 21.4%?2. We performed a femoral valgus
extension osteotomy combined with tectoplasty, which
had not been reported in the literature before. In our
study, we evaluated the clinical outcomes as 53.8%
good, 30.7% moderate, and 15.3% bad. This rate is
comparable to reports using other surgical procedures
in severely affected hips.

In our study, the femoral head coverage ratio
improved from 67.53% preoperatively to 84.61% at the
last follow-up. Chang et al. performed a Shelf acetab-
uloplasty procedure in severely affected hips, and in
this study, the femoral head coverage ratio improved
from 74% preoperatively to 98% postoperatively?.
Huang and Huang performed triple pelvic osteotomy,
and improvement was observed from 66% to 101%2.
Our long-term outcomes concluded that the procedure
improves the femoral head coverage ratio and may
contribute to remodeling the hip joint. Daly et al. per-
formed Shelf acetabuloplasty and observed that the
femoral head coverage ratio decreased from 83% to
75%°. In our study, the femoral head size ratio
increased from 1.13 preoperatively to 1.19 at the last
follow-up. This result can be associated with the
development of coxa magna in the follow-ups. In our
study, the subluxation ratio decreased from 1.66 to
1.23. Chang et al. performed Shelf acetabuloplasty,
and in this study, the subluxation ratio decreased from
1.6 to 1.17%. It was shown that the Sharp angle in
Perthes’ hips is steeper than the unaffected side dur-
ing the course of the disease?. In our study, the Sharp

angle decreased from 46.76° preoperatively to
35.77°and the CE angle increased from 14.30° to
40.07°. Ghanem et al. performed Shelf acetabulo-
plasty in severely affected patients, and the Sharp
angle decreased from 45° preoperatively to 35° post-
operatively, and the CE angle increased from 12.5° to
44°3, In a study, it was shown that the acetabulum is
wider and shallower at all stages of Perthes?. In our
study, our results (272 increased preoperatively-308
postoperatively) show that the combined procedure
had a stimulatory effect on the acetabular depth
growth with the capsular tension effect.

Age at onset is considered one of the most impor-
tant predictors of prognosis in perthes patients.
Obtaining a spherical femoral head and establishing
its congruence within the acetabulum is one of the
main goals in Perthes disease treatment®. In our
study, patients who were < 8 years old at the time of
diagnosis were more likely to have a lower Stulberg
class, better outcomes, and lower Ténis class, but the
differences were not statistically significant (Table 3).

If hinge abduction develops in LCP disease, hip
containment is impaired. In this situation, valgus
extension osteotomy is an effective method used as
a salvage procedure. It is a procedure that reduces
the uncovered femoral head into the hip joint and
obstructs impingement during the abduction. One of
our goals was to induce hip remodeling with this pro-
cedure, which we performed in cases where the ace-
tabular growth capacity continued, and the triradiate
cartilage was open.

The study has some limitations. The lack of a con-
trol group, the relatively small number of patients, and
the retrospective study design are some limitations of
our study. However, the follow-up was 15 years, which
was long enough to evaluate the clinical and radio-
graphical combined surgical procedure. In addition,
this study has limited value for femoroacetabular
impingement evaluation.

Many reports emphasized that severely affected
hips in LCP had poor outcomes. In our study, we
aimed to increase joint congruency and achieve sat-
isfactory clinical results. It improved hip functional
scores at skeletal maturity and relieved pain scores
dramatically. We concluded that valgus extension
osteotomy combined tectoplasty procedure in severely
affected hips with hinge abduction is an effective
treatment method and had satisfactory 15-year follow-
up outcomes. Our method could be an alternative
treatment option for late-stage Perthes patients.

307



308

Cirugia y Cirujanos. 2025;93(3)

Funding

The authors declare that they have not received
funding.

Conflicts of interest
The authors declare no conflicts of interest.
Ethical considerations

Protection of humans and animals. The authors
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical
approval. The authors have followed their institution’s
confidentiality protocols, obtained informed consent
from patients, and received approval from the Ethics
Committee. The SAGER guidelines were followed
according to the nature of the study.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intel-
ligence was used in the writing of this manuscript.

References

1. Joseph B. Natural history of early onset and late-onset Legg-calve-per-
thes disease. J Pediatr Orthop. 2011;31:5152-5.

2. Shah H. Perthes disease: evaluation and management. Orthop Clin North
Am. 2014;45:87-97.

3. Ghanem |, Haddad E, Haidar R, Haddad-Zebouni S, Aoun N, Dagher F,
et al. Lateral shelf acetabuloplasty in the treatment of Legg-Calvé-Per-
thes disease: improving mid-term outcome in severely deformed hips.
J Child Orthop. 2010;4:13-20.

4. Kim HK, Herring JA. Pathophysiology, classifications, and natural history
of perthes disease. Orthop Clin North Am. 2011;42:285-95, v.

5. Daly K, Bruce C, Catterall A. Lateral shelf acetabuloplasty in Perthes’
disease. J Bone Joint Surg Br. 1999;81-B:380-4.

6. De Gheldere A, Eastwood DM. Valgus osteotomy for hinge abduction.
Orthop Clin North Am. 2011;42:349-54, vi-vii.

7. Mehmet Emre Baki MD, Duygu Baki MD, Hafiz Aydin MD, Servet Keri-
moglu MD, Celal Baki MD. Radiological evaluation of combined valgus
extension osteotomy and tectoplasty for the treatment of Herring group C
Perthes patients. Jt Dis Relat Surg. 2011;22-2:64-8.

. Saito S, Takaoka K, Ono K. Tectoplasty for painful dislocation or sublu-

xation of the hip. Long-term evaluation of a new acetabuloplasty. J Bone
Jointt Surg Br. 1986;68:55-60.

9. Herring JA, Kim HT, Browne RP. Legg-calvé-perthes disease part I:

20.

21.

22.

23.

24.

25.

26.

27.

28.

classification of radiographs with use of the modified lateral pillar and
stulberg classifications. J Bone Jt Surg Am. 2004;86:2103-20.

. Tonnis D. Normal values of the hip joint for the evaluation of X-rays in

children and adults. Clin Orthop Relat Res. 1976;119:39-47.

. Stulberg SD, Cooperman DR, Wallensten R. The natural history of

legg-calve-perthes disease. J Bone Jt Surg. 1981;63:1095-108.

. Marchetti P, Binazzi R, Vaccari V, Girolami M, Morici F, Impallomeni C,

et al. Long-term results with cementless fitek (or fitmore) cups. J Arthro-
plasty. 2005;20:730-7.

. Salter RB. The present status of surgical treatment for legg-perthes

disease. J Bone Joint Surg. 1984;66:961-6.

. Grzegorzewski A, Bowen JR, Guille JT, Glutting J. Treatment of the

collapsed femoral head by containment in legg-calve-perthes disease.
J Pediatr Orthop. 2003;23:15-9.

. Hefti F, Clarke NM. The management of Legg-Calvé-Perthes’ disease:

is there a consensus?: A study of clinical practice preferred by the
members of the European paediatric orthopaedic society. J Child
Orthop. 2007;1:19-25.

. Terjesen T, Wiig O, Svenningsen S. Varus femoral osteotomy improves

sphericity of the femoral head in older children with severe form of
Legg-Calvé-perthes disease pediatrics. Clin Orthop Relat Res.
2012;470:2394-401.

. Kamegaya M, Morita M, Saisu T, Kakizaki J, Oikawa Y, Segawa Y.

Single versus combined procedures for severely involved legg-calvé-per-
thes disease. J Pediatr Orthop. 2018;38:312-9.

. Kamegaya M, Saisu T, Ochiai N, Hisamitsu J, Moriya H. A paired study

of Perthes’ disease comparing conservative and surgical treatment.
J Bone Joint Surg Br. 2004;86:1176-81.

. Bambelli R. Valgus-extension osteotomy. In: Osteoarthritis of the Hip

Pathogenesis and Consequent Therapy. Berlin, Heidelberg, New York:
Springer-Verlag; 1976, 1983. p. 49-59.

Wenger DR, Pring ME, Hosalkar HS, Caltoum CB, Lalonde FD, Bastrom TP.
Advanced containment methods for Legg-Calvé-Perthes disease: results of
triple pelvic osteotomy. J Pediatr Orthop. 2010;30:749-57.

Wiig O, Terjesen T, Svenningsen S. Prognostic factors and outcome of
treatment in Perthes’ disease: a prospective study of 368 patients with
five-year follow-up. J Bone Jt Surg Br. 2008;90:1364-71.

Ibrahim T, Little DG. The pathogenesis and treatment of legg-calvé-per-
thes disease. JBJS Rev. 2016;4:e4.

Freeman RT, Wainwright AM, Theologis TN, Benson MK. The outcome
of patients with hinge abduction in severe perthes disease treated by
shelf acetabuloplasty. J Pediatr Orthop. 2008;28:619-25.

Farsetti P, Benedetti-Valentini M, Potenza V, Ippolito E. Valgus extension
femoral osteotomy to treat “hinge abduction” in Perthes’ disease. J Child
Orthop. 2012;6:463-9.

Chang JH, Kuo KN, Huang SC. Outcomes in advanced legg-calvé-perthes
disease treated with the staheli procedure. J Surg Res. 2011;168:237-42.
Huang MJ, Huang SC. Surgical treatment of severe perthes disease:
comparison of triple osteotomy and shelf augmentation. J Formos Med
Assoc. 1999;98:183-9.

Huhnstock S, Svenningsen S, Pripp AH, Terjesen T, Wiig O. The aceta-
bulum in Perthes’ disease: a prospective study of 123 children. J Child
Orthop. 2014;8:457-65.

Quain S, Catterall A. Hinge abduction of the hip. Diagnosis and treat-
ment. J Bone Joint Surg Br. 1986;68:61-4.



