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Background: Residual acetabular deficiency after periacetabular reorientation osteotomy can result in
suboptimal outcome. The optimal algorithm of acetabular fragment correction to achieve normal ante-
rolateral acetabular coverage is not well characterized. The aim of this study was to determine the
prevalence of residual anterolateral deficiency after lateral acetabular rotation and to evaluate the ability
of additional sagittal and axial rotation of the acetabulum to normalize the acetabular coverage in
periacetabular osteotomy.
Methods: We performed computed tomography-based simulated periacetabular osteotomy on 85 pa-
tients (85 hips) with hip dysplasia. The acetabular fragment was rotated laterally to achieve a lateral
center-edge angle (CEA) of 30�. For hips with residual anterolateral deficiency, which were identified
based on the reference interval of the anterior CEA, the acetabulum was further rotated in the sagittal or
axial direction in 5-degree increments from 5� to 20�, and the ability of these two manoeuvres to restore
a normal anterior CEA was assessed.
Results: After lateral acetabular rotation, 16 hips (19%) had residual anterolateral deficiency, 67 hips (79%)
had normal acetabular coverage, and 2 hips (2.4%) had acetabular overcoverage. A preoperative anterior
CEA <37� predicted residual deficiency (sensitivity, 94%; specificity, 81%). Additional anterior sagittal
rotation was more effective than posterior axial rotation in normalizing the anterior CEA, while mini-
mizing the decrease in posterior CEA. The highest number of hips with normal anterior and posterior CEA
was noted at 10� sagittal rotation (81%), which was followed by 15� sagittal rotation (63%).
Conclusions: Normal anterolateral coverage was achieved in 79% of patients after rotating the acetabu-
lum laterally. However, lateral rotation of the acetabulum may be insufficient to correct the anterolateral
deficiency in patients with an anterior CEA of <37�. In them, additional 10�e15� anterior sagittal rotation
may be appropriate to achieve sufficient anterolateral coverage while retaining posterolateral coverage.

© 2020 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.
1. Introduction

Periacetabular reorientation osteotomies have been developed
for young adult patients with symptomatic hip dysplasia to delay or
prevent subsequent hip osteoarthritis (OA) [1,2]. A common aim of
these osteotomies is to correct abnormal hip biomechanics by
increasing the femoral head coverage by a three-dimensional (3D)
acetabular correction. The outcomes of these osteotomies, although
generally favourable, could be affected by various factors including
(M. Fujii).
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suboptimal correction [3], and acetabular deformity varies between
individuals. Thus, a 3D morphological evaluation using computed
tomography (CT) is recommended to customize the acetabular
correction accordingly [2,4e7].

Hip dysplasia typically manifests with anterolateral acetabular
deficiency [4,5], in which shearing stress force and overload are
concentrated on the anterolateral acetabular rim [8]. Thus, the
intra-articular pathology generally originates from the antero-
lateral labro-chondral junction of the acetabulum [9]. Therefore, an
adequate correction of the anterolateral acetabular deficiency is
crucial for a successful hip preservation [10]. During the reor-
ientation process, the first step is to achieve sufficient lateral
l rights reserved.
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coverage by lateral rotation of the acetabular fragment, and the
second step is to achieve a sufficient anterior coverage by anterior
rotation [11]. An alternative correction manoeuvre is to decrease
acetabular anteversion. However, the effects of sagittal and axial
rotations of the acetabular fragment on the 3D acetabular coverage
have not been well characterised, and controversies regarding the
optimal algorithm for acetabular correction to achieve a normal
acetabular coverage exist.

While anterolateral rotation of the acetabular fragment has
been suggested to be more effective in reducing contact pressure
than lateral rotation alone [12], some studies reported that anterior
and lateral subluxations could be improved by lateral rotation only
[13]. In addition, careful attention is needed when performing
anterior rotation because it may result in excessive anterolateral
coverage and anterior mismatch between the acetabulum and
femoral neck, which could in turn lead to secondary femo-
roacetabular impingement [14]. Moreover, inadequate anterior
acetabular rotation could worsen posterior wall deficiency, causing
possible development of posterior hip OA [12,15]. Thus, anterior
acetabular rotation should be performed only in patients with re-
sidual anterolateral deficiency after lateral acetabular rotation.

Currently, a defining characteristic of patients at risk for residual
anterolateral deficiency after lateral acetabular rotation is lacking,
and if additional correction is needed after lateral rotation, the
degree and direction of acetabular correction to normalize the
anterior coverage remain to be identified. Thus, to establish an
optimal algorithm for acetabular correction, we sought to deter-
mine: (1) the prevalence of residual anterolateral deficiency after
lateral acetabular rotation in simulated periacetabular osteotomy;
(2) possible predictive factors for residual anterolateral deficiency
Table 1
Demographic and radiographic parameters in hip dysplasia and control groups.

Parameter Hip dysplasia
(n ¼ 85 hips)

Control
(n ¼ 50 hips)

Demographic parameters
Age (years) 38 (13e57) 33 (26e48)
Sexa

Male 0 0
Female 85 (100%) 25 (100%)

Body mass index (kg/m2) 22 (17e35) 20 (17e27)
Weight (kg) 56 (42e95) 52 ± 6.5
Height (cm) 158 ± 6.5 159 ± 5.1

Lateralitya

Right hip 50 (59%) 25 (50%)
Left hip 35 (21%) 25 (50%)

Radiographic parameters
Lateral centre-edge angle (�) 14 (0e20) 29 (22e38)

Values are presented as mean ± standard deviation or median (range).
a Values are presented as number (%).

Fig. 1. A-C: The following CT parameters were measured on multiplanar reconstruction im
sharp angle, and acetabular roof obliquity (ARO). (B) Anterior and posterior CEAs. (C) Aceta
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after simulated osteotomy; and (3) the effect of supplemental
sagittal and axial acetabular rotations on the restoration of normal
acetabular coverage.

2. Materials and methods

2.1. Patients

The corresponding institutional review board approved this
study. Between January 2010 and January 2019, 144 patients un-
derwent transposition osteotomy of the acetabulum (TOA) [16e18]
to treat symptomatic hip dysplasia. Preoperative anteroposterior
(AP) pelvic radiographs in the supine position and pelvic CT scans
were available for all patients. A total of 137 patients with lateral
center-edge angle (CEA) < 20� of Wiberg [19] were enrolled.
Exclusion criteria included advanced OA (T€onnis grade� 2) [20] for
either hip joint, other hip disease, prior hip surgery on either hip
joint, morphological abnormalities of the femoral head, male sex,
and inadequate imaging. Patients with lateral CEA <0� were also
excluded because their CT images were unavailable for anterior and
posterior CEA measurements. Thirteen patients with advanced OA
of the hip, 2 patients with other hip disease, 7 patients with femoral
head deformities, 10 male patients, 7 patients with poor quality of
imaging, and 13 patients with lateral CEA <0� were excluded. In 31
patients with bilateral hip dysplasia, only the operated side was
included in this study. Eighty-five hips of 85 women (hip dysplasia
group) were eligible for inclusion (Table 1). The median age at ex-
aminationwas 38 years, and themedian lateral CEAwas 14� (range,
0�e20�). All hips were classified as type I, according to the classi-
fication system proposed by Crowe et al. [21]. As controls, we
reviewed AP radiographs and pelvic CT scans of 33 healthy female
volunteers obtained for the previous study [22]. None had history
of disease or articular symptoms in their hips, based on a medical
interview and radiographic examination. All subjects provided
written informed consent to participate in this study and were
informed of the risk of radiation exposure required. Eight subjects
with hip dysplasia (lateral CEA <20�) were excluded, thus, 25
subjects (50 hips) were included as control subjects in this study
(Table 1). Their supine AP pelvic radiographs and pelvic CT images
were obtained using the same protocol as those in the hip dysplasia
group. The median age was 33 years, and the median lateral CEA
was 29� (range, 22�e38�).

2.2. Computed tomography measurements

Pelvic CT images (Aquilion; Toshiba, Tochigi, Japan) were ac-
quired at 2.0-mm intervals from the superior pelvic rim to the distal
femur with patients in the supine position. After saving the data in
ages with reference to the APP coordinate system. (A) Lateral center-edge angle (CEA),
bular anteversion angle (AcAV).
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Table 2
Computed tomography measurement parameters and reference intervals in the
control group.

Parameter Mean ± SD (range) Reference interval
(mean ± 1.96 SD)

Anterior CEA (�) 53 ± 5.6 42e64
Lateral CEA (�) 30 ± 4.7 21e40
Posterior CEA (�) 104 ± 12 81e128
Acetabular roof obliquity (�) 5.1 ± 4.4 �3.5 to 14
Acetabular anteversion angle (�) 20 ± 4.4 11e29
Sharp angle (�) 42 ± 3.6 35e49
Femoral head diameter (mm) 41 ± 0.8 39e43
Femoral anteversion angle (�) 16 ± 8.1 0e32

CEA ¼ centre-edge angle; SD ¼ standard deviation.

Fig. 2. A-B: (A) A spherical osteotomy line of the simulated periacetabular reor-
ientation osteotomy. (B) The acetabular fragment was rotated laterally to achieve a
lateral centre-edge angle of 30� to restore the normal lateral coverage of the femoral
head.
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Digital Imaging and Communications in Medicine format (National
Electrical Manufacturers Association, Rosslyn, VA, USA), morpho-
logical measurements and a simulated periacetabular osteotomy
were performed using CT-based simulation software (Zed Osteot-
omy; Lexi Co., Ltd., Tokyo, Japan). To minimise measurement error,
pelvic position was standardised with reference to the anterior
pelvic plane (APP) coordinate system [23]. The x-axis was the line
connecting the bilateral anterosuperior iliac spines, y-axis was
perpendicular to the APP, and z-axis was perpendicular to the x-
and y-axes.

The following CT parameters were measured on multiplanar
reconstruction images with reference to the APP coordinate system.
On the coronal multiplanar reconstruction view passing through
the femoral head center, the lateral centre-edge angle (CEA) was
quantified as the angle formed by a line connecting the femoral
head center and the lateral edge of the sourcil and the z-axis; the
acetabular roof obliquity (ARO), as the angle formed by a line
connecting the medial and the lateral edge of the sourcil and the x-
axis; and the Sharp angle, as the angle formed by a line connecting
the inferior aspect of the teardrop and the lateral edge of the sourcil
and the x-axis [24] (Fig. 1A). On the sagittal multiplanar recon-
struction view passing through the femoral head center, the ante-
rior CEA was quantified as the angle formed by a line connecting
the femoral head center and the anterior edge of the acetabulum
and the z-axis and the posterior CEA as the angle formed by a line
connecting the femoral head center and the posterior edge of the
acetabulum and the z-axis [25] (Fig. 1B). On the axial multiplanar
reconstruction view passing through the femoral head center, the
acetabular anteversion angle (AcAV) was quantified as the angle
formed by a line connecting the anterior and posterior edges of the
acetabulum and the y-axis (Fig.1C). The femoral head diameter was
measured as the diameter of a best-fit circle. The femoral ante-
version was measured as the angle between the femoral neck axis
and the transepicondylar axis according to the method described
by Kohno et al. [24]. The measured values in the control subjects
were used to calculate the reference interval (mean ± 1.96 standard
deviation) of the parameters (Table 2).

In patients with hip dysplasia, the measurements were per-
formed before and at every step of the acetabular correction during
simulated osteotomy. The first author, who was blinded to the
clinical results, performed all measurements. In 20 randomly
selected hips, measurement reproducibility was tested by two in-
dependent observers who repeated the measurements at least 4
weeks apart in a blinded manner. Both intra- and inter-observer
measurement reliabilities, which were evaluated using intraclass
coefficient, were excellent (range, 0.83e0.99).

2.3. Simulated acetabular reorientation osteotomy

TOA, which was first described by Nishio in 1956 [16], is one of
the periacetabular reorientation osteotomies characterised by a
spherical osteotomy through a lateral approach [17,18]. The
osteotomy line, with a radius of 40 mm in most women patients,
typically runs through three points: a point located 2 cm cranially
to the superior joint line on the lateral surface of the ilium, the
midpoint between the greater sciatic notch and the posterior edge
of the acetabulum, and the innominate sulcus of the ischium. The
pubic osteotomy site was located just lateral to the iliopubic
tubercle.

Using the Zed Osteotomy software, we performed simulated
TOA on 3D surface models of the pelvis, which were reconstructed
based on CT images, using a spherical osteotomy line with a radius
of 40 mm around the femoral head center (Fig. 2A). First, the
acetabular fragment was rotated laterally (adduction) on the cor-
onal view to achieve a lateral CEA of 30� (Fig. 2B), which was based
Please cite this article as: Iwamoto M et al., Is lateral acetabular rota
reorientation osteotomy? A CT-Based simulation study, Journal of Orthop
on the mean value of the lateral CEA of the control group (Table 2)
and the results of previous studies [25,26]. CT measurements were
performed after lateral rotation, and the hip dysplasia group was
classified into three groups based on the reference interval of the
anterior CEA in the control group (Table 2): residual anterolateral
deficiency (anterior CEA <42�), normal coverage (42�� anterior
CEA <64�), and anterolateral overcoverage (anterior CEA �64�)
groups. For the residual anterolateral deficiency group, the
acetabular fragment was further rotated anteriorly on the sagittal
view or posteriorly on the axial view in 5� increments from 5� to
20� to test the ability of sagittal and axial rotations to normalize the
anterior acetabular coverage (Fig. 3). In each of these eight
acetabular positions, the acetabular coverage was evaluated by
measuring the anterior and posterior CEAs.
tion sufficient to correct anterolateral deficiency in periacetabular
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Fig. 3. A-B: For the residual anterolateral deficiency group, the acetabular fragment was further rotated (A) anteriorly on the sagittal view or (B) posteriorly on the axial view to test
the ability of sagittal and axial rotations to normalise the acetabular coverage of the femoral head.

Table 3
Computed tomography measurement parameters before and after simulated peri-
acetabular reorientation osteotomy in the hip dysplasia group.

Parameters Before osteotomy After osteotomy p value

Anterior CEA (�) 40 (9.7e63) 48 ± 7.0 <0.001
Lateral CEA (�) 15 (1.9e24) 30 <0.001
Posterior CEA (�) 98 ± 19 96 ± 12 0.001
ARO (�) 21 ± 6.5 5.3 ± 3.8 <0.001
AcAV (�) 24 (8.7e41) 29 (16e60) <0.001
Sharp angle (�) 49 ± 3.7 34 ± 4.9 <0.001
Femoral head diameter (mm) 42 (38e45)
Femoral anteversion angle (�) 20 ± 11

Values are presented as mean ± standard deviation or median (range).
CEA ¼ centre-edge angle; ARO ¼ acetabular roof obliquity; AcAV ¼ acetabular
anteversion angle.
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2.4. Statistical analysis

JMP Software (version 13.0; SAS Institute, Cary, NC, USA) was
used for all statistical analyses. Paired t-test or Wilcoxon's signed-
rank test was used to compare continuous variables before and
Table 4
Comparison of demographic and preoperative morphological parameters between the th

Parameter Hip dysplasia group (85 patients [85 hips]

Residual deficiency (16 hips) N

Demographic parameters
Age (years) 36 ± 11 3
Body mass index (kg/m2) 22 (19e31) 2
Laterality (left:right) 9:7 2
Bilateral:unilateral 6:10 2

Radiographic parameters
Lateral CEA (�) 10 ± 5.8 1

CT measurement parameters
Anterior CEA (�) 32 (9.7e39) 4
Lateral CEA (�) 11 ± 7.1 1
Posterior CEA (�) 105 ± 26 9
ARO (�) 24 ± 6.8 2
AcAV (�) 29 ± 6.5 2
Sharp angle (�) 49 ± 4 4
Femoral head diameter (mm) 42 ± 1.9 4
Femoral anteversion angle (�) 21 ± 8.4 2

Values are presented as mean ± standard deviation or median (range).
CEA ¼ centre-edge angle; ARO ¼ acetabular roof obliquity; AcAV ¼ acetabular anteversi

a Residual deficiency group versus normal coverage group.
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after simulated osteotomy, depending on their distribution and
homoscedasticity (ShapiroeWilk's test and f-test). Student's t-test
or Wilcoxon's rank-sum test was also used to compare continuous
variables between two groups, as appropriate. Chi-square test was
used to compare categorical variables between two groups.
Receiver operator coefficient (ROC) curve was created to determine
the cut-off value of preoperative anterior CEA that would predict
residual anterolateral deficiency after lateral acetabular rotation to
a lateral CEA of 30�. For all statistical analyses, the level of signifi-
cance was set at p < 0.05.
3. Results

3.1. Prevalence of residual anterolateral acetabular deficiency

After lateral acetabular rotation to achieve a lateral CEA of 30�,
the anterior CEA and AcAV increased whereas the posterior CEA,
ARO, and Sharp angle decreased (Table 3). Based on the reference
interval in the control group, 16 (19%) hips were classified into the
residual anterolateral deficiency group, 67 hips (79%) into the
ree groups.

)

ormal coverage (67 hips) Over coverage (2 hips) p valuea

8 ± 11 39 ± 26 0.740
2 (17e35) 25 ± 5.2 0.859
6:41 0:2 0.217
5:42 0:2 0.555

7 (1e24) 20 ± 0.3 0.165

3 (12e58) 62 ± 1.6 <0.001
5 (2.5e22) 18 ± 2 0.101
7 ± 17 89 ± 6.4 0.177
0 (7.4e38) 17 ± 9 0.189
1 (8.7e36) 18 ± 5.2 <0.001
9 ± 3.6 44 ± 0.8 0.687
3 ± 1.2 42 ± 0.8 0.634
0 ± 11 15 ± 3.7 0.833

on angle.
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Fig. 4. The receiver operator coefficient curve analysis showed that the preoperative
anterior CEA of 37� could predict residual anterolateral deficiency after simulated
osteotomy (sensitivity, 94%; specificity, 81%).

Fig. 5. A-B. Line graphs comparing the change of (A) the anterior centre-edge angle
and (B) posterior centre-edge angle between the sagittal and axial rotations. Whiskers
represent the standard errors. Grey area represents the reference interval. *p < 0.05,
Student's t-test (sagittal rotation versus axial rotation).

Table 5
Comparison of the number of hips that achieved a normal anterior centre-edge
angle between sagittal and axial rotations (N ¼ 16 hips).

0� 5� 10� 15� 20�

Sagittal rotation 0 (0) 11 (69) 16 (100) 16 (100) 16 (100)
Axial rotation 0 (0) 6 (38) 11 (69) 12 (75) 12 (75)
p value n/a 0.077 0.015 0.033 0.033

Values are presented as the number of hips (%).
n/a ¼ not applicable.
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normal coverage group, and 2 hips (2.4%) into the anterolateral
overcoverage group (Table 4).
3.2. Predictive factor for residual anterolateral deficiency

No differences in demographic parameters and lateral CEA on
plain radiograph were detected between the residual anterolateral
deficiency and normal coverage groups (Table 4). However, hips in
the former had greater preoperative AcAV and smaller preoperative
anterior CEA than those in the latter (Table 4). ROC curve analysis
showed that the preoperative anterior CEA of 37� could predict
residual anterolateral deficiency after simulated osteotomy
(sensitivity, 94%; specificity, 81%) (Fig. 4).
3.3. Comparison of the ability to normalise acetabular coverage
between sagittal and axial rotations

Mean anterior CEA gradually increased as the fragment was
rotated sagittally or axially. The increase in anterior CEAwas higher
in the sagittal than in the axial rotation (Fig. 5A), and the total in-
crease in anterior CEA at 20� rotation was greater in the sagittal
than in the axial rotation (20� ± 0.9� vs. 6.7� ± 4.7�, p < 0.001). The
number of hips that achieved normal anterior CEAwas higher after
sagittal rotation than after axial rotation at 10�, 15�, and 20�

(Table 5). Normal anterior CEA was achieved in all hips after 10�,
15�, and 20� sagittal rotation and in 75% of hips only after 20� axial
rotation (Table 5). In addition, mean posterior CEA gradually
decreased as the fragment was rotated in either direction. The
decrease in posterior CEA was higher in the axial rotation than in
the sagittal rotation (Fig. 5B), and the total decrease in posterior
CEA at 20� rotation was smaller in the sagittal rotation than in the
axial rotation (�20� ± 1.5� vs. �26� ± 7.1�, p ¼ 0.008). The number
of hips that achieved normal posterior CEA tended to be higher
after sagittal rotation than after axial rotation at 10�, 15�, and 20�;
however, the difference was not statistically significant (Table 6).
Sagittal rotation at 10� had the highest number of hips with normal
anterior and posterior CEA (13 hips, 81%), which was followed by
sagittal rotation at 15� (10 hips, 63%) (Table 7). The fragment
displacement was 7 mm at 10� sagittal rotation and 10 mm at 15�

sagittal rotation, with a spherical osteotomy line with a radius of
40 mm around the femoral head center.
Table 6
Comparison of the number of hips that achieved a normal posterior centre-edge
angle between sagittal and axial rotations (N ¼ 16 hips).

0� 5� 10� 15� 20�

Sagittal rotation 14 (88) 13 (81) 13 (81) 10 (63) 8 (50)
Axial rotation 14 (88) 13 (81) 11 (69) 8 (50) 6 (38)
p values 1.000 1.000 0.414 0.476 0.476

Values are presented as the number of hips (%).
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Table 7
Comparison of the number of hips that achieved both normal anterior and posterior
centre-edge angles between sagittal and axial rotations (N ¼ 16 hips).

0� 5� 10� 15� 20�

Sagittal rotation 0 (0) 8 (50) 13 (81) 10 (63) 8 (50)
Axial rotation 0 (0) 3 (19) 7 (44) 6 (38) 5 (31)
p values n/a 0.063 0.029 0.157 0.28

Values are presented as the number of hips (%).
n/a ¼ not applicable.
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4. Discussion

In this study, we found that lateral rotation of the acetabular
fragment is effective in correcting anterolateral deficiency as well
as lateral coverage. Most hips (79%) achieved normal anterolateral
coverage after lateral rotation of the acetabular fragment; however,
19% of the hips had residual anterolateral deficiency. Xuyi et al. [27]
also reported that anterior CEA was insufficient in some patients
when the acetabular fragment was rotated laterally to the normal
range in simulated periacetabular osteotomy. The shearing stress
forces and overload are concentrated on the anterolateral acetab-
ular rim; thus, the intra-articular pathology generally originates
from the anterolateral labro-chondral junction of the acetabulum
[8,9]. Therefore, if they remain in anterolateral deficiency, these
hips are predisposed to postoperative development of hip OA.
Akiho et al. [10] demonstrated that anterior CEA is a predictor of OA
progression, in addition to lateral CEA and acetabular roof obliquity.
Thus, additional acetabular correction should be applied to these
patients to manage residual anterolateral deficiency.

This study revealed the characteristics of patients at risk of re-
sidual anterolateral deficiency after lateral acetabular coverage
correction.We assume that an anterior CEA of <37� is a useful index
for predicting residual anterolateral acetabular deficiency after
correcting lateral acetabular deficiency. While no differences in
lateral CEA were found between the residual deficiency group and
normal coverage group, the hips in the residual deficiency group
had greater AcAV and smaller anterior CEA than those in the normal
coverage group. Plain radiographs are limited in their ability to
assess and characterise the acetabular morphology [28,29]. Mimura
et al. [28] reported that the prevalence of acetabular dysplasia in a
multiplanar evaluation is greater than that in a coronal evaluation.
Moreover, Nepple et al. [7] reported that acetabular deficiency
varies and that three different patterns of acetabular deficiency
may occur in patients with hip dysplasia. Thus, a morphological
assessment in the coronal plane may overlook a possible acetabular
wall deficiency in the sagittal and axial planes, which could in turn
compromise adequate acetabular corrections. A precise under-
standing of 3D characterization of bony anatomy is particularly
important for an accurate surgical correction of the underlying
multiplanar deformities [7].

Acetabular correction in periacetabular osteotomy commonly
consists of lateral rotation, anterior rotation, medialization of the
hip center, and version correction [6,11,26]. During TOA, the first
step of acetabular reorientation is lateral rotation to normalize
lateral coverage, and the second step is anterior rotation to
normalize anterolateral coverage, if necessary [17]. This process is
consistent with the acetabular reorientation during peri-
acetabular osteotomy described by Troelsen et al. [11]. They sug-
gested that extremely minimal anterior movements are needed to
create a sufficient anterior coverage. In this study, we confirmed
that additional anterior sagittal rotation is more effective than
posterior axial rotation in achieving a normal anterior CEA and
that 10�e15� anterior rotation is appropriate to retain the poste-
rior CEA. Unnecessary anterior rotation of the acetabular fragment
Please cite this article as: Iwamoto M et al., Is lateral acetabular rota
reorientation osteotomy? A CT-Based simulation study, Journal of Orthop
should be avoided because decreased posterior coverage or
excessive anterior coverage could result in poor osteotomy out-
comes [3,12,14,15].

This study has several limitations. First, the simulated osteot-
omy could not completely reproduce a real osteotomy. Asphericity
of the femoral head and acetabulum, joint instability, and move-
ment of the rotational center in hip dysplasia were not considered.
The acetabular coverage was analyzed without considering indi-
vidual differences in functional pelvic tilt, hip range of motion, and
postoperative impingement. Although these factors would not
affect the finding of this study that anterior sagittal rotation was
more effective than posterior axial direction in achieving a normal
anterior CEA, further investigations are needed to determine the
effect of acetabular correction on the joint instability, range of
motion, and impingement. Second, we excluded patients with se-
vere hip dysplasia (lateral CEA <0�) who are candidates for peri-
acetabular osteotomy. The acetabular weight-bearing area of these
hips is often insufficient to achieve normal acetabular coverage.
Therefore, surgeons should aware that normalizing anterolateral
coverage can exacerbate the posterior deficiency in these patients
[27]. Third, we did not assess changes in lateral CEA that could be
caused by anterior rotation of the acetabular fragment. However, a
previous study have shown that there is no relevant changes in
lateral CEA with varying pelvic orientation [30]. Thus, we believe
that changes in lateral CEA caused by sagittal rotation of the
acetabular fragment do not affect the results of this study.
5. Conclusions

Normal anterolateral coverage was achieved in 79% of patients
after lateral rotation of the acetabular fragment to achieve a lateral
CEA of 30� in simulated osteotomy. However, 19% of the patients
had residual anterolateral deficiency, and their hips had a greater
acetabular anteversion angle and smaller anterior CEA preopera-
tively. Close attention should be paid to patients with a preopera-
tive anterior CEA <37� because lateral rotation of the acetabular
fragment may be insufficient to correct anterolateral acetabular
deficiency. Moreover, in these patients, additional 10�e15� anterior
rotation of the acetabular fragment in the sagittal direction is rec-
ommended to achieve a sufficient anterolateral acetabular coverage
while retaining the posterolateral coverage.
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