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Abstract
Background Acetabular version influences joint mechan-
ics and the risk of impingement. Cross-sectional studies
have reported an increase in acetabular version during
adolescence; however, to our knowledge no longitudinal
study has assessed version or how the change in version
occurs. Knowing this would be important because char-
acterizing the normal developmental process of the ace-
tabulum would allow for easier recognition of a
morphologic abnormality.

Questions/purposes To determine (1) how acetabular
version changes during adolescence, (2) calculate how
acetabular coverage of the femoral head changed during
this period, and (3) to identify whether demographic factors
or hip ROM are associated with acetabular development.
Methods This retrospective analysis of data from a lon-
gitudinal study included 17 volunteers (34 hips) with a
mean (6 SD) age of 116 2 years; seven were male and 10
were female. The participants underwent a clinical exam-
ination of BMI and ROM and MRIs of both hips at re-
cruitment and at follow-up (66 2 years). MR images were
assessed to determine maturation of the triradiate cartilage
complex, acetabular version, and degree of the anterior,
posterior, and superior acetabular sector angles (reflecting
degree of femoral head coverage provided by the acetab-
ulum anteriorly, posteriorly and superiorly respectively).
An orthopaedic fellow (GG) and a senior orthopaedic
resident (PJ) performed all readings in consensus; 20 scans
were re-analyzed for intraobserver reliability. Thereafter, a
musculoskeletal radiologist (KR) repeated measurements
in 10 scans to test interobserver reliability. The intra- and
interobserver interclass correlation coefficients for absolute
agreement were 0.85 (95% CI 0.76 to 0.91; p < 0.001) and
0.77 (95% CI 0.70 to 0.84), respectively. All volunteers
underwent a clinical examination by a senior orthopaedic
resident (PJ) to assess their range of internal rotation (in 90°
of flexion) in the supine and prone positions using a go-
niometer. We tested investigated whether the change in
anteversion and sector angles differed between genders and
whether the changes were correlated with BMI or ROM
using Pearson’s coefficient. The triradiate cartilage com-
plex was open (Grade I) at baseline and closed (Grade III)
at follow-up in all hips.
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P. Beaulé (✉), The Ottawa Hospital, 501 Smyth Road, Ottawa ON,
K1H 8L6 Canada, Email: pbeaule@toh.ca

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

mailto:pbeaule@toh.ca


Results The acetabular anteversion increased, moving
caudally further away from the roof at both timepoints. The
mean (range) anteversion angle increased from 7° 6 4°
(0 to 18) at baseline to 12° 6 4° (5 to 22) at the follow-up
examination (p < 0.001). The mean (range) anterior sector
angle decreased from 72°6 8° (57 to 87) at baseline to 65°
6 8° (50 to 81) at the final follow-up (p = 0.002). The mean
(range) posterior (98°6 5° [86 to 111] versus 97°6 5° [89
to 109]; p = 0.8) and superior (121° 6 4° [114 to 129] to
124° 6 5° [111 to 134]; p = 0.07) sector angles remained
unchanged. The change in the anterior sector angle corre-
lated with the change in version (rho = 0.5; p = 0.02). The
change in version was not associated with any of the tested
patient factors (BMI, ROM).
Conclusions With skeletal maturity, acetabular version
increases, especially rostrally. This increase is associated
with, and is likely a result of, a reduced anterior acetabular
sector angle (that is, less coverage anteriorly, while the
degree of coverage posteriorly remained the same). Thus,
in patients were the normal developmental process is
disturbed, a rim-trim might be an appropriate surgical so-
lution, since the degree of posterior coverage is sufficient
and no reorientation osteotomy would be necessary.
However, further study on patients with retroversion (of
various degrees) is necessary to characterize these obser-
vations further. The changes in version were not associated
with any of the tested patient factors; however, further
study with greater power is needed.
Level of Evidence Level II, prognostic study.

Introduction

Femoroacetabular impingement (FAI) is a well-described
clinical phenomenon [9] that is associated with premature
osteoarthritis of the hip [8, 15]. The understanding of the
underlying mechanisms leading to FAI continues to
evolve; it is evident, however, that femoral (cam, retro-
version) and acetabular (pincer, retroversion) anatomymay
contribute to the development of FAI [8, 9, 15]. Several
studies have described the development of cam deformities
as the skeleton matures and the association of these
deformities with increased activity during adolescence [5,
11, 21, 22]. However, considerably less is known about the
development of the acetabulum and what changes occur
during adolescence, which appears to be the key de-
velopmental stage[12].

Acetabular development occurs with the confluence of
the ilium, ischium, and pubis, which form the triradiate
cartilage complex, a Y-shaped structure [20, 25]. The depth
of the acetabulum forms via interstitial growth of the tri-
radiate cartilage complex, and acetabular concavity
depends on its interaction and articulation with the spher-
ical femoral head [20, 25]. During skeletal maturation,

three secondary ossification centers appear: the os acetabuli
(epiphysis of the pubis), acetabular epiphysis (epiphysis of
the ilium), and epiphysis of the ischium [20, 25, 27]. Subtle
variations in acetabular morphology that lead to pincer or
acetabular retroversion may be a result of abnormal ace-
tabular development in different regions; for example, ac-
etabular retroversion may be a result of either increased
anterior wall coverage and/or posterior wall deficiency or
underdevelopment [6]. To better understand what con-
tributes to the development of acetabular morphologic
abnormalities, we must first better characterize what
changes to the acetabular orientation occur during normal
development and how these changes occur.

To date, two retrospective cross-sectional studies de-
rived from CT data (hence missing the cartilaginous
portions of the growing skeleton) noted that acetabular
version was higher in skeletally mature hips than in
skeletally immature hips [10, 19]. The authors noted that
the increase in version was secondary to an increase in the
size of the bony posterior rim; however, they recognized
that this may be owing to CT’s inability to detect the
cartilaginous posterior rim in the earlier stages of de-
velopment [10]. A recent MRI-based study, with MRIs
performed at the 1-year interval in patients at various
developmental stages, showed that the acetabular version
increases during adolescence, but did not identify how
this may occur [2].

The current study, a retrospective analysis of a longi-
tudinal study, aimed to determine (1) how acetabular ver-
sion changes during adolescence, (2) calculate how
acetabular coverage of the femoral head changed during
this period, and (3) to identify demographic factors asso-
ciated with acetabular development.

Patients and Methods

This was an institutional review board-approved, retro-
spective review of a longitudinal study. In 2014, we
reported on the etiology of cam deformities by performing a
prospective, cross-sectional MRI-based study [5]. In that
study, cam deformities were only present in post-physeal
closure hips, and none of the pre-physeal closure hips
showed a cam deformity [5]. In this study, volunteers who
had recovered from minor upper-limb trauma between July
and December 2010 were recruited from the fracture clinic
at a children’s hospital; all had asymptomatic lower ex-
tremities. Exclusion criteria for participation in the study
included any previous fracture or vertebral fracture, history
of lower-extremity conditions or surgery, known hip dis-
orders, or any known musculoskeletal or rheumatologic or
developmental disorders. An a priori power analysis for the
primary research question of how acetabular version
changed with skeletal maturity showed that with a level of
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significance set at p < 0.05, a b-error of 20%, and an
expected increase from 14° 6 4° (pre-physeal closure) to
19° 6 4° (post-physeal closure) [10], eight hips would be
the minimum sample required.

All 23 volunteers from the original report [5] who were
at the pre-physeal closure stage were invited to participate
in this follow-up study. Two patients were excluded from
the study because of loss to follow-up. One patient moved
away, and the other patient refused to return for a follow-up
appointment; a further four patients had MR images of the
hips that could not be retrieved from our archive. Thus, the
study’s cohort comprised 17 volunteers (34 hips) who
underwent longitudinal MRI of the pelvis. All participants
presented for a follow-up clinical examination and un-
derwent MRI of the hips. At the time of both the initial and
follow-up clinical examinations, basic demographic data
were recorded, including gender, age and BMI. Further-
more, all volunteers underwent a clinical examination by a
senior orthopaedic resident (PJ) to assess their range of
internal rotation (in 90° of flexion) in the supine and prone
positions using a goniometer.

The mean (range) longitudinal follow-up duration
was 6 years (2 to 10). The mean age at the initial as-
sessment was 11 6 1 years (8 to 13), while the mean
(range) age at follow-up was 176 1 years (14 to 19). The
mean BMI increased from 19 6 3 kg/m2 (14 to 27) at
the initial examination to 24 6 5 kg/m2 (18 to 37) at the
follow-up examination (Table 1). The mean 6SD
(range) of internal rotation reduced from 58° 6 14° (45
to 85) to 41°6 10° (25 to 80) in the supine position and
from 58°6 14° (45 to 85) to 50°6 11° (29 to 70) in the
prone position.

MRI

Each participant underwent MRI of both hips at both
examinations using the same imaging protocol for each
scan. No sedation or contrast was used. The imaging was
performed with a 1.5-T MRI scanner (GE HDxt v15, 1.5
Tesla MRI; GE Healthcare, Milwaukee, WI, USA), with a
phased-array surface coil placed anteriorly over the pelvis
and spine-phased array coils situated posteriorly. Partic-
ipants lay supine in the scanner with their feet in the

neutral position. The MRI sequence was an axially ac-
quired, 3-D isotropic, T1-weighted spoiled gradient with
the following parameters: field of view, 40 cm; slice
thickness, 1 mm; acquisition matrix, 384 x 256; and
TR/TE/flip angle, 11.4 ms/4.0 ms/205°, 1 average. Mul-
tiplanar reformation was performed to generate radial,
coronal, and sagittal images using the center of the fem-
oral neck as the axis of rotation, with 2-mm-thick images
generated at 30° intervals. All images were sent to out
institutional PACS system (Siemens, Erlangen, Germany)
for review.

Radiologic Assessments

The same assessments were performed for both the ini-
tial and follow-up MRIs. Images were reviewed (GG) to
determine the status of the triradiate cartilage complex of
the physis using the Oxford system, as originally de-
scribed by Acheson [1, 23]; Grade 1 corresponds to an
open physis, Grade 2 corresponds to a partially ossified
physis, and Grade 3 corresponds to a closed physis. At
the initial examination, all hips had a Grade I (open)
triradiate cartilage complex; at the follow-up examina-
tion, all hips had a Grade III (closed) triradiate cartilage
complex.

The acetabular version angles were determined in the
axial plane by a line connecting the anterior and posterior
margins of the cartilaginous acetabulum, correcting for
rotation by accounting for the position of the ischial tu-
berosities (Fig. 1A-D). Acetabular version was measured
2 mm caudal to the roof of the acetabulum (Slice 1), at the
equator of the hip (Slice 5), and at three equidistant levels
(Slices 2-4) between these two locations. This method has
been used for measuring acetabular orientation [16, 18]
and is superior to using fixed distance levels (for example,
5 or 10 mm from the roof) because it is independent of
acetabular size.

Furthermore, three acetabular sector angles reflecting
the degree of femoral head coverage that the acetabulum
provides [3, 7, 10] were determined for each hip (Fig.
2A-B). The anterior acetabular sector angle was defined
as the angle between a line connecting the center of each
femoral head and a line from the center of the femoral
head to the anterior margin of the bony acetabulum in the
axial plane. The posterior acetabular sector angle was
determined by the angle between the same centerline and
the posterior margin of the bony acetabulum in the axial
plane. Lastly, the superior acetabular sector angle was
determined on the coronal reformatted images; it was
calculated as the angle between the line connecting the
center of the femoral head and a line from the center of
the femoral head to the superior-lateral margin of the
bony acetabulum.

Table 1. Demographics: pre-physeal versus post-physeal
closure

Variable Pre-physeal closure Post-physeal closure

Sex (male/female) 7 of 10 7 of 10

Age, years 11 6 2 17 6 1

BMI, kg/m2 19 6 4 24 6 6

Date are presented as the mean 6 SD.
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Reliability

All images were reviewed by an orthopaedic hip fellow
with a subspecialty interest in hip surgery (GG), a senior
orthopaedic resident (PJ), and a board-certified muscu-
loskeletal radiologist (KR) to assess the adequacy of im-
age quality and perform measurements. The fellow and
resident performed all of the measurements in consensus.
The intra- and inter observer reliability for the Acheson

classification was excellent interclass correlation coef-
ficients (ICC) of 1.00 (p < 0.001). To assess the reliability
of the acetabular angular measurements, we tested 20
randomly selected hips for intraobserver reliability. In-
terobserver reliability was tested by the board-certified
musculoskeletal radiologist (KR), who performed the
measurements for 10 randomly selected hips. The intra-
observer and interobserver ICC for absolute agreement
were 0.85 (95% CI 0.76 to 0.91; p < 0.001) and 0.77 (95%
CI 0.70 to 0.84), respectively.

Outcome Measures

The primary outcome measure was to study how the
anteversion changed overall between the two intervals and
for each of the five levels. Secondary measures were to
determine (1) how the three sector angles changed over
time and whether any of the morphological changes were
associated with demographic or ROM measured.

Statistical Analysis

The statistical analysis was performed with Statistical Pack-
age for the Social Sciences (SPSS) version 23 (IBM Corp,
Armonk, NY, USA). Nonparametric tests were used for the
analysis. The Mann-Whitney U and Kruskal-Wallis tests
were used for scale data, and the chi-square and Fisher’s exact
tests were used for categorical data. Spearman’s (r) correla-
tion was used to determine whether any correlations existed
for scale data. Statistical significance was set at p < 0.05

Fig. 1 A-D (A) A schematic of the acetabulum is shown. Acetabular version was measured
2mm caudal to the roof of the acetabulum. (B) In this image, rotation of the pelvis from the
ischial tuberosities was determined to determine version (u) as illustrated in axial images (C)
and (D) as the angle between the anterior and posterior rims.

Fig. 2 A-B (A) Axial and (B) coronal MR images illustrate
measurement of the acetabular sector angles.
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Results

Determine How the Acetabular Version Changes
During Adolescence

The mean anteversion angle increased from a mean (range)
of 7° 6 4° (0 to 18) (initially) to 12° 6 4° (5 to 22) (at
follow-up) (p < 0.001). Themean increase in the anteversion
angle was 5°6 2° (0 to 9). Acetabular version increased,
moving caudally and further away from the roof at both
timepoints (Fig. 3A-B). Acetabular version differed at vari-
ous levels (Table 2). An increase in version occurred, as seen
on all MRI slices (range p < 0.001 to 0.003); the greatest
increase occurred at the rostral one-fourth of the acetabulum
(Slices 1 and 2) (Fig. 4). Eighteen percent of hips (six of 34)
had evidence of acetabular retroversion of the rostral one-
fourth of the acetabulum at the initial MRI, while none of the
hips had retroversion at the follow-up MRI.

Calculate How Acetabular Coverage of the Femoral
Head Changed During the Same Period

The anterior sector angle decreased from a mean 6 SD
(range) 72° 6 8° (57 to 87) at the initial MRI to 65° 6 8°
(50 to 81) (p = 0.002) at the follow-up MRI (Fig. 5A). The
posterior sector angle remained unchanged between the
initial (98°6 5°; 86 to 111) and follow-upMRIs (97°6 5°;
89 to 109) (p = 0.8) (Fig. 5B). Lastly, with the numbers
available, we found no differences in the superior sector
angle from initial (121 6 4°; 114 to 129) to the follow-up
(124° 6 5°; 111 to 134) MRI (p = 0.07) (Fig. 5C). The
change in the anterior sector angle correlated with the
change in version (r = 0.5; p = 0.02).

Identify Any Demographic Factors ThatMay Influence
Acetabular Development

Female patients had greater mean 6 SD (range) ante-
version (13°6 5°; 5 to 22) than did male volunteers (11°6
2°; 7 to 16; p = 0.04). However, the change that occurred
between the two MRIs was not different between male
patients (5°6 2°; 0 to 9) and female patients (5°6 2°; 2 to
9; p = 0.9). The change in version did not correlate with
BMI (r = -0.1; p = 0.6), nor with the hip internal rotation in
the supine or prone position (r = 0.04; p = 0.8).

Discussion

FAI, defined as the abutment of the proximal femur against
the acetabulum during physiologic movement, can cause
pain [13], and is a precursor of hip osteoarthritis in some
patients [8]. Various morphologic abnormalities, including
an abnormal femoral head-neck offset and/or version of
both the femur and acetabulum, can predispose a hip to FAI
and subsequent deformities [8, 15]. Characterizing the
normal developmental process of the acetabulum would
allow for easier recognition of a morphologic abnormality
secondary to “maldevelopment.” With this longitudinal
cohort of asymptomatic adolescents, we were able to de-
lineate the changes that occur during acetabular de-
velopment by imaging the same hips at Stages 1 (open) and
3 (fully closed) development of the triradiate cartilage
complex of the physis. The immature acetabulum has
overall less version, and retroversion is a common feature
rostrally. With maturity, version increased, and the in-
crease was greater over the rostral part than in the re-
mainder of the joint. By measuring the various acetabular

Fig. 3 A-B These box plots of acetabular version measurements were plotted for the different slice levels at (A) the initial MRI and
(B) follow-up MRI.
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sector angles, we were able to show that most of the in-
crease in anteversion was because of a relative reduction in
cover by the anterior acetabular wall. This implies that if
the normal developmental process were to be disturbed, the
resulting (rostral) retroversion would be owing to anterior
over-coverage rather than a posterior wall deficiency; this

would have implications on whether a corrective osteot-
omy (indicated for posterior wall insufficiency) or just
anterior acetabular rim-trim (for anterior over-coverage)
would be the most appropriate surgical treatment option.

This study has a number of limitations. First, this study
is limited by selection bias. This cohort was obtained
from a fracture clinic in a tertiary hospital and includes a
small number of patients overall (although of sufficient to
study primary outcome). Second, assessment bias may be
present, especially for ROM measurements; the ROM
assessments were only performed by a single observer and
hence no intra- or interobserver reliability measurements
were obtained. However, the assessor was blinded to the
outcome of interest in this study. Third, transfer bias may
exist as two patients did not present for their follow-up
imaging and the MR images were no longer available in
four patients of the initial cohort. Fourth, the assessments
were performed using MRIs of both hips rather than of the
pelvis. Although we attempted to consider pelvic rotation
(by considering the position of the ischial tuberosities),
accounting for pelvic tilt was not possible because the
anterior superior iliac spines were not routinely included in
the MRI scan. However, a change in pelvic tilt, which
would have increased version, would have been associated
with both a reduced anterior sector angle and increased
posterior sector angle; that was not seen in this study. Fifth,
our inability to find an association between the change in
acetabular version and the various patient factors tested
may reflect a type b error; the study was sufficiently
powered to answer the first two aims of the study but
perhaps was insufficiently powered to address the last aim.
Lastly, the MRIs did not include data on the rotational
profile of the femur. A further study is needed to establish
whether an association exists between the reduction in
femoral version and increase in acetabular version.

The increase in version seen with skeletal maturity in
this study agrees with the findings of other authors. Studies
calculating the version changes with both CT data [10, 17,
19] and MRI data [2] showed an increase in acetabular
version with skeletal maturity. The above finding is in
contrast to the study byWeiner et al. [28], who reported no
increase in version with skeletal maturity; however, their
study was CT-based and overlooked the cartilaginous
portions of the growing skeleton. Additionally, they only
measured version using one axial image slice; we hence
feel that the approach used in this study is more robust.
Furthermore, our finding of a greater increase in version
moving caudally in the joint is similar to the observations
of two cross-sectional studies using CT data [7, 10] and a
similar method of measuring version as used in this study.
Further enhancing our current understanding, our longitu-
dinal study design allowed us to compare the relative
change in version that occurs in a developing acetabulum.
Although version increased at all axial levels with skeletal

Table 2. Acetabular version at various levels along the
acetabulum

Acetabular level Version (°) p value

Slice 1 Initial -2 6 3 < 0.001

Follow-up 3 6 5

Slice 2 Initial 5 6 5 < 0.001

Follow-up 12 6 5

Slice 3 Initial 10 6 5 < 0.001

Follow-up 15 6 5

Slice 4 Initial 13 6 4 0.003

Follow-up 16 6 5

Slice 5 Initial 13 6 4 0.003

Follow-up 16 6 4

Mean Initial 7 6 4 < 0.001

Follow-up 12 6 4

Data are presented as the mean 6 SD.
Acetabular version was measured 2 mm caudal to the roof of
the acetabulum (Slice 1), at the equator of the hip (Slice 5), and
at three equidistant levels (Slices 2-4) between these two
locations. A negative sign reflects acetabular retroversion.

Fig. 4 This box andwhisker plot of anteversionmeasurements
was plotted for different images of the acetabulum, color-
coded per MR image. The initial image is indicated by the blue
line; the follow-up image is represented by the green line.
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maturity, the increase was greatest along the rostral part of
the joint. As a reflection of this increase, none of the eight
hips (24%) that showed rostral retroversion at the initial
MRI had evidence of retroversion at follow-up.

By measuring sector angles, we were able to determine
the degree of femoral head coverage that the acetabulum
provides anteriorly, posteriorly, and superiorly. By mea-
suring the acetabular sector angle, we determined that with
skeletal maturity, there was a reduction in the anterior
sector angle but no change in the posterior sector angle.
Furthermore, the change in the anterior acetabular angle
correlated with an increase in acetabular version. There-
fore, it appears that version increases because of a re-
duction of the femoral head coverage anteriorly. This
observation is in contrast to a CT-based cross-sectional
study by Hingsammer et al. [10], in which the increase in
version with skeletal maturity was secondary to an increase
in posterior wall coverage. However, the use of CT, rather
than MRI-based measurements in the growing skeleton
was a limitation of their study because the posterior wall

has been shown to be the last part of the acetabulum to
ossify and hence appear on CT images. A reduction in
coverage of the anterior femoral head by the acetabulum
may be secondary to Volkmann-Heuter’s principle of
physeal growth [24]. With skeletal maturity, the reduction
in femoral version and increase in the alpha angle of the
femoral head-neck junction [5] may lead to increased
pressure between the femur and anterior wall and result in
slowed growth of the anterior acetabular wall. A further
study is necessary to support or refute this theory. Acetab-
ular retroversion is amorphologic abnormality predisposing
the hip to FAI and can be classified along the spectrum of
dysplasia. Therefore, a great variability of deformity exists,
with an incidence of up to 15% [4, 14]. However, what
extent of acetabular retroversion classifies as pathologic is
unknown. Furthermore, debate still exists about whether
retroversion is the result of increased anterior coverage, a
deficient posterior wall, a rotation abnormality, a low-
volume acetabulum, or most likely, a combination of all the
above [6, 26]. It is important to determine the underlying

Fig. 5 A-C Box and whisker plots show the (A) anterior, (B) posterior, and (C) superior acetabular sector angle measurements of the
initial (blue) and follow-up (green) MR images.
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morphologic abnormality leading to retroversion because
this would guide the surgical management (for example,
periacetabular osteotomy or rim-trim). The findings of this
study support that if normal developmental changes do not
occur during adolescence, the associated rostral retrover-
sion would be related to anterior wall over-coverage rather
than a posterior wall deficiency, supporting the observations
of Larson et al. [14]. However, the disturbance of the normal
developmental process may not be the only way of forming
acetabular retroversion, as evident by findings reported in
skeletally mature patients [4, 6, 26].

Genetic and environmental factors are important for
skeletal development. Although female sex was associated
with greater acetabular version, which was consistent with
the results of previous reports [16],we found no other patient
factors (BMI or ROM of the hip) that were associated with
changes in acetabular version. Given that the developmental
processes of the proximal femur and acetabulum are con-
sidered interlinked [20], a further longitudinal study with
greater statistical power to further define this interaction
during the developmental process is needed.

The immature acetabulum showed evidence of cranial
retroversion in one-fourth of the patients in this cohort.
With skeletal maturity during adolescence, acetabular
version increases, especially rostrally. This increase in
version is associated with, and is likely a result of, a re-
duced anterior acetabular sector angle, reflecting the degree
of femoral head coverage that the anterior wall provides.
This indicates that rostral retroversion of the hip seen in the
skeletally mature patient is because of anterior over-
coverage if the normal developmental process is disturbed.
However, further studies on patients with acetabular ret-
roversion (of various degrees) should characterize what
proportions of these patients have over-coverage of the
anterior acetabular rather than deficiency of the posterior
acetabulum. Such information would provide important
information on best treatment strategies. The changes in
version were not associated with any of the patient factors
tested; a further study with greater power is needed to
provide further insight into this process.
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