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Abstract

Background Perthes-like hip deformities encompass

variable proximal femoral abnormalities and associated

acetabular dysplasia that can be reconstructed with con-

temporary hip preservation procedures. Nevertheless, the

necessity and indications for surgical correction of asso-

ciated acetabular dysplasia have not been established.

Questions/Purposes We determined whether patient-

specific factors (sex, age, BMI, previous surgery, hip pain

and function) and/or structural deformity characteristics

(radiographic parameters of acetabular morphology) were

associated with our indications for acetabular reorientation

in surgical reconstruction of Perthes-like hip deformities.

Methods We compared patient-specific characteristics

and radiographic parameters of acetabular morphology in

94 patients (97 hips) with residual Perthes deformities

who underwent joint preservation surgery without or

with a periacetabular osteotomy (PAO) as part of the

reconstruction.

Results Patient sex, BMI, preoperative Harris hip score,

and previous hip surgery were not associated with our

indications for a combined femoral and PAO procedure.

Radiographic parameters associated with the indication for

a PAO included the lateral center-edge angle, anterior

center-edge angle, acetabular inclination, and acetabulum-

head index. No or mild secondary osteoarthritis and joint

congruency were associated with the indication for a PAO

as part of the reconstruction.

Conclusions Contemporary hip preservation surgery for

residual Perthes deformities covers a wide spectrum of

procedures. We believe a PAO should be considered in the

surgical treatment plan for symptomatic patients having

radiographic parameters indicating acetabular dysplasia, no

or mild secondary osteoarthritis, and adequate joint

congruity.

Level of Evidence Level III, prognostic study. See

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Perthes-like hip deformities are the result of vascular insult

to the proximal femur during skeletal development [6, 14,

21]. Such deformities can be associated with Legg-Calvé-

Perthes disease, infection, trauma, and treatment of

developmental dysplasia of the hip (DDH) complicated by

femoral head vascular insufficiency. The residual Perthes-

like skeletal deformity is variable [8, 21] and can encom-

pass a large aspheric femoral head, a short and wide
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femoral neck, coxa vara, a high greater trochanter, variable

femoral version, and osteochondral lesions of the femoral

head. The acetabular-sided disease variably includes sec-

ondary acetabular dysplasia, acetabular version deformities,

and abnormalities of the labrochondral complex. These

structural malformations are associated with a pathome-

chanical environment that can feature femoroacetabular

impingement (FAI), structural instability (acetabular dys-

plasia), or both [8, 21]. In many patients, residual Perthes

deformities are associated with hip pain, functional limita-

tions, and secondary osteoarthritis (OA) over time [2, 10,

17]. Therefore, joint preservation hip surgery can be con-

sidered for patients with symptomatic Perthes-like

deformities without advanced secondary OA.

Skeletally mature adolescents and young adult patients

who present with symptomatic Perthes-like deformities are

challenging to treat, and there is considerable controversy

regarding optimal treatment strategies [21]. Treatment

options include nonsurgical measures (NSAIDs, activity

modification, physiotherapy) or hip preservation surgical

procedures. Surgical procedures that can be considered for

this patient population encompass a wide spectrum,

including proximal femoral osteotomy, femoral osteochon-

droplasty, surgical hip dislocation, trochanteric

advancement, acetabular osteotomy, and hip arthroscopy.

Given the complexity of residual Perthes deformities, the

role for hip arthroscopy is limited [4, 15, 18, 23, 26]. Over

the past several years, we have utilized various femoral

procedures to manage residual Perthes deformities, and most

recently, surgical dislocation of the hip has emerged as our

primary technique [9]. Surgical dislocation provides wide

exposure of the acetabular rim and proximal femur enabling

comprehensive treatment of complex hip deformities. This

approach also allows uninhibited, dynamic examination of

the hip to assess pathomechanics under direct visualization.

Secondary acetabular dysplasia can then be addressed with

acetabular reorientation if deemed necessary.

Anderson et al. [1] and Shore et al. [25] recently

reported on the early results of operations performed with a

surgical hip dislocation in patients with Legg-Calvé-

Perthes disease. Both studies reported low complication

rates and clinical improvement in hip function scores when

the surgical dislocation approach was used to address FAI

deformities and associated intraarticular abnormalities. In

the setting of residual Perthes deformities and associated

acetabular dysplasia, a PAO (usually combined with fem-

oral procedures) has also demonstrated improved clinical

outcome scores, with a mean improvement of 22 to

24 points in the modified Harris hip score at 1 to 9 years’

followup [3, 8]. Despite these recent reports supporting the

concepts of hip preservation surgery, the indications for

performing a PAO in residual Perthes deformities remain

unclear.

Residual Perthes hip deformities commonly have com-

ponents of intraarticular and/or extraarticular impingement.

Correction of the impingement dimensions of the disease is

commonly performed, and most surgeons agree this is a

fundamental component of surgical correction for the vast

majority of patients. In contrast, the identification and

treatment of associated structural instability (due to ace-

tabular dysplasia) are more controversial and remain a

topic of continued debate [21]. Unlike DDH, the acetabular

dysplasia that is often noted in Perthes disease is a result of

secondary acetabular remodeling in response to the large,

aspherical femoral head [21, 24]. In DDH, the acetabulum

is usually underdeveloped secondary to the lack of a seated

femoral head influencing growth. Established parameters

of classic acetabular dysplasia do not necessarily apply to

residual Perthes hips because of the altered mechanics

associated with the large aspheric femoral head. Therefore,

it is currently unclear when acetabular reorientation is

indicated for reconstructing Perthes-like hip deformities.

This is an important clinical issue, as neglected structural

instability (acetabular dysplasia) may result in continued

symptoms and failure of the hip preservation procedure. On

the other hand, acetabular reorientation adds to the mag-

nitude of the surgical procedure and has the potential to

produce secondary FAI [20]. Therefore, it is important to

determine the factors associated with the indication for an

acetabular reorientation in residual Perthes-like hip defor-

mities. Such data could be used to develop guidelines for

preoperative and intraoperative surgical decision making in

these complex reconstructive procedures.

We therefore determined whether patient-specific fac-

tors (sex, age, BMI, previous surgery, hip pain and

function) and/or structural deformity characteristics

(radiographic parameters of acetabular morphology) were

associated with our indications for acetabular reorientation

in surgical reconstruction of residual Perthes-like hip

deformities.

Patients and Methods

We queried the hip preservation database of one of the

authors (JCC) to identify all patients treated surgically for

symptomatic residual Perthes deformities of the hip and

identified 99 patients (103 hips) treated between 1999 and

2011. All patients had persistent hip pain that was refrac-

tory to at least 3 months of nonoperative treatment

consisting of activity modification, NSAIDs, and physical

therapy. Preoperative radiographs for five patients (six

hips) were not available and these patients were excluded

from the study. The remaining 97 hips (94 patients) were

then divided into two cohorts depending on whether a PAO

was performed as part of the hip reconstruction (Table 1).
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The first study cohort (Group I) included patients treated

with isolated femoral procedures (without a PAO) and was

comprised of 52 hips in 50 patients. The indications for

isolated femoral procedures were (1) intraarticular and/or

extraarticular FAI in the absence of structural instability

and (2) intraarticular disease. The contraindications were

(1) advanced osteoarthritis, (2) severe incongruity, and

(3) associated structural instability (acetabular dysplasia).

The femoral procedures performed included 45 surgical

dislocations, four isolated osteochondroplasties, and four

proximal femoral osteotomies (including one combined

surgical dislocation with proximal femoral osteotomy).

Sixteen hips were in females (31%) and 36 in males (69%).

The median age at the time of surgery was 18 years (range,

10–44 years). Twenty-six (50%) of these patients had prior

hip surgery. The second cohort (Group II) included patients

treated with a PAO as part of the reconstruction and was

composed of 45 hips in 44 patients. The indications for PAO

were (1) hip flexion of at least 90�, (2) radiographic evidence

of acetabular dysplasia, (3) good or excellent congruity with

functional views, and (4) dynamic instability when assessed

intraoperatively. The contraindications for PAO were (1) hip

flexion of less than 90�, (2) severe osteoarthritis, (3) severe

incongruity with functional radiographs, and (4) stable joint

with intraoperative dynamic examination. Femoral proce-

dures performed in conjunction with the PAOs included 24

surgical dislocations, two isolated osteochondroplasties, and

12 proximal femoral osteotomies. Six hips in the PAO group

had no femoral-sided treatment. Twenty-two hips were in

females (49%) and 23 in males (51%). The median age at the

time of surgery was 20 years (range, 13–45 years). Seven-

teen (38%) hips had undergone previous surgery, including

six (13%) hips with previous pelvic osteotomy. Clinical

and radiographic data were collected under a Washington

University Institutional Review Board-approved protocol.

The femoral procedures performed during the time

course of this study varied and evolved with the intro-

duction of the surgical dislocation approach to our practice

(Fig. 1). The decision to perform an isolated femoral pro-

cedure or to a incorporate a PAO as part of the

reconstruction was based on multiple factors, including the

patient history (abductor fatigue pain associated with

weightbearing), physical examination (hip flexion [ 90�
and a positive apprehension sign), and preoperative

radiographic evaluation indicative of acetabular dysplasia.

The decision was also based on the dynamic examination

of the hip intraoperatively with subluxation or dislocation

of the hip anteriorly with extension/external rotation or

Table 1. Demographics and characteristics for Group I and Group II patients

Variable Group I (no PAO) Group II (PAO) p value

Number of patients/hips 50/52 44/45

Sex (number of hips in females) 16 (30.8%) 22 (48.9%) 0.07

Age (years)* 18.4 (10.5–44.1) 19.6 (12.6–44.8) 0.03

Side (number of right hips) 23 (44.2%) 21 (46.7%) 0.81

BMI* 25.2 (14.8–41.9) 24.8 (19.1–31.7) 0.6

Any previous surgery

(number of hips)

22 (42.3%) 15 (33.3%) 0.364

Proximal femoral osteotomy 10 (19.2%) 8 (17.8%)

Femoral osteochondroplasty 0 3 (6.7%)

Pelvic osteotomy 8 (15.4%) 4 (8.9%)

Trochanteric advancement 2 (1.9%) 2 (4.4%)

Relative neck lengthening 0 3 (6.7%)

Surgical dislocation 0 4 (8.9%)

Hip arthroscopy 3 (5.8%) 1 (2.2%)

Femoral lengthening 2 (3.8%) 0

ORIF femoral neck 1 (1.9%) 0

SCFE pinning 1 (1.9%) 0

I&D 1 (1.9%) 0

Preoperative Harris hip score

(points) (n = 43 hips/group)

Mean 56.9 (23.1–79.2) 59.0 (28.6–92.4) 0.88

Median 58.3 59.4 0.88

* Values are expressed as median, with range in parentheses; PAO = periacetabular osteotomy; ORIF = open reduction and internal fixation;

SCFE = slipped capital femoral epiphysis; I&D = irrigation and débridement.
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posterosuperiorly with flexion/internal rotation both within

the functional ROM. Finally, intraoperative fluoroscopic

evaluation with demonstration of good or excellent con-

gruity of the hip in a functional position (flexion/abduction/

external rotation), which mimicked the osteotomy, was

also part of the decision-making process. All patients

treated with a surgical dislocation procedure had a dynamic

hip examination intraoperatively to assess stability and to

assist in our final decision about performing a PAO

(Fig. 2).

Patient demographic information and clinical data were

obtained from retrospective review of prospectively col-

lected data in our hip preservation database. These data are

obtained from self-administered patient questionnaires.

Any data points requiring additional investigation (eg, type

of previous surgery) were obtained by review of the

medical records. These data were extracted and reviewed

by three of the coauthors (JRR, JDN, JJN) who were not

involved in the clinical and/or surgical care of the patients.

Demographic data included sex, BMI, and history of pre-

vious surgery. Additionally, preoperative Harris hip scores

were recorded as a marker of hip pain and function.

All patients had AP pelvic radiographs and 85% (82 of

97 hips) had false-profile radiographs available to assess

acetabular morphology. These radiographs were obtained

with standard techniques as previously described [7]. One

of the authors (JRR) who was not involved in the clinical

care of the patients performed radiographic evaluation. The

lateral center-edge angle (LCEA) [3, 28], acetabular

inclination (AI) [27], center-trochanteric distance (CTD)

[22], acetabulum-head index (AHI) [12], Tönnis OA grade

[27], modified Stulberg classification [11], acetabular ret-

roversion (crossover sign) [13], and anterior center-edge

angle (ACEA) [16] were recorded. The LCEA was deter-

mined by using the AP view according to the technique

described by Wiberg [28], with values of less than 20�

Fig. 1A–B (A) A preoperative radiograph shows the hips of a

17-year-old girl with a history of right hip Perthes-like deformity

secondary to childhood sepsis. The patient had a proximal femoral

osteotomy at the age of 7 years. The patient was treated with a

surgical dislocation, femoral neck lengthening, head-neck osteochon-

droplasty, and trochanteric advancement. Examination of the hip

during the surgical dislocation procedure did not elicit instability, and

therefore, a PAO was not performed. (B) The patient has markedly

decreased pain and improved function 1 year after surgery.

Fig. 2A–B (A) A preoperative radiograph shows the hips of a 29-

year-old woman with activity-related right hip pain. She was

diagnosed with Legg-Calvé-Perthes disease at the age of 14 years.

She was treated with surgical dislocation and osteochondroplasty.

After this portion of the procedure, the hip was examined and was

thought to be unstable. A PAO was performed during the same

surgical setting. (B) Two years after surgery, the patient has excellent

results and no restriction of activity.
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indicating dysplasia [5]. AI (or Tönnis angle) represents the

horizontal orientation of the weightbearing zone (sourcil)

of the acetabulum [27], with values of greater than 10�
indicating dysplasia. This was measured on the AP pelvic

radiograph. The CTD indicates whether the tip of the

greater trochanter is above or below the center of the

femoral head. It is the vertical distance from the center of

the femoral head to the tip of the greater trochanter, along

the femoral shaft axis [22]. Given the femoral head

deformity in this group of patients, the center was defined

as the intersection of the longest and shortest diameters of

the femoral head. A negative value indicates the tip of the

trochanter is proximal to the center of the femoral head.

Values ranging from �1.1 cm to 1.0 cm are considered

normal, whereas values of less than �1.7 cm are consid-

ered pathologic. Values between �1.2 cm and �1.7 cm are

considered controversial [22]. AHI is a measurement used

to assess the lateral subluxation of the hip. This was

measured according to the technique described by Heyman

and Herndon [12]. This is calculated as the ratio of the

distance from the medial side of the femoral head to

the edge of the acetabulum, over the largest diameter of the

femoral head along a parallel line to the first measurement.

An AHI of less than 0.80 is considered abnormal [19, 21].

The ACEA was obtained from the false-profile radiograph

[16], with values of less than 20� indicating dysplasia. The

degree of OA present in each hip was determined using the

Tönnis classification system [27] on the AP pelvis radio-

graph. In this system, grades of OA range from 0 to 3 as

follows: Grade 0, no signs of OA; Grade 1, increased

sclerosis of the head and acetabulum, slight joint space

narrowing, and slight lipping at the joint margins; Grade 2,

small cysts in the head or acetabulum or moderate joint

space narrowing; and Grade 3, large cysts in the head or

acetabulum, joint space obliteration, or severe joint space

narrowing, severe deformity of the femoral head, or evi-

dence of necrosis. With strict application of this grading

system, loss of femoral head sphericity would result in a

Grade 2 or 3 classification for all hips. However, in this

subgroup of hips, we excluded this criterion, given all cases

by definition have femoral head asphericity. Finally, the

modified Stulberg classification system as reported by

Herring et al. [11] was used as follows: Stulberg Class I, a

normal hip; Stulberg Class II, femoral head sphericity fit-

ting within 2 mm of each other on the AP and frog leg

lateral views; Stulberg Class III, aspherical femoral head

by more than 2 mm on either view; Stulberg Class IV, at

least 1 cm of flattening of the femoral head and acetabu-

lum; and Stulberg Class V, at least 1 cm of flattening of the

femoral head and a normal acetabulum. To assess the in-

traobserver reliability of these radiographic measurements,

10 radiographs were remeasured and showed intraclass

correlation coefficients of 0.98 for AI, 0.99 for LCEA, 1.0

for ACEA, 0.99 for CTD, and 0.98 for AHA and kappa

values of 1.0 for OA grade and Stulberg class.

Univariate statistical analyses were performed to iden-

tify demographic and radiographic parameters associated

with the use of PAO. A power analysis showed, to detect a

10% difference in the presence of an abnormal LCEA (with

an alpha of 0.05 and power 0.80), at least 50 hips were

required. We determined differences in continuous demo-

graphic and radiographic parameters between Groups I and

II using the Mann-Whitney U test. No assumptions of data

normality were made. We determined differences in cate-

gorical demographic and radiographic parameters between

Groups I and II using the chi-square test. Radiographic

parameters were additionally analyzed according to

threshold values as described above.

Results

Patient sex, BMI, previous surgery, and hip pain and

function were similar in Groups I (no PAO) and II (PAO)

(Table 1). Patients in Group II (average, 20 years) were

slightly older (p = 0.03) than those treated in Group I

(average, 18 years) (Table 1). Several radiographic fea-

tures occurred more frequently in Group II (Table 2).

Patients in Group II had more severe acetabular dysplasia,

as evidenced by the differences in LCEA, ACEA, AI, and

AHI. We observed no difference in CTD in hips in the two

groups. Hips with a crossover sign were less likely to

undergo a PAO, compared to hips without a crossover sign

(p 0.02), with 62% of hips in Group I having a crossover

sign compared to 38% in Group II (Table 3). Hips with an

LCEA of less than 20�, an ACEA of less than 20�, an AI of

greater than 10�, and/or an AHI of less than 0.8 were all

associated with the decision to perform a PAO (Table 3).

Combining three parameters of acetabular dysplasia (LCEA

\20�, ACEA\20�, AI[10�) for analysis, hips with zero

or one finding had PAO in 12% (three of 26), hips with two

findings had PAO in 47% (eight of 17), and hips with three

Table 2. Radiographic parameters of Group I and Group II hips

Parameter Group I (no PAO)

(n = 52)

Group II (PAO)

(n = 45)

p value

LCEA (�) 25.7 (�6 to 42) 13.0 (�32 to �39) \ 0.001

ACEA (�) 22.4 (�28.3 to 53.5) 7.8 (�46 to 47.5) \ 0.001

AI (�) 11.8 (�2.6 to 29.2) 23.4 (�3 to 50) \ 0.001

CTD (cm) �1.8 (�4.7 to �0.1) �2.2 (�5.5 to 0.4) 0.2

AHI 0.75 (0.2 to 1.0) 0.62 (0.3 to 0.9) 0.001

Values are expressed as median, with range in parentheses; PAO =

periacetabular osteotomy; LCEA = lateral center-edge angle;

ACEA = anterior center-edge angle; AI = acetabular inclination;

CTD = center-trochanteric distance; AHI = acetabulum-head index.
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findings had PAO in 67% (26 of 39). Of 13 hips with these

three findings not undergoing PAO, eight of them had

Tönnis Grade 2 or greater or Stulberg Class IV or V.

Among all hips, if Tönnis Grade 2 or greater and Stulberg

Class IV or V was present, only 21% had PAO (five of 24).

Discussion

Symptomatic, residual Perthes deformities are complex and

challenging to manage with hip preservation surgery. This

is due, in large part, to the variability of deformities and the

potential for a pathomechanical environment characterized

by FAI, structural instability (acetabular dysplasia), or

both. Accurate diagnosis of the pathomechanics of a given

hip is dependent on multiple factors, including patient

history, physical examination, radiographic evaluation,

three-dimensional imaging, and intraoperative assessment.

Surgical treatment is based on the pathomechanical diag-

nosis, underscoring the need for careful evaluation. The

impingement features of these deformities are usually

apparent, yet the clinical importance and need for surgical

correction of associated acetabular dysplasia continue to be

debated. Therefore, there is a need for information to guide

surgeons regarding the importance of acetabular deformity

correction. We therefore determined whether there

were patient-specific factors (sex, age, BMI, previous sur-

gery, hip pain and function) and/or structural deformity

characteristics (radiographic parameters of acetabular

morphology) associated with the indication for acetabular

reorientation in surgical reconstruction of residual Perthes-

like hip deformities.

This study has limitations. First, the decision to perform

a PAO was based on several factors, including the preop-

erative and intraoperative assessment of the hip. This

assessment did not follow a strict protocol and therefore

could be criticized as subjective. We acknowledge this

weakness yet suggest the parameters of hip morphology

associated with the indication for a PAO identified in this

study provide objective information that should be con-

sidered when formulating a plan in treating residual Perthes

deformities. Secondly, we analyzed our data in reference to

the indication for a PAO as determined by the treating

surgeons. We currently do not have adequate clinical fol-

lowup data on these patients to investigate the efficacy of

our surgical procedures and decision-making process.

Future studies will be performed to further analyze the

clinical outcomes of these distinct patient cohorts. Thirdly,

we realize Perthes-like hip deformities represent a wide

spectrum of hip pathomorphologies that may vary due to

demographic, geographic, and previous treatment vari-

ables. The deformity patterns we encounter may be

different when compared to other institutions and/or sur-

geons. This should be considered when interpreting our

results as they may not be generalizable to all patient

cohorts with Perthes deformities. Additionally, we identi-

fied demographic and radiographic parameters associated

with the use of PAO with univariate statistical analyses.

Multivariate statistical analyses to identify confounding

parameters were not performed.

Our current treatment for residual Perthes deformities

most commonly includes a first-stage surgical hip dislo-

cation. The hip is dynamically assessed to characterize the

pathomechanics (FAI and/or instability), and the intraar-

ticular disease is evaluated. This is performed with direct

visualization within the functional ROM. This includes

flexion with full arc of motion, as well as the hip in 10� of

extension with 10� of external rotation, flexion to 45� with

10� of adduction and internal rotation, and finally flexion to

90� with 10� of internal rotation. We then use a variety of

techniques to address the acetabular rim and proximal

femur (Fig. 1). On the acetabular side, these include ace-

tabular rim trimming, labral refixation/partial resection,

and articular cartilage repair techniques. The femoral dis-

ease can be addressed with osteochondral lesion fixation or

grafting, osteochondroplasty, relative neck lengthening,

Table 3. Radiographic parameter threshold values associated with

indication for combined surgical dislocation and PAO

Parameter Number of hips p value

Group I (no PAO)

(n = 52)

Group II (PAO)

(n = 45)

Crossover sign 32 (61.5%) 17 (37.8%) 0.02

Stulberg class

II 11 (21.2%) 14 (31.1%)

III 14 (26.9%) 20 (44.4%)

IV–V 27 (51.9%) 11 (24.4%) 0.006

IV 21 (40.4%) 8 (17.6%)

V 6 (11.5%) 3 (6.7%) 0.5

Tönnis OA grade

0 7 (13.5%) 10 (22.2%)

1 24 (46.2%) 26 (57.8%)

C 2 21 (40.4%) 9 (20.0%) 0.03

LCEA \ 20� 22 (42.3%) 37 (82.2%) \ 0.001

ACEA \ 20� 20 (44.4%) 29 (78.4%) 0.002

AI [ 10� 30 (57.7%) 42 (93.3%) \ 0.001

CTD

[�1.2 cm 17 (32.7%) 10 (22.2%)

�1.7 to �1.2 cm 9 (17.3%) 6 (13.3%)

\�1.7 cm 26 (50.0%) 29 (64.4%) 0.152

AHI \ 0.8 32 (61.5%) 37 (82.2%) 0.025

PAO = periacetabular osteotomy; OA = osteoarthritis; LCEA = lateral

center-edge angle; ACEA = anterior center-edge angle; AI = ace-

tabular inclination; CTD = center-trochanteric distance; AHI =

acetabulum-head index.
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trochanteric osteotomy, and occasionally proximal femoral

osteotomy. After these components of the procedure are

completed, the hip stability is assessed again. If the

radiographic parameters suggest instability (LCEA \ 20�,

ACEA \ 20�, AI [ 10�, AHI \ 0.8), adequate ROM is

present (at least 90� of flexion and 20� of abduction), and

the hip is adequately congruent with fluoroscopic func-

tional views, we proceed with a PAO at the same surgical

setting (Fig. 2). We have found this sequence of evaluating

and treating residual Perthes deformities to provide com-

prehensive surgical correction and improved hip

mechanics. Future studies will focus on collecting and

analyzing the clinical results of this surgical strategy and

better defining the clinical outcomes of Perthes deformities

treated with and without acetabular reorientation.
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Orthop. 2008;28:440–443.

25. Shore BJ, Novais EN, Millis MB, Kim YJ. Low Early Failure

Rates Using a Surgical Dislocation Approach in Healed Legg-

Calve-Perthes Disease. Clin Orthop Relat Res. 2011 November

29 [Epub ahead of print].

26. Suzuki A, Kasahara Y, Seto Y, Futami T, Furukawa K, Nishino

Y. Arthroscopy in 10 children with perthes disease: pathologic

changes of the synovium and the joint surface. Acta Orthop
Scand. 2004;66:581–584.
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