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ABSTRACT

Periacetabular osteotomy (PAO) is an effective surgical treatment for hip dysplasia. The goal of PAO is to re-
orient the acetabulum to improve joint stability, lessen contact stresses and slow the development of hip arthrosis.
During PAO, the acetabulum is repositioned to adequately cover the femoral head. PAO preserves the weight-
bearing posterior column of the pelvis, maintains the acetabular blood supply and retains the hip abductor muscu-
lature. The surgical technique needed to perform PAO is technically demanding, with correct repositioning of the
acetabulum the most important—and challenging—aspect of the procedure. Imageless navigation has proven
useful in other technically challenging surgeries, although its use in PAO has not yet been investigated. We have
modified the standard technique for PAO to include the use of an imageless navigation system to confirm acetab-
ular fragment position following osteotomy. Here, we describe the surgical technique and discuss the potential of

this modified technique to improve patient-related outcomes.

BACKGROUND

Developmental hip dysplasia is the most common cause of
secondary osteoarthritis [1]. The insufficient coverage of
the femoral head and disproportionately shallow acetabu-
lum, characteristic of hip dysplasia, are associated with la-
bral hypertrophy, and altered forces on the acetabular
labrum due to abnormal weight-bearing forces and
decreased joint stability [2-6]. The incidence of hip dys-
plasia ranges between 1.7% and 20% in the general popula-
tion, although most studies report an incidence between
3% and 5% [7-11]. The etiology of hip dysplasia is multi-
factorial, as both genetics and environmental factors are
known to play a role [12]. If left untreated, hip dysplasia
may cause substantial pain, decreased function and even-
tual progression to hip osteoarthritis.

For young, active patients with healthy hip cartilage, peria-
cetabular osteotomy (PAO) is the preferred surgical option
to improve mechanical loading conditions related to hip
dysplasia. The procedure is technically demanding, with a
substantial learning curve [13, 14]. Accurately reorienting
the acetabulum to a position that normalizes cartilage load-
ing is critically important, and is largely done by visual
cues, without a reliable way to discretely measure intrao-
perative correction. Imageless navigation has proven useful
in primary and revision hip arthroplasty [15, 16] to ensure
precise and accurate position of acetabular components.
Extrapolating the use of imageless navigation used for total
hip arthroplasty (THA), we believe there is a potential role
for use of similar navigation technology to guide acetabular
re-orientation in PAO. We describe a technique for use of
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imageless navigation in PAO and the potential benefits of
its incorporation into the standard surgical technique.

SURGICAL TECHNIQUE

Computer-assisted navigation

The Intellijoint HIP® (Intellijoint Surgical, Inc., Waterloo,
ON, Canada) is a US Food and Drug Administration-
cleared, 3D mini-optical navigation system approved for
use in primary and revision THA. The system incorporates
into a standard THA surgical workflow with minimal dis-
ruption [17]. Detailed descriptions of the use of the device
in both lateral approach [18-20] and anterior approach
[21] THA have been described previously. Successful off-
label use of the device has also been documented in cases
of THA for Legg-Calve-Perthes Disease, and for hip
resurfacing [15, 16]. The navigation system consists of a
camera, an optical tracker and a laptop workstation. The
workstation is situated outside of the sterile field, while
the camera and other related equipment remain in the ster-
ile operative field. This device uses optical technology, in-
frared light and integrated microelectronics to provide data
in the THA application regarding acetabular position, as
well as leg length and offset, which are relayed to the work-
station in real-time and are available for surgeon reference.
During surgery, the camera is fixed to the iliac crest and
captures the movements and position of the tracker, which
can be magnetically fixed to the greater trochanter via a
femoral platform (for posterolateral approach THA), or to
various instruments during surgery, via a magnetic V-block.
For example, attachment of the tracker to a surgical probe
allows for specific measurement of objects or distances.
All data are relayed from the tracker to the camera and are
stored on the laptop workstation.

Preoperative preparation
As in standard PAO, a thorough patient history containing
the patient’s age, body mass index, level of activity and
functional goals as well as a physical examination, are ne-
cessary prior to surgery. This should include an assessment
of gait, leg length, joint stability and range of motion.
Radiographs should include anteroposterior (AP) pelvic,
oblique (e.g. false profile) and lateral views [22]. Kamath
et al. [23] further recommend functional abduction and
internal rotation radiographs to ensure the ability for
containment. This information (patient history and pre-
operative radiographs) will allow the surgeon to produce a
patient-specific, preoperative plan based on the patient’s
own anatomy. Magnetic resonance imaging may also be
considered, as assessment of secondary cartilage damage,
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labral tears, ruptures of the ligamentum teres, or other
intraarticular pathologies may be prudent.

Positioning and navigation installation

The PAO is performed according to the original technique
described by Ganz et al. [24] with some individual surgeon
specific variations. The patient is placed in a supine pos-
ition on a radiolucent table. The operative leg is draped
free. Intraoperative fluoroscopy may be used to monitor
PAO cuts and acetabular orientation. For intraoperative
imaging, the pelvic position is adjusted until at neutral rota-
tion is achieved with respect to fluoroscopic projection.
The caudad/cephalad orientation is adjusted to recreate
the position of the pelvis on preoperative AP pelvis view.
The image may require minor rotation (e.g. 5° increments)
adjustments to simulate the radiographic projection of an
AP pelvic radiograph.

In this modified technique utilizing optical navigation,
the navigation camera is installed on the contralateral iliac
crest. Per the standard procedure for the navigation device,
two surgical pins are inserted into the iliac crest through
stab incisions. A small magnetic platform is fixed to the
surgical pins and provides a mounting point for the cam-
era, which is aimed at the planned incision on the contra-
lateral hip. The patient’s initial position is then registered
by touching a tracker probe to both anterior superior iliac
spines (ASIS) and the pubic symphysis, which establishes
the orientation of the anterior pelvic plane (Fig. 1). A non-
sterile or sterile electrocardiogram lead may be placed on
the symphysis or contralateral ASIS as necessary for precise
landmarking. As the device is fixed to the patient during
surgery, any patient movement is accounted for by the de-
vice and positional data are provided relative to the current
position of the patient, not the registration position.
Following registration, the camera can be detached from

Fig. 1. Animation of intra-operative utilization of the Intellijoint
HIP® 3D mini-optical navigation tool.
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its platform as needed without disrupting the registered pa-
tient orientation.

Incision, exposure and osteotomies

The incision and approach have been well-described by
Ganz et al. [24]. The first osteotomy is a complete cut of
the superior pubic ramus. An Eva retractor is placed under
the superior pubic ramus in the area of the obturator canal
in order to protect the obturator neurovascular bundle. A
straight osteotome or narrow saw is used to perform this
cut. The tip of the osteotome is placed at the level of the
teardrop of the acetabulum as seen on the AP view of the
hip. The osteotome is directed at a 45° angle from antero-
lateral to posteromedial in line with the superior pubic
ramus.

The second osteotomy begins at the ischium, where an
incomplete cut is made, as the posterior column of the in-
nominate bone is to remain intact when the osteotomy is
complete. A 30° forked osteotome is required for the pro-
cedure. We typically use a narrow-bladed osteotome. The
osteotome is placed on the hip flexed to at least 70° and
the iliopsoas tendon is retracted anteriorly. The blade of
the osteotome is inserted through the elevated portion of
the periosteum, along the inferior border of the superior
pubic ramus. The osteotome runs under the psoas tendon,
distal to the superior ramus on the anterior surface of the
ischium. The cut is typically located in the subcotyloid
groove, just inferior to the posterior horn of the acetabu-
lum. This portion of the ischium has a broad cortical sur-
face and generally requires two separate cuts. The first cut
is on the medial cortical surface, while the second cut is on
the lateral surface. The hip is extended slightly and
abducted during this stage of the osteotomy to protect the
sciatic nerve. Intraoperative fluoroscopy can be used to as-
sist in visualization of the osteotomy at this stage. The tip
of the osteotome can be palpated on the ischium by feeling
the contour of the obturator ring along the inferior aspect
of the quadrilateral surface. AP and iliac oblique fluoro-
scopic views can be used to ensure the ischial cut remains
extra-articular and does not violate the posterior border of
the innominate bone.

The third cut of the osteotomy is made from the anter-
ior aspect of the iliac wing to a point approximately 1 cm
superolateral to the brim of the true pelvis. This is the only
cut performed with a large oscillating saw. The level of the
osteotomy is determined on the AP view with intraopera-
tive fluoroscopy. The cut is made to preserve a minimum
of 3-S5 cm of intact bone superior to the acetabulum on AP
view. Performing this cut at the level of the ASIS may be
satisfactory in some patients. In more severe cases of dys-
plasia, the level of this cut will need to be superior to the

ASIS on the iliac crest to maintain adequate bone stock
above the acetabulum for later fixation. A narrow strip of
abductor musculature on the external surface of the iliac
wing is elevated with cautery to allow passage of a blunt
Hohmann retractor to protect the neurovascular structures
when using the oscillating saw. In general, it is preferable
to err by extending the cut more posteriorly into the iliac
wing than leaving the cut too anterior, as an excessively
short or anterior cut can result in difficultly completing the
osteotomy proximally, and in extreme cases can lead to an
intra-articular osteotomy. Note that bleeding is increased
from the bone itself upon completion of this cut.

The fourth cut begins at the posterior-most extent of
the third cut on the internal aspect of the iliac wing. In the
original Ganz technique, the quadrilateral surface cut was a
scoring of the bone. The technique has evolved to a formal
cut of the bone of the posterior column. The cut is made
by directing a straight or curved osteotome, depending on
the body habitus of the patient, the width of the retro-
acetabular space and the amount of dysplasia present, from
this point across the pelvic brim and parallel to the greater
sciatic notch. An iliac oblique view is used to view the tra-
jectory of the osteotome. In many cases, performing this
cut will complete the lateral portion of the osteotomy at
the iliac wing. Note that when this occurs, there is distal
and lateral displacement of the proximal portion of the ace-
tabular segment. A curved osteotome can be used to redir-
ect the path of the quadrilateral surface limb of the
osteotomy.

The initial Bernese technique describes a fifth cut, made
with an osteotome angled at 50°, and intended to connect
the quadrilateral surface cuts with the subcotyloid groove
cortex. With the use of the lateral cut of the subcotyloid
groove of the ischium, it is now common that the fifth cut
is unnecessary in the majority of cases. If this cut is made,
the osteotome is directed from medial to lateral, best seen
on an iliac oblique view projection. Attention to placement
is critical during this step, as the posteriorly placed osteo-
tome can unintentionally disrupt the posterior column.

Following all osteotomy cuts, a Schanz screw is placed
at the level of the anterior inferior iliac spine (AILS),
directed into the intact bone of the mobile acetabular seg-
ment. In severely dysplastic hips, confirming placement of
the Schanz pin on the fluoroscopy is useful, as occasionally
the AIIS will be at an intra-articular level in advanced dys-
plasia. If the proximal portion of the acetabular fragment
did not displace with the quadrilateral surface cut, the prox-
imal portion of the osteotomy should be completed next.
In that case, a wide flat osteotome is inserted into the full
length of the third cut made in the iliac wing. A Farabeuf
clamp, Weber clamp, ball-spike pusher, or pliers are used



to rotate the osteotome to mobilize the proximal portion
of the osteotomy. With the use of this technique, it is gen-
erally not necessary to perform a cut on the lateral surface
of the iliac wing. The osteotome is then replaced into the
full length of the quadrilateral surface cut and is rotated
with simultaneous gentle flexion stress to the acetabular
fragment with the Schanz pin. This combination of maneu-
vers completes the osteotomy. Completion can be con-
firmed with motion of the acetabular fragment with the
Schanz pin. If the acetabulum does not move easily, all
cuts are remobilized with the osteotome until the acetabu-
lar fragment is freely mobile.

Correction

Following osteotomy, the correction begins by using the
fluoroscopy to view the pelvis from an AP perspective. The
correction begins with anterior rotation or flexion of the
acetabular fragment, followed by lateral rotation and finally
version correction. In general, for correction of dysplastic
hips without retroversion, the pubic root of the acetabular
fragment will rotate to a position superior to the intact
remnant of the superior pubic ramus. The radiographic
features of an adequate correction include: the teardrop is
elevated or moves superiorly, the acetabular dome is made
more horizontal, the anterior rim is medial to the posterior
rim and the hip center is medialized.

The navigation device is used to confirm the orientation
of the corrected acetabular fragment (Fig. 2). Using a mag-
netic V-block, the tracker is attached to a surgical probe,

Fig. 2. The Intellijoint HIP® 3D mini-optical navigation tool in
clinical use during PAO surgery. The camera (A), enclosed in its
sterile drape, is attached to the contralateral iliac crest via two
screws (out of view). The tracker (B) is magnetically attached
via a V-block adaptor (C) to a surgical probe (D) to allow for
real-time measurement of acetabular orientation. Adjustments to
acetabular fragment orientation can be made with the Schanz pin
connected to a T-handle (E), with the probe and tracker used to
independently confirm positioning.

Surgical technique of PAO and imageless navigation o+ 429

which is used to probe the acetabular rim. The rim is
probed in three distinct locations (e.g. superior, inferolat-
eral and inferomedial borders), which allows for calculation
of the acetabular orientation (anteversion and inclination)
in real-time. Once this step is completed, any movement of
the acetabular rim is shown on the imageless navigation
device screen and available for the surgeon to reference.
Note that baseline measurements for comparison should
be made prior to completion of the osteotomy cuts. Any
necessary adjustments can be made intraoperatively, using
the probe to reconfirm orientation until the desired posi-
tioning is achieved. Once in a suitable position, the V-block
is removed and the acetabular fragment is fixed in position
with cortical screws, per the standard PAO technique.
Typically, two to three screws from the iliac wing into the
acetabular fragment and a third screw from the acetabular
fragment into the intact posterior iliac wing.

Repositioning the acetabular fragment into the ideal
position is the most important aspect of the PAO proced-
ure. The following parameters are assessed by the image
intensifier: (i) Ténnis acetabular angle of <10°; (ii) lateral
center edge angle of 25°-40°; (iii) distance between the
medial femoral head to the ilioischial line of 0-~10 mm; (iv)
anterior acetabular rim located on the superior medial third
of the femoral head and the posterior acetabular rim
located on the inferior lateral part of the femoral head (i.e.
preservation of appropriate acetabular version); and (v)
anterior center edge angle of 25°-40°. We also recom-
mend using the preoperative morphologic character of the
obturator foramen on the pelvic X-ray as a basic reference
to avoid the malposition of the acetabular fragment. The
imageless navigation system can be referenced for the
achievement of these appropriate angular parameters. The
imageless navigation system is used to remove the guess-
work in relation to pelvic position and tilt and surgeons
can reference that information to see in real-time the rela-
tion to the patient’s own tilt.

Closure
The practice of capsulotomy following correction and fix-
ation in PAO is now commonly accepted and allows for
both inspection for potential impingement with the prox-
imal femur as well as access to inspect the labrum at the
time of the procedure. Alternatively, arthroscopy or no
intra-articular viewing may be chosen based on surgeon
preference. Following correction, the ASIS on the opera-
tive side is typically prominent anteriorly. This prominence
is trimmed prior to closure. A screw is placed to reduce the
osteotomized ASIS fragment to the ilium (versus heavy su-
ture fixation), thus reattaching the inguinal ligament, sar-
torius and tensor fascia lata. The navigation camera is
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detached, and the mounting pins are removed. Primary
wound closure is completed per surgeon preference.

DISCUSSION

Since its introduction more than 30 years ago, the Bernese
PAO has proven to be an effective procedure to address
dysplasia and to restore hip function in patients long-term
[25, 26]. However, execution of this technique can be tech-
nically challenging. The primary goal of PAO, and the
main challenge of the surgery, is the adequate repositioning
of the osteotomized acetabular fragment. Currently, intrao-
perative fluoroscopy and radiography provide the most re-
liable feedback regarding fragment orientation, although
they do not provide any objective numerical information
about the position of the acetabulum. Here, we discuss a
modification of the standard PAO surgical technique to in-
corporate an imageless navigation system, which provides
real-time data regarding acetabular orientation. Given the
narrow range in which the hip joint orientation can be
placed safely and the associated importance of intraopera-
tive precision [27], the use of navigation during PAO may
represent an important evolution of this technique. This
modification has the potential to improve patient out-
comes in both the short- and long-term.

There have been several contemporary reports of the
use of computer-assisted navigation during PAO. One of
the first was by Langlotz et al. [28], who reported 12
patients who underwent PAO with computed tomograph-
ic-based navigation. They reported no complications in
this cohort up to 10.Smonths of follow-up. Another
randomized clinical trial by Hsieh ef al. [29] compared two
groups of 18 patients undergoing PAO: one group with
image-guided navigation during surgery and the other per-
formed with conventional surgery. The average number of
intraoperative radiographs for the conventional group was
4.4, whereas the computer-assisted group had a mean of
0.6 radiographs per patient. Additionally, an average of
21 min less of operative time was seen in the computer-
assisted group, with no significant differences with respect
to operative blood loss, transfusion requirement, correction
of deformity and functional improvement.

Previous studies have proven that the imageless naviga-
tion device used in this technique accurately has delivered
intraoperative measurements of acetabular anteversion and
inclination in both anterior and posterior/lateral surgical
approach THA [18, 19, 21, 30-33]. Capabilities of
imageless navigation may surpass the capabilities of trad-
itional fluoroscopy-guided THA and provide the added
benefit of reduced radiation exposure to the patient and
surgeon [34].

To our knowledge, this is the first report of a surgical
technique for PAO incorporating imageless—rather than
an image-based—navigation. While image-based com-
puter-assisted navigation systems may provide the surgeon
with a detailed preoperative plan, they are unable to pro-
vide intraoperative information to the surgeon. This intrao-
perative information can be crucial to success in the PAO,
as incorrect positioning of the acetabular fragment can
have significant negative consequences. Additionally, the
integration of navigation into the PAO technique may pro-
vide a benefit regarding surgeon training and may help to
reduce the learning curve associated with PAO, while also
potentially improving outcomes for patients.

CONCLUSION

Technology with the ability to reduce complications
should be integrated into orthopedic practice to ensure
high-quality patient care. The use of imageless navigation
technology in challenging surgeries such as PAO should be
an ongoing consideration for surgeons, as it provides vital
information on acetabular position in real-time and allows
the surgeon to precisely target a patient-specific position
when repositioning the acetabular fragment. Intraoperative
precision carries the potential for long-term durability of
the PAO and improves patient outcomes.
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