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Offset and anteversion reconstruction after cemented
and uncemented total hip arthroplasty: an evaluation
with the low-dose EOS system comparing

two- and three-dimensional imaging

Jean Yves Lazennec - Adrien Brusson - Folinais Dominique -

Marc-Antoine Rousseau - Aidin Eslam Pour

Abstract

Purpose Accurate evaluation of femoral offset is difficult
with conventional anteroposterior (AP) X-rays. The EOS
imaging system is a system that makes the acquisition of
simultaneous and orthogonal AP and lateral images of the
patient in the standing position possible. These two-
dimensional (2D) images are equivalent to standard plane X-
rays. Three-dimensional (3D) reconstructions are obtained
from these paired images according to a validated protocol.
This prospective study explores the value of the EOS imaging
system for comparing measurements of femoral offset from
these 2D images and the 3D reconstructions.

Methods We included 110 patients with unilateral total hip
arthroplasty (THA). The 2D offset was measured on the AP
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view with the same protocol as for standard X-rays. The 3D
offset was calculated from the reconstructions based on the
orthogonal AP and lateral views. Reproducibility and repeat-
ability studies were conducted for each measurement. We
compared the 2D and 3D offset for both hips (with and
without THA).

Results For the global series (110 hips with and 110 without
THA), 2D offset was 40 mm (SD 7.3; 7-57 mm). The stan-
dard deviation was 6.5 mm for repeatability and 7.5 mm for
reproducibility. Three-dimensional offset was 43 mm (SD 6.6;
22-62 mm), with a standard deviation of 4.6 for repeatability
and 5.5 for reproducibility. Two-dimensional offset for the
hips without THA was 40 mm (SD 7.0; 26-56 mm), and 3D
offset 43 mm (SD 6.6; 28-62 mm). For THA side, 2D offset
was 41 mm (SD 8.2; 7-57 mm) and 3D offset 45 mm (SD 4.8;
22—-61 mm). Comparison of the two protocols shows a signif-
icant difference between the 2D and 3D measurements, with
the 3D offset having higher values. Comparison of the side
with and without surgery for each case showed a 5-mm deficit
for the offset in 35 % of the patients according to the 2D
measurement but in only 26 % according to the 3D
calculation.

Conclusions This study points out the limitations of 2D
measurements of femoral offset on standard plane X-
rays. The reliability of the EOS 3D models has been
previously demonstrated with CT scan reconstructions as
a reference. The EOS imaging system could be an
option for obtaining accurate and reliable offset mea-
surements while significantly limiting the patient’s ex-
posure to radiation.

Keywords Total hip arthroplasty - Offset and anteversion -
Two-dimensional imaging - Three-dimensional imaging -
EOS imaging system



Introduction

The goal of total hip arthroplasty (THA) is pain relief and
restoration of normal daily activities. This can be achieved by
proper implantation, restoring the offset and adequate soft
tissue tensioning. Proper geometry for the reconstruction will
also affect the forces around the hip, joint stability and long
term survival of the implants [1-3]. The literature emphasizes
that a decrease or increase more than 5 mm in offset (FO) can
negatively affect the wear of the contact surfaces by increasing
the joint reaction forces [4, 5].

The low-dose EOS imaging is an innovative slot-
scanning radiograph system providing valuable informa-
tion in this specific field. The simultaneous capture of two
orthogonal anteroposterior (AP) and lateral images (like
standard X-rays) while the patient is standing, allows
three-dimensional (3D) reconstruction in this functional
position [6—12]. This technology is based on studies of
gaseous detectors by Georges Charpak, who won the
Nobel prize for physics in 1992. Besides the image reso-
lution, the difference in accuracy might be related to the
method of acquisition: conventional radiograph systems
project the information on the patient’s reference plane
by means of a conical dimensional effect. The image
quality decreases from the center toward the edges of
the radiograph. EOS slot-scanning radiographs are always
aligned with the detectors, thus enhancing image contrast.
Due to the fan-beam geometry, the only alteration encoun-
tered during scanning is located along the horizontal axis.
However, distortion is corrected by a new digital gradua-
tion executed by the visualization interface of the system.
This image is reconstructed as if it had been acquired in
the patient’s reference plane by limiting the alteration of
the patient’s thickness instead of the source-to-detector
distance. Therefore, the EOS system provides homogene-
ity on the whole radiograph. EOS was originally used in
the perioperative and postoperative management of idio-
pathic scoliosis, considering the need for repeated radio-
graphs and the importance of limiting the radiation dose.
It will also provide us with the opportunity of the com-
parison of two2D and 3D data without additional imaging
study. Some recent studies have shown that in comparison
to the standard X-rays and computed tomography (CT)
scans, EOS is accurate and reliable for the 2D and 3D
radiographic assessment of the pelvis and lower limbs
without significant inconvenience caused by the metallic
artifacts of implants [13-16].

There are many studies published on the importance of
offset restoration. To our knowledge, there is no study for
accurate measurement of postoperative hip offset in functional
standing position, comparing cemented and cementless fem-
oral stems, with reliability and reproducibility. Most of the
published data about the geometry of the THA are extracted

from 2D X-rays and CT in the supine position [17-20]. In this
study, we used both 2D and 3D X-rays taken by EOS system
in the standing position to measure the postoperative hip offset
among the two main stem types and compare it with the non-
operative hip as our reference hip. We set to find out how
accurate the two dimensional AP X-ray was compared with
the 3D imaging, and to assess the repeatability and reproduc-
ibility of the EOS imaging system. Our secondary goal was to
see if we, orthopaedic surgeons, can restore the offset using
the current techniques and implant designs for primary THA.
An additional question was the analysis of the anteversion in
the operative side compared with the non-implanted side and
its potential impact on the offset.

Methods and materials

In this prospective study, we assessed the offset in 110 patients
who underwent a unilateral THA by 15 surgeons with differ-
ent experience levels and through different approaches. We
used the EOS imaging system in our clinic for both pre-
operative and postoperative assessment of all orthopaedic
patients (Figs. 1 and 2). We approached all the patients who
had our inclusion criteria and described the purpose of the
study, and their consent for participation was obtained. The
patient demographics are presented in Table 1. The two
groups (cemented and cementless stems) were homogeneous
in terms of age, gender, height, and body mass index (BMI).

All patients had THA using one of the two major types of
the femoral stems, non-modular cemented and uncemented
for primary THA systems (Table 1). Neither of the patients
had postoperative complications. The senior author evaluated
the patients and reviewed their medical records before EOS
imaging to make sure that they did not have any complications
postoperatively and their contralateral hip was asymptomatic
and without degenerative arthritis. Whenever the surgery was
performed in another hospital, the original medical records,
including the implant data, were obtained and reviewed in
detail.

The offset was measured two- and three-dimensionally and
compared between the operative and non-operative hips. The
measurements were performed by two experienced operators
separately and the results were evaluated for reliability and
reproducibility. In addition the femoral anteversion was
assessed in 3D images according to a validated protocol to
determine if significant variations of this parameter could
influence the results [13, 16].

Statistical analysis

Measurement of angular parameters was conducted by two
independent operators (J.Y.L. and A.B...). Two successive



Fig.1 Biplanar acquisition of the
pelvis in the standing position in
two planes: anteroposterior and
true lateral

measurements were performed for each pelvic parameter by
the operators. Measurements performed on 2D images were
considered the reference measurements. The repeatability
(intra-observer) and reproducibility (interobserver) of both
imaging system measurements were independently calculated
for 2D and 3D images [21-24].

First, the repeatability (intra-observer) and reproduc-
ibility (interobserver) of both offset measurements were
independently calculated for “offset 2D” and “offset
3D”. This analysis was inspired by the ISO 5725-2
standard [25]. This standard provides guidance for the

Fig. 2 Three-dimensional
reconstruction of images in the
standing position via STEREOS
software

1
o

determination of a 95 % confidence interval for inter-
observer and/or intra-observer reproducibility. It uses a
one-way random-effect model of analysis of variance
(ANOVA). The calculated variables were: S;*was the
estimated interobserver variance, Sy’ was the estimated
intra-observer variance, S,> was the arithmetic mean of
Sw? representing the estimated repeatability variance,
Sg? was the estimated reproducibility variance with
SR2=SL2+Sr2. Data were analyzed using Bland and
Altman methods for agreement between the two
measurements.




Table 1 Demographics and implant usage of the cohort
Variable Results
Age (years) 64.8 (29-90)
Gender Female: 69
Male: 41

Body mass index (BMI) 26 (22-31)
Time from surgery to evaluation 4 (1-8)
Type of fixation of acetabular implant

Cemented 20

Cementless 90
Type of fixation of femoral implant

Cemented 48

Cementless 62
Bearing type

Ceramic or metal on polyethylene 62

Ceramic on ceramic 30

Metal on metal 18

Femoral implant neck angle

130-131° 84 (cemented 6)

<130° 7 (cemented 3)

135° 19 (cemented 11)
Approach

Anterior 12

Anterolateral 12

Posterior 86

Moreover, repeatability and reproducibility were assessed
by calculating the interobserver and intra-observer intraclass
correlation coefficient (ICC) and its 95 % confidence interval.
The ICC is defined as the ratio between explained variances
(variance attributable to the cause of variation: observer factor;
repetition of measurement) and overall variance (explained
variance + error variance). Comparison of repeatability and
reproducibility of each parameter was performed using the
Fisher-Snedecor test for comparison of variances.
Quantitative variables were described using the mean (M),
the mean difference (d), the standard deviation (SD), the
intraclass correlation coefficient (ICC) with its confidence
interval (CI 95 %). We considered an intraclass correlation
coefficient of >0.90 as high, between 0.80 and 0.90 as mod-
erate, and <0.80 as insufficient.

Normal distribution of the values was checked by
means of the Shapiro-Wilk normality test for each series
of measurements. For data with normal distribution,
paired Student #-test and independent sample #-test were
used for analysis. For data without normal distribution,
related samples Wilcoxon signed rank test and indepen-
dent sample Mann—Whitney U test were used for the
analysis. Data were analyzed using the Medcalc soft-
ware, version 11.3 and SPSS software (IBM) version 21.

Results

We compared the offset of the non-operative hips both two-
and three-dimensionally in each patient. We also compared
male and female patients separately as presented in Table 2. In
the statistical analysis, the difference between the 2D and 3D
offset measurements was significant for comparison of all the
patients together (p<0.001). This shows the insufficient accu-
racy of the 2D imaging studies in offset measurement. In the
subgroup analysis, there was substantial difference in com-
parison of male and female patients separately (p=0.02), or
cemented (»<0.01) and uncemented implants (»<0.01) sepa-
rately. Male patients had more offset in both native and
implanted hip compared with female patients in both 2D
(»=0.02) and 3D evaluation (p<0.001). We did not find any
difference between the different surgical approaches for THA
regarding the restoration of the offset.

We did not find any significant difference in femoral
anteversion between the native and implanted hips in the 3D
images (p=0.6) and between male and female either for their
native hips or after implantation. Overall, 42 % of the patients
had less than 5 mm difference in offset between the native and
implanted hip joints two-dimensionally. In the 3D analysis,
the offset of the implanted hip was within 5 mm of the native
hip in 59 % of the patients (»p<0.01).

In comparison of the cemented and uncemented technique,
we did not find any significant difference regarding the offset
restoration as presented in Table 2. Overall, 59.7 % of the
patients had less than 5 mm difference in offset between the
native and uncemented THA joints three-dimensionally. In the
3D analysis, the offset of the cemented THA was within 5 mm
of the native hip in 58 % of the patients (p=0.9). In regards to
anteversion, no significant variations could be observed be-
tween cemented and cementless stems (p=0.2). On these
implanted hips the Pearson’s correlation coefficient between
stem anteversion and the difference between 2D and 3D offset
measurements was 0.58. No correlation with the operative
approach could be demonstrated in this series.

The reliability analysis is presented in Table 3 and
intraclass correlation coefficient is presented in Table 4, which
shows high correlation in all measurements. Figure 3 shows
the results of the Bland and Altman analysis for the agreement
between the measurements which shows good agreement.

Discussion

In this study, we evaluated the offset restoration after THA in
110 patients using both 2D and 3D X-rays taken by the EOS
system. We had two groups of patients based on the type of the
femoral stem implanted: non-modular cemented and non-
modular cementless. To our knowledge, this is the first study
of'its kind. This study has its limitations. Because most of the



Table 2

Joint offset and femoral anteversion in both native and implanted hips

Two-dimensional offset

Male Female All
Native hip Implanted Native hip Implanted Native hip Implanted
Cemented Uncemented Cemented Uncemented Cemented Uncemented
437 (£0.44)  4.44 (£0.84) 3.89 (£0.73)  3.87 (x0.75) 4.07 (£0.68)  4.08 (£0.83)
424 (£0.70) 441 (£0.69) 3.77 (£0.64)  3.88 (£0.74) 3.94 (£0.70)  4.08 (£0.76)
4.32 (£0.69) 3.82 (x0.69) 4.01 (£0.73)
Three-dimensional offset
Male Female All
Native hip Implanted Native hip Implanted Native hip Implanted
Cemented Uncemented Cemented Uncemented Cemented Uncemented
491 (£0.54)  4.88 (0.61) 401 (£0.62) 427 (£0.61) 4.35(+0.73)  4.50 (+0.67)
4.65(+0.53) 4.90 (£0.57) 4.05 (0.53)  4.16 (£0.62) 427 (£0.60)  4.43 (£0.70)
4.77 (£0.56) 4.10 (£0.58) 4.35 (+0.66)
Femoral anteversion
Male Female All
Native hip Implanted Native hip Implanted Native hip Implanted
Cemented Uncemented Cemented Uncemented Cemented Uncemented

14.06 (+20.48) 1321 (£16.81)
11.94 (£11.46) 13.60 (+18.30)

12.77 (+15.1812) 13.85 (+12.48)

12.92 (£15.85) 15.02 (+12.63)
13.60 (£10.78) 14.09 (+14.06)

13.34 (£17.48) 1437 (£14.13)
13.00 (£11.00) 13.91 (+15.64)
13.45 (+13.46)

Measurement units: for offset, centimeters (cm); for anteversion, degrees

patients were not assessed pre-operatively using the EOS
system, we compared the operative and non-operative sides
after arthroplasty. It is possible that the original offset of the
operative hip before arthroplasty was not equal to the non-
operative hip. The surgeries were performed by 15 different
surgeons in different hospitals: these surgeons had different
experience level in THA and used different approaches. We
believe this can also be one of the strengths of this study,
because it gives us a reliable reference when assessing patients
operated upon by other surgeons in the clinics. In addition, in
this study we presented the repeatability and reproducibility of
the results, which were not considered in many of the previ-
ously published studies.

The two main points that can be discussed in the light of
this study are the improvement of offset measurement using
3D imaging rather than 2D AP X-ray, and the ability to restore
the offset and anteversion in both cemented and uncemented
THA.

There are three different imaging studies that can be used
for offset measurement. Regular AP X-ray is available in all

hospital and orthopaedic clinics. The 2D nature of plain X-ray,
projection effect of the femoral anteversion and external rota-
tional contracture of the degenerative hip result in limited
accuracy of plain pelvic X-rays [19, 26, 27]. Plain AP pelvis
X-rays could underestimate the offset value by 8-13 % [17,
28].

CT scan with 3D reconstruction is the other imaging study
that can be used for measurement of the offset and hip geom-
etry, but it exposes the patients to large radiation dose [29-31].
CT scan is supposed to be particularly accurate for the offset
measures, but to our best knowledge, there is no study for
repeatability and reproducibility of such measures. Because
transverse scans pass through the femoral neck obliquely,
accurate measurement of the offset might not be possible
using CT scan. Also, thinner slices at the femoral neck region
will be needed for improving the accuracy of measurements
which will increase the radiation dose. In addition, another
possible limitation is the difficulty to determine the true axis of
the femoral shaft by scanning the proximal femur only if we
want to reduce the radiation dose [32].

Table 3 Repeatability and
reproducibility of offset

Two-dimensional offset

Three-dimensional offset

measurements

Operative side

Non-operative side Operative side Non-operative side

Repeatability 0.66
Reproducibility 0.81

0.66 0.46 0.46
0.67 0.47 0.56




Table 4 Intraclass correlation coefficient (ICC)

ICC mean (CI 95 %) Two-dimensional offset

Three-dimensional offset

Operative side

Non-operative side

Operative side Non-operative Side

Repeatability
Reproducibility

0.81 (0.72— 0.87)
0.84 (0.79- 0.89)

0.87 (0.82— 0.91)
0.90 (0.86- 0.93)

0.82 (0.74- 0.88)
0.81 (0.75- 0.87)

0.85 (0.79— 0.90)
0.85 (0.80— 0.89)

The ICC is defined as the ratio between explained variances (variance attributable to the cause of variation: observer factor; repetition of measurement)
and overall variance (explained variance + error variance). We considered an intraclass correlation coefficient of >0.90 as high, between 0.80 and 0.90 as

moderate, and <0.80 as insufficient

The full-body, 3D EOS system has less radiation compared
with regular and digital X-ray and CT scan [33-35]. It pro-
vides the unique opportunity of studying the patient in func-
tional standing and sitting position and assessing the relation-
ship of pelvis and spine in functional body postures [36]. The
EOS system has already been validated for the measurements
[13, 15, 16, 34, 35, 37]. Our results in regards to the native
hips are in accordance with previously published data about
femoral offset [26, 38]. Our results for femoral version on the
native side are also consistent with the literature reporting
values from 13 to 23° from CT scan and magnetic resonance
imaging (MRI) measurements [39-43]. Two-dimensional
measurements underestimate the offset for an average of
3.3 mm in native hips and 3.5 mm in implanted hips
(2.8 mm for cemented stems and 4.2 mm for cementless
stems). The main factor explaining this discrepancy is hip
rotational positioning as the mean values for femoral
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o
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Fig. 3 a Repeatability of offset 2D/3D measurement in non-operative
hips. b Repeatability of offset 2D/3D measurement in operative hips. ¢
Reproducibility of offset 2D/3D measurement in operative hips. d
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anteversion are within the range previously published in the
literature. In addition, no significant statistical correlation
could be demonstrated between femoral version and 2D/3D
offset discrepancies.

The importance of the offset restoration has been shown in
the literature. It is well accepted that a restored offset results in
a stable joint, better abductor function with less energy expen-
diture, less limp, equal leg length, and in the long term, less
polyethylene wear [2, 3, 17, 44, 45]. This can be achieved by
inferomedial positioning of the acetabular implant [46] and
using a femoral implant with varus or longer neck; shifting the
trunion medially is another alternative used in some implants
[38].

The pre-operative templating is performed on 2D analog or
digital X-rays in most orthopaedic centers. The low predict-
ability of this approach for templating has been shown in
previous publications [47-49]. This is more applicable to
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Reproducibility of offset 2D/3D measurement in non-operative hips.
(Bland and Altman method)



cementless stems because the final size of the stem is a
compromise between the femoral bone density and the size
of the femoral canal. In patients who are outliers in bone
density and canal diameter, the surgeon may not be able to
restore the offset using the non-modular implants according
the preoperative templating. Many of the currently implanted
femoral stems are non-modular and their offset changes with
the size of the stem. The use of a head with longer or shorter
neck size can also help with offset restoration to some extent,
but it will affect the final limb length simultaneously. In the
cemented stems, the orthopaedic surgeon has more freedom in
adjusting the offset and implant position. By inserting the
implant in more or less depth in the cement mantle, the
surgeon can control the limb length and at the same time use
an implant with a more or less varus neck-shaft angle and
different length of the femoral neck.

The routine use of modular femoral prosthesis is a contro-
versial topic among the adult reconstruction surgeons. These
implants help the orthopaedic surgeons to restore the offset
and version of the femoral neck easier compared with non-
modular implants, but with the cost of corrosion and failure at
the modular sites [S0-52]. The goal of THA is not to restore
the offset with an accuracy of a | mm compared with the non-
operative side. The real problem is the detection of the patients
who are outliers in their hip joint anatomy in terms of the
shape of the proximal femur or version of the femoral neck
during the pre-operative screening. These outliers might be
good candidates for THA using modular femoral prosthesis
instead of conventional non-modular implants. Unlike the
EOS system, the pre-operative screening is not reliable by
the standard 2D imaging studies and disproportionate in terms
of price and irradiation for a CT scan. This study shows that
conventional non-modular implants can restore joint offset
and anteversion in the majority of cases in this series.
Nevertheless the use of cemented stems failed to restore the
femoral offset with more than 5 mm in 42 % of patients. The
results were quite the same for cementless stems with more
than 5 mm imprecision in 40 % of the cases. These results are
consistent with previous estimated evaluation of outliers using
conventional imaging technologies [45]. This study puts into
perspective the use of the EOS imaging for pre-operative
detection of outliers and the eventual planning of specific or
modular implants in cases where sufficient restoration of the
offset cannot be reasonably achieved by the conventional
implants. In addition, this low-dose imaging technology can
be used postoperatively to optimize the assessment of cases
when offset failure is suspected.

Conclusions

There are many studies published on the importance of offset
restoration. To our knowledge, there is no published study for

accurate measurement of postoperative hip offset in functional
standing position comparing two different types of non-
modular femoral stems, cemented and cementless, with reli-
ability and reproducibility. The low-dose EOS technology
provides new opportunities for planning the restoration of
the femoral offset or to perform the post-operative control at
the expense of much lower radiation dose than the CT scan
and with a precision and reproducibility described on this
unselected series of patients implanted with cemented or
cementless prostheses. With the current implant design, the
orthopaedic surgeons can restore the hip offset using both
cemented or cementless implants. Detection of outliers who
need modular prostheses for the primary THA could be one of
the primary indications for the EOS imaging technique.
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