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Abstract
Purpose The aim of this study is to describe the influence of
sitting and standing posture on sagittal pelvic inclination in
total hip replacement patients to assist with correct acetabular
component positioning.
Methods Lateral radiographs of the pelvis and lumbar spine in
sitting and standing positions were extracted. Pelvic tilt was
measured using the vertical inclination of a line from the
anterior superior iliac spine (ASIS) to pubic tubercle. Sacral
inclination, Cobb angle of the lumbar spine and hip flexion
were recorded.
Results Sixty patients were identified with a mean age of 63.
Men were more likely to flex the lumbar spine in sitting
(p=0.004); 80° of hip flexion is required for seated pos-
ture. Stiff hips required compensatory pelvic flexion and
lumbar flexion in sitting. There is a linear relationship
between hip flexion and pelvic tilt, hip flexion and lumbar
lordosis.
Conclusions Pelvic orientation is determined by lumbar and
hip stiffness. This impacts on acetabular version.

Keywords Pelvic tilt . Acetabular anteversion . Hip flexion .

Lumbar flexion

Introduction

The success of hip arthroplasty is measured by a 90 % satis-
faction rate, surpassing all other major surgical procedures [1].
The Australian National Joint Registry (ANJR) indicates that

the number of procedures being performed annually is in-
creasing at a rate of 11 % [2].

Malpositioning of the acetabulum has been associated with
issues such as edge loading, stripe wear and squeaking [3–5],
but it is dislocation of the total hip replacement that remains
the major complication of cup malposition across bearing
surfaces. The landmark paper by Lewinnek et al. [6] proposed
a ‘safe zone’ for acetabular component position. The majority
of dislocations in this series occurred outside the safe zone
prompting the authors to recommend acetabular component
positioning to be at 40±10° of abduction and 20±10° of
anteversion in reference to the anatomical and postural factors
relative to a chosen reference plane [7]. There are individual
differences to pelvic positioning in different postures [8]. This
means that the safe zones need to be individualised.

Anteversion of the native acetabulum is a variable that is
determined by pelvic orientation. Flexion of the pelvis in-
creases anteversion, while pelvic extension decreases
anteversion of the acetabulum. The degree of pelvic move-
ment is determined by both lumbar spine and hip range of
motion (ROM) contributing to the final pelvic position in
standing or sitting positions. This is especially important for
a stiff lumbar spine which requires a greater compensatory
range of hip motion [9]. Specific anatomical landmarks were
proposed in an attempt to recreate the native acetabular anat-
omy of the hip during hip arthroplasty. Archbold et al. [10]
proposed aligning the cup to the transverse acetabular liga-
ment. The technique is limited to patients with normal pelvic
and acetabular morphology and does not account for pelvic
tilt. To achieve a stable functional ROM and to improve
dislocation rates, accurate orientation of the cup to anatomical
landmarks is advocated by some authors [11–13]. Awide safe
zone is suggested to account for the variability in acetabular
orientation with changes in pelvic position. Biedermann et al.
[14] found that 60 % of dislocations were occurring within the
proposed safe zone of Lewinnek et al. and recommend a cup
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position of 45° abduction and 15° of anteversion as the most
stable position.

Radiographic changes in pelvic tilt between sitting and
standing have been previously described [8, 15, 16]. Pelvic
orientation is a variable and should reflect individual posture
and anatomy. As such, the assumption of the pelvis being
orientated to the orthogonal axes introduces error into posi-
tioning of the acetabular component. The degree of
anteversion needs to be individualised as evidenced by
DiGioia et al. [8]. Improved accuracy of acetabular compo-
nent positioning may be achieved by measuring changes to
pelvic tilt between sitting and standing pre-operatively. The
aim of this study is to describe the influence of sitting and
standing posture on sagittal pelvic inclination in pre-operative
patients with known hip pathology. It seeks to establish a
relationship between lumbar and hip joint stiffness and their
effect on pelvic tilt.

Method

This study was conducted at the Mater Hospital, Crow’s Nest,
Sydney, NSW, Australia. Approval was obtained from the
Mater Hospital Ethics Committee (File number 09/123). All
cases were admitted by one surgeon (WLW) and received pre-
operative lateral pelvic radiographs in sitting and standing
positions. Eligible patients were those with primary hip
osteo- or inflammatory arthroses. Privacy of all patients was
maintained by blocking the identity of the radiographs taken.
All patients consented to their de-identified images being used
for research purposes.

Patients were assessed prior to imaging for hip ROM by
the consultant in charge. Hip flexion was measured in
supine with the lumbar spine flat against the bed. The
Thomas test was performed for identifying fixed flexion
deformity of the hip. Lateral standing and sitting radio-
graphs of the relevant patients were chosen for review.
Measurements were made digitally using the IntelePACS
system InteleViewer Ver 4-2-1-P242© (Intelerad Medical
Systems, Montreal, QC, Canada). A total of 60 complete
sets of radiographs fit the inclusion criteria.

Pelvic tilt was measured using the vertical inclination of a
line drawn from the anterior superior iliac spine (ASIS) to the
pubic tubercle. This is the anterior pelvic plane (APP). To
account for pelvic rotation, a line was drawn to connect
contralateral anterior iliac spines and the midpoint of this line
taken as the proximal measurement point. Distally, the pubic
tubercle was taken as the most prominent and reliable land-
mark. A vertical line was then drawn as the vertical reference.
The angle between the APP and the vertical is the pelvic tilt
angle (Fig. 1). Pelvic extension (forward tilt) was measured as
a positive angular displacement.

Sacral inclination was measured as the angle between a
line drawn along the anterior surface of the sacrum and a
horizontal reference (Fig. 1). The Cobb angle of the lumbar
spine was recorded between L3 and S1. The hip flexion
was the angle formed between the mid-axis of the femur
and the vertical (Fig. 1). All measurements were collected
on an Excel spreadsheet (2010, Microsoft, Redmond, WA,
USA). Statistical analysis of data was performed on SPSS
statistical package (SPSS IBM Statistics). Images were
obtained from the InteleViewer system Ver 4-2-1-P242©
(Intelerad Medical Systems)

Analysis of data

Raw data were collated on a Microsoft© Excel spreadsheet
which provided simpleF tests, means, standard deviations and
range. Further analysis was performed on SPSS version 22
(IBM SPSS Statistics).

Results

Sixty patients attending the orthopaedic consultants’ (WLW)
rooms were identified preoperatively for either unilateral or
bilateral total hip replacement. Patients with ankylosing spon-
dylitis, long spinal fusions or previous pelvic fractures were
excluded from the cohort. The mean age of the cohort was
63.2 ranging from 37 to 93 years.

There were 30 female and 30 male patients. Clinically,
fixed flexion deformities were identified in 27 patients (mean

Fig. 1 Angles measured from radiographs. aCobb angle between L3 and
S1 between lines 2 and 3. b Sacral inclination between inferior surface of
sacrum and horizontal line (lines 4 and 5). c Pelvic tilt angle (lines 6 and
7) posterior tilt negative anterior tilt positive. d Femur flexion relative to
the vertical axis (between lines 8 and 9)
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9.4°). The mean hip flexion range was not significantly dif-
ferent between genders (p>0.05). Men had a mean hip flexion
range of 78.7 [95 % confidence interval (CI) 75.1–82.2],
while women had a mean hip flexion range of 74.2 (95 %
CI 66.6–81.9) (p=0.27). Both genders had equal range of total
hip flexion measured radiographically (p=0.27). Sacral incli-
nation relative to the horizontal ranged from 1 to 55° in
standing with a mean of 25.7° across all patients. There was
a significant difference in sacral inclination adopted between
women and men in standing with women having a more
flexed pelvis (mean 22.6 vs 29.3°, p=0.014) (Table 1). In
sitting, sacral inclination ranged from 0.3 (horizontal) to
84.5° (more vertical) with a mean of 24.1° (SD 18.2). While
women had a more vertical sacral orientation, this was not
statistically significant (p=0.14) The change in sacral inclina-
tion between sitting and standing was highly variable between
individuals, but the mean sacral inclination for this cohort
does not appear to change significantly between the two
positions (p=0.94). Pelvic tilt in standing ranged from 30°pos-
teriorly to 21.5° anteriorly (extension) in standing. Pelvic tilt
in sitting ranged from 48 posterior (flexion) to 42° anterior tilt.
The total change in pelvic tilt from standing to sitting ranged
from 37.6 posteriorly to 32.8° anterior and this was signifi-
cant. The change in pelvic tilt between sitting and standing
was similar between men and women (p=0.098). Lumbar
Cobb angle ranged from 11.6 to 91.7° in standing. Lumbar
sagittal Cobb angles in sitting ranged from 29.5 (kyphosis) to
42° (lordosis). The net change in lumbar lordosis from stand-
ing to sitting varied from extending by 20.2° to flexing by 71°.
Men were more lordotic than women (p=0.004) in standing.

Total hip flexion range was up to 107.4° when moving
from standing to sitting. The mean hip flexion for men and
women to go from standing to sitting was similar (78.7 vs
74.2°, p=0.27).

Lumbar lordosis correlates inversely with hip flexion
(r=0.78, r2=0.62) (Fig. 2). The amount of lumbar and
hip motion required to achieve the sitting position varies
according to the available range at the hip. In our cohort,
once 78.4° of hip flexion was reached, lumbar flexion then
occurred to achieve a pelvic position which allowed the
patient to sit. The equation describing this relationship is
hip range=78.4+ lower lumbar range. Pelvic tilt forms the
link between lumbar movement and hip flexion. Pelvic
anterior tilt varies (r=0.78, r2=0.61) to maintain sitting
posture according to the equation hip range=pelvic tilt+
81.8 (Fig. 3). When hip range is limited to less than 80°,
the pelvis tilts posteriorly to allow sufficient total flexion
for sitting posture.

Further analysis was performed to assess the effect of hip
stiffness on pelvic tilt and lumbar lordosis by dividing the
sample into groups with clinical fixed flexion deformity
(FFD), clinically stiff hip, hip with limited range and hips with
good ROM. A clinical FFD resulted in an extended pelvis

with less lumbar lordosis in standing (Table 2). There was no
change in pelvic tilt in patients without an FFD when moving
from standing to sitting. Stiff hips with less than 80° of flexion
achieved sitting posture by pelvic flexion. Hips with greater
than 80° of hip flexion did not alter their pelvic tilt to achieve
sitting posture.

Discussion

Dislocation forms the primary cause of revision for total hip
arthroplasty in the USA at 22.5 % [17]. Australian data were
similar in 2013 with dislocation accounting for 21.3 % of

Table 1 Gender differences: negative pelvic tilt equals pelvic flexion

Variable means Men (n=30) Women (n=30) p (by t test)

Lumbar Cobb angle ° °

Sitting 11.5 (6.9, 16.1) 17.1 (12.0, 22.2) 0.098

Standing 42.8 (37.7, 47.9) 37.0 (32.3, 41.7) 0.093

Difference 31.3 (26.7, 36.0) 19.9 (13.5, 26.4) 0.004a

Sacral inclination

Sitting 20.9 (14.7, 27.1) 27.9 (20.5, 35.2) 0.14

Standing 22.6 (19.3, 26.0) 29.3 (25.1, 33.6) 0.014

Difference 1.8 (−3.6, 7.1) 1.4 (−6.7, 9.5) 0.94

Pelvic tilt

Sitting −0.3 (−6.0, 5.4) −1.8 (−8.8, 5.1) 0.73

Standing 4.5 (2.0, 6.9) 1.4 (−2.1, 5.0) 0.15

Difference 4.8 (−1.5, 11.0) 3.2 (−4.0.7, 11.2) 0.75

Radiographic hip range

Sitting 83.8 (80.7, 86.9) 79.5 (72.7, 86.2) 0.22

Standing 5.1 (3.9, 6.4) 5.2 (2.8, 7.6) 0.95

Difference 78.7 (75.1, 82.2) 74.2 (66.6, 81.9) 0.27

a Significant

y = -0.9978x + 78.423
R² = 0.617
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Fig. 2 Lumbar Cobb angle variation with hip flexion from standing to
sitting (r=0.78)
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revised total hips [2]. Preventing hip dislocation will reduce
revision rates and reduce morbidity and costs related to it.

Reproducibility of radiographic pelvic parameters has been
established in previously published work. An intra-observer
error of ±4.3° has been quoted [18]. Straightforward angular
parameters were therefore taken for comparison according to a
previously documented technique [19].

Coventry et al. [20] attributed acetabular component retro-
version as a factor in posterior dislocation with subsequent
work by Lewinnek et al. [6] ascribing a safe zone of 20°
anteversion with 40° of cup abduction. Neither paper men-
tions the role of pelvic tilt on estimated anteversion.

Other authors have attempted to improve the accuracy of
cup orientation [7, 11, 12, 16, 21]. Murray [7] proposed a
nomogram for determining the anatomical orientation of the
acetabulum. Barrack et al. [21] used computer simulation to
identify the most appropriate cup position for functional
stooping. McCollum and Gray [16] used erect intra-operative
lateral radiographs centred over the greater trochanter to de-
termine degree of cup anteversion. Sotereanos et al. [12] used
intra-operative pelvic landmarks to orientate the cup.
Maruyama et al. [11] developed the concept of the acetabular
notch as a reference for cup version and claimed a dislocation
rate of 0.34 %. None of these methods account for altered
morphology or dysplasia and may not reflect a safe zone for
the individual. Computed tomography (CT) studies have
shown that accurate acetabular cup placement is difficult to
achieve when using currently acceptable anatomical land-
marks [22]. Pelvic tilt may be the variable that influences
overall acetabular orientation and accuracy of component
placement.

To simplify the relationship between pelvic tilt and acetab-
ular version, it is advantageous to know the extremes of
sagittal pelvic movement. This study provides a description
of changes to pelvic tilt between sitting and standing which
may help in estimating the required cup anteversion.

The data show that individual patients may flex or extend
their pelvis between sitting and standing. Our finding is con-
sistent with previous work [8, 9, 23, 24]. If the pelvis extends
in sitting, more hip flexion and lumbar flexion are required to
accommodate the new posture. Likewise, if hip flexion is
insufficient for sitting, more pelvic flexion (posterior tilt) is
required. This occurs with the associated flattening in lumbar
lordosis. Both pelvic extension and flexion have the effect of
taking the hip joint closer to the limit of its arc of motion. To
obtain acetabular version within a safe zone requires consid-
eration of the effect of pelvic extension on acetabular
anteversion. Acetabular anteversion of 20–30° could be
adopted for cup placement based on the total excursion of
the pelvis from standing to sitting. Supine on table positioning
has been advocated to achieve accurate cup positioning but is
subject to surgeon preference [25].

The postural change between standing and sitting is the
sum of lumbar and hip flexion. A stiff, lordotic lumbar spine
requires greater hip flexion to achieve a sitting posture, and
conversely stiff hip joints demand more lumbar flexion to
achieve sitting. This is shown by the linear relationship in
Fig. 2. At low hip range, a lumbar flexion compensates
providing a total flexion of both trunk and hip to achieve
sitting posture. The resultant sagittal pelvic tilt is determined
by both the lumbar and hip ROM, and a kinematic relationship
exists between the lumbar spine and pelvic inclination,
influencing hip acetabular version. When hip flexion is limit-
ed, the pelvis flexes thus tilting posteriorly (Fig. 3). The
implication is altered acetabular version. A large variability

y = 1.0204x + 81.803
R² = 0.615
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Fig. 3 Variation in pelvic sagittal tilt with hip flexion from standing to
sitting (r=0.78)

Table 2 Mean values for pelvic tilt, hip flexion and lumbar lordosis in
sitting and standing

Stiff hip (<80° flexion), n=11 Sitting Standing

Pelvic tilt −3.9 15.6 (p=0.03)

Hip flexion 68.6 11.4

Lumbar lordosis 14.8 40.7

Limited range (80–100° flexion), n=39

Pelvic tilt 3 3

Clinical hip flexion 88.8 10.5

Lumbar lordosis 14.5 37.7

Good range (>100° flexion), n=10

Pelvic tilt 4.7 −4.2
Clinical hip flexion 117 1.8

Lumbar lordosis 15.7 34.4

FFD (>5°), n=27

Pelvic tilt −0.3 3.82

Clinical hip flexion 85.6 15.8

Lumbar lordosis 12.2 39.5

No FFD, n=33

Pelvic tilt −0.5 −0.4
Clinical hip flexion 95 1.6

Lumbar lordosis 15.8 34.8
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exists in how individuals flex or extend the pelvis. These
findings are similar to those described by DiGioia et al. [8].

The assessment of pelvic sagittal orientation in standing
and comfortable sitting on a level seat provides valuable
information to the surgeon when determining acetabular com-
ponent positioning. Greater acetabular anteversion (25°) clos-
er to the upper limit of Lewinnek’s safe zone is required in
patients who sit or stand with an extended pelvis. Similarly,
anteversion at the lower limit of the safe zone (15°) is required
if the patient’s natural tendency in standing and sitting is
pelvic flexion. Posterior impingement is a risk with excessive
anteversion with this population. Preoperative planning with
sagittal sitting and standing radiographs may assist in reducing
the incidence of prosthetic hip dislocations.

Recommendations

In view of the data presented, it is recommended that all
patients undergo lateral sitting and standing radiographs to
assess sagittal pelvic tilt. The radiographs should include the
lower lumbar spine and proximal femur on the same viewing
frame. The range of pelvic flexion and extension should be
recorded along with lumbar and hip ROM. Patients with a
flexed pelvic orientation in sitting should have 20° of cup
anteversion. Lumbar lordosis in sitting and standing should be
measured to identify patients with a stiff spine. Patients
adopting an extended pelvic orientation may require a greater
anteversion of the acetabular component to prevent
dislocation.

Limitations

Lumbar and hip stiffness can contribute to pelvic axial rotation
in sitting and tilt in standing. The method used aimed to
minimise parallax error of the APP and was originally used
by Blondel et al. in 2009 [19]. The resolution afforded by
IntelePACS was adequate for the majority of angular mea-
surements. To improve accuracy, the radiographer should be
made aware of the need to image the ASIS, pubic tubercle and
sacrum adequately.

Conclusion

Pelvic orientation in the sagittal plane changes from standing
to sitting. There is wide variability in pelvic orientation be-
tween individuals in both postures and generalising acetabular
implant orientation to the safe zone of Lewinnek may not be
ideal in all patients. Orientating acetabular components for
total hip arthroplasty should consider changes in native ver-
sion and the contribution of lumbar and hip range to overall

stability. Greater cup anteversion is suggested if the pelvis is
extended in sitting.
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