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Computer-assisted surgery prevents complications
during peri-acetabular osteotomy
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Abstract
Purpose The aim of study is to evaluate the accuracy of a navigation system during curved peri-acetabular osteotomy (CPO).
Methods Forty-seven patients (53 hips) with hip dysplasia were enrolled and underwent CPO with or without navigation during
surgery. Clinical and radiographical evaluations were performed and compared between the navigation group and non-navigation
group, post-operatively.
Results The clinical outcomes were not significantly different between the navigation and non-navigation groups. Furthermore,
post-operative reorientation of the acetabular fragment was similar between the navigation and non-navigation groups. However,
the discrepancy between the pre-operative planning line and post-operative osteotomy line was significantly improved in the
navigation group compared with that in the non-navigation group (p < 0.05). Further, the complication rate was significantly
improved in the navigation group (p < 0.001).
Conclusion The accuracy of the osteotomy’s position was significantly improved by using the navigation. Therefore, the use of
navigation during peri-acetabular osteotomy can avoid complications.
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Introduction

Developmental dysplasia of the hip (DDH) is the most com-
mon cause of osteoarthritis (OA) of the hip in Japan; more
than 70% of OA of the hip is caused by DDH [1]. Many types
of acetabular osteotomy have been developed to prevent OA
such as rotational acetabular osteotomy (Ninomiya), peri-
acetabular osteotomy (Ganz), spherical osteotomy (Wagner),
and dial osteotomy (Eppright) [2–5].

The most important purpose of acetabular osteotomy is
reorientation of the acetabulum into a normal position. The
Bernese curved peri-acetabular osteotomy (CPO) provides

good coverage of the femoral head by redirecting the acetab-
ulum [6]. The Bernese PAO preserves the vascular supply of
the transferred acetabulum and medializes the hip joint, but it
has several disadvantages, including asphericity of the
osteotomy surfaces due to straight cuts, leading to incongruity
at the site of the osteotomy and anterior displacement of the
hip joint [7]. To reduce these disadvantages, curved PAO
(CPO) was developed for the treatment of DDH in Japan
[6]. Exposure of the osteotomy sites and osteotomy of the
ischium and pubis are performed in the same manner as that
of the Bernese PAO, and iliac osteotomies are designed C-
shape as previously described [4].

However, PAOs are technically demanding because of the
complex anatomical structures of the pelvis and shallow visual
field during surgery with potential risk for major complica-
tions and a previously reported steep learning curve [8–10].
The overall rate of peri-operative major complications was 6%
[8], 5.9% [10], and 12% [9], respectively. The complication
rate in terms of malposition cutting was 1% [8] and 3.8% [9],
respectively.

The difficulty of the operation lies in determining the re-
orientation of the acetabular fragment during pre-operative
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planning and intra-operative manipulation. One reason of the
poor outcomes of peri-acetabular osteotomy is that pre-
operative evaluation cannot be achieved by 2D imaging data.
Because patients with dysplasia have less anterolateral acetab-
ular coverage than those without, the distribution and degree
of acetabular dysplasia have individual differences [11].
Therefore, assessment of the three-dimensional (3D) struc-
tures of the acetabulum before pre-operative planning should
improve the surgical outcomes.

To compensate for these difficulties, many authors have
developed 3D planning systems [12, 13], surgical navigation
systems [14, 15], and custom cutting guides [16, 17].
Navigation has been developed over the last decade and po-
tentially improves the accuracy of cutting during CPO. We
have been using this navigation system for pre-operative plan-
ning and intra-operative osteotomy since 2014. In this pro-
spective study, we aimed to evaluate the accuracy of using
this navigation system during CPO.

Patients and methods

Patients and procedure

This study included 47 patients (53 hips) in six men and 41
women. The patients underwent CPO for DDH from 2014 to
2016. Pre-operatively, all patients were classified as having
grade 0 or 1 OA according to the Tönnis classification [18].
The average age at surgery was 29.9 years (range 16–
49 years), and the average follow-up duration was 2.1 years.
We divided the patients into two groups: those in whom nav-
igation (30 hips) or non-navigation (23 hips) was used during
surgery. We used navigation during surgery from 2014 to
2015 and did not use navigation in 2016 to make a control
group.

All patients underwent pre-operative 3D planning with a
100-mm radius sphere using navigation software (OrthoMap
3D Navigation System; Stryker Orthopaedics, Mahwah, NJ,
USA) (Fig. 1a). The targets of pre-operative planning were as
follows: (1) adequate femoral head coverage was based on the
acetabular fragment (lateral CE 30°, anterior CE 60°), (2)
horizontal position of the weight-bearing area of the acetabu-
lar fragment, and (3) medialization of the centre of the hip
referred to the ilioischial line.

The patient was placed on a radiolucent table in the supine
position. Prior to incising the skin, we fixed reference markers
to the contralateral iliac crest with two apex pins. A direct
anterior approach with a skin incision of approximately
9 cm was used for surgical exposure. The osteotomy was
performed in the same manner as that of a procedure that
was previously described in detail [6]. The pelvis was regis-
tered using a surface-matched technique prior to osteotomy
[19]. After registration, the position and direction of the sphere

that were determined during pre-operative planning were
checked using a pointer with optical sensors (Fig. 1b). A flex-
ion chisel was introduced into the space between the distal
joint capsule and the psoas tendon. When the blade contacted
the surface of the ischium, the direction of the chisel toward
the infracotyloid groovewas confirmed with image intensifier,
and osteotomy was performed. A pubic osteotomy was per-
formed just medial to the iliopubic eminence. A C-shaped
osteotomy line was marked with a power drill from the ante-
rior inferior iliac spine to the distal part of the quadrilateral
surface along the spherical position and direction.

During spherical osteotomy, the position and direction were
checked with a pointer. After spherical osteotomy, the acetab-
ular fragments were rotated laterally and anteriorly to the po-
sition and direction that were determined during pre-operative
planning, checked by touching the lateral edge of the acetab-
ular fragment with the navigation pointer (Fig. 1c), and then
fixed temporarily using a Kirschner wire. Alternatively, an
image intensifier was used to achieve the target position and
direction when navigation was not used. Two or three poly-L-
lactic acid screws or metal cancellous screws were used to
finally fix the reoriented acetabular fragment (Fig. 2).

Clinical evaluation

Hip function was evaluated using the Japanese Orthopaedic
Association (JOA) score, which allocates 40 points for pain,
20 points for range of motion, 20 points for walking ability,
and 20 points for activities of daily living, with a maximum
total score of 100 points [20]. The JOA score was evaluated
pre-operatively and at the one year follow-up. The University
of California, Los Angeles (UCLA) activity score was also
evaluated at the one year follow-up assessment. The operation
time and blood loss during osteotomy were also evaluated.

Radiographic evaluation

Pre- and post-operative computed tomography (CT) images
were transferred to the navigation software and analyzed. The
axis of pelvic plane was according to functional pelvic plane.
The pre- and post-operative lateral and anterior 3D center-
edge (CE) angles or acetabular head index (AHI) were mea-
sured on coronal and sagittal views through the center of the
femoral head.

Accuracy evaluation

Pre-operative and post-operative CT images were superimposed
to determine the shape of the pelvic ring using a volume regis-
tration method. The pre-operative spherical osteotomy line was
superimposed on the post-operative CT images.

The accuracy of the osteotomy’s position was measured as
the distance between the sphere line that was determined
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Fig. 1 Display of the navigation system. a Pre-operative 3D planning
with a 100-mm radius sphere. b The position and direction of the sphere
were checked pre-operatively using a pointer with optical sensors. c The

lateral edge of the acetabular fragment was checked with the navigation
pointer after the fragment was rotated

Fig. 2 A case example of a
patient with pre-operative and
post-operative X-rays (a, b) and
post-operative CT image (c)



during pre-operative planning and the post-operative iliac
bone surface.

The accuracy of the osteotomy was measured on the
reconstructed coronal and axial plane through the centre
of the sphere that was determined during pre-operative
planning (Fig. 3a). Each measurement was performed on
the external and internal surfaces of the superior pelvis at
the coronal plane, and posterior pelvis at the axial plane
(Fig. 3b). We defined the distance between the sphere
line that was determined during pre-operative planning
and the post-operative iliac bone surface as the error
distance.

Statistical analysis

All data are expressed as the mean ± standard deviation unless
otherwise indicated. Between-group comparisons were evalu-
ated using the Mann-Whitney U test. The complication rate
was evaluated using a chi-square test. The database was ana-
lyzed using SPSS version 16.0 software (IBMCorp., Armonk,
NY, USA). p values < 0.05 were considered to be statistically
significant.

Ethics

The study protocol was approved by our institutional ethics
committee on September 8, 2011 (No. 1219), and informed
consent for participation in the study was obtained from all
participants.

Results

Patient characteristics and clinical outcomes

The background characteristics of the patients in our study are
summarized in Table 1. The mean values of the pre- and post-

operative JOA and UCLA scores were not significantly dif-
ferent between the navigation and non-navigation groups
(Table 1). Further, the operation time and blood loss were
not significantly different between the navigation and non-
navigation groups (Table 1).

Post-operative reorientation of the acetabular
fragment was not different with navigation

The mean values of each lateral CE, anterior CE, and AHI
were not significantly different between the navigation and
non-navigation groups (Table 2).

The accuracy of the osteotomy position was improved
with navigation

The mean error distances of the superior pelvis on the
coronal plane were 1.2 mm (inside the pelvis) and
4.1 mm (outside the pelvis) with navigation, but the error
distances were 5.6 mm (inside the pelvis) and 7.3 mm
(outside the pelvis) without navigation (Fig. 4a). There
were significant differences in the error distance between

Table 1 Comparison of the patients’ background and clinical outcomes
between the navigation and non-navigation groups

Navigation Non-navigation p value

Number 20 joints 17 joints

Age (years) 31.5 ± 11.2 29.1 ± 11.9 0.254

Pre-operative JOA score 76.3 ± 9.5 81.8 ± 10.8 0.184

Pre-operative UCLA score 6.9 ± 2.0 6.6 ± 1.3 0.844

Post-operative JOA score 98.8 ± 2.1 96.7 ± 3.4 0.268

Post-operative UCLA score 8.9 ± 9.9 7.8 ± 1.9 0.235

Operation time (min) 117 ± 18 114 ± 19 0.283

Blood loss (ml) 463 ± 109 475 ± 206 0.467
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Fig. 3 The measurement of the
distance between the 100-mm
radius sphere line that was
determined during pre-operative
planning and the post-operative
iliac bone surface (the error
distance) on the a coronal and b
axial planes. a The error distance
outside the pelvis on the coronal
plane (50–45.5 mm= 4.5 mm). b
The error of the distance inside
the pelvis on the axial plane
(57.8–50 mm= 7.8 mm)



the navigation and non-navigation groups (inside the pel-
vis: p = 0.0004; outside the pelvis: p = 0.0478) (Fig. 4a).
Furthermore, the mean error distances of the posterior
pelvis on the axial plane were 3.1 mm (inside the pelvis)
and 4.2 mm (outside the pelvis) with navigation, but the
error distances were 6.2 mm (inside the pelvis) and
6.7 mm (outside the pelvis) without navigation (Fig. 4b).
There were significant differences in the error distance
between the navigation and non-navigation groups (inside
the pelvis: p = 0.0192; outside the pelvis: p = 0.0179)
(Fig. 4b).

Peri-operative complications

There was no peri-operative complication as pulmonary
embolism, deep infection, peroneal nerve dysesthesia,
and vascular injuries in this study group. In the navigation
group, there were no cases of peri-operative complications
of intra-articular cutting and posterior column fracture,
but one patient in the non-navigation group experienced
an intra-articular osteotomy (Fig. 5), and another patient
experienced posterior column fracture. We compared peri-
operative complications rate in terms of malposition cut-
ting between the navigation and non-navigation groups.
The complication rate was significantly improved in the
navigation group compared with that in the non-

navigation group (navigation group, 0%; non-navigation
group, 8.7%; p < 0.001).

Discussion

The findings of our study suggested that the use of nav-
igation during PAO did not affect clinical outcomes or
reorientation of the acetabular fragment. However, the
use of navigation prevented complication in terms of mal-
position cutting.

Computer-assisted technologies have been developed to
treat bone tumours of the pelvis, with the main objective of
improving the accuracy of bone cutting. Cartiaux et al. dem-
onstrated the accuracy of cutting during navigated and non-
navigated, simulated bone tumour cutting of pelvic bone [21].
The osteotomy position relative to that of the target was sig-
nificantly improved by using the navigation system; the aver-
age error distance was 2.8 mm compared with 11.2 mm for the
non-navigation procedure (p < 0.001) [21]. Furthermore,
intralesional tumour cutting did not occur when using the
navigation system [21]. Takao et al. demonstrated the clinical
and radiographic outcomes of rotational acetabular osteotomy
(RAO) using the same navigation system that was used in our
study [19]. The average error distance between the osteotomy
position and the target position was 1.3–1.5 mm inside the
pelvis and 2.0–2.4 mm outside the pelvis [19]. The accuracy
of the osteotomy position was more accurate than in our se-
ries. This was because they used a special chisel for naviga-
tion, which enabled them to use the chisel during bone cutting.
Their study evaluated whether or not a computer navigation
system combined with a pre-operative CT-based plan im-
proved surgeons’ ability to perform RAO more accurately,
regardless of their level of experience with performing
osteotomies, but they did not compare the accuracy of navi-
gation compared with that of non-navigation [19]. We dem-
onstrated that the osteotomy’s position was improved by using
navigation. The accuracy of the osteotomy position is critical
to avoid disastrous complications such as posterior column

Table 2 Comparison of the pre- and post-operative lateral center-edge
angle, anterior center-edge angle, and acetabular head index (%) between
the navigation and non-navigation groups

Navigation Non-navigation p value

Pre-operative LCE 12.6 ± 8.1 13.6 ± 7.4 0.283

Pre-operative ACE 43.9 ± 12.9 42.7 ± 15.8 0.998

Pre-operative AHI (%) 68.2 ± 12.5 68.8 ± 5.9 0.587

Post-operative LCE 30.8 ± 5.1 29.9 ± 5.2 0.922

Post-operative ACE 62.1 ± 9.7 67.7 ± 9.1 0.347

Post-operative AHI (%) 80.2 ± 8.0 82.6 ± 7.6 0.544
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Fig. 4 The sphere line that was
determined pre-operatively and
the post-operative iliac bone
surface (the error distance) on the
a axial and b coronal planes.
Inside: inside the pelvis. Outside:
outside the pelvis



fracture and intra-articular cutting. Two patients who did not
undergo navigation in this series experienced an intra-articular
cutting. However, among patients who underwent navigation,
none experienced complications in terms of malposition cut-
ting. Thus, the use of navigation during osteotomy should
avoid the occurrence of complications in terms of malposition
cutting.

Two studies compared the clinical outcomes of the radio-
graphic reorientation angle of the acetabular fragment be-
tween patients who did and did not undergo navigation during
PAO [22, 23]. There were no differences between the two
groups in terms of clinical outcomes or correction of femoral
head coverage and the anterior and lateral CE angles, and
these studies concluded that a computer-assisted navigation
system offers little additional benefit when the surgery is per-
formed by an experienced surgeon [22, 23]. The osteotomies
of these two studies were performed in a lateral decubitus
position as rotational acetabular osteotomy, and the studies
analyzed the reorientation angle of the acetabular fragment
but did not analyze the accuracy of the osteotomy position.
We compared the reorientation angle of the acetabular frag-
ment and clinical outcomes between patients who did and did
not undergo navigation. However, the average lateral CE an-
gle, anterior CE angle, AHI, and clinical outcomes were not
different between the two groups. This was because the reori-
entation angle of the acetabular fragment was usually con-
trolled under C-arm imaging when navigation was not used

during surgery, and adequate lateral and anterior acetabular
coverage was critical to obtain excellent clinical outcomes
[24]. Therefore, the reorientation angle of the acetabular frag-
ment and clinical outcomes were not different between the
navigation and non-navigation groups.

The limitation of this study is that the cohort was likely not
large enough in size to enable a full evaluation of the clinical
results and rare complication associations with navigation use.
In conclusion, the reorientation angle of the acetabular frag-
ment and clinical outcomes were not different between two
groups, but the accuracy of the osteotomy position was sig-
nificantly improved by using the navigation system.
Therefore, the use of navigation during peri-acetabular
osteotomy can avoid complications.
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Fig. 5 A case of intra-articular
osteotomy. The white arrows
indicate the site of the intra-
articular cutting. The yellow
circles indicate the pre-operative
osteotomy line
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