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Background   Periacetabular osteotomy (PAO) is an 
effective but technically demanding surgical proce-
dure. We evaluated the efficiency of computer-assisted 
navigation in PAO and compared it with the traditional 
approach.

Patients and methods   We performed a randomized 
study of 36 patients undergoing PAO using either the 
CT-based, computer-assisted navigation technique or 
the conventional approach. The operative details, radio-
graphic results, and functional outcomes were compared 
between groups.

Results   Patients in the conventional surgery group 
required an average of 4.4 (2–7) images of intraopera-
tive radiographs, whereas only 0.6 (0–1) images were 
required in the navigation group. The operation time 
was 21 min shorter with computer-assisted navigation. 
No significant difference with regard to operative blood 
loss, transfusion requirement, correction of deformity, 
and functional improvement was found. Complications 
such as intraarticular damage, osteonecrosis, or neuro-
vascular injury were not encountered.

Interpretation   A computer-assisted navigation 
system is a feasible tool to provide real-time image guid-
ance and facilitate PAO. However, it offers little addi-
tional benefit when the surgery is done by an experi-
enced surgeon. 

■

Periacetabular osteotomy (PAO) is a well estab-
lished procedure for the treatment of adult dysplas-

tic hips. With appropriate techniques performed in 
properly selected patients, PAO has the potential 
to correct the dysplastic acetabulum, relieve pain, 
improve function, and to prevent osteoarthritic 
changes from progression (Crockarell et al. 1999, 
Trumble et al. 1999). Several types of PAO have 
been developed, and most of them are considered 
technically demanding (Ninomiya and Tagawa 
1984, Ganz et al. 1988, Hsieh et al. 2003). Diffi-
culties arise not only from the complex anatomi-
cal structures of the pelvis, but also from the lim-
ited visualization provided by traditional surgical 
approaches in which some of the bony cuts have to 
be done out of the surgeon’s field of view. 

To improve the accuracy and safety of difficult 
orthopedic operations, computer-assisted image-
guided techniques have recently been introduced 
(Amiot and Poulin 2004). These techniques—also 
called navigation surgery—are capable of offering 
real-time, three-dimensional images to track the 
position and orientation of surgical instruments 
(e.g. osteotomes) in space with respect to the 
patient’s anatomy. Studies have demonstrated the 
accuracy of these systems in several areas of ortho-
pedic surgery (Fu et al. 2004, Jolles et al. 2004, 
Perlick et al. 2004). To date, however, there have 
been few reports on the application of computer-
assisted techniques in PAO, and no data have been 
obtained demonstrating the clinical advantages of 
this new technology in comparison with those of 
conventional surgery. The purpose of this prospec-
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tive study was to provide objective information 
regarding the outcomes of PAO using a CT-based 
navigation system and to compare it with that of a 
conventional “surgeon-controlled” approach.

Patients and methods

Study design and patients

We performed a prospective study on a consecu-
tive series of 36 patients to evaluate the clinical 
outcomes of PAO using either a CT-based naviga-
tion system (the “navigated” group; n = 18) or a 
conventional technique (the “conventional” group; 
n = 18). The patients were designated randomly 
into groups using a table of random numbers. One 
surgeon (P-H H), experienced in both computer-
assisted and conventional PAO, carried out all the 
operations between November 2002 and August 
2003. The criterion for inclusion in the study was 
a symptomatic adult dysplastic hip that required 
surgical correction for better femoral head cover-
age and hip congruency. We considered hips with 
advanced osteoarthritic changes (Tönnis grade 3; 
severe narrowing or obliteration of the joint space) 
a contraindication to this type of reconstruction 
(Tönnis 1987). We also excluded hips with false 
acetabuli or with severe femoral head deformity 
that could not be corrected by PAO. All patients 

taking part in the study gave their informed con-
sent, and the local institutional ethics committee 
approved the protocol. 

Operative technique

The surgical technique of PAO have been described 
previously in detail (Hsieh et al. 2003). Briefly, the 
patient was placed in the lateral decubitus position 
under general anesthesia and the transtrochanteric 
approach was used to facilitate exposure. The oste-
otomy was completed via a single longitudinal inci-
sion approximately 20 cm long, centered over the 
tip of the greater trochanter. The approach permit-
ted bony cuts done from outside of the pelvis, with 
simultaneous arthrotomy of the hip joint to directly 
assess the intraarticular pathology. The fragment 
was spherical in shape, which allowed easy mobili-
zation with minimal gap formation after redirection 
of the acetabulum (Figure 1). The goal of correc-
tion was to achieve adequate coverage of the femo-
ral head with optimal congruency of the hip joint 
and femoral head coverage of > 75% (Cooperman 
et al. 1983), a lateral center-edge angle of > 25° 
(Wiberg 1939), an anterior center-edge angle of > 
20° (Lequesne and de Seze 1961) and an acetabular 
angle of <  42° (Sharp 1961). The acetabular frag-
ment was fixed with 3 or 4 3.5-mm cortical screws 
and the greater trochanter was stabilized with 2 6.5-
mm cancellous screws. Because osteotomy beyond 

Figure 1. 46-year-old woman who had a right painful dysplastic hip (A). 2 years after PAO showing solid bony union and 
good joint congruity  (B). The lateral projection shows that the osteotomy was spherical in shape and that the femoral 
head was well covered anteriorly (C).

   A    B    C
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the surface of the pelvis was a blind endeavor in the 
“conventional” group, intraoperative radiographic 
images were required to ensure proper position and 
orientation of the blades of the osteotomes.

Computer-assisted PAO

In the “navigated” group, PAO was performed using 
the CT-based version of BrainLAB’s VectorVision 
hip navigation software (BrainLAB Inc., West-
chester, IL). A preoperative CT scan of the pelvis 
at 1-mm slice thickness was obtained in all patients 
according to a standard protocol. The scanned data 
were then transferred to a workstation to generate 
a high-resolution three-dimensional model of the 
patient’s pelvis. 

At the beginning of the operation, a reference 
frame was rigidly fixed to the iliac crest through 
a separate 1.5-cm incision (Figure 2). The Brain-
LAB navigation screen, along with stereo cameras, 
was positioned on the opposite side of the surgeon, 
2 meters away from the operation table. The cor-
relation between the preoperative image data and 
the patient’s anatomy was established by a surface-
matching process. This step, also termed registra-
tion, was done by capturing 15–18 points on bone 
surface of the anterosuperior iliac spine, the iliac 
crest, and the acetabulum with an optically tracked 

probe. The surface of the acetabulum was easily 
visualized with capsulotomy and manual traction 
of the leg (Figure 3). After registration, the accu-
racy of matching was checked by the navigation 
system. An error value of 2 mm was considered to 
be acceptable. 

To incorporate conventional surgical instru-
ments into the computer-assisted system, the exist-
ing surgical tools such as the osteotomes were 
equipped with a navigation adaptor. This enabled 
specific points of interest, for example, the blade 
of an osteotome, to be tracked and the position to 
be visualized in real-time on the navigation screen. 
The surgeon was then able to perform PAO with 
continuous, three-dimensional guidance by the 
navigation system (Figure 4).

Evaluation

The patients followed a standard rehabilitation pro-
tocol after surgery and were examined clinically 
and radiographically at 3, 6, 12, and 24 months. 
Operative parameters, including operative time 
(time from incision to closure), blood loss, amount 
of transfusion, requirement of intraoperative radio-
graphic images, and estimated radiation exposure 
of the patients were recorded. Radiographic cor-
rection of the deformity, including improvement in 

Figure 3. By manual traction of the involved leg, the ace-
tabulum can be visualized. A probe is used to track and 
register the articular surface.

Figure 2. A reference frame is firmly attached to the iliac 
crest through a separate small incision.
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in femoral head coverage, anterior and lateral CE 
angles, and the acetabular angle (Table 3). Simi-
larly, patients in both groups showed improvement 
in the functional score at the latest follow-up (p = 
0.001 in the “navigated” group and p = 0.002 in the 
“conventional” group). The functional scores were, 
however, similar in both groups (Table 4).

Discussion

The PAO was developed to provide correction of 
the poorly covered femoral head by reorientation 
of the dysplastic acetabulum with a series of juxta-
articular bony cuts on the pelvis. Accurate creation 

Figure 4. The planning and execution of the osteotomy can be performed under 
real-time, continuous guidance by either the original CT data or a reconstructed 3-D 
model.

“conventional” group (p < 
0.001). Although the “navi-
gated” group took an extra 26 
(SD 4.8; range 17–33) min in 
setup of the reference frame 
and registration, the reduced 
numbers of intraoperative 
radiographs effectively short-
ened the operative time for 
the whole procedure by 21 
min. There were no signifi-
cant differences between the 
two groups with regard to 
operative blood loss and the 
amount of transfusion (Table 
2). 

Satisfactory radiographic 
correction of the deformity 
was achieved in all patients, 
regardless of the group. There 
were no differences between 
groups in terms of correction 

Table 1. Patient data, expressed as mean (SD) and range

 Conventional Navigation

No. of patients 18 18
Age 36 (5.7)  34 (7.3)  
   range 24–61 18–63
Sex (male/female) 1/17 2/16
Body weight (kg) 54 (7.9) 52 (6.7)
   range 48–80 45–85
Side (left/right) 13/5 11/7

femoral head coverage, anterior and lateral center-
to-edge (CE) angles, and the acetabular angle, 
was calculated on the postoperative radiographs. 
The hip functional scores according to the Merle 
d’Aubigne and Postel (1954) system were deter-
mined preoperatively and at the postoperative con-
trols. 

Statistics

We used Chi-square test for categorical data, and 
a two-tailed Student’s t-test for continuous data 
(recorded as mean (SD)). P-values less than 0.05 
were considered to represent statistical signifi-
cance.

Results

All patients completed the 2-year follow-up and the 
2 groups were matched regarding age, sex, body 
weight, and side of involvement (Table 1). In the 
“conventional” group, an average of 4.4 (SD 1.6; 
range 2–7) images of intraoperative radiographs 
was required to perform a precise PAO while only 
0.6 (SD 0.5; range 0–2) images were needed in 
the “navigated” group (p < 0.001). The estimated 
radiation exposure was higher in patients in the 
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of the osteotomies is of paramount importance to 
the success of this difficult surgery, and a small 
degree of imprecision can lead to catastrophic fail-
ure. Intraarticular injuries, damage to the neuro-
vascular structures, posterior column discontinuity 
that leads to secondary fragment migration and a 
fragment that is too thin (with resultant osteonecro-
sis) are technical errors attributable to a misplaced 
osteotomy (Davey and Santore 1999).

In the literature, only a few studies have reported 
the results of computer assistance of PAO. Azuma 
et al. (1990) described a method of preoperative 
assessment of rotational acetabular osteotomy for 
dysplastic hips in children by three-dimensional 
surface reconstruction from CT imaging. This 
method provided exact anatomical information on 
acetabular coverage, and precise operative plan-
ning is made easier. In 2 case series, Langlotz et 
al. (1997) and Mayman et al. (2002) introduced the 
application of CT-based navigation technology in 
PAO. They concluded that the visualization aids 
provided by the system were capable of helping 
to reduce potential risk, and increase safety and 
accuracy. However, neither study included a com-

parative patient group or a prospective protocol for 
treatment and evaluation of patients.

Our study represents a series done by one expe-
rienced surgeon who had performed more than 120 
PAO, including 10 with the computer-assisted navi-
gation before the initiation of the study. We found 
that the CT-based navigation techniques offered no 
additional benefit over the non-computer execution 
of PAO when performed by an experienced sur-
geon. We also found no difference with regard to 
the operative blood loss, transfusion requirement, 
radiographic correction of the deformity, and the 
functional outcomes between the groups. Even so, it 
turned out that the visualization aids afforded by the 
computer navigation system effectively reduced the 
need for intraoperative radiographs by providing the 
surgeon with real-time feedback on the orientation 
of surgical instruments during this difficult opera-
tion. Even in experienced hands, the time required 
for the whole procedure can be shortened with use 
of navigation. There is a strong possibility that sur-
geons who have less experience in PAO would profit 
more from the application of this system.

The strengths of our study include a random-

Table 3. Radiographic parameters, expressed as mean (range)

 Conventional Navigation P-value a

 Preop. Postop. Preop. Postop. 

Head coverage b  52 (38 to 60)  92 (85 to 100) 55 (35 to 65) 95 (85 to 100) 0.4 
Lateral CE angle c    2 (-15 to 10) 35 (28 to 40)   0 (-7 to 15) 32 (25 to 40) 0.1
Anterior CE angle c    3 (-5 to 13) 29 (25 to 35)  -2 (-10 to 10) 34 (29 to 40) 0.8
Acetabular angle c 58 (50 to 69)  45 (40 to 50) 60 (55 to 68) 43 (39 to 48) 0.2
 
CE: center-edge.
a comparison of radiographic correction of the deformity between groups.
b values given as percentage.
c values given in degrees.

Table 4. Merle d’Aubigne and Postel hip score, expressed an mean (range)

  Conventional Navigation P-value a

  Preop.  Latest  Preop. Latest 

Total score 13.1 (11–14) 17.2 (15–18) 13.3 (10–15) 17.0 (15–18) 0.6
Pain  3.5 (2–5)  5.8 (4–6)  3.5 (2–5) 5.5 (5–6)  0.8
Walking  4.6 (3–6)  5.6 (4–6)  4.8 (2–6) 5.7 (5–6)  0.5
ROM  5.0 (4–6) 5.8 (5–6)  5.0 (4–6)  5.8 (4–6)  0.8

ROM: range-of-motion.
a comparison of hip scores at the latest follow-up between groups.



596 Acta Orthopaedica 2006; 77 (4): 591–597

ized design on a consecutive series of patients with 
complete follow-up, and the fact that one surgeon 
treated all patients using standard techniques. One 
weakness is the limited number of patients, with no 
statistical power to detect minor differences. 

The application of computer navigation in PAO 
required capsulotomy for registration. Opening of 
the joint offers an opportunity to directly assess 
intraarticular pathology. However, with a thin frag-
ment created in the rotational acetabular osteotomy 
(Ninomiya and Tagawa 1984), capsulotomy is con-
traindicated because this may alter blood supply to 
the osteotomized fragment and lead to osteonecro-
sis. The design of our modified PAO creates a thick 
fragment with its vascular supply from the inner 
side of the pelvis; thus, performance of a capsu-
lotomy is permissable (Hsieh et al. 2003). 

The computer navigation software we used is cur-
rently being used in PAO for preoperative planning, 
intraoperative planning, and execution of the bone 
cutting. Once the acetabular fragment has been oste-
otomized and freed from the pelvis, this version of 
the software looses its ability to track the fragment 
in space to guide the reorientation, and proper cor-
rection should rely on the surgeon’s own experience 
to find a new optimal position. This is thought to be 
a limitation of the current navigation system because 
only a minor failure in correction angle may lead to 
a change in joint mechanics (Tönnis and Heinecke 
1999). Jäger et al. (2004) described a CT-based PAO 
navigation system that allowed control of the ace-
tabular fragment in 3D, complemented by readout 
of numerical angles on the screen. 

The application of computer-assisted navigation 
systems in PAO requires additional time for set-
ting up the reference frame and registration. This 
took as long as 60 min in the earliest cases before 
we started the study. In our series, however, the 
procedure took only 26 min after an initial learn-
ing curve, which compensated well for the time 
needed to acquire intraoperative radiographs in the 
“conventional” group. 

The main disadvantages of the CT-based naviga-
tion surgery include the considerable cost to acquire 
the system, the need for an additional radiographic 
scan procedure and data transfer before surgery, 
and the time required for registration during sur-
gery. Recently, applications of fluoroscopic image-
assisted technology have been developed. The 

fluoroscopic navigation system allows multiple 
intraoperative images to be stored in the computer 
workstation. The system can locate the surgery-
specific regional anatomy of the captured images. 
The position of surgical instruments can be tracked 
by attaching an adapter with reflective markers 
and then can be virtually overlaid onto the stored 
images in multiple planes during surgery (Bachler 
et al. 2001, Stockle et al. 2003). The use of the 
CT-free modalities eliminates the acquisition of a 
preoperative CT scan and the need for a registra-
tion process, yet provides accurate clinical infor-
mation rivaling that of the CT-based methods and 
may also facilitate and speed up the surgery (Choi 
et al. 2000). Although the application of this new 
technology in PAO is still under investigation, the 
authors believe that the future of navigated PAO 
will involve CT-free navigation.

Although our findings support a role for CT-
based navigation in PAO, it seems that the current 
use of this image-guided technique in PAO is often 
unnecessary when an experienced surgeon per-
forms the surgery. This technology is expensive 
and offers only a small amount of additional ben-
efit to the patients. Further advances in this field 
may soon allow real-time image guidance with 
fluoroscopic tracking, which should increase the 
usefulness of navigation surgery in PAO.
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