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Abstract

Background CT allows for accurate measurement of
acetabular orientation and shape, but malpositioning of the
pelvis may lead to measurement variance.

Purpose We therefore sought to determine: (1) whether
acetabular anteversion measurements using the femoral
head centers differed from those using the posterior ischia,
and (2) the extent to which changing obliquity, rotation,
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and tilt of a pelvis in a CT scanner affected the measure-
ment of acetabular variables.

Methods A radiopaque human pelvis model with articu-
lated hips was suspended from a plastic sheet as part of an
adjustable frame. Changes in the transverse and sagittal
planes created rotation and tilt, while rotating the frame in
the coronal plane created obliquity. CT scans were
obtained, varying the combinations of obliquity, rotation,
and tilt by intervals of 5°, up to 20°. Acetabular anteversion
(AA), anterior acetabular sector angle (AASA), posterior
acetabular sector angle (PASA), and horizontal acetabular
sector angle (HASA) were measured.

Results The two methods for measuring AA yielded
values differing by 1° to 4° but correlated (r = 0.981) across
the spectrum of pelvis positioning. Pelvic obliquity and tilt
were linearly associated with changes in the measurements.
For each 1°-increase in pelvic obliquity, AA changed
—0.4°, and AASA, PASA, and HASA changed 1.93°,
0.99°, and 2.80°, respectively. For each 1°-increase in
pelvic tilt, AA changed 0.8°, and AASA, PASA, and
HASA changed —1.07°, 0.52°, and —0.51°, respectively.
Rotation had no affect on the variables.

Conclusions Small changes in pelvic obliquity and tilt
were associated with variances in acetabular measure-
ments. The measured changes were directly proportional to
the changes in obliquity and tilt, and were additive. Pelvic
rotation created no changes in measurement.

Clinical Relevance Incorrect interpretation of acetabular
anteversion and coverage may lead to unsatisfactory ace-
tabular fragment positioning during reorientational surgery.
Although intraoperative positioning of an acetabular frag-
ment may not be as precise as the tools for preoperative
planning, it is important for a surgeon to have the most
precise data available for planning a procedure, and know
where error can occur in collecting the data.
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Introduction

Surgical advancements in the treatment of acetabular
dysplasia include multiple techniques that reorient the
acetabulum to achieve better femoral head coverage [17,
38, 51]. When successfully performed, a reorientation will
increase the hip surface contact area, decrease joint pres-
sures, and reduce potential femoroacetabular impingement
[8, 18, 21, 37, 46]. Intermediate and longer-term followup
studies report survival rates of 72% to 87% at 9 years or
greater [20, 35, 47, 53, 60], and a 20-year delay before the
Merle d’Aubigné and Postel scores returned to their pre-
operative values [47]. Thawrani et al. found that the
percentage of hips with no radiographic signs of osteoar-
thritis (Tonnis grade 0) increased from 11% preoperatively
to 41% at greater than 2 years after pelvic osteotomy [50].

Achieving optimal placement of the acetabular fragment
is one of the biggest challenges of an acetabular reorien-
tation [40, 50, 54]. Malpositioning leads to insufficient
femoral head coverage, restricted ROM, femoroacetabular
impingement, and progressive osteoarthritis leading to hip
arthroplasty [9, 16, 20, 28, 53]. The position for optimal
correction is specific for each patient, and fairly narrowly
defined [54]. Tsumura et al. studied three-dimensional joint
pressure redistribution in dysplastic hips, and noted that the
lowest peak pressures were achieved by transposing the
acetabular fragment to within 5° of the optimal transposi-
tion point [55]. Individualized preoperative planning with
understanding of a patient’s specific deformity is crucial to
proper acetabular reorientation [21, 40, 46, 56]. For
example, uncovering of the femoral head by excessive
acetabular anteversion or over-covering by retroversion are
associated with acetabular dysplasia, hip pain, and devel-
opment of osteoarthritis, but are addressed differently
surgically [2, 11, 42, 43, 46, 49, 52]. Accurate preoperative
knowledge of the patient’s pathoanatomy requires thorough
diagnostic imaging of the hip [3, 17, 19, 34, 52].

Plain radiographs are important for assessing the ace-
tabular shape and morphologic features [15, 25, 30, 31, 43,
46]. Accurate assessment of acetabular version and anterior
and posterior femoral head coverage can be difficult, and
changes in patient positioning can lead to errors in mea-
surement [4, 24, 45, 48]. Two-dimensional CT studies have
become an integral part of diagnosis and preoperative
planning, especially when assessing deficiencies in the
transverse plane [5, 26, 29, 33, 41, 59]. They allow for
assessment of acetabular version and anterior and posterior
femoral head coverage, defined by acetabular sector angles
[4, 7, 22]. Patient positioning has the potential to cause
errors in measurements on CT studies just as it does with
plain radiographs. Abel et al. observed the acetabular
anteversion decreased 30° as pelvic tilt was varied from
15° posterior tilt to 35° anterior tilt [1]. Anda et al.
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similarly found a change of 0.5° in anteversion and 0.7° in
acetabular sector angles for every 1°-change in pelvic tilt
[4, 5]. Visser et al. noted that pelvic tilt changed measured
anteversion, but rotation along the body’s longitudinal axis
did not [58]. Whether pelvic measurements vary with dif-
fering pelvic obliquity is unclear. However, we presumed
altering the position of the pelvis in the CT scanner would
cause variance in measurements of the acetabulum. There
are differing ways to define and to measure acetabular
anteversion on CT scans [4, 5, 7, 29, 32, 41, 52, 57-59],
although it is unclear how these differing methods influ-
ence the values of anteversion.

We therefore sought to determine: (1) whether acetab-
ular anteversion measurements using the femoral head
centers differed from those using the posterior ischia and
(2) the extent to which changing obliquity, rotation, and tilt
of a pelvis in a CT scanner affected the measurement of
acetabular variables.

Materials and Methods

We mounted a radiopaque model of a human pelvis (Saw-
bones, Vashon, WA, USA) on a frame in a CT scanner, so
that the orientational variables of pelvic obliquity, rotation,
and tilt could be changed. The acetabular variables of AA,
AASA, PASA, and HASA were measured with different
positions of the orientational variables, and these mea-
surements were compared with the values found when the
pelvis model was positioned anatomically.

The frame was constructed of a rectangular clear plastic
sheet from which the pelvis model was suspended by its
anterior-superior iliac spines and pubic symphysis, using
epoxy. The plastic sheet then was mounted over a rectan-
gular wooden base using four adjustable struts, one at each
corner (Fig. 1). When all four struts were of equal length
and a line drawn between the anterior-superior iliac spines
was parallel to the transverse laser reference beam of the CT
scanner, the pelvis was positioned anatomically, according
to McKibbin’s definition (the top of the symphysis pubis in
the same coronal plane as the anterior-superior iliac spines,
and the anterior-superior iliac spines in the same transverse
plane) [36]. The struts were adjusted to reposition the pelvis
model around axes perpendicular to the transverse and
sagittal planes, thereby creating pelvic rotation and tilt,
respectively. Pelvic rotation and tilt adjustments were set
relative to the floor using an inclinometer. Pelvic obliquity
was created by revolving the entire frame around an axis
perpendicular to the coronal plane. A plastic compass was
mounted on the frame’s plastic sheet, aligned anatomically
with the anterior-superior iliac spines. The desired angle of
obliquity was obtained using the CT scanner’s laser refer-
ence beams and the compass. As a matter of convention,
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Fig. 1 A drawing shows how the pelvis model was mounted in the
anatomic plane.

positioning was defined as either positive or negative for the
orientational variables. In obliquity, the hemipelvis that
moved cephalad moved in a positive direction, whereas the
contralateral side, moving caudad, had a negative obliquity
(Fig. 2A). In rotation, the hemipelvis that moved anteriorly
moved in a positive direction, and the contralateral side,
moving posteriorly, rotated in a negative direction (Fig. 2
B). For tilt, the positive direction was defined as tilting the
superior pelvis anteriorly (pelvic extension), while the
negative direction was defined as tilting the superior pelvis
posteriorly (Fig. 2C).

The orientational variables were varied by increments of
5°, from —20° to 20°. CT images of the pelvis model were
obtained at 3-mm increments using a GE HiSpeed Advan-
tage RP spiral scanner (GE Healthcare Bio-Sciences Corp,
Piscataway, NJ, USA). A total of 729 combinations of
orientational variables were possible. All acetabular vari-
able measurements were recorded as the variance from the
measurement obtained at the anatomic position defined by
McKibbin [36]. Therefore, even if the two acetabula of the
pelvis model were not exact mirror images, the measure-
ments obtained could still be compared and interchanged, as
they were not an absolute number, but were instead the
amount of change attributable to the pelvic positioning.
Orientating the pelvis model to create positive obliquity for
one acetabulum would simultaneously create negative

Fig. 2A-C (A) Positive and negative directions for pelvic obliquity,
in reference to the left hip, are shown. For the right hip, positive and
negative directions would be reversed. (B) Positive and negative
directions for pelvic rotation, in reference to the left hip, are shown.
For the right hip, positive and negative would be reversed.
(C) Positive and negative directions for pelvic tilt, in reference to
the left hip, are shown.

obliquity for the contralateral acetabulum. The same was
true for pelvic rotation. Therefore, only 369 sequences
needed to be completed to create all the combinations of the
orientational variables. For each sequence, a representative
slice was needed for each acetabulum where the femoral
head was at its largest and most circular dimension, and the
center of the contralateral femoral head could be deter-
mined [44]. With extremes of pelvic positioning, some
measurements could not be made owing to the absence of
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the required anatomy in the CT frame, and these sequences
were excluded. A total of 182 sequences (324 acetabular
positions) met the criteria for use in the study.

One of us (HvB) measured AA, AASA, PASA, and
HASA for each sequence. Three methods of measuring AA
have been described, differing only in the landmarks used
to orient the transverse reference or baseline: bilateral
femoral head centers (Fig. 3A) [4, 5, 7, 32], the posterior
walls of bilateral acetabula [27, 52, 57, 58], and posterior
aspects of bilateral ischia (Fig. 3B) [41, 59]. To see if there
were any substantive differences between the various
methods, we compared AAs using the femoral head centers
(AAFemoral) and the posterior ischia (AAjgp;al)-

Sector angle measurements using two-dimensional CT
were described originally by Anda et al. [4, 6] (Fig. 4). A
baseline through the center of the femoral heads was drawn.
The AASA was described as the angle between the baseline
and the line from the center of the femoral head to
the anterior acetabular margin. Similarly, the PASA was the
angle between the baseline and a line from the center of the
femoral head to the posterior acetabular margin. The HASA
was calculated by adding the AASA to the PASA. In the
case of an otherwise normal acetabulum with excessive
anteversion, the AASA is expected to increase, the PASA to
decrease, and the HASA to remain unchanged. In cases of
dysplasia, the HASA should become smaller as the entire
acetabulum becomes shallower.

Fig. 3A-B The CT scans show how the AA measurement used
(A) femoral head centers and (B) posterior aspects of the ischium for
reference.

Fig. 4 A CT scan shows the acetabular sector angle measurements:
AASA = anterior acetabular sector angle; PASA = posterior ace-
tabular sector angle; HASA = horizontal acetabular sector angle.
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We determined the correlation between the two meth-
ods of AA measurement, AAyscpiar and AArgemoral, USING
the Pearson Product Moment Correlation Coefficient (r).
Acetabular variables were plotted on a scatter plot as a
function of each orientational variable, to assess the lin-
earity of the results. The individual effects of varying the
orientational variables (pelvic obliquity, rotation, and tilt)
on acetabular variable measurements (AAjschial, AAFemorals
AASA, PASA, HASA) were determined using multiple
regression analysis (SPSS 10.0 software, SPSS Inc,
Chicago, IL, USA). From these data, equations were
generated for predicting the change expected in an ace-
tabular variable for a given position of obliquity, rotation,
or tilt. We defined an acceptable measurement error as
+/— 3° variance from the value at the anatomic position
for each of the acetabular variables. We then used the
equations to calculate the maximum allowable degrees of
obliquity, rotation, or tilt to limit the measurement
variance to +/— 3° Our purpose was to identify an
allowable range of obliquity, rotation, and tilt that
would alter the acetabular variable measurements by 3°
or less.

Results

The two methods for measuring AA, AAchq and
AAEemoral, Yielded values differing by 1° to 4°, but other-
wise were correlated (r = 0.981) across the spectrum of
pelvis positioning.

The individual acetabular variable measurements had a
direct or linear relationship with the different orientational
variables.

Pelvic obliquity was a source of variance in the AA and
sector angles (Table 1). For every degree obliquity
increased, the measured AAjschia and AAgemoral decreased
(p < 0.001) by approximately 0.4°. Therefore, maintaining
measurement variance to +/— 3° for either AAgemoral OF
AAjgchiar Would require keeping the obliquity less than 7°.
The three sector angles, AASA, PASA, and HASA, also
were affected by changing obliquity. For each 1°-change in
pelvic obliquity, AASA, PASA, and HASA changed 1.93°,
0.99°, and 2.80°, respectively. Therefore, the maximum
allowable variance of +/— 3° for AASA, PASA, and
HASA would occur for an obliquity of +/— 1.6°, 3.0°, and
1.1°, respectively (Fig. 5).

Changing pelvic rotation had no effect on the AAs
measured. Likewise, the three sector angles were unaffected
by rotation.

Pelvic tilt was a source of substantial variance in
measurements for acetabular variables. It was responsible
for 62% of the observed measurement variance for AA.
For each 1°-change in pelvic tilt, AAgemorar changed 0.77°
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Table 1. Acetabular and orientational variables

Acetabular Value at Acetabular variable Orientational Individual Significance Allowable change
variable anatomic range (net range) variable variance of variance in orientational variable
position contribution contribution with £ 3° change
(%) (p value) in acetabular variable
AA; 28° —7° to 44° (51°) Obliquity 11.5 < 0.0001 +/— 6.8°
Rotation 0.0 0.93 NS
Tilt 62.0 < 0.0001 +/—3.9°
AAg 24° —5° to 43° (48°) Obliquity 10.4 < 0.0001 +/—17.1°
Rotation 0.0 0.70 NS
Tilt 65.1 < 0.0001 +/— 4.0°
AASA 67° 41° to 136° (95°) Obliquity 41.1 < 0.0001 +/— 1.6°
Rotation 0.0 0.55 NS
Tilt 23.0 < 0.0001 +/— 2.8°
PASA 115° 91° to 146° (55°) Obliquity 39.7 < 0.0001 +/—3.0°
Rotation 0.8 0.0538 NS
Tilt 20.1 < 0.0001 +/—5.8°
HASA 182° 145° to 277° (132°) Obliquity 53.7 < 0.0001 +/—1.1°
Rotation 0.5 0.18 NS
Tilt 33 0.0004 +/—5.9°

AA; = acetabular anteversion referenced by posterior ischia; AAg = acetabular anteversion referenced by femoral head centers; AASA = anterior
acetabular sector angle; PASA = posterior acetabular sector angle; HASA = horizontal acetabular sector angle; NS = not significant.

Fig. 5 A graph shows the changes in

pelvic measurements attributable to 30
changing pelvic obliquity. The gray 25 -
zone denotes measurements +/— 3° of
the measurement at anatomic position. 20
The dotted lines correspond to the

Lo . 15
amount of obliquity at which the cor-
responding measurement exceeds 3° 10

from the measurement at anatomic

HASA
AASA

PASA

position. AA; = acetabular anteversion
referenced by posterior ischia; AAg =
acetabular anteversion referenced by

Change in measurement (degrees)

. -5

femoral head centers; AASA = anterior
acetabular sector angle; PASA = pos- -10
terior acetabular sector angle; HASA = 15
horizontal acetabular sector angle.
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Ad,

and AAjgpia changed 0.75° (p < 0.001 and p < 0.001
respectively). Therefore, maintaining the variance to
+/— 3° for either AA measurement would require keep-
ing the tilt at less than 4°. The three sector angles, AASA,
PASA, and HASA, also were affected by tilt (p < 0.001,
p < 0.001, p = 0.0004, respectively). With each 1°-change
in pelvic tilt, AASA changed —1.07°, PASA changed
0.52°, and HASA changed —0.51°. Also, the maximum

-5 0 5 10
Change in pelvic obliquity (degrees)

allowable variance of +/— 3° for AASA, PASA, and
HASA would occur for a tilt of +/— 2.8°, 5.8°, and 5.9°,
respectively (Fig. 6).

Changing both orientational parameters of obliquity and
tilt created an additive change in the acetabular variables.
We developed equations for predicting the change in the
acetabular variables, based on the degree of obliquity and
tilt (Table 2).
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Fig. 6 A graph shows the changes in 30 -
pelvic measurements attributable to

changing pelvic tilt. The gray zone 25 1
denotes measurements +/— 3° of the 20 -
measurement at anatomic position. The

dotted lines correspond to the amount 15 4
of tilt at which the corresponding 10 -
measurement exceeds 3° from the mea- ;
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acetabular anteversion referenced by
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Change in measurement (degrees)
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Table 2. Predictive equations relating orientational variables to
change in acetabular variables

Acetabular  Equation

variable

AA; —0.44 x obliquity (°) + 0.75 x tilt (°) = AAAschial
AAg —0.42 x obliquity (°) + 0.77 x tilt (°) = AAAEemoral
AASA 1.93 x obliquity (°) — 1.07 x tilt (°) = AAASA
PASA 0.99 x obliquity (°) + 0.52 x tilt (°) = APASA
HASA 2.80 x obliquity (°) — 0.51 x tilt (°) = AHASA

AA| = acetabular anteversion referenced by posterior ischia; AAg =
acetabular anteversion referenced by femoral head centers; AASA =
anterior acetabular sector angle; PASA = posterior acetabular sector
angle; HASA = horizontal acetabular sector angle; A = change in.

Discussion

The anatomic position of the pelvis was defined by
McKibbin as “the top of the symphysis pubis in the same
vertical plane as the anterior superior spine” [36]. This is
the position in which the pelvis is assumed to be for
radiographic examinations, in supine and standing posi-
tions [5]. However, several studies of healthy volunteers
show pelvic tilt is not constant [14, 31, 32]: the standing
pelvis is tilted posteriorly (reclining, or negative tilt angle)
on average between 4° and 7° compared with the supine
position but with considerable variability. Eddine et al.
found intersubject pelvic tilt measurements ranged 25° for
standing and 26° for supine [14]. Lembeck et al., in their
cohort, observed a range of supine pelvic tilt from —17° to
3¢, and standing pelvic tilt ranged from —27° to 3° [32].
Patients with hip disorders similarly have a wide range of
individual pelvic tilt measurements [10], ranging greater
than 60° in one study [39]. We (1) asked if acetabular
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anteversion measurements using the femoral head centers
differed from those using the posterior ischia and
(2) sought to understand the effects of changing obliquity,
rotation, and tilt of a pelvis in a CT scanner on the mea-
surement of acetabular variables.

We note several limitations of this study. First, all
measurements were made by only one investigator. As the
CT images were made from a model without soft tissues,
the landmarks were more easily identifiable. Others have
found satisfactory reproducibility for acetabular measures
on two-dimensional CT scans of hips, including a 95%
intraobserver reproducibility within 3.5° for acetabular
anteversion [27], intraobserver intraclass coefficients (ICC)
ranging from 0.79 and 0.87 for measures including AASA,
PASA, HASA, and acetabular anteversion [23], and mean
interobserver ICC of 0.96 for measures including acetab-
ular anteversion for normal and dysplastic hips [13].
Second, we used one pelvis model, rather than several
different human pelves with a spectrum of acetabular
anatomy. The pelvis model used was modeled on a real
human pelvis. As our goal was to examine the effects of
changing pelvic positioning on measuring acetabular vari-
ables, we report on the change in those variables, not their
absolute measurements. We reasoned that pelves of dif-
fering anatomies would have similar amounts of change in
their acetabular measurements owing to nonanatomic
positioning, regardless of an acetabular variable’s absolute
measurement. Third, the acetabulum of the pelvis model
was normal, whereas most hips undergoing preoperative
CT scans before an acetabular reorientational osteotomy
will be dysplastic to some extent, and irregular. We
assumed that if the acetabular opening was less circular,
the changes in measurements of acetabular variables
would be accentuated, although we did not confirm that
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assumption. Fourth, although superior and/or lateral fem-
oral head subluxation is often a component of hip
dysplasia, the pelvic model used had anatomically posi-
tioned femoral heads. We expect that femoral head
subluxation would alter the measurement of any variable
that is based on the femoral head centers (eg, the sector
angles), but we would be unable to predict the added error
caused by varying the pelvic orientation.

Our data indicate that using the center of the femoral
heads as a baseline for the version measures yielded 1° to
4° smaller values compared with using the posterior ischial
rami for the baseline. Basing AA on the posterior ischium
would not be affected by femoral head subluxation, and as
such may be more reproducible.

Obliquity has been cited as a potential source of mea-
surement error [4, 52]; however, we found no verifying
reports. Our data indicated that the sector angles were more
sensitive to obliquity than AA was. For an average adult
pelvis, 5° pelvic obliquity translates into 15- to 20-mm
height difference between the iliac crest. That small amount
of obliquity would change the AASA by nearly 10° and the
HASA by 14°. Anda et al. found the difference between the
mean AASAs for dysplastic and normal hips was 16°, and
30° for HASAs [6, 7]. Therefore, a relatively small pelvic
obliquity could influence whether an acetabulum is con-
sidered to be deficient in femoral head coverage.

There are limited data addressing the influence of pelvic
rotation on radiographic measurements. Visser et al. [58]
noted that pelvic rotation had no influence on acetabular
anteversion, but no supporting data were given. In our
study, the minimal effect of pelvic rotation on AA and the
sector angles was intuitive, as these measurements are
performed on transverse sections of the body, the same
plane as the CT slices. Therefore, as the pelvis rotates, it
would be as if rotating the CT scan slice, but not changing
the actual view of the pelvis.

Some authors have assessed the changes pelvic tilt
causes on acetabular measurements. Zilber et al. [61]
reported an increase in measured acetabular anteversion of
15° when going from simulated standing to simulated lying
(20° pelvic extension). Others have reported that acetabular
anteversion increases linearly with increasing pelvic tilt,
between 0.5° and 0.7° for every 1° of pelvic tilt [1, 5, 32].
Our findings of a 0.75° to 0.77°-change per degree increase
in tilt are in close agreement with these findings. Fewer
studies have investigated the relationship between pelvic
tilt and the acetabular sector angles. Anda et al. [S] noted
that each 1°-increase in pelvic tilt proportionally changed
AASA and PASA by 0.7° and —0.5°, respectively, similar
to our findings of 1.1° and —0.5°.

For anteversion and the sector angles, the variance
induced by combined pelvic obliquity and tilt remained

linear, and therefore was additive, as represented by their
resolution equations (Table 2). Therefore, a malorientation
of 10° tilt and 5° obliquity would alter acetabular ante-
version by 10°, AASA by 20°, and PASA by 10°. Tonnis
and Heinecke categorized acetabular anteversion in
5°-increments, starting with Grade 1 (normal) at 15° to 20°
[52]. Therefore, a 10°-increment in acetabular anteversion
would change two Tonnis grades, for example, from
Grade —2 (10°-14°) to Grade 2 (21°-25°), mistaking
decreased acetabular anteversion as increased. Anda et al.
reported that the normal range for AASA was 48° to 75°
[7], therefore a 20°-change in AASA measurement could
greatly affect whether anterior femoral head coverage was
seen as normal.

Some authors have sought to describe the changes in
measured acetabular variables, especially anteversion, with
changes in pelvic positioning. Our data suggest small (eg,
5°-10°) changes in pelvic orientation were related to sta-
tistically significant changes in the measurements used to
plan correction of hip dysplasia, but we believe it is
important for a surgeon to have the most precise data
available for planning a procedure, and know where error
can occur in collecting the data. The need for standardized
positioning of patients’ pelves when obtaining CT scans for
evaluating acetabular shape and orientation is well known
[19, 31, 32, 58], but factors such as posture and body
habitus are confounding variables [31]. Techniques sug-
gested to standardize positioning include an inclinometer
applied to the patient’s pelvis [5], and using an ultrasound
to evaluate the thickness of soft tissues overlying bony
landmarks [32]. More exacting techniques are a shoot-
through lateral radiograph of the pelvis on the CT scanner
bed [14], or obtaining a three-dimensional CT scan so that
the reconstructed pelvis can be reoriented anatomically
before making measurements [1, 19]. It is possible that
inconsistencies in pelvic orientation explain the conflicting
findings between studies that associate hip dysplasia with
increased acetabular anteversion [7, 12, 22, 29, 42],
retroversion [15, 27, 43, 46], or no difference in acetabular
orientation [26].

The assumption that most people walk with their pelvis
oriented in the anatomic plane may have important con-
sequences. Some authors have noted that pelvic tilt varies
substantially between standing and lying down, and there is
considerable intersubject variability in pelvic orientation in
standing and supine positions [14, 32, 61]. Also, patients
with hip pain and/or early osteoarthritis stand with
increased pelvic tilt [30]. An important concept to be fur-
ther elucidated is whether orientation of an acetabular
fragment or prosthetic cup should be based on the true
anatomic position of the pelvis, or the natural position of
the patient in stance.
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