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Abstract

Purpose Acetabular component position is important for sta-
bility and wear. Fluoroscopy can improve the accuracy of
acetabular component placement in the posterior approach
and the direct anterior approach (DAA). The purpose of this
study was to determine if the direct anterior approach in the
supine position facilitates the accurate use of fluoroscopy and
improves acetabular component position.

Methods This retrospective, comparative study of 60 THAs
with fluoroscopic guidance (30 in posterior approach group
and 30 in DAA group) was performed by one surgeon from
2012 to 2014 at a single institution. Demographic and periop-
erative data were compared using the Kolmogorov-Smirnov
test to determine if they were statistically different. The differ-
ence between the measured intra-operative and postoperative
values for both inclination and anteversion were analysed
respectively.

Results In the posterior approach group we found an average
inclination on intra-operative fluoroscopy (Irjuor) 0Of 36.8°+
3.72°, an average anteversion on intra-operative fluoroscopy
(AFuoro) 0f 25.6°£3.64°, an average inclination on postoper-
ative standing AP pelvis X-ray (Iap x.ray) 0£39.29°£4.58° and
an average anteversion on postoperative standing AP pelvis
X-ray (Aap X-ray) Of 21.31°£4.04°. In the DAA group we
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found an average DAA Igjor Of 42.32°+1.91°, an average
DAA Agoro 0f 22.3°£1.41°, an average DAA Iap x.ay Of
42.98°£1.81° and an average DAA Aap x.ay Of 22.88°%
1.38°. A difference was seen in variability using
Kolmogorov-Smirnov test for inclination and anteversion
with significant higher variation of measurements in the pos-
terior approach group (p=0.022 and p<0.001 respectively).
No statistically significant difference was seen in the DAA
group using the fluoroscopy for inclination and anteversion.
Conclusion Using fluoroscopy in the direct anterior approach,
we achieved better intra-operative assessment of cup orienta-
tion resulting in decreased variability of acetabular cup
anteversion than when used in the posterior approach. At least
some of the improvement was due to the fact that the fluoro-
scopic image in the supine position was more accurate as
measured against the postoperative standing AP pelvis. This
study may influence the choice of approach in total hip
replacement.

Keywords Direct anterior approach (DAA) - Posterior
approach - Fluoroscopy - Acetabularcomponent - Inclination -
Anteversion

Introduction

A review of the literature on total hip arthroplasty would sug-
gest that accurate placement of the acetabular component is
both important and difficult to achieve. Methods are available
to help ensure accurate component positioning including fluo-
roscopy [1, 2], computer navigation [3, 4], and robotics [5, 6].
This study focuses on the use of fluoroscopy to help assure
correct acetabular component orientation.

Multiple authors have assessed acetabular cup position in
hip arthroplasty. Lewinnek et al. suggested a radiographic
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definition for ideal acetabular component position as 15°
(£10°) of anteversion and 40°+10° of abduction [7]. Cups
placed outside this zone had a higher dislocation rate [8].
Furthermore, cups placed outside this zone also experience
higher biomechanical stresses leading to increased rates of
polyethylene wear and osteolysis [9, 10]. Hard-on-hard bear-
ings are possibly more sensitive to acetabular malposition than
hard-on-soft bearings [11]. With metal-on-metal implants, in-
creased abduction and anteversion angles have repeatedly cor-
related with higher serum metal ion levels, a marker for wear
[12—14]. These studies support that both stability and wear are
affected by cup position.

Several studies conducted by experienced surgeons at
prominent institutions have looked at the accuracy of acetab-
ular component position when using traditional methods uti-
lizing mechanical guides and anatomic landmarks such as the
anterior superior iliac spine and pubic symphysis [7] and
transverse acetabular ligament [15, 16]. In this setting, com-
ponent position is dependent on the surgeon’s interpretation of
the position of the patient’s pelvis on the operating table. In-
ternal and external landmarks, which may be obscured [17,
18] by body habitus or the use of smaller incisions/minimally
invasive techniques are also utilized [19].

A recent study by Barrack et al. [20] of 1,549 total hips
found that only 88 % of acetabular components were within
broad target range (abduction 30-55° and anteversion 5—35°).
When Callanan et al. [21] reviewed 1,823 hips, only 38 % met
a more stringent component position target range (abduction
30-45° and anteversion 5-25°). These studies, and others [22,
23], would suggest that techniques that improve acetabular
component position could have value.

A study by Rathod et al. [24] has shown that fluoroscopy
with anterior hip arthroplasty reduced the variability of ace-
tabular cup positioning compared with a non-guided posterior
approach. Another study by Beemer et al. [2] suggested that
the use of fluoroscopy with posterior hip arthroplasty may
increase accurate placement of acetabular components for sur-
geons performing a mix of primary, revision, and complicated
total joint arthroplasties. From previous studies, it is unclear if
the value of fluoroscopy is similar when used in the posterior
approach as compared to the anterior approach. It is the pur-
pose of this study to determine if the direct anterior approach
in the supine position facilitates the accurate use of fluorosco-
py and improves acetabular component position.

Materials and methods
A prospectively maintained database of THAs performed by

the senior surgeon (N. Stewart) at one centre from May 2012
to November 2014 was reviewed for this retrospective
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comparative study. A consecutive series of patients who
underwent primary THAs, unilateral or staged bilateral, with
a cementless hemispheric acetabular design and cementless
tapered wedge femoral component (Stryker orthopaedics
company) were included in the study.

The EMR was used to obtain information from each patient
including laterality of the operatively treated hip; performing
surgeon; age, sex, height, weight, and BMI of the patient;
femoral head size utilized; acetabular cup outer diameter; sur-
gical approach; and pre-operative diagnosis. Patients were re-
quired to have a standing postoperative digital anteroposterior
pelvic radiograph of acceptable quality, according to criteria
previously described by Callanan et al. [21]. Hips without
adequate radiographs were excluded. This series consisted of
60 patients undergoing THA. The senior surgeon converted
from a posterior approach to performing nearly all his primary
hips from a direct anterior approach as of December 26, 2013.
After this date, only patients with a severe Dorr type A fem-
oral geometry were replaced with a posterior approach. We
reviewed a consecutive number of patients with a direct ante-
rior approach, of the first 34, 30 had adequately preserved
intra-operative fluoroscopy films and a quality postoperative
AP pelvis X-ray and were included. Working back in time, we
again needed to review 34 patients operated upon via the poste-
rior approach to find 30 with adequately persevered intraopera-
tive fluoroscopic films and quality postoperative study films.

At posterior approach surgery, the patients were placed in a
lateral decubitus position with firm supports on a peg board
for the anterior pelvis, chest, sacrum and dorsal spine to keep
the patient in a stable position throughout the surgery. Once
the acetabulum component was placed, fluoroscopy was used
to confirm placement. To ensure proper orientation of the
fluoroscopic beam tangential to the pelvis, the C-arm was first
adjusted to align the centre line of the sacrum with the pubic
symphysis. Next, the C-arm was adjusted to make the shape of
the obturator on the fluoroscopic image match the shape of the
obturator on the pre-operative standing AP pelvis X-ray. Then
the position of the acetabulum was assessed with a fluoroscop-
ic view that placed the cup near the centre of the screen while
still allowing visualisation of the pubic symphysis to provide
vertical reference of the pelvic position (Fig. 1).

The anterior approach was performed using the Arch table
extension (Orbiswiss company) on a slider table (Steris Cor-
poration) surgical bed (Fig. 2). After anaesthesia, the patient
was placed in a supine position. In the supine position, the
midline of the sacrum was checked to see if it was aligned
with the pubic symphysis. Then the projection of the obturator
foramen was evaluated subjectively by the surgeon and the C
arm manipulated to have the fluoroscopic image match the
pre-operative standing AP radiograph view of the pelvis
(Fig. 3a and b). At the time of acetabular insertion, a
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Fig.1 Fluoroscopic image allows assessing the position of the acetabular
cup in a posterior approach after final cup placement

fluoroscopy view with the cup near the centre, and the pubic
symphysis in the view, was used to confirm cup placement
(Fig. 4). With either approach, the target inclination was 40°
(£10°) and anteversion was 15° (+10°).

Geometric analysis was performed on both intra-operative
fluoroscopic images of final cup position and six-week post-
operative anteroposterior pelvic radiographs. Geometric

Fig.2 The Arch Table Extension is a special table attachment that allows
controlled movement of the extremity during preparation of the femur and
acetabulum

Fig. 3 a Fluoroscopic image obtained with the patient in the supine
position on the operating room table with the C-arm beam positioned
such that the intraoperative image matches the preoperative image. b
The shape of the obturator foramen and the pubic symphysis are noted
by the surgeon

assessment of the radiographs was performed by an orthopae-
dic surgeon (WF. Ji) not involved in the surgeries. Measure-
ments included cup abduction angle and cup anteversion an-
gle. Pre and postoperative AP radiographs were taken with
patients in the standing position with hips in neutral position,
the radiation beam centred on the pubic symphysis, and film-
focus distance approximately 120 cm.

A picture archiving and communications system (PACS)
software (Fujifilm, Stanford, CT, USA) was used to make the
measurements. With regard to validity and convenience for
calculation, we chose the method described by Lewinnek
and Widmer for measurement of anteversion of the acetabular
component [25]. It has been shown to be a valid and reliable
method for radiographic analysis of cup anteversion [26]. Ac-
etabular inclination on the postoperative film was measured as
the angle between the interteardrop line and the long axis of
the acetabular cup face. On the intra-operative fluoroscopic
view, the pubic symphysis was used to determine the vertical
orientation of the pelvis (Fig. 4).
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Fig.4 Fluoroscopic image allows assessing the position of the acetabular
cup in the direct anterior approach (DAA) during and after final cup
placement

The difference between the measured intra-operative and
postoperative value for both inclination and anteversion were
calculated. Variances (square of the SDs) were used to define
the variability of the outcome measure. They were compared
using the Kolmogorov-Smirnov test to determine if they were
statistically different. An independent #-test (two tailed) was
used for normally distributed continuous data and the
Mann—Whitney U test was used for nonparametric data.
Chi-square and Fisher’s exact tests were used for com-
paring categorical data. A p value of 0.05 was set as the
level of statistical significance. The 95 % limits of agree-
ment method was used to assess the agreement between
intra-operative fluoroscopy and postoperative standing
AP pelvis. First, the mean and SD of the differences
between the two methods were calculated. Second, the
95 % limits of agreement were calculated as mean dif-
ference +£1.96 SD. Plots of differences against means
were used to examine the assumptions of the limits of
agreement. Statistical analysis was performed using SPSS
software (version 16; Chicago, IL, USA).

Results

Demographic and perioperative data are presented in Table 1.
There was no significant difference in patient age, sex, oper-
ative side, diagnosis, cup size, or femoral head size between
the two groups.
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Mean acetabular inclination and anteversion values within
the two groups are summarised in Table 2. A difference was
seen in variability using Kolmogorov-Smirnov test for incli-
nation and anteversion with significantly higher variation of
measurements in the posterior approach group for both vari-
ables (p=0.022 and p<0.001 respectively).

For the evaluation of both precision and bias of intra-
operative fluoroscopy, the difference between the cup inclina-
tion measured by fluoroscopy (Iroro) and cup inclination mea-
sured by postoperative standing AP pelvis X-ray (Iap x-ray) Was
calculated. We did the same calculation between intraoperative
anteversion (Agiyoro) and postoperative anteversion (Aap X-ray)-
The mean difference and 95 % confidence intervals for each of
these measures are shown in Fig. Sa—d.

The results in Fig. 5a and b demonstrate that 95 % of the
time the fluoroscopic view in the supine position is between
no more than 3.5° less or 2° more than the value found on a
post operative standing AP X-ray. Similar values for
anteversion are an underestimate of 3.8° to an overestimate
of 2.2°.

The results in Fig. 5c and d demonstrate that 95 % of the
time in the posterior position the fluoroscopic measure of in-
clination is between 11.6° less and 6.0° more than the inclina-
tion on the standing AP X-ray. Similar values for anteversion
are an underestimate of 4.0° and an overestimate of 11.0°.

Discussion

Acetabular component position is important for
endoprosthesis survival [27, 28], wear [22], hip load [29],
and range of motion (ROM) [30]. Multiple techniques have
been promoted to enhance the accuracy of component posi-
tioning, including the use of fluoroscopy [1, 2, 24], computer
navigation [31, 32], and robotic assistance [5, 6]. Of these
three, fluoroscopy is the most widely available and least ex-
pensive to adopt. This paper compares the accuracy of

Table 1 Demographic features of study group

Variables DAA PA t value P
Age 58.00+6.33 58.55+9.07 —0.237 0.768
BMI 32.92+5.14 32.43+4.42 2.027 0.106
Cup size 55.70+4.13 54.97+3.68 0.370 0.467
Head size 39.07+£3.27 39.87+2.63 1.192 0.116

DAA direct anterior approach, P4 posterior approach, BMI body mass
index
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Table 2 Mean, standard

deviation, and variances for cup Variables Intraoperative Postoperative standing ¢ value P value
inclination and anteversion fluoroscopy AP X-ray
DAA
Inclination 42.32+191 42.98+1.81 1.354 1.181
Anteversion 22.30+1.41 22.88+1.38 -1.618 0.111
PA
Inclination 36.80+3.72 39.29+4.58 2.174 0.022
Anteversion 25.60+3.64 21.31+4.04 4.389 <0.001

DAA direct anterior approach, P4 posterior approach

fluoroscopy to the postoperative standing AP radiograph in
both the lateral and supine positions.

Rathod et al. [24] demonstrated that an anterior ap-
proach with fluoroscopy allowed more accurate acetabular
positioning than a posterior approach without fluoroscopy.
It’s unclear if the improvement in that sense was due to
the use of fluoroscopy or the change in approach. Beemer
et al. [2] demonstrated that the use of fluoroscopy can
improve component position in the posterior approach.
Our results demonstrate that when using fluoroscopy in
the anterior approach, we achieved better results than
when used in the posterior approach (Fig. 6). At least
some of the improvement was due to the fact that the
fluoroscopic image in the supine position was more

accurate as measured against the postoperative standing
AP pelvis. Relying on the fluoroscopic guided direct an-
terior approach in the supine position, the DAA surgeons
were able to improve their accuracy and consistency to
position the acetabular component in the safe zone for
inclination and anteversion.

While our study shows that fluoroscopy is more accurate
and consistent in the supine position, it’s unclear if the degree
of improvement is clinically significant. While detailed long-
term studies need to determine to what extent we must opti-
mize component position, it’s hard to argue against a tech-
nique which improves accuracy if it is relatively safe and
inexpensive. Compared to computer navigation and robotics,
fluoroscopy is routinely available, and thus not expensive.
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Fig. 6 A six-week postoperative anteroposterior standing pelvic
radiograph showing bilateral total hip arthroplasties (THAs). The right
hip was placed by the same surgeon in the direct anterior approach (DAA)
using fluoroscopy assistance, whereas the left was placed in the posterior
approach using fluoroscopy assistance. (Inclination: left 51.65, right
45.26; Anteversion: left 30.35, right 21.37)

The radiation dose, while not measured in this study, is gen-
erally quite small.

This study may influence the choice of approach in
total hip replacement. If a surgeon wishes to adopt a
technology that assists with component positioning,
and chooses fluoroscopy, using the direct anterior ap-
proach would make that technology more effective.
There are other considerations in choosing an approach
[21, 33-39], but these findings may factor into that
discussion.

Continued research into accurate component positioning is
needed. Comparing fluoroscopic guidance to navigation, or to
robotics, would help determine which technologies provide
greater benefit. Even in skilled and experienced hands, accu-
rate component positioning is not always achieved, and so
technologies that help with this task will likely continue to
gain acceptance.
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