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Abstract

Objective Morphological correlation between the acetabulum
and femur at the hip joint is still controversial. We tested the
hypothesis that femoral anteversion correlates with acetabular
version and coverage in patients with developmental dysplasia
of the hip (DDH).

Materials and methods Using pelvic computed tomography
(CT) images of 79 hips in 49 Asian women with DDH and
49 normal hips, we measured femoral anteversion, the axial
and vertical acetabular version and the acetabular sector
angle (ASA) to demarcate femoral head coverage. Depending
on the location of the acetabular bone defect, dysplastic hips
were divided into three subgroups: the anterior, global and
posterior deficiency groups. We performed a comparative
analysis between dysplastic and normal hips using the
Wilcoxon rank sum test, and a relative analysis between
femoral anteversion and acetabular measurements in dysplas-
tic hips using Pearson’s correlation coefficient.

Results The amount of femoral anteversion in dysplastic
hips was greater and more variable than in normal hips
(»<0.0001, p=0.0277 respectively). Femoral anteversion
in dysplastic hips correlated significantly with acetabular
anteversion in the groups with anterior and global deficiency
subgroups (p<0.05, r=0.2990, p<0.05, r=0.451 respectively),
but not with the posterior deficiency subgroup. Femoral
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anteversion also correlated with vertical acetabular version.
When acetabular coverage was examined, significant correla-
tions were noted between femoral anteversion and anterior and
superior coverage, but not with posterior coverage. These
correlations were not observed in normal hips.

Conclusions Our results showed significantly greater and
more variable femoral anteversion in DDH, and a significant
correlation between femoral anteversion and acetabular
version and coverage in DDH with anterior and global
acetabular bone deficiency.
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Introduction

Developmental dysplasia of the hip (DDH) has various mor-
phological abnormalities. The acetabulum in the dysplastic
hip has been reported to show a shallow articulating cavity, an
excessively oblique acetabular roof, and decreased acetabular
coverage of the femoral head [1]. The femur also shows
increased femoral anteversion and neck-shaft angle along with
a shortened femoral neck [2]. These abnormalities may cause
abnormal joint stresses, leading to subsequent degeneration of
the labrum and articular cartilage, and thus secondary osteo-
arthritis develops at an early age [3-6].

When planning periacetabular osteotomies [7, 8] for
patients with dysplastic hips, it is important to assess the
morphology of hip joint three-dimensionally and to customize
the correction in accordance with this individual variation in
acetabular and femoral morphologies [9—12]. Previous studies
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suggested that suboptimal correction of abnormal acetabular
version and coverage can result in an inferior clinical result
from the osteotomy [13—15].

Morphological features in dysplastic hips have been
reported in detail, with acetabular and femoral findings
having also been separately described. Only a few reports
have evaluated the relationship between the femur and
acetabulum [1, 16-18]. Anda et al. reported that femoral
morphology was not found to correlate with acetabular
morphology in both normal and dysplastic hips [16, 18].
In contrast, Jacobsen et al showed in their three dimen-
sional CT study a significant correlation between femo-
ral anteversion and anterior acetabular coverage in the
dysplastic hip [1]. Therefore, the true relationship remains
controversial.

The recent development and prevalence of computer
imaging software has enhanced the description of three-
dimensional (3D) morphology of the hip. Studies using
CT data revealed a substantial amount of individual varia-
tion in acetabular version, the location of the bone defect,
and degree of acetabular dysplasia [19, 20]. A review of the
literature revealed that acetabular dysplasia could be classi-
fied as anterior, posterior, and global deficiency groups
based on the location of the acetabular bone defect [16,
19-22]. We previously reported that these subgroups of
acetabular dysplasia were significantly associated with ace-
tabular version as well as rotational alignment of the entire
pelvis [23]. These findings led us to examine the correlation
between femoral and acetabular version in each subgroup of
dysplastic hips.

We hypothesized that the femoral and the acetabular
abnormalities may have the wide distribution in dysplastic
hips and that the femoral anteversion may have different
correlations with the acetabular morphology among the
subgroups of dysplastic hips. In this study, we examined
the distribution of hip deformities in dysplastic hips com-
pared with normal hips, and the correlation of femoral ante-
version with acetabular version and coverage in subgroups
of dysplastic hips.

Materials and methods
Patients

This retrospective study was approved by our institutional
review board. We reviewed standard anteroposterior (AP)
radiographs of the pelvis [24, 25] and pelvic CT scans of
143 hips in 84 patients with DDH, obtained during preopera-
tive examinations for corrective osteotomies between July
2004 and June 2010. DDH was defined as a lateral center-
edge angle of Wiberg [26] that was less than 20°, based on
measurements using AP radiographs of the pelvis. Thirty hips
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with Tonnis grade 2 or advanced [27] and visible osteophyte
formation on radiographic examination were excluded from
the study because their measurements could not be verified as
accurate. We also excluded 6 patients (12 hips) with prior
surgery and 7 (12 hips) with severe deformities of the femoral
head. To eliminate the effect of morphological differences
between gender [28], we included only female subjects in this
study (10 hips in 7 male patients were excluded). On the basis
of'these criteria, 79 hips in 49 female patients were included in
this study. Thirty patients had bilateral involvement, and 19
patients had unilateral involvement. The average age upon
initial examination was 39.6 years (range, 17-60 years). All
hips were classified as type 1 according to the classification
system of Crowe et al. based on the migration magnitude of
the femoral head relative to the interteardrop line [29]. This
classification of the degree of vertical subluxation of the hip is
a measure of severity of disease: Type [—vertical subluxation
measured from the inferior margin of the tear to the head—neck
junction is <50% of the diameter of the femoral head or <10%
of the height of the pelvis; Type II—50 to 75% subluxation;
Type 11I—75 to 100% subluxation; and Type [V—more than
100% subluxation. Regarding the past treatment of the hip, 5
patients (5 hips) had a history of non-operative treatment for
DDH.

The control group included 49 normal hips in 44 patients
with osteoarthritis of the knee. These patients had no history
of disease or articular symptoms in the hip joints as indicated
by a medical records search and radiographic examination. All
subjects were women with an average age of 75.1 years
(range, 52—83 years). Although these two groups were similar
in terms of body mass index and laterality of the hips
evaluated, the average age of the control group was
older than that of the DDH group. We confirmed that
control subjects had no degenerative changes in hip
joints or other hip abnormalities [30, 31]. We examined
all AP pelvic radiographs and pelvic CT images obtained
during planning for total knee arthroplasty using a CT-based
navigation system [32].

Computed tomography evaluations

Pelvic computed tomography (CT) was performed follow-
ing methods previously described [23, 33]. Briefly, images
were obtained at 2-mm intervals from the anterior superior
iliac spines to the inferior rim of the pelvis in combination
with a 200-mm section of the midpoint of the knee joint
with a slice thickness of 2 mm. Control group CTs were
obtained with the patients in a supine position. Data were
obtained from a 100-mm section of the femoral head, a 200-
mm section of the midpoint of the knee joint, and a 100-mm
section of the distal part of tibia, with a slice thickness of
2 mm, in preparation for a CT-based navigation system
of the total knee arthroplasty. Multiplanar reconstruction
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processing was performed on these resulting images using
analysis software (3D template; Japan Medical Materials,
Osaka, Japan). As standardizing the position of the pelvis at
the time of imaging is important, we defined an anterior
pelvic plane [30, 34] involving the anterior superior iliac
spines and the public tubercles, as a reference plane (coronal
section). After correcting according to this reference, we
then performed the following measurements.

Measurements

All measurements using CT images were performed by one
observer (M.A.) and were repeated in a blinded manner
during the course of two sessions at least one month apart.
Two observers (M.A. and T.S.) independently made CT
measurements on the scans of 30 randomly selected
hips. The intraobserver and interobserver reliabilities
were evaluated with the use of the intraclass correlation
coefficient.

Femoral anteversion

Anteversion of the femoral neck was assessed three-
dimensionally using techniques described by Sugano et al.
[35]. Briefly, the femoral neck axis is measured from a best-
fit line on a single cut high in the femoral neck just distal to
the head. The distal femoral condylar axis is measured from
a transepicondylar axis, which can also be discernible in
damaged knees like control subjects in this study [36]. The
relative alignment of these two axes describes femoral ante-
version (Fig. 1a).

Acetabular version

We defined the acetabular opening direction as the acetab-
ular anteversion angle in the axial plane. The acetabular
lateral opening direction was defined as the vertical
acetabular version (Sharp angle) in the coronal plane.

Both versions were measured at the level of center of
the femoral head (Fig. 1b, c).

Acetabular coverage

To determine acetabular coverage of the femoral head
(Fig. 2), we measured the acetabular sector angle (ASA)
based on a modified version of the method described by
Anda et al. [16]. We determined the anterior and pos-
terior ASAs in the axial plane passing through the
center of the femoral head, as well as the superior
ASA in the coronal plane. The values of the anterior
and posterior ASA were used to classify the dysplastic
hips into three groups depending on the location of the
acetabular bone defect according to the method of Ito et
al. [19] with modification: the anterior deficiency group
(anterior ASA<50° and posterior ASA>90°), the global
deficiency group (anterior ASA<50° and posterior ASA
<90°) and, the posterior deficiency group (anterior ASA
>50° and posterior ASA<90°). Using these criteria, 44
hips (55.7%) were diagnosed as having an anterior
deficiency, 26 hips (32.6%) as having a global deficien-
cy, and 9 hips (11.4%) as having a posterior deficiency.

Statistical analysis

A statistical analysis was performed using JMP 6.0.3 (SAS
Institute, Tokyo, Japan). Wilcoxon rank sum tests were used
to compare the radiographic parameters between dysplastic
and normal hips in each subgroup. The Levene test was used
to assess the equality of variances in dysplastic and normal
hips. The F-value signifies the deviation ratio between
dysplastic and normal hips. The Dunnett tests were used
to compare the radiographic parameters between the
control group and all subgroups. Pearson’s correlation
coefficient was used to evaluate the relationships between the
parameters of the femur and the acetabulum. For all statistical
analyses, p values less than 0.05 were considered significant.

Fig. 1 a The femoral anteversion angle was defined as the angle
between the femoral neck axis and the transepicondylar axis. b The
acetabular anteversion angle was determined in the axial plane passing
through the femoral head center as the angle formed by the intersection
of a line connecting the anterior and posterior edges of the acetabulum

and a sagittal line. ¢ The Sharp angle was determined in the coronal
plane passing through the femoral head center as the angle formed by a
line connecting the superior and inferior edges of the acetabulum and a
horizontal line
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Fig. 2 The acetabular sector angle (454) is formed by the intersection
of a line connecting the femoral head center and the acetabular edge
with a horizontal line. The ASA is measured in the anterior, superior,
and posterior directions

Results

Comparison of the parameters between dysplastic and normal
hips is shown in Table 1.

The average femoral anteversion was 22.2+10.8° in dys-
plastic hips and 14.3+6.8° in normal hips, indicating a signif-
icantly larger degree of femoral anteversion in dysplastic hips
(»<0.0001). Femoral anteversion in dysplastic hips varied
widely from —13.2 to 58.2° with significantly wider distribution
of values than in normal hips (p=0.0024) (Fig. 3a). When the
dysplastic hips were divided into subgroups, the degree of
femoral anteversion in the anterior and global deficiency

subgroups was also significantly larger than in the control
groups (p=0.0040, p<0.0001 respectively). However, we not-
ed that the posterior deficiency subgroup was comparable to
normal hips in the amount of femoral anteversion (Table 1,
Fig. 4). Although the acetabular anteversion of dysplastic hips
was significantly larger than that of normal hips (p=0.0060),
the difference was only 3° (Fig. 3b). In detail, acetabular ante-
version in the anterior deficiency subgroup was significantly
larger; however, acetabular anteversion in the posterior
deficiency subgroup was significantly smaller compared with
normal hips (p<0.0001, p=0.0005 respectively). The Sharp
angles in dysplastic and normal hips were similarly distributed,
however, significantly larger Sharp angles were noted in the
dysplastic hips (Fig. 3c). Acetabular coverage was significantly
smaller in dysplastic hips in all three portions (Fig. 3d—f).

Correlations between the femur and acetabulum in
dysplastic hips with regard to various parameters are shown
in Table 2.

There was no significant correlation between femoral
anteversion and acetabular anteversion in dysplastic hips
when they were lumped. However, when dysplastic hips
were divided into subgroups, the anterior and global
deficiency subgroups showed a significantly positive correla-
tion between femoral anteversion and acetabular anteversion
(» <0 .05, r=0.2990, p<0.05, r=0.451 respectively; Fig. 5b,
c). There was a significantly positive correlation between
femoral anteversion and the Sharp angle (p=0.0312,
r=0.25962) in dysplastic hips (Fig. 5d).

Femoral anteversion correlated significantly with acetabular
coverage of the femoral head in the anterior and superior
portions (p=0.0156, r = —0.29005, p=0.0157, r = —029005
respectively; Fig. Se—g). In normal hips, no significant corre-
lations were observed between femoral anteversion and
acetabular anteversion, Sharp angles, or acetabular coverage
in any directions (Fig. 5a).

Table 1 CT measurement
values in dysplastic hips and
normal hips

Values are presented as mean

Parameters Dysplastic Normal p Value Variance

F value p value
Femoral anteversion (n=79) 22.2 (10.82) 14.3 (6.88) <0.0001 9.5650 0.0024
Anterior deficiency (n=44) 21.1 (11.18) 0.0029
Global deficiency (n=26) 25.0 (9.79) <0.0001
Posterior deficiency (n=9) 19.3 (11.78) N.S
Acetabular anteversion (n=79) 24.4 (5.58) 21.4 (5.87) 0.0060 0.2720 N.S
Anterior deficiency (n=44) 27.5 (3.47) <0.0001
Global deficiency (n=26) 22.5(3.34) N.S
Posterior deficiency (n=9) 14.9 (6.14) 0.0005
Sharp angle (n=79) 48.7 (3.92) 36.3 (3.71) <0.0001 0.0833 N.S
Anterior deficiency (n=44) 49.0 (3.79) <0.0001
Global deficiency (n=26) 49.1 (3.84) <0.0001
Posterior deficiency (n=9) 46.9 (4.63) <0.0001

(SD). N.S=not significant
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Intra-observer and inter-observer reliabilities, evaluated
with the use of the intra-class correlation coefficient (ICC),
were excellent, ranging from 0.98 to 0.99 and 0.88 to 0.96
respectively.

Discussion

In this study of 69 dysplastic hips and 49 normal hips, we
confirmed morphological differences between dysplastic
and normal hips and found significant correlations between
femoral anteversion and acetabular version in the anterior
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Fig. 4 Comparison of radiographic measurements in DDH subgroups
and controls

and global deficiency subgroups. We also demonstrated a
significant correlation of femoral anteversion to coverage in
the anterior and superior portions.

As previously reported, the degree of femoral anteversion
in dysplastic hips is significantly larger than in normal hips
[18, 37-39]. Interestingly, when we compared the distribu-
tion of femoral anteversion between dysplastic and normal
hips, dysplastic hips showed significantly wider distribution
of femoral anteversion ranging from —13 to 58°. Sankar et
al. [40] reported significant variability in femoral antever-
sion of the dysplastic hip in children. In their study on 37
consecutive hips, the mean femoral anteversion was 50.3°
with a standard deviation of 17.9, varying from 0° to 95.7°.
Therefore, this variability of femoral anteversion is thought
to exist from the early stages of life. Additionally, femoral
anteversion in the posterior deficiency subgroup was compa-
rable to that of controls. This increased variability might lead
to the controversy in relating femoral anteversion to other
anatomical measurements.

In contrast to femoral anteversion, the distribution of
acetabular anteversion in dysplastic hips was small and
similarly distributed to that of normal hips. Although the
degree of acetabular anteversion in DDH was significantly
larger than that of normal hips, the difference was only 3° on
average. The significance in the case of acetabular version
might be “statistical significance” but not “clinical signifi-
cance.” This finding was supported by other reports. Anda
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Table 2 Correlation between

femoral anteversion and Group Parameters Correlation coefficients p value
acetabular measurements
Dysplastic Acetabular anteversion (n=79) 0.151835 0.1816
Anterior deficiency (n=44) 0.962006 0.0486*
Global deficiency (n=26) 1.318242 0.0237*
Posterior deficiency (n=9) —0.263248 0.7250
Sharp angle 0.6406685 0.0396*
Anterior ASA —0.464044 0.0064*
Superior ASA —0.352894 0.0329*
Posterior ASA —0.073458 0.6726
Normal AcAv (n=49) —0.13098 0.4420
Sharp angle —0.21353 0.1365
Anterior ASA 0.08831 0.5420
Superior ASA —0.13496 0.3501
ASA=acetabular sector angle Posterior ASA 0.13496 0.3501

*Statistical significance

et al. [16] reported that acetabular anteversion was almost
equal in dysplastic and normal hips, and that hip dysplasia is
not associated with any consistent change in acetabular
version. In their study including 21 adult patients, the mean
acetabular anteversions were 22.1+£5.9° in dysplastic hips
and 21.6%5.1° in normal hips. However, when dysplastic
hips were divided according to the location of the acetabular
bone defect, significant differences in acetabular version
were noted among the subgroups. Acetabular version in

the anterior deficiency subgroup was significantly larger
than in the other groups. Conversely, acetabular version in
the posterior deficiency subgroup was significantly smaller
than in the normal and global deficiency subgroups. Anda et
al. [16] also suggested that there was a trend toward
decreased acetabular anteversion in shallow hips with poor
posterior support.

Normal hips did not show any correlation between femoral
anteversion and acetabular version and coverage in this study
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and in the report by Anda et al. [16] in their 3D analysis. In
pathological hips, Bargar et al. [18] also reported no correla-
tion between femoral and acetabular anteversion in their
cohort with 46 patients undergoing total hip arthroplasty with-
out dysplastic hips in their 3D analysis. Our study also showed
that femoral anteversion did not correlate significantly with
acetabular anteversion in dysplastic hips when they were
lumped. However, when they were divided, depending on
the location of the acetabular bone defect in this study, femoral
anteversion in the anterior and global deficiency subgroups
correlated significantly with acetabular anteversion. Femoral
anteversion also correlated significantly with acetabular
coverage in the anterior and superior portions. These findings
suggested a possible developmental interaction between the
femur and acetabulum. Our results showed that the hip with
larger degrees of femoral anteversion had increased acetabular
version, suggesting a biomechanical vicious cycle resulting in
the pathology of dysplastic hips with anterior and global
acetabular deficiency.

In contrast, no correlation in either version or coverage
was observed in hips with a posterior bone deficiency. We
previously reported the earlier onset of pain in patients with
posterior acetabular deficiency, suggesting the pathological
significance of this group [33]. Our results and previous
reports suggested the existence of several subtypes of
dysplastic hips with different pathologies [23, 41]. Regard-
ing the correlation with femoral anteversion in the posterior
deficiency subgroup, relatively better anterior acetabular
coverage in this subgroup compared with other subgroups
may have fewer effects on the development of the femur.
This requires further research and clarification.

It is important to customize correction of the acetabular
fragment in accordance with individual variability of the hip
when planning pelvic osteotomies for patients with DDH
[12, 13, 15, 42]. Anterior rotation of the acetabular fragment
is one of the conventional maneuvers performed during
periacetabular osteotomies to correct anterior acetabular
deficiency. In cases with excessive femoral anteversion,
derotational femoral osteotomy is combined to improve
the coverage and congruity of the hip joint [43]. In cases
of posterior deficiency, anterior rotation of the acetabulum
can aggravate posterior acetabular insufficiency in turn [13,
44]. Our observations confirmed that anterior rotation of the
acetabular fragment is an anatomically reasonable maneuver
for patients in anterior and global deficiency subgroups to
cover the anteverted femoral head. However, the maneuver
can be problematic in those with posterior acetbular defi-
ciency and should therefore be avoided in this subgroup.

There were several limitations to this study. First, the
normal subjects in this study were older than the DDH
subjects; however, their hips were asymptomatic with no
deformities. Their hips had no morphological abnormalities
leading to osteoarthritis; therefore, investigating morphologies

in this elderly population was valuable in understanding the
normal hip joint in its true sense. We also corrected for pelvic
tilt as the pelvis tends to tilt backward because of lumbar
kyphosis in elderly patients. Second, because of the retrospec-
tive database and image review, correlation with clinical find-
ings was limited. Nevertheless, it is important to understand
3D information and the relationship between femoral and
acetabular morphologies for surgeons. Our stated purpose
was to investigate the morphological correlation between
femoral anteversion and acetabular morphologies as a first
step in determining the potential need for augmentation pro-
cedures. Third, the study cohort was limited to Asian women
with Crowe Type 1 hips, which may limit the generalizability
of our findings to other populations. However, as DDH occurs
frequently in Japan, we believe this does not change our
overall findings of correlations between femoral and acetabu-
lar morphologies. Fourth, as the number of patients with DDH
was limited, each subgroup had a relatively small number of
hips. Although there were significant correlations between
femoral anteversion and acetabular version in patients with
anterior and global deficiency, analysis with a larger number
of patients would increase the statistical power of the study.
In conclusion, our data reveal a significant correlation
between femoral anteversion and acetabular version in
Asian women with anterior and superior deficiency sub-
groups of DDH, but not in the posterior deficiency sub-
group. We also found that femoral anteversion varied
widely in dysplastic hips compared with normal hips.
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