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Periacetabular osteotomy is an extremely effec-
tive treatment for the spherical dysplastic hip
without significant secondary osteoarthrosis.
Yet, the reliability of the procedure in patients
with some degree of secondary osteoarthritis,
asphericity, or associated deformities remains
undefined. The purpose of the current study was
to analyze a group of patients treated by periac-
etabular osteotomy for dysplasia to identify pre-
operative factors that predict outcome. Ninety-
five consecutive hips in 87 patients treated by
periacetabular osteotomy were studied prospec-
tively. Of this group, 52 hips in 49 patients were
studied for a minimum of 2 years after surgery.
Forty-six of the 52 procedures resulted in hips
with stable or improved cartilage space inter-
vals. By Tonnis category, there were 0 of 21 fail-
ures in Grade 1, four of 22 failures in Grade 2
(18%), one of eight failures in Grade 3 (12.5%),
and one of one failure in Grade 4 hips. Five of
the six failures had factors identifiable on pre-
operative radiographs that separated these hips
from the successful reconstructions. This study
shows that periacetabular osteotomy can reli-
ably produce a stable hip, even in the presence

of Grade 3 arthrosis, provided that the joint
shows an improved cartilage space interval on
the preoperative functional radiographs.

Uncorrected hip dysplasia leads to secondary
osteoarthrosis20 and is the most common eti-
ology hip osteoarthrosis treated by total hip
arthroplasty in young patients.1,19 Periacetab-
ular osteotomy now is established as an ex-
tremely effective treatment to delay and possi-
bly prevent osteoarthrosis of the dysplastic
hip.5,16,17,18,22,23,25,26,29,30,31,33,34 The ideal can-
didate for this surgery is the patient with con-
centric motion, spherical joint surfaces, and no
secondary arthritis or femoral deformity. Un-
fortunately, most patients who present with
symptomic hip dysplasia have hips that are not
ideal. Patients would be served better if the
surgeon were able to clearly predict, simply
based on preoperative examination and radio-
graphs, which hips would do well after joint-
preserving surgery and which hips would not
do well. Unfortunately, there are currently no
studies that specify how to clearly separate
these two groups.25,29,33 Many factors can be
identified preoperatively that may affect out-
come. Measurable factors include the degree of
secondary osteoarthrosis, sphericity of the joint
surfaces, severity of the acetabular dysplasia,
and severity of any associated femoral defor-
mities. The current authors prospectively ana-
lyze these preoperative variables in a consecu-
tive group of patients treated by periacetabular
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osteotomy to identify preoperative factors that
may predict outcome.

METHODS AND METHODS

Ninety-five consecutive hips in 87 patients treated
by periacetabular osteotomy for symptomatic hip
dysplasia were studied prospectively. Patients were
evaluated clinically and radiographically with an an-
teroposterior (AP) radiograph of the pelvis and a
false profile view of the affected hip (Fig 1A). Pa-
tients with limited motion, subluxation, secondary
osteoarthrosis, or joint surfaces that appeared as-
pherical also had functional radiographic evaluation.
Functional radiographs include an AP radiograph of
the pelvis with the hip in maximum abduction and a
false profile view with the hip flexed (Fig 1B). These
views can be taken as plain radiographs or as part of

a fluoroscopic examination of the hip done by the
surgeon. These radiographs were taken to simulate
the appearance of the hip after periacetabular os-
teotomy. The abduction view is intended to simulate
the appearance of the hip with improved lateral cov-
erage. The false-profile view with the hip in flexion
is intended to simulate the appearance of the hip with
improved anterior coverage (Fig 1C).

The periacetabular osteotomy was done by mak-
ing an incision over the anterior aspect of the hip and
first doing a partial osteotomy of the ischium deep to
the psoas tendon and obturator externis muscle. The
hip was evaluated by arthrotomy for treatment of in-
traarticular disorders. Unstable labral tissue and in-
traarticular ganglia were excised. Areas of exposed
bone were drilled or picked. Impingement was re-
lieved by femoral head or neck debridement.24,28 An
osteotomy of the superior pubic ramus was done fol-
lowed by an incomplete, transverse osteotomy of the

Fig 1A–C. (A) A false profile view of the hip of a
35-year-old woman shows subluxation anteriorly,
laterally, and superiorly. The false profile view
was taken with the patient standing with the af-
fected hip closest to the radiographic plate and
pelvis rotated 25� from straight lateral. (B) A false
profile view with the hip in flexion shows an im-
proved appearance of the joint. This is a func-
tional radiograph taken to simulate the appear-
ance of the hip with improved anterior coverage.
The technique is the same as the false profile
view with the exception that the hip is flexed with
the foot on a footstool. (C) A false profile view of
the same hip taken after periacetabular and fem-
oral osteotomy shows a stable, reduced hip.
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ilium from just below the anterosuperior iliac spine
to the region of the pelvic brim. A retroacetabular os-
teotomy then was done from the pelvic brim along
the inside of the pelvis behind the acetabulum and
parallel to the posterior column. The final osteotomy
was done across the anterior portion of the ischium
underneath the acetabulum to complete the separa-
tion of the acetabulum from the remaining pelvis.
The acetabulum was positioned to correct the defor-
mity, aiming to place the weightbearing surface hor-
izontal on the AP view (irrespective of the lateral
center edge angle) and to achieve an anterior center
edge angle of more than 20�. The procedure was
done in a manner identical to the original Bernese
periacetabular osteotomy5 with two exceptions. All
of the procedures were done with preservation of the
abductors and the posterior column was left fully in-
tact.22 Of the 95 hips, 52 hips in 49 patients were
studied for a minimum of 2 years after surgery.
Thirty-six hips (69%) were in females and 16 hips
(31%) were in males. Patients had a mean age of
35.1 � 8.1 years (range, 15.8–55.1 years). The mean
followup was 5.4 � 2.6 years (range, 2.1–9.6 years).
Variables measured included lateral center edge an-
gle, anterior center edge angle,10 femoral neck-shaft
angle, femoral head articular angle, degree of sec-
ondary osteoarthrosis (Tonnis classification32), and
sphericity of the joint. Hips with subchondral scle-
rosis were classified as Grade 1. Hips with subchon-
dral cyst formation and partial cartilage interval nar-
rowing were classified as Grade 2. Hips with severe
or complete but localized cartilage interval narrow-
ing were classified as Grade 3. Grade 4 hips had ex-
tensive and severe or complete cartilage interval
loss. Spherical joints were defined as those that ei-
ther had matching, spherical joint surfaces on the AP
radiograph of the pelvis and false profile views of the
affected hip, or had concentric motion on preopera-
tive functional radiographic evaluation, even if the
joint surfaces were not perfectly spherical. Aspheri-
cal joints were defined as those that did not have
concentric motion on preoperative functional radio-
graphic evaluation. Data from the group of patients
with stable reconstructions were compared with data
from the group of patients who had failed results.
Failure was defined by either conversion to total hip
arthroplasty or Grade 4 osteoarthrosis.

RESULTS

All osteotomies healed with the exception of
two superior pubic rami, one of which was bone

grafted. Two osteotomies were slow to heal
but healed within 1 year without bone grafting
or additional surgery. There were no infec-
tions and one partial peroneal palsy. The lat-
eral femoral cutaneous nerve was affected in
the majority of patients although the nerve’s
long-term function was not quantified. There
were no other neurologic or vascular compli-
cations. Two patients had pelvic hardware re-
moval. One patient had arthroscopy 6 years
postoperatively for a torn acetabular labrum.

Preoperatively, none of the hips were Tonnis
Grade 0, 21 hips were Grade 1, 22 hips were
Grade 2, eight hips were Grade 3, and one hip
was Grade 4. The lateral center edge angle av-
eraged 4.2� � 9.5� (range, �21�–24�) and the
anterior center edge angle averaged 5.6� � 12.4�
(range, �40�–23�). Postoperatively, the lateral
center edge angle averaged 31� � 10.7� (range,
5�–54�) and the anterior center edge angle aver-
aged 33.8� � 11.3� (range, 10�–56�).

Six of the 52 hips failed. None was Grade 0
or 1, four were Grade 2, one was Grade 3, and
one was Grade 4 preoperatively.

Looking specifically at the hips with Grades
1 and 2 osteoarthrosis preoperatively, there was
one of 40 failures in hips with spherical mo-
tion. That one failure was attributable to loss of
appropriate correction in the early postopera-
tive period and a femoral deformity that was
not corrected surgically. This hip had a lateral
center edge angle of 8� postoperatively and a
femoral articular surface that was tilted later-
ally 30�. Based on these measurements, this hip
had the most severe postoperative dysplasia of
the 52 hips. Two of the four Grade 2 hips that
failed had aspherical motion that could not be
improved surgically. The remaining Grade 2
hip that failed had a false acetabulum.

Only one of the eight Grade 3 hips failed
and could be distinguished from the other Grade
3 hips in that the superolateral cartilage inter-
val narrowing did not improve on the preoper-
ative abduction view (Fig 2). The seven other
Grade 3 hips all showed the absence of local-
ized narrowing on functional radiographs (Fig
3). These seven of the eight hips with Grade
3 osteoarthrosis had stable cartilage space
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intervals develop despite very severe localized
cartilage interval narrowing visible on the pre-
senting AP or false profile radiographs of the
hip in a neutral position.

The only Grade 4 hip failed. This hip was
concentric but obviously failed simply because
the joint was worn out extensively at the time of
surgery. Time to failure in all hips that failed
was within 2 years. Radiographic findings
clearly predictive of impending failure were vis-
ible well within a year of surgery in all of these
cases. There was no statistical significance be-
tween age, weight, severity of dysplasia, or de-
gree of femoral deformity and outcome.

DISCUSSION

The current study shows that dysplastic hips
with Grades 0 to 2 osteoarthrosis and spherical
motion had successful reconstructions during
the period of followup provided that appropri-
ate correction was achieved (39 of 40 hips).

The study also shows that even dysplastic
hips with Grade 3 osteoarthrosis can do very
well clinically provided that preoperative func-
tional radiographs show improvement in the
appearance of the joint, with disappearance of
severe, localized cartilage interval narrowing.
Also, the study confirms previous findings29

that hips with asphericity that cannot corrected
surgically are at the highest risk of failure, ir-
respective of the degree of osteoarthrosis.

The study results suggest that all hips with
Grade 3 osteoarthrosis or aspherical joint sur-
faces should be evaluated with functional ra-
diographs. The two critical views are the AP
radiograph of the pelvis with the hips in ab-
duction and the false-profile view of the af-
fected hip in flexion. The AP radiograph of the
pelvis in abduction simulates the appearance
of the joint with proper lateral coverage and
the false-profile view in flexion simulates the
appearance of the joint with proper anterior
coverage. These views often show proper re-
duction of the subluxated joint and improve-
ment in the cartilage space interval. The demon-
stration of these desired findings on functional
radiographic assessment suggests that the hip
will respond well to acetabular redirection.
Conversely, the only Grade 3 hip that did not
show improvement on functional radiographs
failed.

If the patient’s hip has greater passive than
active abduction on examination for reasons
such as pain or inflammation, the hip should
be positioned passively for the functional ra-
diographs. Especially complex hips may be
evaluated by the surgeon under fluoroscopy to
obtain the function radiographs and a better
understanding of the joint kinematics.

Because approximately all of the severe
femoral deformities were corrected at the time
of periacetabular osteotomy, the results of this
study cannot be used to develop criteria for
femoral osteotomy indications. The one failure
of a spherical hip with Grade 2 osteoarthrosis
clearly had inadequate correction of the ac-
etabular deformity and no surgery to correct
the severe femoral deformity. The primary
limitation of the current study is the small num-
ber of hips studied (52) and the even smaller
number of failures to analyze (six).

The current study did not focus on a corre-
lation between preoperative magnetic reso-
nance imaging (MRI) findings and outcome as
most of the patients did not have MRI studies
preoperatively and the quality and technique of
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Fig 2. The anteroposterior radiograph of a 42-
year-old woman shows the hip in abduction. The
cartilage interval is narrowed at the lateral aspect
of the joint. Acetabular redirection failed within 2
years.
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these studies varied widely.4,6,8,11,12,27 Because
routine MRI evaluations currently do not allow
for dynamic assessment of the hip during mo-
tion, the most critical information about the hip
joint cannot be ascertained from preoperative
MRI studies. In fact, MRI findings such as lo-
calized cartilage loss, labral avulsions, and cyst
formation can be predicted based on preopera-
tive radiographic findings.13 Of greater con-
cern is that these severely abnormal findings on
MRI studies may dissuade the surgeon from
recommending joint-preserving surgery to pa-
tients who would benefit greatly by it.

Although MRI studies may have little, if
any, role in determining the indications for
surgery, they may be useful in alerting the sur-
geon to the location and nature of intraarticu-
lar disorders that could be addressed at the
time of arthrotomy.

Similarly, preoperative mechanical analy-
sis and simulation of acetabular redirection
surgery2,7,9,14,15,21 probably has a role in refin-
ing the surgical plan, but currently does not
have a role in determining indications and con-
traindications for surgery. Current mechanical
predictions of hip contact pressures based on

Fig 3A–D. Anteroposterior radiograph of a 47-year-old woman with hip dysplasia shows cartilage in-
terval narrowing, subchondral sclerosis, and cyst formation. (B) False profile view of the same hip
shows focal bone-on-bone findings in the anterosuperior portion of the joint. (C) Anteroposterior radio-
graph of the hip in abduction shows spherical motion and an even cartilage interval. (D) Anteroposte-
rior radiograph shows a well-maintained cartilage interval 10 years after acetabular redirection. The pa-
tient has a Harris hip score of 100 points.
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CT studies assume that the hip is spherical and
in full contact with the available acetabular
surface. These mechanical analyses do not yet
account for subluxation, asphericity, hip kine-
matics, or preexisting osteoarthrosis which,
based on the current study, are the most im-
portant factors predictive of outcome after pe-
riacetabular osteotomy. Computerized simu-
lation would require incorporation of joint
kinematics and assessment of joint congruity
before it’s current usefulness could be ex-
tended to the role of patient selection.

The one case of rotating a false acetabulum
proved unsuccessful. This case alone cannot
be used to determine outcome of periacetabu-
lar osteotomy for false acetabuli. However,
the general experience with redirection of the
false acetabulum has been poor (verbal com-
munication, R Ganz, MD, 2002) and salvage
augmentation procedures such as the shelf or
Chiari osteotomy may have a role in treating
these hips.3,35 Based on the current study, an
excellent prognosis after periacetabular os-
teotomy can be anticipated for spherical hips
with Grades 0 to 2 osteoarthrosis and a good
prognosis after periacetabular osteotomy can
be anticipated for spherical hips with Grade 3
osteoarthrosis provided that the appearance of
the joint improves on functional radiographs.
Aspherical hips represent special, high risk
cases that need to be considered individually.
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