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Changes in pelvic orientation after total hip arthroplasty :
a prospective study with EOS™

Olivier BARBIER, Waffa SkaALLI , Didier MAINARD

From the Department of arthroscopy, traumatology and orthopaedic surgery, Central Hospital, Nancy, Arts et Metiers ParisTech,
Biomechanics laboratory, Paris, Department of orthopaedic surgery, Begin Military Teaching Hospital, Saint Mandé, France

Changes in pelvic orientation after THA could alter
the relationship between the femoral stem and the
acetabular component and may be responsible
of dislocation and implant degeneration. EQS™
technology allows three-dimensional analysis of the
pelvis in functional position with low irradiation.
The purpose of the study was to evaluate changes
in pelvic orientation after THA in standing position
with EOS™, In a prospective study, EOS™ was
performed in standing position preoperatively and
3 months after computer assisted THA for primary
hip osteoarthritis. Differences between pre- and
postoperative pelvic parameters values were ana-
lyzed. 40 patients were included. Changes greater
than 5° was noted in 12,5% of cases for pelvic
incidence, 35% of cases for sacral slope and in
22,5% of cases for pelvic version. In conclusion,
pelvic parameters could be modified after THA.

Key words: EOS imaging; Total hip arthroplasty; Pelvic
parameters.

INTRODUCTION

Computer navigation systems in THA were
designed to improve acetabular cup positioning
and to optimize postoperative hip biomechanics
21). They used the anterior pelvic plane (APP) as
reference. This is a pelvic anatomical landmark that
is rarely comparable to the vertical plane in clinical
practice and with wide inter-individual variations
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(15, 17, 23, 25). Moreover, some authors had shown
variations in the pelvic orientation after THA (2, 13).
These changes could alter the relationship between
the femoral stem and the acetabular component
and may cause dislocation and premature wear of
the implants. Nevertheless, these studies are based
on X-rays examination, though CT-scans are more
accurate, because they are less costly and associated
with less radiation exposure (2, /3, 29). EOS ™
is a recent device that enables a 3D full-body
visualization in static and/or functional position by
simultaneously capturing two orthogonal antero-
posterior and lateral images in a single scan with
a substantial reduction in irradiation exposure (6,
8, 12). The purpose of this study was to analyse
variations of pelvic parameters after THA with a 3D
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approach thanks to EOS™ in a prospective cohort.
Our hypotheses were that pelvic parameters could
be modified after THA.

MATERIALS AND METHODS

Study design

In a prospective non-randomized cohort study, all
patientsundergoinga THA foraprimary osteoarthritis
of the hip over 12 months were included. Patients
with hip dysplasia or previous surgery of the hip
were excluded. All patients were operated by the
same surgeon using a minimal invasive antero-
lateral approach and a computer assisted technique
(Orthopilot™) in a lateral position. The APP was
used as reference for navigation. In each case, a
press fit cup (Plasmacup™, B Braun, Germany) and
an uncimented hydroxyapatite coated straight shaft
(Excia™, B Braun, Germany) were implanted. The
objective for acetabular component positioning was

15°4/- 10° anteversion and 40° +/- 10° inclination.
Final per operative orientation of cup positioning
was controlled with navigation. Postoperatively, all
patients followed the same rehabilitation protocol.
Patients were evaluated using EOS™ as routinely
in the department. For each patient, an EOS™ exam
was performed in the standing position 1 month
before and 3 months after THA. A standard protocol
using shifted feet position as described by Lazenneck
and Chaibi was applied (2, 72). Radiographic
success criterion described by Lazennec and al.
and Chaibi et al. were used (2, 712). Measurements
of pelvic angular parameters were made with a
clinically validated application sterEOS™ (EOS™
imaging™, France) (5). The pelvic incidence (PI)
was measured between a line perpendicular to the
sacral plate at its midpoint and the line joining this
point to the middle of the bicoxo-femoral axis. The
sacral slope (SS) was defined by the angle subtended
by a horizontal reference line and a line tangent
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Fig. 1. — Definition of pelvic parameters measurements with EOS™.



to the sacral plate. The pelvic version (PV) was
defined by the angle between the line joining the
sacral plate at midpoint to the middle of the bicoxo-
femoral axis and the vertical line (78-19) (fig.1). All
patients were informed of the protocol of the study
and gave their consent. Each pre- and postoperative
measurement was performed twice separated from 1
month by two observers (one surgeon (OB) and one
radiologist), independent from the operator (DM),
to assess the inter and intra-observer repeatability
of the pelvic measurements and investigate any
significant variation of these angles after THA.

Statistical analysis

Data were summarized and standard descriptive
statistics were performed. Pelvic parameters
measurements were described using the mean and
the standard deviation. Inter and intra-observer
repeatability of measurements by EOS™ were
quantified using the 95 % confidence interval (CI)
and the Bland Altman method. The Fisher exact test
with a two-tail p value and the Pearson’s intraclass
correlation coefficient between the different pair
of results were used for comparison of pre- and
postoperative measurements (75). Deviation be-
tween pre and postoperative measurements were
also quantified using Bland-Altman method. A
post-hoc power analysis was conducted after the
study, with the hypothesis that parameters remain
stable after THA (>5°). An 80% power and a 0.05
level of statistical significance were set.

RESULTS

Forty patients with primary osteoarthritis of the
hip were included. The cohort included 13 males
and 27 females with a mean age of 65 years (range
40-85 years, SD+/- 11) and mean BMI of 27kg/
m2 (18-41 kg/m2, SD +/- 6 kg/m2). Per operative
measurements of the cup confirmed the good
positioning with a mean inclination of 42° +/- 3°
and anteversion of 20 +/- 5°.

Analysis of intra- and inter-observer repeatability

In the whole series of measurements performed
by each observer, the analysis of inter- and intra-

observer repeatability of EOS™ to measure pelvic
parameters demonstrated a good level of agreement
between the series of measurements with correlation
coefficients greater than 95% for all parameters
and with no significant deviation. Intra- and inter-
observer repeatability were less than 5° for PI, 4°
for SS and 2° for PV with a 95 %CI.

Results of pelvic measurements

Preoperatively, mean PI was 58.5° + 15.79, mean
SS was 43.7° £ 11.91 and mean PV was 15.03° +
15.03. Postoperatively, mean PI was 58.03° £ 12.72,
mean SS was 42.08° £ 11.23 and mean PV was
16.00 £ 7.90. Considering a minimal repeatability
of measurements of 5° with a 95% CI, the post-
hoc power analysis confirmed that a sample size
of 36 was enough to give us 80% power (alpha =
0.05). When pre- and postoperative parameters
were compared to one another, there is not any
significant difference between the measurements.
The analysis of the level of agreement between
pre- and postoperative measurements demonstrated
correlation coefficients of 95% for PI, 89% for SS
and 77% for PV. Considering a minimal repeatability
of measurements of 5° with a 95% CI for all
parameters, on the whole series, graphical analysis
with Blant-Altman method (fig.2) show variations
between pre- and post operative measurements less
than 5° for the pelvic incidence in 87,5% of cases,
for the sacral slope in 65.0% of cases and for the
pelvic version in 77.7% of cases.

DISCUSSION

Our study demonstrated a high level of reliability
using EOS ™ to measure pelvic parameters with a
good inter and intra observer repeatability greater
than 95%. The 95% CI for measurements in our
study was less than 5°. As there are no gold standard
to measure pelvic parameters in 3D and functional
position to compare our results, we used the Bland-
Altman method to assess the agreement of EOS™
for pelvic parameters measurements by checking
that the differences between measurements
versus mean of measurements are in the limit of
agreement. In the literature, Lazennec et al. found
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Fig. 2. — Differences versus mean plot for pelvic parameters variations
(SS = sacral slope, PV = pelvic version, PI = pelvic incidence, Red line = 95% IC of measurements= 5°)

an absence of intra- and inter-observer error with
EOS™ measurements in sitting and standing
positions with a deviation ranged from +/- 2.97°
to +/- 6.4° for pelvic parameters (75). Comparing
with X-rays, they demonstrated the better accuracy
of EOS™ technology. The same author in another
papers demonstrated significant reproducibility
and accuracy for the assessment of the axial
rotation of the pelvis (26). EOS™ technology
allows measurements of pelvic parameters with
a functional and 3D analysis, with a reduction of
radiation exposure and possibilities of acquisitions
in functional position (8-9, 12).

Secondly, our study suggested that pelvic
incidence is stable at short-term after THA with a
mean deviation less than 5° only in 87.5% of cases.

Nevertheless, sacral slope and pelvic version are
modified after THA in almost a quarter with a third
of the cases. So, the pelvic static could be modified
after THA in some cases. Literature is discussed
about the variation of the pelvic parameters after
THA. Pinoit et al., in a retrospective study about
19 patients on plain lateral x-rays of the pelvis in
the standing position, found no variation of the
orientation of the APP in the standing position
after THA (24). In the same way, Blondel et al.,
in a prospective study measuring pelvic tilt on
X-Ray in standing position in 50 cases at 3-years
postoperative, found a mean difference between
3°+/-0.3 S.D without any statistically significant
variation between preoperative and 3-year follow-
up values (p>0.05) (4). According to them, it would



be interesting to integrate the value of the pelvic
tilt in computer assisted THA to achieve acetabular
cup positioning. On the contrary, Taki et al., in a
retrospective study about 86 patients, measuring
on X-ray the pelvic tilt angle in the sagittal plane
in standing and supine positions 2 to 4 years after
THA, concluded that both the standing and supine,
pelvic tilt angle significantly posteriorly gradually
increased after THA and after 1 year, changes
tended to plateau (28). Nishihara et al., in a cohort
of 101 patients, measured with CT-scan the pelvic
tilt angle before and 1 year after THA and found
that variation of the pelvic tilt angle was more than
10° in 13 % of the patients (22). Moreover, Sariali
et al. noted that patients affected by osteoarthritis
had a posterior pelvic extension that decreased
post-operatively after THA but did not return to
norm (27). Nevertheless, these studies had bias of
measurements because X-ray measurements are
less accurate than EOS™ and CT-scan are made in
dorsal decubitus whereas some authors had reported
that the APP is not vertical, and presents major
inter individual variations in static conditions and
changes in standing, supine or sitting position (7, 4, 7,
15,22, 24, 26-28). Our study is the first in literature that
allows a 3D and functional analysis with EOS™ and
confirms possible changes in pelvic parameters after
THA in some patients. In fact, pelvic parameters are
not only determined by the hip joint biomechanics
but it is also affected by spinal alignment, flexion
of the knees, and strength of the muscles. A number
of patients with hip osteoarthritis have knee
flexion or lumbar degeneration. Variation of pelvic
incidence could be explained by a variation of the
mobility of the ilio-sacral articulation, due to the
adaptation of the pelvis to a spinal disorder, with a
posteriorly pelvic tilt and a decrease of the flessum
of the hip after surgery (11, 16, 27). Moreover, some
subjects have a small sacral slope angle in standing
position (sacrum is more vertical than usual) with a
posterior pelvic tilt and others have a sacral slope
greater than 50° (sacrum is more horizontal) with
an anterior pelvic tilt. It is important to identify
patients with a small sacral slope because they
have a low faculty to adapt pelvic position in order
to prevent dislocation. During THA, surgeons
should be careful for acetabular positioning in case

of spinal disorder or flexion of knee because the
functional acetabular anteversion after THA could
be different from the per operative anteversion due
to variations of the sacral tilt (74, 20, 27, 30). This
post-operative change of pelvic orientation could
generate a significant modification in the final cup
anteversion and thus may predispose to posterior
dislocation and premature implant degeneration. If
this post-operative alteration to pelvic orientation
cannot be anticipated, computer-aided surgery for
cup positioning may not improve the accuracy of
the acetabular anteversion in some patients (20, 27).
Variation of the posteriorly pelvic version of 1°
caused an increase of the functional anteversion
of the cup of 0,7° (15 20). So, it is important to
identify these out-liners before surgery in order to
anticipate potential complications. It is necessary
to consider this notion of functional anteversion
during THA to obtain a compromise between
stability and mobility. In computer assisted THA,
the APP is used as reference but may be weighted
by the pelvic tilt specific to each patient. Its value
established in standing position cannot be reliable in
the lateral or dorsal positions to pre or postoperative
measurement.

Our study exhibits a limitation that is the absence
of control group. To investigate only the effect
of THA on the change in pelvic parameters, the
control group should be patients with osteoarthritis
with an indication of THA who would not be
operated that appeared us not ethical. Nevertheless,
pelvic parameters in our study are in the mean
of the general population and patients with hip
osteoarthritis with pelvic incidence between 51,7°
to 60,5° (10-11, 27). Another limitation of our study is
that we did not have measured spinal and lower limb
parameters. Pelvic orientation will also be affected
by contralateral hip disease or arthroplasty as well
as any disorder of the lower limb, particularly
if there is a leg length discrepancy. These factors
could be analysed. We focused on the change after
THA in the standing positions. Moreover, it would
be interesting to correlate this variation in pelvic
parameters to the analysis of the cup orientation
and the anteversion of the femoral neck in order to
analyse the risk of dislocation of the THA. These
parameters were not measurable with EOS™ at the



beginning of our study and should be integrated in
a next study.

In conclusion, our study confirmed that in
some cases pelvic parameters could change and
surgeon should be careful when he positions THA
components, especially in patients with spinal dis-
order or articular stiffness. So, while navigation
clearly improves the anatomical position of the cup
during THA, the functional orientation of the cup
could be modified due to significant changes between
preoperative and postoperative pelvic orientation
that may predispose to posterior dislocation and
premature implant degeneration.
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