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Abstract Bernese periacetabular osteotomy has become a
secure and reproducible technique for treatment of hip dys-
plasia. It allows an adequate reorientation of the acetabulum
and coverage of the femoral head improving biomechanical
conditions of the hip joint. We present a review of literature
and a modification of original technique that includes a small-
er incision and preservation of the abductor muscles and
rectus femoris tendon insertion.
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Introduction

Hip dysplasia is an alteration in normal development of con-
stitutive elements of the hip. The natural history of the disease
starts with acetabular dysplasia and progressively decreased
femoral coverage and femoral anteversion, joint damage, la-
brum alterations, and secondary deformities with possible
consequent dislocation and osteoarthritis. It has been estimat-
ed a frequency of 3 % of the population, with a ratio female/
male=7/1 approximately [1–3].

The etiology of hip dysplasia is multifactorial, including
genetic (20 % with family history) and environmental
factors, mechanical alterations mainly related to intrauter-
ine primiparous dystocic presentation, multiple pregnancy,
and macrosomia.

Patients with hip dysplasia show anatomic alterations of
the acetabulum, proximal femur, and articular structures.
These alterations produce unfavorable mechanical conditions
with increased stress in the articular surface, ultimately lead-
ing to secondary osteoarthritis. In 1988, Reinhold Ganz, de-
scribed a periacetabular osteotomy technique for management
of patients with acetabular dysplasia and closure of triradiate
cartilage called Bernese periacetabular osteotomy (PAO).
With this technique, the reorientation of the acetabulum pro-
vides an adequate coverage of the femoral head, improving
the biomechanical conditions of the joint without the risk of
femoral head avascular necrosis [3–5] (Figs. 1, 2). The orig-
inal technique was described with a modified Smith-Peterson
approach and included partial detachment of the tensor fasciae
latae from the ilium to the tubercle of the gluteus medius as
well as the detachment of the rectus femoris muscle tendon in
its direct and reflex portions.

Different studies have been published over the years re-
garding the surgical technique, learning curve, results as well
as intra- and postoperative complications [3, 6–12]. The 20-
year survival rate of this technique is of 65 %, with 85 % of
good and excellent results [9, 10•, 13, 14]. Prognostic factors
such as age, degree of osteoarthritis, and articular congruence
have been identified [10•, 15]. In terms of learning curve, a
decreased rate of complications (from 20 % to 3 %) has been
described after the first 50 surgeries [10•, 16–20]. These
complications include overcorrection, lateralization of the
hip, damage to the posterior pillar, dysesthesia in the lateral
femoral cutaneous nerve distribution in 30 % of the cases
[18–20], neurologic injury in less than 2 %–3 % [19], hetero-
topic ossification in 5 % [16], and nonunion [21•, 22].
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The authors developed a modified technique, through a
shorter anterior approach, with less damage to the soft tissues,
no detachment of the tensor fasciae latae and the rectus femoris
muscle in its direct and reflex portions. The technique was
developed with the goal of reducing postoperative pain and
recovery time, as well as increasing patient’s functional ability.

Surgical indications

PAO is indicated in patients with hip dysplasia, with mobility
ranges in flexion >100°, internal rotation >20°, external rotation
>20°, and abduction >30° and assessment of X-ray images with
Wiberg angle <25°, anterior center-edge angle <25°, acetabular
index >10°, percentage of femoral head coverage <80 %,
Tönnis 0–1, and an adequate articular congruence. The radio-
graphic study includes AP pelvis X-ray, false profile view, and
AP pelvis with maximal abduction and internal rotation.

Surgical technique

With the patient in supine position over a radiolucent table,
surgical field is prepared including the whole lower limb to
allow movement during surgery. An adequate visualization of
the pelvis should be verified under fluoroscope in
anteroposterior and alar views.

The iliac crest and anterosuperior iliac spine (ASIS) are
identified and marked. A shortened incision is done, starting
from the ASIS and extending 8 cm distal following the lower
limb longitudinal axis. To expose structures proximal to ASIS,
it is possible to apply the mobile-window concept, in which
free mobilization of the skin and subcutaneous tissue over the
iliac crest allows a complete and adequate visualization. The
fascia over the tensor fasciae latae muscle is split, protecting
the femoral cutaneous nerve and displacing it medially along
with the sartorius muscle (Fig. 3). The tensor fasciae latae is
retracted laterally to expose the rectus femoris muscle, tendon,
and psoas muscle.

Using the mobile-window concept, the subcutaneous tissue
and skin are displaced proximally, exposing the ASIS and
insertion of the sartorius muscle. An osteotomy of 1.5×2 cm
is performed on the ASIS with an oscillating saw and straight
osteotome, in order to move the insertion of the sartorius
muscle medially and expose the region between the ASIS
and anterior inferior iliac spine (AIIS). The interval between
the rectus femoris muscle and the psoas is then dissected,
retracting the rectus femoris muscle laterally in its direct and
reflex portion and retracting the psoas muscle medially.
Iliocapsularis muscle is retracted medially, exposing the artic-
ular capsule, by retracting the iliocapsularis muscles and the
psoas, the ascending branch of the rectus femoris muscle and
of the lateral femoral circumflex artery are protected. From
now on the surgery is as described in the original technique;
the bone structures are identified and the corresponding
osteotomies performed. First, once the medial and inferior
region of the extracapsular femoral neck is identified, the
curved osteotome is located over the ischium just below the
acetabulum and the osteotomy is performed under fluoroscop-
ic AP view. This osteotomy is an incomplete cut, preserving
intact the posterior column (Fig. 4). The following is a com-
plete osteotomy of the superior pubic ramus, taking care not to
damage the posterior structures and medial psoas muscle with
the osteotome (Fig. 5). The third osteotomy is the iliac wing
osteotomy, performed in the top of the acetabular area with an
oscillating saw. It is very important not to exceed the medial
border of posterior pillar (±1–2 cm), with the aim to maintain
the integrity of pelvic ring (Fig. 6). The final osteotomy is
performed under radioscopic joining previous osteotomies
and preserving the posterior pillar (Figs. 7, 8).

With placement of acetabular Schanz pins, the acetabulum
is mobilized and the anterolateral coverage of the femoral
head, together with the acetabular index, are corrected. The
osteotomy is temporarily fixed with Kirschner wires, before
intra-operative radiographic control. If this is satisfactory,
definitive fixation is performed using 3 long 3.5-mm cortical
screws using a transverse fixation [23]. Finally, reduction and
osteosynthesis of the ASIS is performed with 1 short 3.5-mm
cortical screw. The closing is done in layers and protecting the
lateral femoral cutaneous nerve [3, 9, 13, 14].

Fig. 1–2 AP pelvis X-Ray pre- and postoperatory of a patient with hip
dysplasia treated with Bernese periacetabular osteotomy
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Our experience

We started performing PAO in 1996. In the beginning, we
performed a long Smith Petersen surgical approach as described
by Dr. Ganz. During the next years, with more than 300 PAOs
done, we developed a modification of the PAO original surgical
technique with a shorter anterior approach. This technique was
presented on the American Academy Annual Meeting 2011(see
appendix). At present, other publications use this technique [24,
25]. In the original technique the direct head of the rectus femoris
was detached from the anterior inferior iliac spine (AIIS) and a
protected rehabilitation was needed of at least 6 weeks to allow
for rectus femoris healing. The modification included preserva-
tion of the rectus femoris direct head tendon, not releasing it, but
retracting it laterally and preserving the abductor insertion at the
lateral iliac wing. The rehabilitation protocol is much faster with
thismodification, since no restriction of the quadriceps is needed.
A cadaveric study was done in the Anatomy Laboratory.
Dissection of the anatomic pieces was performed through an
anterior approach to the hip. Insertion of the tensor fasciae latae
was respected as well as rectus femoris tendon in its direct and
reflex portions. By dissecting the intramuscular plane between

rectus femoris and psoas, an adequate exposure of joint capsule
and iliocapsularis muscle was achieved, causing no interference
in the partial osteotomy of the ischium when it is medially
displaced and presenting no risk of neurovascular injury,
specially the ascending motor branch of the rectus femoris
muscle and the lateral femoral circumflex artery are protected
by retracting medially the iliocapsularis and psoas muscles.

Fifty-one patients (48 hips) with dysplasia sequelae
underwent surgery with the modified technique. With a
follow-up of 39.35 months (12–76) on average, 48 hips
(92.15 %) were operated in female patients. The mean age
was 23.24 (12–48). The length of the anterior incision was on
average 8.52 cm (6–13 cm). The hospitalization time was
4.1 days (3–7 days) on average. Preoperative modified
Harris Hip Score (HHS) was on average 84.36 (79–96) and
postoperative was 96.72 (91–100). There was an HHS im-
provement of 12.36 points on average during the complete

Fig. 3 Surgical approach: fascia (F), sartorius muscle (S), and femoral
cutaneous nerve (FCN). L lateral retractor, M medial retractor

Fig. 4 First osteotomy in a radioscopic intra-operatory view

Fig. 5 Second osteotomy. Direct vision and the corresponding fluoro-
scopic vision with the osteotome in the right position. I inferior retractor,
L lateral retractor, M medial retractor, O osteotome, PR superior pubic
ramus, S superior retractor

Fig. 6 Third osteotomy in a radioscopic intra-operatory view
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follow-up period, with good and excellent results in all pa-
tients treated. Imaging studies presented a normalization of
radiological parameters. Preoperative X-Ray and postopera-
tive images at 3 and 6 months and after each year were
evaluated. Radiological parameters were measured in all im-
ages considering the radiological consolidation of
osteotomies. An average improvement of Wiberg angle from
15.3 (8–24) degrees preoperatively to 31.2 (24–35) degrees
postoperatively was described. Acetabular index improved
from 26.2 (18–41) degrees preoperative to 9.8 (3–13) degrees
postoperative on average. Percentage of femoral head cover-
age improved from 62.4 % (50–73) to 77.6 % (70–87) post-
operative on average.

A shorter incision is preferred by patients specially women.
Aside from this, any type of approach could cause early and late
problems with skin healing, like dehiscence and wider,
displeasing scars. In the attempt to improve this, in 2013 we
introduced a new modification of skin incision, following skin
tension lines. An oblique inguinal incision is performed between

the inguinal crease and a projected line from the ASIS to the
pubis, as shown in Figure 9. An aesthetical scar was obtained,
along with better satisfaction results from patients.

Postoperative and rehabilitation

Preservation of muscles insertions and lesser damage to soft
tissues allow patients to start an active rehabilitation process
from the first postoperative day, by preserving their walking
strength, decreasing the claudication period, and allowing
them to begin their normal activities sooner.

Rehabilitation starts in the same day with active hip mobi-
lization exercises. Quadriceps, glutei, and hamstring muscles
exercises are begun immediately. In our series, rehabilitation
process started with active movements from first postopera-
tive day in 92% of the patients. Only 1 patient started physical
rehabilitation on the 4th day—because of a manifestation of
symptomatic anemia in his postoperative—and required a
transfusion of filtered red blood cells. Support with a walker
and partial load started on the second and third postoperative
day. Eighty-nine percent of patients started using a cane
between the third and fourth day postoperative. The average
hospitalization time was of 4.1 days (3–7 days). Eighty-one
percent of the patients started their rehabilitation on the first
postoperative day with active muscle exercises and walking
with partial weight bearing using support from the second
postoperative day. Eighty-seven percent of the patients walked
within the third postoperative day. Patients walked with
protected weight bearing with 2 crutches the first 6 weeks
and then with 1 crutch the following 4 weeks.

Complications and follow-up

Complications reported in our experience do not differ from
what has been reported in literature. Ten patients (19.6 %) had

Fig. 7 Fourth osteotomy in a radioscopic intra-operatory view

Fig. 8 Periacetabular osteotomy in a radioscopic intra-operatory view Fig. 9 Surgical incisions drawings in a patient for PAO
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temporary dysesthesia of the femoral cutaneous nerve area, 2
patients (3.92 %) showed suture dehiscence, and 2 patients
needed hardware removal. In this series, there was no evidence
of infection, vascular injury, sciatic nerve injury, or femoral
nerve injury. There was no evidence of heterotopic ossification.

Summary

The surgical technique of anterior approach modified from the
Bernese periacetabular osteotomy is a secure and reproducible
technique that allows an adequate reorientation of the acetabu-
lum, improving the coverage of the femoral head in patients with
hip dysplasia. The modified incision presents a better-looking
and is smaller with less aggressiveness on soft tissues. Moreover,
we preserve abductor muscles and no detachment of rectus
femoris tendon. The modified technique allows an early and
active rehabilitation starting the first postoperative day. It de-
creases the length of physiotherapy and speeds up the reintegra-
tion to the daily activities of young patients with hip dysplasia.
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Appendix

Amultimedia video detailing this modified technique is avail-
able on web site at aaos.org (http://www3.aaos.org/product/
productpage.cfm?code=V11001).
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