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Abstract

The pelvic ring is a complex anatomical structure building up the connection between
the trunk and the legs. Whilst there is a broad discussion in the literature about the
dynamic interaction between spine, pelvis and the hip joints, there is still little infor-
mation about the relation and interaction of the constant pelvic parameters. Based
on a three-dimensional (3D) statistical model consisting of 150 uninjured and bony
healthy pelves (100 Europeans, 50 Japanese; 81 males, 69 females; average age
74.3years +17.5years) an evaluation of pelvic incidence (Pl) and acetabular orienta-
tion in anteversion and inclination was performed and potential correlations of these
intraindividual constant parameters were investigated. Pelvic incidence is defined as
the angle between the perpendicular to the sacral plate at its midpoint and the line
connecting this point to the middle axis of the femoral heads. Acetabular anteversion
is defined as the angle between the perpendicular to the best-fit plane on the acetab-
ular rim and the coronal plane measured in strict lateral view. Acetabular inclination is
defined as the angle between the perpendicular to the best-fit plane on the acetabular
rim and the sagittal plane in strict frontal view. Data were further analysed with re-
gard to different subgroup's age, sex and ethnicity. A positive correlation between Pl
and acetabular anteversion could be demonstrated. Further, Pl and also the acetabu-
lar parameters anteversion and inclination were found to be significantly higher in the
European individuals than in the Asian. The results of the present study demonstrate
a relation between the anatomical configuration of the constant pelvic parameters
building up the connection points to the next proximal respectively caudal skeleton
section. The findings might lead to more comprehensive treatment strategies in case

of trauma or degenerative pathologies of the pelvis in the future.
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1 | INTRODUCTION

The pelvic ring is a complex anatomical structure with central im-
portance connecting the spine and lower extremities at the caudal
part of the axial skeleton. The biomechanical interaction of the
spine, pelvis and lower extremities is crucial for allowing an up-
right stand and gait without dysbalances. This functional interac-
tion is affected and influenced by a lot of different factors like
the spinal configuration and mobility (e.g. lumbal lordosis, scoli-
osis), pelvic anatomy and orientation (pelvic incidence [PI], pelvic
tilt, sacral slope, pelvic inclination), the acetabular configuration
(anteversion, inclination, dysplasia) and the surrounding ten-
dons, muscles and ligaments. Spinopelvic balance is a frequently
discussed issue especially in trying to describe and understand
the interaction between the spine, pelvis and lower extremities
(Hayden et al., 2018; Yoshioka et al., 2019). Several studies focus
on the relation between spine configuration and pelvic anatomy,
and the effect of impaired mobility of the lumbar spine on hip joint
function. Eftekhary et al. (2019) published a systematic review
article reflecting spinopelvic relationship, spinopelvic movement
and the effect of dysfunctional disorders of the lumbar spine on
the functional acetabular orientation. Whilst there is consensus
that dysfunction of the lumbar spine or hip joints affect each other
(Bernstein et al., 2019; Eyvazov et al., 2016; Fader et al., 2018;
Morris et al., 2016; Weng et al., 2016), the discussion about a
relation between Pl and acetabular orientation remains contro-
versial. Some authors consider Pl as a predictive factor for three-
dimensional (3D) acetabular orientation (Boulay et al., 2014). In
contrast, a retrospective study by Sautet et al. investigating 150
healthy pelves showed no correlation of Pl with acetabular param-
eters (Sautet et al., 2018).

The aim of the present study was the evaluation of Pl and ac-
etabular orientation in anteversion and inclination, and the inves-
tigation of a potential relation of these parameters as they are all
constant and independent of the individual's position.

Pelvic incidence is defined as the angle between the perpen-
dicular to the sacral plate at its midpoint and the line connect-
ing this point to the middle axis of the femoral heads (Legaye
et al., 1998).

Acetabular anteversion is defined as the angle between the per-
pendicular to the best-fit plane on the acetabular rim and the coronal
plane measured in strict lateral view (Murray, 1993).

Acetabular inclination is defined as the angle between the per-
pendicular to the best-fit plane on the acetabular rim and the sagittal
plane in strict frontal view (Murray, 1993).

Analysis was performed based on a 3D statistical model of the
pelvic ring including 150 individual and uninjured pelves of Asian
and Caucasian adults. As there are known intraindividual asymme-
tries, Pl was treated as a 3D parameter and calculated for the right
and left sides separately, so that a side-specific correlation could be
analysed. Further, subgroup analysis was performed with regard to

sex, ethnicity and age.
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2 | MATERIAL AND METHODS

Analysis was performed on the base of a 3D statistical model of
the pelvic ring described by our group before (Arand et al., 2019).
The model consists out of 150 computed tomography (CT) scans of
individual uninjured pelves (100 European pelves: 51 male, 49 fe-
male, average age 60.0years +13.1years; 50 Japanese pelves: 30
male, 20 female, average age 74.3years +17.5years). Average image
resolution was 0.7 x0.7 x0.6mm. Computed tomography scans
were performed for other reasons than suspicion of bony injuries or
pathologies, and data were used retrospectively with the approval
of the local ethics committee. Computation of the model and data
processing was performed using the software AMIRA (Amira ver-
sion 6.0.0; FEI).

As Pl is defined as the angle between the perpendicular to the
sacral plate at its midpoint and the line connecting this point to the
middle axis of the femoral heads (Legaye et al., 1998), it was cal-
culated landmark-based according to these specifications. The geo-
graphical midpoint of the sacral plate was computed by calculating
the midpoint between the landmarks defining the edges of the sacral
plate. As the femoral head is not part of the 3D model of the pelvis,
the middle axis of the connecting line between the centres of the
acetabular cavities was used instead. The centre of the acetabu-
lum was calculated using the best-fit ball fitting the acetabular joint
surface, and the midpoint of that ball was treated as the acetabular
centre. Pelvic incidence was then calculated as the angle between

the perpendicular to the sacral plate at its computed midpoint and

FIGURE 1 3D statistical model of the pelvic ring. The figure
shows the mean model with the perpendicular to the sacral plate
at its geographical midpoint (red line), the best-fit balls inside the
acetabular cavity (light blue) and the axis connecting the acetabular
centre with the midpoint of the sacral plate as well as the
interacetabular axis (blue lines). Based on these lines Pl and Pl 3D
were calculated. 3D, three-dimensional; PI, pelvic incidence.
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FIGURE 2 Coordinate system within the 3D model of two individual pelves established based on the anterior pelvic plane. Anteversion
angle is built up by the red lines in strict lateral view and the y-axis (b, d), inclination angle is built up by the red lines in ap view and the y-axis

(a, €). 3D, three-dimensional.

TABLE 1 Frequency analysis of all included samples (n =150)
regarding Pl and PI 3D

PI3D P1 3D left/ diff
Pl average right PI 3D
Median 48.0° 59.1° 59.8°/58.5° 2.7°
SD 10.5 7.52 7.59/7.92 2.33
Min 28.5° 46.7° 48.0°/45.4° 0.0°
Max 86.0° 87.1° 89.2°/84.9° 10.1°

Abbreviations: 3D, three-dimensional; PI, pelvic incidence; SD, standard
deviation.

the line connecting this point to the midpoint of the axis between
the acetabular centres. Due to intraindividual anatomical variations
and asymmetries, the calculated midpoint of the sacral plate and
also the midpoint of the middle axis of the acetabular centre were
not always situated in the strict centre of the sacrum in ap projec-
tion. To address those observed deviations from the midline, which
might cause differences between the left and right sides, an addi-
tional angle was calculated taking those 3D aspects into account.
This additional angle was calculated using the previously defined
perpendicular to the sacral plate at its geographical midpoint and the
connecting line between this point and the calculated centre of the
acetabulum. The angle was measured separately for each side and
designated PI 3D for the left and right sides, respectively (Figure 1).

Acetabular orientation in anteversion and inclination was also cal-
culated landmark-based and according to radiographic anteversion

and inclination described by Murray (1993). A best-fit plane was po-
sitioned on the acetabular rim and a normal of that plane was defined
running through the centre of the acetabulum calculated before. The
direction of this normal determines the acetabular orientation three-
dimensionally. To generate a reference independent of the spatial
position of the pelvis a coordinate system was established based on
the anterior pelvic plane (Figure 2a,b). The anterior pelvic plane is
defined as a plane running through the anterior superior iliac spines
and the anterior surface of the symphysis (Lewinnek et al., 1978). The
coordinate system was then used to reference anteversion in lateral
projection as the angle between the normal defining the acetabular
orientation and the y-axis (Figure 2b), and inclination in ap projection
as the angle between the normal defining the acetabular orientation
and the y-axis as well (Figure 2a). Anteversion and inclination angle
were measured on both sides of all included samples.

Statistical analysis of the measured angles (PI, Pl 3D, antever-
sion and inclination) and further evaluation of correlation were per-
formed using the software SPSS (IBM SPSS Statistics 24; IBM) and
GraphPad Prism (GraphPad Software).

Correlation analysis was performed between Pl and PI 3D, side
specific PI 3D and anteversion, side specific PI 3D and inclination and
between anteversion and inclination. In addition, subgroups were
analysed for measurable sex-related (male vs. female), ethnicity-
related (European vs. Japanese) or age-related (age <65years vs.
>65years) differences. Statistical analysis was performed using
Mann-Whitney-U-Test for independent samples, and for correlation
analysis, Spearman's correlation was used.
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PI

E J

n =100 n=>50
Median 50.2° 45.3°
SD 10.67 8.04
Min 34.0° 28.5°
Max 86.0° 67.4°
p-value (@ = 0.05) <0.0001

PI 3D average

Note: Pl and PI 3D were significantly higher in Europeans than in Japanese individuals.

Abbreviations: 3D, three-dimensional; PI, pelvic incidence; SD, standard deviation.

PI 3D left/right
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TABLE 2 Frequency analysis of all samples included (n =150) and comparison between Europeans (E) and Japanese (J)

TABLE 3 Frequency analysis of all samples included (n =150) and comparison between males (3) and females ()

Pl

) Q

n=281 n=69
Median 52.0° 49.1°
SD 13.61 10.34
Min 25.0° 28.5°
Max 85.0° 76.6°
p-value (a = 0.05) 0.185

Abbreviations: 3D, three-dimensional; PI, pelvic incidence; SD, standard deviation.

TABLE 4 Frequency analysis of all samples included (n =150) and comparison between individuals <65 years and >65years

PI

<65 >65

n=77 n=73
Median 49.9° 48.3°
SD 10.29 10.22
Min 34.0° 28.5°
Max 76.6° 76.6°
p-value (a = 0.05) 0.125

E J E J

n =100 n=50 n =100 n=50

61.4° 57.1° 62.2°/61.1° 57.9°/56.8°
7.76 5.6 7.93/7.98 5.35/6.59

48.4° 46.7° 49.2°/47.5° 48.0°/45.4°

87.1° 73.4° 89.2°/84.9° 73.6°/75.2°

<0.0001

PI 3D average P1 3D left/right

3 Q 3 Q

n=281 n=69 n=281 n=69

58.4° 59.4° 59.5°/57.3° 60.7°/59.6°
7.71 7.34 7.49/7.93 7.74/7.92

49.0° 46.7° 49.2°/46.1° 48.0°/45.4°

87.1° 80.7° 89.2°/84.9° 82.3°/79.0°

0.353

PI 3D average PI 3D left/right

<65 >65 <65 >65

n=77 n=73 n=77 n=73

60.90° 59.0° 61.5°/61.0° 59.8°/58.5°
7.5 717 7.54/79 7.24/7.64

48.4° 46.7° 49.2°/46.1° 48.0°/45.4°

80.7° 85.1° 82.3°/79.1° 89.2°/84.9°

0.075

Note: Pl and PI 3D were higher in the older age group, but without statistical significance.

Abbreviations: 3D, three-dimensional; PI, pelvic incidence; SD, standard deviation.

TABLE 5 Frequency analysis of all samples included (n =150)
regarding anteversion and inclination

Anteversion Inclination

Average Left/right Average Left/right
Median 26.4° 26.4°/26.7° 51.0° 50.3°/51.3°
SD 9.11 9.13/9.61 3.72 3.91/4.21
Min 7.7° 5.8°/6.5° 41.4° 41.6°/40.3°
Max 52.2° 53.4°/50.9° 60.4° 59.4°/62.2°

Abbreviation: SD, standard deviation.

3 | RESULTS

Table 1 shows the frequency analysis of the whole data set. In sub-
group analysis, Pl and Pl 3D were found to be significantly higher in

Europeans than in Japanese (p <0.05) (Table 2). In contrast, there
were no statistically significant sex- or age-related differences ob-
served (Tables 3 and 4). Table 5 shows the frequency analysis of the
whole data set concerning anteversion and inclination. Regarding ac-
etabular orientation subgroup analysis showed significantly higher
values for anteversion in females than in males (p <0.05) as well as
in Europeans compared to Japanese (p <0.05). Whilst sex-related
differences were not observed in inclination, Europeans showed
significantly higher inclination angles than the Japanese (p <0.05)
(Tables 6 and 7). Anteversion and inclination were shown to be sta-
tistically higher in the age group up to 65years than in the group of
individuals older than 65years (p <0.05) (Table 8).

Correlation analysis of the acquired data using Spearman's cor-
relation (Table 9; Figure 3) showed a strong positive correlation be-
tween Pland PI 3D (r=0.9812, both-sided statistically significant with
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TABLE 6 Frequency analysis of all samples included (n =150) and comparison between males (3) and females (Q)
Anteversion Inclination
Average Left/right Average Left/right
53 ? 3 Q 3 ? 3 Q
n=281 n=69 n=281 n=69 n=281 n=69 n=281 n=69
Median 24.4° 28.1° 24.4°/25.6° 27.7°/28.9° 51.2° 51.1° 50.4°/50.9° 50.2°/51.7°
SD 8.98 8.95 9.09/9.43 9.17/9.29 3.76 3.69 3.74/3.74 4.1/4.01
Min 8.9° 7.7° 6.6°/6.5° 5.8°/7.4° 41.4° 44.0° 42.4°/40.3° 41.6°/43.0°
Max 52.2° 46.8° 53.4°/50.9° 43.7°/49.8° 60.4° 60.0° 59.4°/61.4° 58.6°/62.2°
p-value (@ = 0.05) 0.0085 0.878
Note: Anteversion was significantly higher in female samples, regarding inclination no sex-related differences could be shown.
Abbreviation: SD, standard deviation.
TABLE 7 Frequency analysis of all samples included (n =150) and comparison between Europeans (E) and Japanese (J)
Anteversion Inclination
Average Left/right Average Left/right
J E J E J E J
En=100 n=50 n =100 n=50 n =100 n=50 n =100 n=50
Median 29.8° 21.6° 29.1°/29.0° 19.4°/22.5° 51.8° 49.9° 50.7°/52.3° 49.6°/49.5°
SD 9.08 6.97 9.02/9.73 7.08/7.49 3.79 3.32 4.05/4.22 3.5/3.83
Min 7.7° 9.4° 6.6°/6.5° 5.8°/7.3° 41.4° 44.2° 42.0°/40.3° 41.6°/42.8°
Max 52.2° 39.3° 53.4°/50.9° 40.4°/38.2° 60.4° 55.3° 59.4°/62.2° 55.4°/57.4°
p-value (a = 0.05) <0.0001 0.0088
Note: Anteversion and inclination were significantly higher in Europeans than in Japanese individuals.
Abbreviation: SD, standard deviation.
TABLE 8 Frequency analysis of all samples included (n =150) and comparison between individuals <65 years and >65years
Anteversion Inclination
Average Left/right Average Left/right
<65 >65 <65 >65 <65 >65 <65 >65
Median 28.8° 22.9° 28.9°/28.7°  23.1°/24.2° 52.2° 49.9° 51.3°/52.6° 49.6°/50.3°
SD 9.48 8.14 9.34/10.28 8.43/8.34 3.67 3.42 3.78/4.16 3.74/3.4
Min 7.7° 9.4° 7.9°/6.5° 5.8°/7.3° 44.0° 41.4° 42.9°/43.3° 41.6°/40.3°
Max 52.2° 41.6° 53.4°/50.9° 40.3°/42.9° 60.4° 55.3° 59.4°/62.2° 58.0°/59.6°
p-value (a = 0.05) 0.0027 <0.0001
Note: Anteversion and inclination were significantly higher in the younger age group.
Abbreviation: SD, standard deviation.
TABLE 9 Correlation analysis of PI, Pl 3D, anteversion and inclination using Spearman's correlation
Correlation coefficient r Pl PI 3D Anteversion Inclination
PI 1 0.9812"" 0.2612" -0.03250
PI 3D 0.9812"" 1 0.2869" -0.03407
Anteversion 0.2612" 0.2869" 1 0.5215™"
Inclination -0.03250 -0.03407 0.5215"" 1

Abbreviations: 3D, three-dimensional; PI, pelvic incidence.
**p = 0.0012 (both sides).; ***p = 0.0004 (both sides).; ****p <0.0001 (both sides).
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FIGURE 3 Frequency analysis of all samples included (n = 150)
and comparison between (a) males and females, (b) comparison
between Europeans and Japanese and (c) comparison between

individuals <65years and >65years.

p <0.0001) (Figure 4) and also a slightly positive correlation between
Pl and anteversion could be shown (r = 0.2612, both-sided statistically
significant with p = 0.0012) (Figure 5). Pl and inclination showed no
correlative relation (Figure 6). Between anteversion and inclination a
relevant positive correlation was observed (Figures 7 and 8,r=0.5215,
both-sided statistically significant with p <0.0001) (Figure 9). Table 10
shows the correlation analysis within the defined subgroups.

80 a 5 A
A
A
Ap a
A o %‘OAA
a 'y a
4 sy Al 8

PI 3D

2
A O
60 - o8 a
@O 4 ¢

40 1 1 1
20 40 60 80

PI

FIGURE 4 Correlation between Pl and Pl 3D; red = female,
blue =male, triangle = European, circle = Japanese,

filled = <65years, unfilled = >65years. 3D, three-dimensional; PI,
pelvic incidence.
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FIGURE 5 Correlation between anteversion and PI;
red = female, blue =male, triangle = European, circle = Japanese,
filled = <65years, unfilled = >65years. PI, pelvic incidence.
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FIGURE 6 Correlation between inclination and PI;
red = female, blue =male, triangle = European, circle = Japanese,
filled = <65years, unfilled = >65years. PI, pelvic incidence.

4 | DISCUSSION

The interaction between the axial skeleton and the lower extrem-
ity is of central importance for the human's mobility. The pelvis
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represents the crucial connective part. Further, it is the biomechani-
cal point of force distribution sharing the central weight force of the
body to both legs. The description of this force-distributing process
remains a difficult and not fully managed task. In addition, force dis-
tribution is not static but changes with body position and load pat-
terns of the legs which vary continuously during walking.

The present study represents an attempt to utilize the tech-
nology of a 3D statistical model of the pelvic ring to analyse and
describe the anatomic characteristics of the pelvis building up the
connection points to the lumbar spine, the hip joint and the proxi-
mal femur, respectively, as those are the directly adjacent functional
units with direct interplay. Therefore, the analysis of Pl and acetab-
ular orientation was performed as these parameters do not change
with the individual's position. As Pl defines the main axis of sagit-
tal spinopelvic balance (Legaye et al., 1998) and, therefore, also the
connection to the spine as the neighbouring cranial functional unit,
a potential relation to the acetabular orientation, as the anatomic
structure defining the connection to the adjacent caudal functional
unit, was investigated. Median Pl was 48.0° (standard deviation
[SD] + 10.5) within the collective, median Pl 3D was 59.1° (SD +7.52)
about 10° higher than Pl (Table 1), and, as expected, both parame-
ters showed a strong positive correlation (Table 9). Median acetabu-
lar anteversion was measured at 26.4° (SD + 9.11), median acetabular
inclination was 51.0° (SD+3.72) (Table 5) and both parameters
showed a positive correlation as well (Table 9). A positive correlation
between PI, Pl 3D and acetabular anteversion was also observable
whilst there was no correlation between Pl or Pl 3D and acetabu-
lar inclination (Table 9). Further analysis of the defined subgroups
showed statistically significant higher anteversion in females than
in males (Table 6). Regarding acetabular inclination, no sex-related
differences were observed. Differentiating between European and
Japanese samples PI, Pl 3D, acetabular anteversion and inclination
were shown to be significantly higher in Europeans (Tables 2 and
7). As expected no differences were observed between the age co-
horts <65years and >65years regarding Pl and Pl 3D (Table 4), as
Pl is described as a constant parameter during adulthood (Legaye
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FIGURE 8 Correlation between inclination and Pl 3D;
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three-dimensional; P, pelvic incidence.
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FIGURE 9 Correlation between anteversion and inclination;
red = female, blue =male, triangle = European, circle = Japanese,
filled = <65years, unfilled = >65years.

et al., 1998; Roussouly & Pinheiro-Franco, 2011). Comparing the
age groups, a significantly higher anteversion and inclination were
displayed within the younger collective (Table 8) which might be ex-
plained by increasing degenerative changes.

There is a broad discussion in the literature about the dynamic
interaction between the spine, pelvis and the hip joints trying to
understand and explain how the functional units affect each other,
and how pathologies of the spine affect the hip joint and vice versa
(Bernstein et al., 2019; Celestre et al., 2018; Eftekhary et al., 2019;
Eyvazov et al., 2016; Hasegawa et al., 2016; Hayden et al., 2018;
Heckmann et al., 2018; Ochi et al., 2016). But there is little informa-
tion about the interaction and relation between PI and acetabular
version as the constant parameters build up the basis for dynamic
interaction. Le Huec and Hasegawa (2016) investigated spinopel-
vic parameters on 268 Caucasian and Japanese asymptomatic in-
dividuals and found no differences between the two populations.
In contrast, our results show a statistically significant difference
between Europeans and Japanese regarding the constant pelvic
parameters. Boulay et al. (2014) performed a study on 12 ana-
tomic pelvis specimens and identified Pl to be a predictive factor
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TABLE 10 Correlation analysis of PI, Pl 3D, anteversion and inclination within the defined subgroups using Spearman's correlation

Correlation coefficient r PI
PI 3 1
Q
E
J
<65
>65
PI 3D 3 0.3512"
Q 09755
E 0.9830""
J 0.9647""
<65 0.9788""
>65 0.9825""
Anteversion 3 0.09498
Q 0.1108
E 0.1720
J 0.2179
<65 0.2755
>65 0.1476
Inclination 3 -0.08610
Q 0.2371
E -0.1772
J 0.05241
<65 0.1547
>65 -0.03298

Abbreviations: 3D, three-dimensional; PI, pelvic incidence.

*p <0.05 (both sides).; **p <0.01 (both sides).; ***p <0.0001 (both sides).

for three-dimensional acetabular orientation). In a CT-based study
by Sautet et al. (2018) 150 pelves without bony pathologies were
analysed regarding acetabular orientation, Pl and sacro-pubic angle.
Mean Pl was 58.6° (SD + 10.2) and thereof about 10° higher as in our
study (48.0° SD +10.5). Acetabular anteversion was also observed
to be higher in females than in male samples, but with a mean of
23.4° in females and 20.0° in males slightly lower than in our study
(28.1° in females, 24.4° in males). The authors used the anatomical
definition of anteversion as described by Murray (1993) whilst in the
present study the radiographic definition was used. In contrast to
our results, the study of Sautet et al. (2018) observed no correla-
tion between Pl and acetabular orientation which might be caused
by a different definition of anteversion used. Veilleux et al. (2020)
performed a study on 200 CT scans of uninjured pelves realizing an
automated assessment of pelvic and acetabular parameters. Besides
Pl they calculated also pelvic tilt and sacral slope as pelvic parame-
ters and found a slight correlation between pelvic parameters and
acetabular inclination. In contrast to our results, they observed no
sex-related differences in the pelvic parameters.

As a limitation of the present study, it has to be stated that in-
formation about individual pathologies or clinical symptoms of the

PI 3D Anteversion Inclination
0.3512" 0.09498 -0.08610
09755 0.1108 0.2371°
0.9830" 0.1720 -0.1772
0.9647"" 0.2179 0.05241
0.9788" 0.2755 0.1547
0.9825"" 0.1476 -0.03298
1 0.3346" 0.3022

0.1341 0.2329
0.2030° -0.1731
0.2486 0.03087
0.2751° 0.1498
0.1838 -0.01326
0.3346" 1 0.5531""
0.1341 0.5217""
0.2030° 0.5676™"
0.2486 0.2670
0.2751° 0.5958""
0.1838 0.1350
0.3022 0.5531"" 1
0.2329 0.5217""
-0.1731 0.5676""
0.03087 0.2670
0.1498 0.5958""
-0.01326 0.1350

individuals included was not available. Degenerative changes of the
pelvis like coxarthrosis were not considered.

In conclusion, the study provides a detailed analysis of the
constant pelvic parameters (Pl, Pl 3D, acetabular anteversion and
inclination) performed on 150 individual CT data sets based on a
3D statistical model. The data set including European and Japanese
males and females with an age range from 23 to 90 years allowed for
subgroup analysis regarding sex, ethnicity and age group. Despite
the differences described within the subgroup analysis, we found a
statistically significant correlation between PI, Pl 3D and acetabular
anteversion, as well as between anteversion and inclination. The
findings support the process of better understanding of the func-

tional interaction of the spine, pelvis and hip joints.
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