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Abstract The Bernese periacetabular osteotomy is com-

monly used to treat symptomatic acetabular dysplasia.

Although periacetabular osteotomy is becoming a more

common surgical intervention to relieve pain and improve

function, the strength of clinical evidence to support this

procedure for these goals is not well defined in the litera-

ture. We therefore performed a systematic review of the

literature to define the level of evidence for periacetabular

osteotomy, to determine deformity correction, clinical

results, and to determine complications associated with the

procedure. Thirteen studies met our inclusion criteria.

Eleven studies were Level IV, one was Level III, and one

was Level II. Radiographic deformity correction was

consistent and improvement in hip function was noted in

all studies. Most studies did not correlate radiographic and

clinic outcomes. Clinical failures were commonly associ-

ated with moderate to severe preoperative osteoarthritis

and conversion to THA was reported in 0% to 17% of

cases. Major complications were noted in 6% to 37% of the

procedures. These data indicate periacetabular osteotomy

provides pain relief and improved hip function in most

patients over short- to midterm followup. The current

evidence is primarily Level IV.

Level of Evidence: Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Developmental dysplasia of the hip with associated struc-

tural instability is one of the more common causes of

secondary osteoarthritis [1, 11]. Patients frequently present

in adolescence or young adulthood with prearthritic hip

symptoms related to structural instability and acetabular rim

overload [13]. When left untreated, this structural abnor-

mality can be associated with progressive hip degeneration

and eventual end-stage disease [20]. Specifically, Murphy

et al. [20] noted, in a series of dysplastic hips followed over

time, no patient had a well-functioning hip at the age of

65 years if the lateral center-edge angle was less than 16�,

the acetabular index of depth to width was less than 38%, the

acetabular index was greater than 15�, uncovering of the

femoral head was greater than 31%, or the peak to edge

distance was zero. Given this known correlation with sec-

ondary osteoarthritis, various corrective hip osteotomy

techniques have been proposed for the treatment of symp-

tomatic dysplasia. These procedures include innominate

osteotomies [24, 28], juxtaarticular triple osteotomies [29],

periacetabular osteotomies (PAOs) [9], and spherical oste-

otomies [21, 33]. The goals of surgical treatment are to

correct the hip pathomechanics, relieve symptoms, maintain
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or improve patient activity and quality of life, delay or

prevent secondary osteoarthritis, and preserve the natural

hip with time.

The Bernese PAO was developed as a reconstructive

pelvic osteotomy technique by Ganz et al. [9] and is now

commonly used as a surgical treatment for symptomatic

acetabular dysplasia [2–7, 15, 17–19, 23, 27, 30, 31]. The

PAO reorients the acetabulum to reduce superolateral

acetabular inclination, improve femoral head coverage,

translate the joint center medially, and normalize loading

of the anterolateral acetabular rim [16]. Although PAO is

being performed more frequently, the strength of clinical

evidence to support the efficacy of this procedure is not

clearly defined in the literature.

There are four major purposes of this study: (1) to

determine the level of evidence regarding PAO; (2) assess

deformity correction; (3) analyze clinical results; and (4)

review the reported complications for this procedure.

Materials and Methods

We searched PubMed, CINAHL1, and the Cochrane

Library for articles published between January 1950 and

February 2008. We also searched EMBASETM for articles

published between 1980 and 2008. CINAHL1 and

the Cochrane Library were searched July 30, 2007;

EMBASETM and PubMed were searched August 10, 2007.

All databases were searched again on February 25, 2008, to

identify additional articles. Database search terms

included: ‘‘periacetabular osteotomy,’’ ‘‘Bernese osteot-

omy,’’ and ‘‘Ganz osteotomy.’’ Each term was searched

individually and then combined with ‘‘hip dysplasia.’’

These were the only terms searched for this study. We also

hand-searched the following journals for articles published

between November 2007 and February 2008: Clinical

Orthopaedics and Related Research, Journal of Bone and

Joint Surgery (British and American Volumes), Acta

Orthopaedica, Journal of Arthroplasty, and International

Orthopaedics. Bibliographies of the included studies also

were searched to screen for additional studies. Search

results were entered in EndNote1 to remove duplicate

studies. A total of 235 articles were identified in our search

and each abstract underwent review by two of the authors

(ALS, LSJ) (Fig. 1). We included only studies that were

peer-reviewed, published in English, reported clinical and

radiographic outcomes of the Bernese PAO, and had a

minimum of 2 years’ followup. Of the 235 articles, 44 met

inclusion criteria. We excluded articles if they were

case reports or reviews, investigated femoroacetabular

PUBMED
183 articles 

EMBASE
219 articles 

CINAHL
64 articles 

Cochrane
Library

0 articles 

Results sent to 
EndNote to delete 
duplicate articles 

235 articles 

Reviewed
abstracts44 articles met inclusion 

criteria

10 lacked 2- 
year

minimum
followup

44 not 
published in 

English

137 did not report 
clinical AND
radiographic
outcomes of 
Bernese PAO 

191 articles did not meet 
inclusion criteria 

25 were 
reviews or 

case
reports

1 investigated 
femoroacetabular
impingement associated 
with acetabular retroversion 
4 investigated dysplasia 
associated with specific 
syndromes:
2 neuromuscular dysplasia 
1 Down’s syndrome 
1 poliomyelitis 

1 describes 
findings

reported by 
Siebenrock
et al. 1999 

13 articles met inclusion 
and exclusion criteria: 

Trousdale et al. 1995 
Crockarell et al. 1999 

Matta et al. 1999 
Mayo et al. 1999 

Siebenrock et al. 1999 
Trumble et al. 1999 

Sen et al. 2003 
Clohisy et al. 2005 

Kralj et al. 2005 
Cunningham et al. 2006 

Peters and Erickson 2006 
Biedermann et al. 2008 

Clohisy et al 2007 

31 articles excluded 

Fig. 1 A flow diagram illustrates the method of article selection for study inclusion.
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impingement associated with acetabular retroversion or

dysplasia associated with specific syndromes (neuromus-

cular dysplasia, Down’s syndrome, and poliomyelitis), or if

they described previously reported findings. Of 235 arti-

cles, 13 met the inclusion criteria and were analyzed in this

review (Table 1). Each article underwent review by three

of the authors (JCC, ALS, LSJ). The authors identified

potential biases that may have affected the quality of

conclusions. Items reviewed included study type, groups in

study, inclusion and exclusion criteria, outcome measures,

clinically important findings, independent assessment,

power, confidence interval, statistics used, potential bias,

and level of evidence. Any differences noted between the

three reviewers were discussed and consensus was reached

regarding the item in question.

The method of reporting of clinical outcomes and fail-

ures varied among the studies. Clinical outcome measures

of each study are summarized. Clinical failures are

reported using the criteria of each study but also reported

using the objective end point of conversion to THA

(Table 2). When reported, radiographic and range of

motion findings were documented in consistent fashion

(Tables 3, 4).

The method of reporting complications varied widely

among studies. Therefore, we have summarized the com-

plications as reported in each study and also graded the

complications into major, moderate, and minor categories

(Table 5). We used the previous grading system of Davey

and Santore [8] with some modification and expansion to

categorize all the complications reported. Major compli-

cations include deep vein thrombosis, major arterial

thrombosis (iliac/femoral), major vessel laceration (iliac/

femoral), pulmonary embolism, symptomatic or clinically

important (limitation of hip motion) heterotopic ossifica-

tion, lateral femoral cutaneous nerve dysfunction requiring

surgery, femoral/sciatic nerve dysfunction, intraarticular

osteotomies, intraarticular fracture, hematomas and infec-

tion requiring surgery, femoral head resubluxation

requiring surgery, major blood loss, femoral head and

acetabular osteonecrosis, posterior column discontinuity,

malreduction requiring revision osteotomy, any nonunion

requiring bone grafting, and loss of acetabular fixation

requiring reoperation. Moderate complications consisted

of: symptomatic hardware (with or without surgical

removal), ischial fracture or posterior column fracture not

requiring surgery, hematoma with unspecified or nonsur-

gical treatment, and mildly symptomatic nonunion not

requiring surgery. Minor complications included asymp-

tomatic or minimal heterotopic ossification, asymptomatic

pubic nonunion, superficial infection not requiring surgery,

lateral femoral cutaneous nerve dysfunction or dysesthesias

not requiring intervention, and miscellaneous (urinary tract

infection, postoperative fever, etc).

Results

The level of evidence for PAO is low, with 11 of the

13 articles being Level IV (Table 1). The report by

Cunningham et al. [7] is a Level II prognostic study

assessing the value of the preoperative dGEMRIC index in

identifying poor candidates for PAO. The dGEMRIC index

was calculated as the average of the T1 values of the

acetabular and femoral head cartilages in the weightbearing

zone across all four coronal slices [12]. Cunningham et al.

[7] concluded patients whose hips have severely dimin-

ished joint space, higher Tönnis grade (2 or 3), joint

subluxation, or lower dGEMRIC index are less likely to

benefit from this procedure. Mayo et al. [18] published a

Level III retrospective study comparing patients treated

with PAO after a previous hip osteotomy with patients

without previous hip osteotomy surgery. They observed no

clinical differences between these two groups. No addi-

tional Levels I, II, or III studies were identified with our

review of the literature.

These data derived from various surgeons and institu-

tions indicate PAO can reliably achieve deformity

correction (Table 3). The mean change in acetabular

inclination ranged from 4.5� to 25.9�. Similarly, the mean

changes in anterior and lateral center-edge angles ranged

from 16� to 51� and 20� to 44.6�, respectively. The pro-

cedure also provides medial translation of the hip center,

with an average change ranging from 5 mm to 10 mm. The

magnitude of deformity correction is dependent on the

underlying severity of deformity. Clohisy et al. [3] reported

the largest corrections in the treatment of severely dys-

plastic hips. The majority of articles made no attempt to

correlate radiographic correction with clinical results.

Clinical outcome analysis showed pain relief and

improved hip function in the majority of patients at short-

to midterm followup (Table 2). The Harris hip score was

the most commonly used outcome measure (eight of 13

studies). All eight studies reported improvements in the

average Harris hip score, with mean improvements ranging

from 14.5 to 33 points. Seven studies correlated more

advanced preoperative osteoarthritis with suboptimal clin-

ical results. Alternatively, improved hip function was most

predictable for hips with little or no preoperative osteoar-

thritis. Failure of the osteotomy with conversion to THA

was noted in 0% to 17% of the cases. Additionally, the

osteotomy was associated with decreased hip range of

motion (flexion, abduction, internal rotation) (Table 4).

Major complications were common and occurred in 6%

to 37% of cases. The most common major complications

included symptomatic heterotopic ossification, wound

hematomas, nerve palsies, intraarticular osteotomies, loss

of fixation, and malreductions. The most common moder-

ate complication was symptomatic hardware requiring
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removal. Eight of the studies acknowledged the substantial

learning curve associated with this surgical procedure

(Table 5), suggesting the complication rate may diminish

with increased experience.

Discussion

The PAO is one of the preferred reconstructive osteotomies

for treatment of symptomatic acetabular dysplasia. Nev-

ertheless, the clinical evidence to support this procedure

and the efficacy of the procedure on large patient cohorts

has not been reported. The purpose of this study was to

determine the level of clinical evidence regarding PAO and

to analyze the procedure relative to deformity correction,

clinical results, and complications.

The literature limitations are substantial and stem from

the heterogeneous data collection methods used in these

retrospective studies. For example, diverse outcome

measures included in the different studies make inter-

pretation difficult. Similarly, the definitions of treatment

failure and indications for surgery varied among studies.

Certain important aspects of this procedure could not be

addressed by this systematic review. For example, we

have summarized complications associated with PAO, yet

the reporting methods in individual studies were incon-

sistent. To lend objectivity to this review, we categorized

complications according to guidelines modified from

Davey and Santore [8]. With this analysis, the observed

major complication rate ranged from 6% to 37%. This

relatively high complication rate likely reflects the com-

plexity of the procedure combined with the surgeon

learning curve effect. It is likely the majority of the

studies represent the learning curve experience of the

involved surgeon(s), and eight of the reports discussed

the potential for a higher complication rate during the

surgeon’s learning curve experience. It is possible, as

joint preservation surgeons gain additional experience in

patient selection for surgery, surgical technique, and the

appropriate role of adjunctive procedures, the clinical

results and survivorship may improve. Certainly, future

multicenter studies with large numbers of patients are

needed to define the incidence and characteristics of

complications associated with the procedure.

Table 4. Range of motion outcomes reported from studies evaluating periacetabular osteotomy

Study Reduction

of flexion

Reduction

of abduction

Reduction

of adduction

Reduction

of external rotation

Reduction

of internal rotation

Trousdale et al. [30] (1995) 12� 6� 6� 6� 5�
Crockarell et al. [6] (1999) 15� 6� 6� 21� 21�
Siebenrock et al. [27] (1999) 18� 6� 3� 8� 13�

Table 3. Radiographic outcomes reported from studies evaluating the periacetabular osteotomy

Study Mean change

in acetabular

inclination

Mean anterior

center-edge

angle correction

Mean lateral

center-edge

angle correction

Medial translation

of joint center

correction (mm)

Trousdale et al. [30] (1995) 20� 26� 28� 5

Crockarell et al. [6] (1999) 13� 44� 22� NA

Matta et al. [17] (1999) 21.8� NA 28� 6.2

Mayo et al. [18] (1999) 18� 21� 24� 6

Siebenrock et al. [27] (1999) 20� 22� 28� 6

Trumble et al. [31] (1999) 17� 25� 23� 5

Sen et al. [26] (2003) NA 36.3� 37.9� NA

Clohisy et al. [3] (2005) 25.9� 51.0� 44.6� 10

Kralj et al. [15] (2005) NA 16� 22� 5

Cunningham et al. [7] (2006) 18� 25� 27� NA

Peters and Erickson [23] (2006) Group 1: 20� Group 1: 26� Group 1: 26� NA

Group 2: 17� Group 2: 21� Group 2: 20�
Biedermann et al. [2] (2008) 4.5� NA 22.8� NA

Clohisy et al. [5] (2007) 16.5� 33.1� 27.6� 6.3

NA = data not available.
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éb

ri
d

em
en

t
an

d

o
st

eo
ch

o
n

d
ro

p
la

st
y

1
(4

%
)

P
F

O

1
(4

%
)

sc
re

w
ex

ch
an

g
e

1
(4

%
)

p
er

o
n

ea
l

n
er

v
e

d
y

sf
u

n
ct

io
n

1
(4

%
)

fe
m

o
ra

l
n

er
v

e

d
y

sf
u

n
ct

io
n

1
(4

%
)

sy
m

p
to

m
at

ic

p
u

b
ic

n
o

n
u

n
io

n

(r
eq

u
ir

ed
su

rg
er

y
)

N
A

1
(4

%
)

as
y

m
p

to
m

at
ic

p
u

b
ic

n
o

n
u

n
io

n

1
(4

%
)

as
y

m
p

to
m

at
ic

h
et

er
o

to
p

ic
o

ss
ifi

ca
ti

o
n

A
ll

co
m

p
li

ca
ti

o
n

s

o
cc

u
rr

ed
in

th
e

fi
rs

t
1

1
p

ro
ce

d
u

re
s

T
o

ta
l:

5
(2

1
%

)
T

o
ta

l:
3

(1
3

%
)

T
o

ta
l:

2
(8

%
)

L
F

C
N

=
la

te
ra

l
fe

m
o

ra
l

cu
ta

n
eo

u
s

n
er

v
e;

D
V

T
=

d
ee

p
v

ei
n

th
ro

m
b

o
si

s;
N

A
=

d
at

a
n

o
t

av
ai

la
b

le
;

O
R

IF
=

o
p

en
re

d
u

ct
io

n
an

d
in

te
rn

al
fi

x
at

io
n

;
P

F
O

=
p

ro
x

im
al

fe
m

o
ra

l
o

st
eo

to
m

y
;

P
A

O
=

p
er

ia
ce

ta
b

u
la

r
o

st
eo

to
m

y
.

2050 Clohisy et al. Clinical Orthopaedics and Related Research

123



The main strength of our study relates to the nature of a

systematic review in that we were able to assess the

available evidence regarding the efficacy of PAO using a

rigorous review process. This review has summarized the

available evidence regarding this procedure and has iden-

tified common findings from different surgeons at different

institutions. Despite the predominance of Level IV evi-

dence, there is consensus regarding certain aspects of

surgical treatment with PAO. Specifically, multiplanar

radiographic correction of dysplastic deformities is

achieved reliably, and the technique enables major cor-

rections for severe deformities. Additionally, the clinical

benefit of the procedure is optimal in younger patients with

no or mild preoperative osteoarthritis. It is less predictable,

and failure rates are higher, when preoperative osteoar-

thritis is graded moderate or advanced. The procedure also

is associated with decreased postoperative hip range of

motion. Finally, at short- to midterm followup, reduction of

pain and enhanced hip function were noted in all studies,

yet patients with early failures and/or poor clinical results

also were observed. The complication rate is noteworthy

with these procedures, as 6% to 37% of patients experi-

enced a major complication. Increased surgeon experience

may reduce the complication rate in the future [8]. These

studies have not shown long-term survivorship of the

reconstruction and have not proven the prevention or delay

of secondary osteoarthritis.

Previous studies on alternative acetabular reorientation

osteotomies also have investigated factors predictive of

outcome [10, 14, 22, 25, 32]. With the rotational ace-

tabular osteotomy, an aspherical femoral head has been

associated with hip disease progression after acetabular

correction. Studies on the Tönnis triple osteotomy have

identified increased age, established osteoarthritis, a lower

preoperative functional score, perioperative complications,

and postoperative incongruency to be associated with

suboptimal clinical results [10, 25, 32]. The clinical effect

of deformity correction also should be analyzed. For

example, Hailer et al. [10] reported on 61 Tönnis triple

osteotomies and found no correlation between acetabular

correction and clinical outcome. In contrast, Koga et al.

[14] reported on the rotational acetabular osteotomy

and observed inferior results with inadequate deformity

correction.

Given the lower level of evidence provided by the

available studies and the concurrent evolution of surgical

techniques, many factors regarding PAO remain unknown.

Future studies need to determine optimal selection crite-

ria for surgery, risk factors for clinical failure, optimal

deformity correction parameters, the incidence and char-

acteristics of associated complications, and the role of

adjunctive surgical procedures (hip arthroscopy, labral and

articular cartilage débridement/repair, femoral head-neck

osteochondroplasty, proximal femoral osteotomy, surgical

dislocation, and trochanteric advancement). The efficacy of

PAO compared with alternative osteotomy techniques,

surface replacement arthroplasty, and THA also should be

investigated. Therefore, future prospective, longitudinal

cohort studies are warranted in which PAO is the main

focus. Such studies should be performed by multicenter

research groups to facilitate enrollment of large numbers of

patients and provide more generalizable data. These studies

should use modern, validated, patient-based outcome

measures to allow more precise analysis of clinical

improvement without bias. More sophisticated predictors

of clinical outcome could be established to allow evidence-

based decision making preoperatively and at the time of

surgery. As additional clinical questions are identified by

prospective longitudinal cohort studies, the prospective

randomized study design then could be used to resolve

these issues.
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