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1. Introduction

ABSTRACT

Introduction: Computer navigated total hip arthroplasty is mostly based on the use of the anterior pelvic
plane (APP) as a reference. EOS is a new imaging system that provides three-dimensional analysis of the
pelvis in a functional position with a low dose of radiation. The aim of this study was to evaluate the
reliability of the APP for placement of the cup during computer navigated THA using EOS.

Hypothesis: The reliability of the APP is limited for the placement of the acetabular cup during computer
navigated THA.

Materials and methods: This was a prospective monocentric study using the EOS imaging system eval-
uating 44 patients in the standing position three months after computer navigated THA (Orthopilot™).
Reproducibility of EOS measurements were analyzed using SterEOS software and the reliability of the
navigation data for the position of the cup were assessed.

Results: Intra and interobserver reproducibility of the measurements of the orientation of the cup by EOS
were good with correlation coefficients above 93% and 95% and confidence intervals of less than 4 5°.
Mean cup inclination and anteversion were 41.3° and 20.9° and 44.3° and 29.5° respectively in opera-
tively and post-operatively. The differences between measurements of operative cup inclination using
computer assisted navigation and the post-operative EOS measurements were significant (P<0.05) with
a correlation coefficient of less than 40%.

Discussion: Our study confirms the lack of precision of the APP as a reference for positioning of the acetab-
ular component, especially in relation to anteversion. Although for many years the APP was considered to
be a global reference, in fact, it is subject to significant inter-individual variations and variations during
changes in position. These factors, associated with the difficulty of determining the preoperative APP,
explain the lack of reliability of this reference. Preoperative evaluation of the orientation of APP by EOS
and its integration into the navigation system could help the operator position these components.

Level of evidence: Level Il Prospective diagnostic case controlled study.

on the vertical plane in clinical practice [1-6] and has signif-
icant inter-individual variations and variations, depending on

The use of computer navigation optimises the position of the
cup during total hip arthroplasty (THA) to improve biomechan-
ics, reduce the risk of dislocation and early component wear. The
anterior pelvic plane (APP), used as a plane of reference for nav-
igation, is an anatomical reference that cannot be superimposed
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the patient’s position [5,6]. EOS is a recent imaging technique,
based on the work of Georges Charpak, Nobel Prize in physics
in 1992 [7,8], which provides a static and/or functional 3-D
image of the skeleton. A reconstruction of the entire body in
a functional position is obtained from two digital orthogonal
2-D images obtained simultaneously, with a low level of radia-
tion [7-10]. Our hypothesis was that the reliability of the APP
was limited for positioning the cup during computer navigated
THA.



The aims of this study were: (1) to validate the reproducibility
of the EOS imaging system for measuring cup orientation and (2) to
use the EOS system to analyze the reliability of the APP for operative
cup placement.

2. Materials and methods
2.1. Patients

This was a prospective, non-randomized study of a cohort of
patients who underwent computer assisted THA for primary hip
arthritis during the 12-months inclusion period. Patients with
a history of hip surgery or presenting with hip dysplasia were
excluded. All patients were operated on by the same surgeon.
The intervention was performed by a Hardinge-type mini-invasive
anterolateral approach [1] in lateral decubitus position at 45°, with
the Orthopilot™ (B Braun, Melsungen, Germany) navigation sys-
tem. The APP was used as the plane of reference for navigation. A
press-fit cup (Plasmacup™, B Braun, Melsungen, Germany) and a
cementless straight stem (Excia™, B Braun, Melsungen, Germany)
were used for each patient. The goal for acetabular component
positioning during the intervention was 15° & 10° anteversion and
40° £+ 10° inclination. The final position of navigated cup placement
was noted. All patients underwent the same post-operative reha-
bilitation protocol.

2.2. Method of assessment

All patients underwent follow-up by EOS imaging at 3 months
post-operative. The protocol described by Lazennec et al. [6] and
Chaibi et al. [10] was used: standing with the feet apart. Quality
criteria described by Lazennec et al. [6] and Chaibi et al. [10] were
used to validate the tests. Cup orientation measurements were
obtained from clinically validated sterEOS (EOS imaging, Paris,
France) software [6,10]. Cup inclination on the frontal plane was
defined as the angle between the cup axis and the horizontal refer-
ence line on the AP view [6,10] and cup anteversion on the sagittal
plane as the angle between the cup axis and the reference horizon-
tal line on the lateral view [6,10].

2.3. Statistical analysis

The statistical analysis was performed with Numbers 09™ Ver-
sion 4.3 (Apple Inc, Cuppertino, CA USA) software. Repeatability
(intraobserver reliability) and reproducibility (interobserver reli-
ability) of the EOS™ system were calculated for the first 10 cases.
Two measurements were performed by two independent observers
(a surgeon and a radiologist) and two successive measurements
were performed at 1-month interval by the same observer for the
10 first patients. The mean differences (d), the standard deviation
(SD) and the 95% confidence interval (C1 95%) (equivalent to 2 x SD)
were calculated to analyze the data. The correlations between
measurements and between observers were evaluated by linear
regression for paired samples and the Pearson’s interclass correla-
tion coefficient (ICC) between the different series. An ICC of more
than 0.8 was considered to be good and confirmed reliability of
measurements. Reliability between measurements was evaluated
according to the Bland and Altman [11] method by graphically rep-
resenting the difference between the 2 measurements (performed
by the same observer or 2 independent observers) in relation to the
mean measurement.

Quantitative data were analyzed by determining the mean (M),
the mean differences and the standard deviation (SD). A lack of
statistically significant variation in cup orientation angles was
confirmed by a paired t-test and by calculating the Pearson ICC
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Fig. 1. Overall results of the inter- and intra observer study of EOS measurements
of cup inclination (1.1) and anteversion (1.2).

between the different series of operative and post-operative mea-
surements to evaluate cup inclination and anteversion variation for
all patients. An individual analysis of variations in operative and
post-operative data was also performed using the Bland and Alt-
man method by graphically representing the difference between
the two values in relation to the mean value [11].

The study protocol was validated by the local ethics committee
and patients were informed of the study protocol.

3. Results

Forty-four patients with primary hip arthritis were included in
the study. There were 11 men and 33 women, mean age 64 years
old (range=40-83, SD +14.6) mean body mass index 27 kg/m?
(range=18-41, SD £+ 6).

Intra- and interobserver variability for post-operative cup ori-
entation evaluated by the EOS system are summarized in Table 1
and Fig. 1. The differences in successive measurements to deter-
mine intra- and interobserver variability were not significantly
different from zero, showing that there were no systematic mea-
surement errors. There was good agreement for anteversion values
and inclination obtained by each operator and the same operator,
with correlation coefficients of more than 93%. Using a CI of 95%,
random errors for each of the parameters was less than & 5°, with a
wide distribution of anteversion as shown by the Bland and Altman
graphic analysis (Fig. 2).

The results of the direct paired comparison of operative and
post-operative angles obtained by computer navigation and EOS
respectively are summarized in Fig. 3 and Table 2. Agreement
between the two measurements was poor with a correlation coef-
ficient of less than 40%. The direct paired t-test showed a significant
difference in operative and post-operative values (Table 2). The
Bland and Altman graphic analysis showed significant dispersion
in relation to the mean measurement, especially for anteversion
(Fig. 4).

4. Discussion

This is the first study using the EOS system to assess the reliabil-
ity of the APP as a reference for cup placement during computer
assisted THA. Although certain authors have analyzed cup position
after THA using X-rays or CT-scan, these measurements are impre-
cise or inexact because pelvic tilt varies depending on the patient
and his/her position [4,6,10-16].



Table 1
Intra- and interobserver study of variability with EOS.

Repeatability Reproducibility

d 2SD ICC P-value d 2SD ICC P-value
Inclination 0.29 1.34 0.93 0.44 -0.19 1.60 0.94 0.26
Anterversion -0.47 4.84 0.93 0.35 -0.16 5.08 0.94 0.31

d: mean differences; 2DS: two standard deviations (c95% confidence interval of differences); P-value of the Student t-test (observer effect for repeatability and repetition
effect of the measurements for reproducibility); ICC: Pearson’s interclass correlation coefficient.

Table 2

Direct paired comparisons of measurements of cup angles obtained operatively during computer navigated THA and post-operatively by EOS.

Inclination Anteversion

Navigation EOS Difference Navigation EOS Difference
M 41.32 44.36 -3.0 2091 29.52 -8.6
DS 2.66 5.34 5.1 6.7 10.19 9.8
P-value 0.0013 0.000004
ICC 0.38 0.36

M: mean, DS: standard deviation; P-value: student t-test of paired series; ICC: Pearson interclass correlation coefficient.
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Fig. 2. Graphicrepresentation of the difference between the measurements and the

mean measurements according to Bland and Altman for cup inclination (2.1) and
anteversion (2.2).

31

60
=
= 45
.O
® 30 ﬂ
| | I
g 1
= AR
3 o

13 5 7

3.2

50,0
z
= 375
2
2 250
>
Q
e 125
z 11
3 0
(8]

1 4 7 10 13 16 19

. Peroperative measurements (Navigation)

il

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 |

The first step was to confirm that the EOS system reliably
measured cup orientation. Our results confirmed those in the lit-
erature and showed good inter- and intraobserver reproducibility
of EOS measurements. Journé et al. [12] measured acetabular cup
inclination and anteversion on dry bone with EOS and found a
repeatability of + 1.4° and + 2.3° respectively and a reproducibility
of +1.6° and + 2.5° respectively with a CI of 95%. Billaud et al. [16],
evaluated a metal back cup and found a difference of 1.7° +1.4°
for inclination and 1.5° & 2.9° for anteversion between EOS and CT-
scan results respectively, and an interobserver error of 2.6° 4+ 1.4°
for inclination and 2.5° + 1.4° for anteversion respectively. Kalteis
etal.[5] showed that the precision of acetabular cup inclination and
anteversion measured on plain X-rays was + 3° and 4 10°, respec-
tively, while it was approximately 2° with CT-scan. Lazennec et al.
[6] confirmed these results and did not find any systematic intra-
and interobserver errors in the standing or sitting positions with
a 95% CI between +3.83° and +6.27° for acetabular parameters
respectively. Thus, although CT-scan is still considered to be the
“gold standard” for the measurement of cup orientation, radiation
limits its use. EOS is therefore an interesting and reliable alterna-
tive, which is more precise than conventional X-ray and with less
radiation.
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Fig. 3. Overall results of the comparative study of operative computer navigated measurements and post-operative EOS results of cup inclination (3.1) and anteversion (3.2).
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Fig. 4. Graphic representation of the difference between operative computer
navigated measurements and post-operative EOS results compared to mean mea-
surements according to Bland and Altman for cup anteversion (4.1) and inclination
(4.2).

Second, this study showed that the reliability of the APP was
limited as a reference for operative cup orientation especially in
relation to anteversion. This lack of precision has already been
reported in the literature [17-20]. There are three possible explana-
tions for this. First, the operative determination of APP orientation
is difficult because the percutaneous palpation of bone anatomy
landmarks (pubis and iliac spine) is imprecise. Wolf et al. [17] used
a kinematic model to show that an error of 4 mm when identify-
ing these landmarks would result in a 2° error in inclination and
7° in anteversion in the final cup position, while the minimum
thickness of the soft tissues between the surface of the skin and
the bone was approximately 8 mm at the iliac spine and 13 mm at
the pubis, for a mean underestimation of anteversion of 4.4°. Sec-
ond, computer navigation uses the APP as a local pelvic reference.
This reference, which was considered to be exact for many years
and to be globally horizontal in the supine position and vertical in
the standing position, was also considered to be superimposable
upon the Galilean reference frame used to perform THA. Indeed,
initially, the APP was considered to be independent of gender and
age [18,19] and stable between the seated and standing position
and after THA [19]. However, studies have now shown that the APP
is, in fact, not vertical but has a posterior tilt of approximately 4°,
more than 5° in 38% of cases and even 10° in 13% of cases, and these
are significant inter-individual variations [ 17-20]. Finally the posi-
tion of the pelvis is dynamic, not static, during changes in position
and daily activities and this variation, which is not predictable, is
between —2° and —5.4° of pelvic extension [4,20-25]. The APP used
as a reference could be weighted in relation to the pelvic tilt in the
standing position, as suggested by Wolf et al. [17]. Although this
author added the estimated 4° to determine APP orientation dur-
ing surgery, the variation of the position of the pelvis between the
preoperative standing (X-ray or EOS) or supine (CT-scan) positions
and the operative lateral decubitus position makes this estima-
tion random. The final possible explanation is that the variation
in cup orientation compared to the APP may be the result of a mod-
ification in pelvic parameters before and after THA, as shown by

Nishihara et al. [21] and Babisch et al. [4], and this variation in
pelvic tilt during cup insertion must be taken into consideration
so that the orientation is not the same for all patients. McCollum
et al. [24] also suggested adjusting cup position to anteroposterior
pelvic tilt to reduce the risk of dislocation after THA because of
the wide range (—37°-44°) of preoperative values of pelvic tilt in
patients in the supine position. Lembeck et al. [26] measured varia-
tions in functional anteversion of the cup in relation to variations in
pelvic tilt and defined the notion of functional acetabular antever-
sion to obtain a balance between stability and mobility. According
to Lazennec et al. [6] and Lembeck et al. [26], a variation in poste-
rior pelvic tilt of 1° results in an increase in functional anteversion
of the cup of 0.7°. Philippot et al. [25], emphasized the necessity
of taking into account sagittal balance of the spine and the pelvis
during THA and defined a new reference, the pelvi-Lewinnek angle
which is approximately 12°, constant whatever the position, and
which they included in the navigation protocol.

5. Conclusion

Pelvic tilt, functional anteversion and the lack of precision in
identifying the APP are the cause of poor reliability of this refer-
ence for acetabular cup position. Preoperative evaluation of these
parameters must be improved to improve accuracy in cup posi-
tioning. Further research using EOS should help provide specific
individual data for preoperative planning of component placement
as well as achieve operative goals by integrating this information
into computer navigated THA.
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