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Abstract
Introduction  Bernese periacetabular osteotomy is an effective procedure for treating acetabular dysplasia. However, limited 
visual control of the acetabular position during surgery may result in under- or overcorrection with residual dysplasia or 
femoroacetabular impingement. Thus, we wanted to find a simple method to control the effect of correction in the sagittal 
and coronal plane.
Method  The acetabular coordinates are shown by two perpendicular tubes of an external fixator mounted onto a third tube 
that is fixed to the acetabular fragment with two Schanz screws. This method enables the isolated acetabular reorientation in 
the coronal, sagittal, and transverse plane. In a sawbone pelvis model, the acetabular rim is marked with a copper wire and 
a silicon adherent. To show the radiographic effect on acetabular parameters and the rim position, we visualized correction 
in the coronal and sagittal plane under fluoroscopic control.
Results  Lateral rotation of the acetabular fragment had the highest impact on radiographic lateral coverage of the femoral 
head. But also ventral coverage increased during isolated lateral rotation. Anterior rotation showed almost no effect on lateral 
coverage and just a little effect on ventral coverage but caused severe total acetabular retroversion.
Conclusion  Three-dimensional control of the acetabular orientation during periacetabular osteotomy is important to avoid 
over- and under-correction. Isolated lateral rotation of the acetabular fragment should be the predominant direction of correc-
tion during periacetabular osteotomy. Ambitious anterior correction may be the main source for severe acetabular retroversion 
following periacetabular osteotomy.
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Introduction

Bernese periacetabular osteotomy (PAO) for hip dyspla-
sia—a method popularized by the work of Ganz et al. 
[1]—has shown to be an effective procedure to improve 
acetabular coverage, reduce pain, and improve hip func-
tion in several mid- to long-term studies [2–6]. Despite the 
intensity of surgical intervention, short-term results after 
1 year have shown both improvements in patients’ physical 
activity levels and decreases in pain [7]. In a subpopu-
lation of athletes, Heyworth et al. reported good results 
and a median return-to-play period of 9 months after PAO 
in 80% of patients [8]. The first long-term results after 
30 years show good results without any progression in 
arthritis or conversion to THA for one third of PAO pro-
cedures [9].

Poor results after PAO are either due to patient selection 
or inadequate acetabular reorientation. Patient-specific 
factors associated with failure after pelvic osteotomy are 
advanced age, increased radiographic joint degeneration, 
and intensified preoperative pain [3, 5, 10–12]. Acetab-
ular under- and overcorrection may cause pain due to 
residual hip dysplasia or femoroacetabular impingement 
[3–5, 10, 13]. Acetabular reorientation is challenging, 
and even experienced surgeons have reported inadequate 
postoperative radiographic coverage (lateral CE angle) in 
approximately one fifth of the patients [14]. But particu-
larly malorientation such as total acetabular retroversion 
causes postoperative impingement, a restricted range of 
movement, and a positive Drehmann’s sign [15]. Some 
of these patients even required revision surgery, such as 
revision PAO or difficult total hip arthroplasty.

For this reason, the aim of this investigation was to 
show potential sources of error during the reorientation 
procedure and to describe method that allows visual con-
trol of the acetabular position. Therefore, we used an 
external fixator as an analogous navigator to show the 
acetabular coordinates and to simulate different directions 
of correction under fluoroscopic control in a sawbone pel-
vis model. This study is not meant to be a publication of a 
novel operative technique even though the external fixator 
is suitable for intraoperative application.

Method

A sawbone pelvis model was fixed to a radiolucent board 
in supine position. To be able to follow the acetabular rim 
position by fluoroscopy during the correction procedure, 
a thin copper wire was fixed to the rim with a silicone 
adhesive (Fig. 1). The acetabular fragment was detached 

from the pelvis by four saw cuts analogous to the PAO. 
An external fixator was mounted with two Schanz screws 
located superiorly and inferiorly to the anterior inferior 
iliac spine. Under anatomic reduction, two perpendicular 
tubes were connected to the external fixator to show the 
acetabular coordinate system in supine position (Fig. 1). 
Pulling on tubes of the external fixator in the coronal, 
sagittal, and transversal plane enabled the investigation 
of defined motions of the acetabular fragment: lateral/
medial rotation, anterior/posterior rotation, and antever-
sion/retroversion. Particularly lateral and anterior rotations 
are common directions of correction to improve lateral 
and ventral coverage of the hip. To show the radiographic 
effect of these two directions of correction, the correction 
procedure (lateral and anterior rotation of the acetabular 
fragment around the femoral head) was simultaneously 
filmed with fluoroscopic visualization. To show the effect 
on lateral and ventral coverage, fluoroscopy was once 
conducted in anteroposterior X-ray view and once in 
faux profil X-ray view. Thus, we analyzed pre- and post-
interventional acetabular rim position, acetabular version, 
and anterior and lateral coverage of the femoral head by 
means of four video clips (anterior and lateral rotation 
under anteroposterior and faux profil X-ray view).

Results

In each of the four video clips, the femoral head position 
as well as the anterior and posterior acetabular rims were 
marked before and after the correction procedure, visual-
izing the effect of acetabular correction as shown in Fig. 2.

Analyses of correction procedures under anteroposterior 
fluoroscopic view:

Fig. 1   A sawbone pelvis model with the external fixator mounted 
onto the acetabular fragment. The red, blue, and black arrows show 
the direction of correction in the sagittal, transversal, and coronal 
plane. The acetabular rim is marked with a copper wire and a silicon 
adherent (left)
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Correction in the coronal plane (lateral rotation) under 
anteroposterior fluoroscopic view is shown in the first video 
clip (Clip1_APview_lateralrotation.mp4) and Fig. 2. Com-
pared to the initial X-ray image, the acetabulum shows iden-
tical configuration. This means the anterior and posterior 
acetabular rims stay in the same anatomic position without 
any change in acetabular version. We termed this consist-
ency of configuration ‘radiographic excision effect’, because 
it resembles an X-ray image in which someone excised the 
acetabulum and rotated it clock- (left hip) or counterclock-
wise (right hip). Analyzing the lateral coverage in the AP 
radiograph, correction in the coronal plane did immediately 
affect the LCE angle. Thus, there is a direct correlation 
between angular lateral rotation and the LCE angle.

Correction in the sagittal plane (anterior rotation) under 
anteroposterior fluoroscopic view is shown in the second 
video clip (Clip2_APview_anteriorrotation.mp4) and Fig. 2. 
Anterior rotation of the acetabulum caused a lateral shift 
of the anterior rim and a medial shift of the dorsal rim. 
Thus, acetabular version changed significantly leading to 
total acetabular retroversion, which may cause severe ven-
tral femoroacetabular impingement. No relevant change in 
lateral coverage was found when comparing the CE angle 
before and after the correction procedure.

Analyses of correction procedures under faux profil fluor-
oscopic view:

Radiological faux profil view is suitable for evaluating 
anterior coverage (VCA angle) and rim positions in the sag-
ittal plane. The third video clip (Clip3_FauxProfil_lateralro-
tation.mp4) shows lateral rotation of the acetabulum (coro-
nal plane correction) under faux profil view. The anterior 
rim did not change significantly, but the posterior rim was 
shifted ventrally, causing the anterior shift of the anterior 
edge. Thus, anterior coverage (VCA angle) was significantly 
increased. Finally, in the fourth video clip (Clip4_FauxPro-
fil_anteriorrotation.mp4), acetabular anterior rotation (sagit-
tal correction) is shown under fluoroscopic view. The ante-
rior rim was shifted ventrally, and the posterior rim dorsally. 
Thus, there was only a slight ventral shift of the anterior 
edge, increasing ventral coverage. An anterior rim shifted 
to the direction of the femoral neck bears a high risk of 
femoroacetabular impingement.

Clinical concordance with the above mentioned findings 
is reproducible in postoperative X-rays following periac-
etabular osteotomy. In Fig. 3, pre- and postoperative X-rays 
of a female dysplasia are shown in anteroposterior and faux 
profil view. The CE angle of 14° was corrected to a CE 
angle of 30°. We used the external fixator as an analogous 
navigator to perform isolated lateral correction. The anterior 
and posterior acetabular rims stayed in the same anatomic 
position without any change in acetabular version. Although 
no anterior rotation was performed, in faux profil X-ray view 

Fig. 2   Analysis of correction 
directions (lateral rotation 
and anterior rotation) under 
anteroposterior (above) and 
faux profil (below) X-ray view. 
The anterior (red) and posterior 
(blue) acetabular rim is shown 
before and after acetabular reor-
ientation. These rim positions 
correspond to the radiographic 
positions at the beginning and 
end of the corresponding video 
clips
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an improved anterior coverage from VCA angle from 14° to 
28° was measured.

Discussion

The success or failure of periacetabular osteotomy is 
strongly determined by the correct postoperative acetabu-
lar cup position. In this study, we described a method for 
improving spatial control of the acetabular cup position 
during reorientation in three planes (coronal, sagittal, and 
transversal plane). To show the effect on femoral coverage 
and acetabular orientation, we analyzed correction videos 
in different X-ray projections. In these videos, the correc-
tion procedure in the coronal plane (lateral rotation) showed 
excellent improvement of lateral and—surprisingly—also 
of ventral coverage (LCE angle and VCA angle) without 
any changes in acetabular version. Correction in the sagittal 
plane (anterior rotation) showed severe changes in acetabular 
version, causing total acetabular retroversion. No improve-
ment in lateral coverage (LCE-angle) was measured, and 
the effect on ventral coverage was even less than that during 
correction in the coronal plane (lateral rotation).

Anterior and lateral coverage increase simultaneously 
when the acetabular fragment is rotated laterally. Thus, to 
avoid retroversion or femoroacetabular impingement, ante-
rior rotation should be performed very carefully, especially 
if the preoperative X-ray image already shows low acetabu-
lar anteversion or cranial acetabular retroversion (crossing 
sign). Surgeons should take this finding into consideration 
when planning periacetabular osteotomy.

Because we used a normal sawbone pelvis model 
without dysplastic acetabular configuration, general 

conclusions from our video analysis are limited. But our 
findings are in line with the recommendations of two stud-
ies that virtually investigated the optimal postoperative 
acetabular position in dysplastic hips [16, 17]. 3D finite 
elements models were generated from CT scans of dysplas-
tic hips, and contact area, pressure, and Mises stress were 
calculated after virtual periacetabular osteotomy at differ-
ent correction angles. In three dysplastic hips (CE angles 
of 10°, 13°, 20°) investigated by Arturo Chavez, optimal 
correction was achieved by coronal correction only, and 
no anterior rotation was needed [17]. Similar results were 
achieved by Wang et al. [16]. During reorientation for 
optimal correction in three hips with CE angles of 19°, 
7°, and − 7°, optimal position was primarily achieved by 
lateral rotation of 17°, 25°, and 30° in the coronal plane, 
respectively. In two cases of severe dysplasia (CE angle 
− 7° and 7°), the contact area was additionally improved 
by anterior rotation in the sagittal plane by 10° and 5°. But 
the authors raised concerns regarding anterior correction 
because it may cause anterior femoroacetabular impinge-
ment and hip joint instability by aggravating deficiency 
in posterior coverage. For this reason, surgeons should be 
careful with regard to anterior rotation [16].

Because the acetabular cup position cannot be made vis-
ible during PAO, the intraoperative implementation of the 
optimal, preoperatively planned correction may be difficult. 
Not only anterior and lateral rotation must be controlled 
but also the axial rotation (anteversion/retroversion) of the 
acetabular fragment. To improve spatial control during 
reorientation, we apply the external fixator to the acetabular 
fragment during every periacetabular osteotomy. Thus, the 
acetabular coordinates are shown, and correction can be con-
trolled visually in the coronal, sagittal, and transversal plane.

Fig. 3   Pre and postoperative X-ray of a female dysplasia following periacetabular osteotomy in anteroposterior view (a) and faux profile view 
(b). The dashed line shows the anterior (red) and posterior (blue) acetabular rim
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Tracking the correction of the acetabular fragment during 
PAO is challenging and affords intraoperative radiographs 
or fluoroscopy. For this reason, different analogous [18], and 
digital [19–21] techniques have been developed to improve 
the accuracy of acetabular reorientation. By developing a 
measuring device for intraoperative assessment of the ace-
tabular index (AI) and the center edge angle (CE), Troelsen 
et al. have provided a useful tool for controlling these param-
eters by means of intraoperative fluoroscopy. But this tool 
does not provide 3D control of the acetabular fragment, thus 
control of acetabular version and anterior rotation is not pos-
sible. Promising approaches for intraoperative digital navi-
gation were provided by two studies using optical navigation 
methods [19, 20]. In sawbone models, preoperative planning 
was successfully implemented in acetabular cup reorienta-
tion with high accuracy. Both methods take pelvic tilt into 
consideration and use the anterior pelvis plane as a reference 
for intraoperative navigation. Whereas Liu et al. considered 
three-motion components in the sagittal, coronal, and trans-
versal plane, Pflugi et al. measured acetabular orientation 
by means of its anteversion and inclination. Assessment of 
acetabular orientation by means of anteversion and incli-
nation is well known from total hip arthroplasty [22–24]. 
Description of spatial orientation of a 3D object (acetabular 
cup) using 2 parameters only (anteversion and inclination) 
is just possible if the object has an axis of symmetry. During 
THA, normal acetabular cups are configured symmetrically, 
thus rotation along their axis of aperture can be neglected. In 
contrast, native acetabulum is not configured symmetrically, 
thus a third spatial parameter must be considered. For this 
reason, we recommend tracking acetabular reorientation in 
the sagittal, coronal, and transversal plane. Regarding Mur-
ray’s definitions of cup orientation, acetabular reorientation 
in 3 planes changes its operative anteversion (sagittal cor-
rection), anatomical anteversion (transversal correction), and 
radiographic inclination (coronal correction). In our method, 
we use the external fixator to follow the acetabular coordi-
nates during reorientation, enabling the tracking of the cor-
rection in three planes. Since reorientation is considerably 
relieved, we have used the external fixator for all PAO proce-
dures since its introduction into our surgical process in 2018. 
Although the application of the external fixator takes some 
time, the time of surgery is not significantly lengthened 
because of faster correct reorientation, fewer intraoperative 
X-rays images, and better control of the acetabular fragment 
during the following surgical steps such as screw fixation.

We hope that the findings of this study will contribute 
to the development of future digital navigation methods 
for PAO. Thus, preoperative planning will be more exactly 
realized during surgery. The high importance of controlling 
reorientation in 3 planes, as mentioned above, calls for the 
digital visualization of fragment correction in the sagittal, 
coronal, and transversal plane.

Conclusion

Three-dimensional control of the acetabular orientation 
during periacetabular osteotomy is important to avoid 
over- and under-correction as well as acetabular retrover-
sion. In this article, we describe a method for visualization 
of acetabular coordinates using an external fixator ena-
bling us the analysis of isolated anterior and lateral cor-
rection. Isolated lateral rotation of the acetabular fragment 
should be the predominant direction of correction during 
periacetabular osteotomy. Ambitious anterior correction 
may be the main source for severe acetabular retroversion 
following periacetabular osteotomy.
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