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a b s t r a c t

Background: Achieving accurate and consistent acetabular component orientation remains a major
challenge in total hip arthroplasty.
Methods: We used a pelvic model to compare freehand techniques vs mechanical and anatomical
alignment guides in achieving a target operative inclination (OI) and operative anteversion (OA). Thirty
subjects comprising consultant orthopedic surgeons, orthopedic trainees, and nonsurgical staff posi-
tioned an acetabular component in a pelvic model using 3 different methods for guiding inclination and
another 3 for guiding version.
Results: Using either a standard mechanical alignment guide (MAG) or a spirit level MAG technique
eliminated outliers from target OI, while the freehand method resulted in 46.7% of measurements
outside the OI target range. The spirit level MAG technique significantly outperformed the standard MAG
technique in median unsigned deviation from target OI (0.8� vs 2.1�, P < .001). Either method of refer-
encing the transverse acetabular ligament for version yielded lower deviations from target OA than the
freehand method and fewer outliers from the ±5� target range. Surgical experience was not a significant
factor for accurately achieving target OI and OA.
Conclusions: Even in an idealized in vitro model, a wide range of OI and OA is seen with the freehand
technique of cup placement by subjects of all levels of surgical experience. Using either a standard MAG
or a spirit level MAG reduces deviations in target OI, with the spirit level MAG method yielding the best
accuracy. Using the transverse acetabular ligament to guide cup anteversion yields more accurate OA.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Correct orientation of the acetabular component (cup) in total
hip arthroplasty (THA) is important to avoid instability, impinge-
ment, and excessive wear [1-3]. Surgeons usually judge the success
of placing the cup in the desired position from postoperative
closed potential or pertinent
ent, either direct or indirect,
the biomedical field which

rest with this work. For full
.08.016.
nton BT47 3AG, UK. Tel.: þ44

Inc. on behalf of The American As
by-nc-nd/4.0/).
radiographs, assessing radiographic inclination and radiographic
anteversion. Traditionally orthopedic surgeons have targeted the
safe zone proposed by Lewinnek et al. of 40� ± 10� of radiographic
inclination and 15� ± 10� of radiographic anteversion [4].

Achieving consistent cup inclination and anteversion remains a
major challenge in THA, irrespective of patient position or surgical
approach [5]. Multiple guidance modalities and surgical techniques
have been developed to improve the accuracy and consistency of
cup placement [5-14]. Nonetheless, even experienced surgeons
have outliers resulting in ranges of ±20� for radiographic ante-
version and inclination [15-17].

Cup inclination and anteversion are influenced by the landmarks
referenced by the surgeon during the surgery, the intended orien-
tation relative to these landmarks, the tools used toaid achieving the
target position, surgical experience, and pelvic position.
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Intraoperatively, the cup is usually inserted with an introducer
handle that is colinear to the component axis and perpendicular to
the face of the component. Operative inclination (OI) can then be
defined as the intraoperative angle between the cup introducer
handle and the sagittal plane of the pelvis [18]. During surgery in
lateral decubitus, assuming the pelvis is neutrally positioned, the
theater floor becomes a surrogate for the pelvic sagittal plane (Fig.1).
However, because the pelvic sagittal plane may not be parallel to the
floor, O’Neill et al. introduced the term apparent OI for this angle [19].

When operating in lateral decubitus, most surgeons use a
freehand technique or mechanical alignment guide (MAG) to
determine OI [20]. Traditionally MAGs have been designed for a
target OI of 45�. Based on previous work where we found radio-
graphic inclination to be a mean of 6� higher than OI, our unit uses
as standard a 35� MAG (DePuy Synthes, Leeds, UK) (Fig. 2a) [16].
The design of MAGs is usually based on the desired target angle for
OI being achieved when the vertical limb is perpendicular to the
floor and the horizontal limb is parallel to the floor. If the vertical
limb is not perpendicular to the floor, the inclination will be less
than target. In a randomized control trial by O’Neill et al., the MAG
was not as accurate as an inclinometer in part because of this design
limitation [19]. To address this factor, we introduced a “spirit level
MAG” in this study where the horizontal limbwas removed and the
surgeon asked to ensure that the vertical rod was orthogonal to the
floor in both planes using a spirit level (Fig. 2b).

Operative anteversion (OA) is illustrated in Figure 3. During
surgery in lateral decubitus, the theater table can substitute for the
long axis of the patient again typically by using a MAG set to 30� of
anteversion. However, most surgeons use the appearance of the
cup in the acetabulum or the transverse acetabular ligament (TAL)
as a guide to versionwith the latter being the most commonly used
one in the UK [20]. The concept of the TAL technique is simply
placing the face of the cup parallel to the TAL to control version [14].
A surgeon’s ability to discriminate orientation accurately can be
negatively affected by observer body tilt due to the phenomenon of
the oblique effect [21]. In order to assess the impact of this factor, in
the preferred technique of this study, we directed subjects to
orientate themselves such that the cup face and TAL were hori-
zontal with respect to their field of vision.

We developed an in vitro pelvic model in which the primary
outcomewas to determinewhether the use of a spirit level MAG for
OI, and the use of TAL viewed horizontally for OA, would reduce the
number of observations outside a target range (±5� for both incli-
nation and version) when compared to a standard MAG for OI and
undirected viewing of the TAL for OA. The secondary outcome was
to determine whether prior surgical experience had any impact on
the numbers that fell outside target for each technique. Our hy-
pothesis was that the spirit level MAG would reduce outliers in
inclination, a focus on horizontal viewing of the TAL would reduce
Figure 1. Schematic showing operative inclinationddefined as the ang
outliers in version, and surgical experiencewould reduce outliers in
both inclination and version.

Material and methods

Pelvic model

A Sawbones pelvis (Sawbones Europe AB, Sweden) was held on
a customized mount and rigidly secured onto a horizontal board
such that the pelvic sagittal plane was parallel to the floor (Fig. 2). A
physical representation of the TAL was manufactured specifically
for the model and screwed onto the pelvis. The acetabulum had an
original diameter of 58mmandwas reamed to 60mmwith the face
of the reamer parallel to the TAL so that the placement of a 60-mm
cup gave appropriate tactile feedback. A soft-tissue envelope was
not simulated.

Measurement of acetabular component orientation

A digital inclinometer (DWL-80E; DigiPas USA, Avon, CT) placed
on the long axis of the cup handle was used to measure cup incli-
nation (Fig. 4). This provides a digital reading accurate to 0.2� [22].
The inclinometer was calibrated after each series of experiments.

A digital camera (Crosstour CT7000 1080p; ShenZhen Long Tou
Optics, Shenzhen, China) was rigidly mounted to a supporting rod
of the pelvic model to provide a clear view of the acetabulum
(Fig. 2). AWi-Fi connection between the camera and a smart phone
allowed photographs to be taken with remote activation. Photo-
graphs of the cup in the acetabulumwere analyzed using an open-
source digital image processing software program (GNU Image
Manipulation Program version 2.10, The GIMP Development Team,
https://www.gimp.org) to measure the anteversion angle of the
cup (Fig. 5). The anteversion angle was measured between the long
axis of the cup handle and a precalibrated zero anteversion line
obtained by carefully positioning the cup face parallel to TAL with
the aid of a focusable laser line module attached to the cup handle
(MXD1230) and taking reference photographs.

Nonlinearities in photographic anteversion measurements (due
to the wide-angle lens and the camera being mounted not perfectly
orthogonal to the zero anteversion line) were minimized by refer-
encing study photographs against a comprehensive series of cali-
brated photographs. The calibration was performed via a custom
electronic meter we developed comprising a microprocessor
(ATmega328; Microchip, San Jose, CA), a 9-axis absolute orientation
sensor (an inertial measurement unit combining a 3-axis acceler-
ometer, a 3-axis gyroscope, and a 3-axis geomagnetic sensor, the
BNO055; Bosch Sensortec, Stuttgart, Germany), and a liquid-crystal
display (Fig. 6). This provided an electronic reading of anteversion
independent of inclination. The sensor was calibrated before each
le between the acetabular axis and the sagittal plane of the pelvis.

https://www.gimp.org


Figure 2. Experimental setup. Photographs show the pelvic model mounted with the sagittal plane parallel to the floor, the transverse acetabular ligament (TAL) in situ, and a cup
held in the acetabulum with a mechanical alignment guide (MAG) attached to the cup handle. (a) The standard mechanical MAG with its horizontal limb which was to be placed
parallel to the floor. (b) The modified MAG with a spirit level which was to be leveled in 2 orthogonal planes.
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series of photographs to compensate for local magnetic fields and
ferromagnetic materials.

Subjects

Ten subjects were recruited from each of the following 3 groups:

1) Consultant orthopedic surgeons specialized in hip arthroplasty
2) Orthopedic trainees (levels ST4-8 of the UK Higher Specialist

Training scheme)
3) Nonsurgical group (research and nursing staff)

Potential subjects in each group were e-mailed simultaneously
with information on the study and invited to participate, and the
first ten in each group who replied in the affirmative were
recruited. Written consent was obtained from all subjects.

Participants were provided with the same set of instructions,
allowed to familiarise themselves with the pelvic model, and given
the opportunity to ask questions. It was ensured that each partic-
ipant was comfortable with the concept of OI and OA and knew the
Figure 3. Schematic showing operative anteversionddefined as the angle between the
target values. The participant then stood behind the pelvis as for a
THA from the posterior approach and was provided with a 60-mm
acetabular component (Pinnacle Hip solutions; DePuy Synthes,
Leeds, UK) attached to an introducer handle.

Each subject was given 3 tasks:

1) Using a freehand technique to determine both OI and OA. The
TAL was detached from the pelvic model before this task. For OI,
the subject was asked to place the cup in the acetabulum with
an inclination of 35� to the floor without a MAG. For OA, the
subject was asked to choose what they felt was the appropriate
version using only bony landmarks, with no TAL visible.

2) Using the standard MAG and TAL to determine OI and OA. The
MAG comprising both vertical and horizontal rods was attached
to the cup handle, and the TAL was attached to the pelvic model
(Fig. 2a). For OI, the subject was asked to place the cup in the
acetabulum with an inclination of 35� to the floor by ensuring
that the horizontal limb of the MAG was parallel to the floor. For
OA, the subject was asked to place the face of the cup parallel to
the TAL with no specific instruction as how to view the TAL.
long axis of the patient and the acetabular axis as projected onto the sagittal plane.



Figure 4. Measuring cup inclination. A digital inclinometer was placed on the long axis
of the cup handle to measure cup inclination.

Figure 6. Calibration of the photographic system. A custom device was attached to the
mechanical alignment guide to calibrate the photographic system for version
measurements.
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3) Using the spirit level MAG and TAL viewed horizontally to
determine OI and OA (Fig. 2b). For OI, the subject was asked to
orientate the cup in the acetabulum so that the spirit level on
the MAG was level in 2 orthogonal planes. For OA, the subject
was again asked to place the face of the cup parallel to the TAL
but only after orientating themselves such that the cup face and
TAL were horizontal with respect to their field of vision. This
task represented the preferred technique.

For each task, when the subject was satisfied with the cup po-
sition in the acetabulum, they were asked to hold the cup handle
steady (without impaction) while the following was performed:

1) A photograph was taken with remote activation using a smart
phone
Figure 5. Digital image processingddetermining the anteversion angle using a digital
image processing software software.
2) The digital inclinometer was placed longitudinally on the cup
handle and the inclination value recorded by an independent
observer.
Statistical analyses

The primary outcome measures were unsigned deviations from
target OI ± 5�and target OA ± 5�. Comparisons of median unsigned
deviations from target OI and target OA were made according to
participant group and tasks. Statistical analysis was carried out using
SPSS version (version 22; IBM, Armonk, NY), and all data were
assessed for normality using Shapiro-Wilk test. Chi-squared test was
used to compare categorical variables. For nonparametric continuous
variables, Kruskal-Wallis test was used. Statistical significance level
was set at P < .05. Data were presented as the number falling outside
target as well as the median, interquartile range (IQR), and range.
Results

Operative inclination

The target range for OI was 35� ± 5�. The median OI of all
readings was 35.0�, IQR 32.7� e 37.0�, and range 20.3� - 44.0�.



Table 1
Comparison of different methods of guiding operative inclination.

Outcome measure Task 1, N ¼ 30 Task 2, N ¼ 30 Task 3, N ¼ 30 P values

Number (%) outside target range 14 (46.7%) 0 (0%) 0 (0%) <.001a

Median inclination (IQR) 30.9c (29.1-35.1) 37.0d (35.5-37.7) 35.0 (34.2-35.8) <.001b

Median unsigned deviation from target OI of 35.0� (IQR) 4.3e (3.5-6.9) 2.1f (1.0-2.8) 0.8 (0.3-1.1) <.001b

a Chi-square analysis.
b Kruskal-Wallis test followed by Mann-Whitney post-hoc analysis.
c Inclination measured by task 1 was significantly lower than that by task 2, P < .001, and task 3, P ¼ .001.
d Inclination measured by task 2 was significantly greater than that by task 3, P < .001.
e Task 1 deviation from target was significantly greater than task 2 and task 3 deviations, P < .001.
f Task 2 deviation from target was significantly greater than task 3 deviation, P < .001.
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Fourteen (15.6%) of the 90 inclinations were outside the target
range of 35� ± 5�. All these outliers were with the freehand tech-
nique (task 1).

The median inclination (IQR) for all participants was 30.9�

(29.1�-35.1�) for the freehand technique (task 1), 37.0� (35.3�-37.7�)
using the standard MAG (task 2), and 35.0� (34.2�-35.8�) using the
spirit level MAG technique (task 3). While both MAG techniques
were significantly better in achieving target OI compared to the
freehand technique and eliminated >5� outliers, the spirit level
MAG technique also significantly outperformed the standard MAG
technique in median unsigned deviation (0.8� vs 2.1�, P < .001)
(Table 1).
Operative anteversion

The target OAwas parallel to TAL ±5�. Eight of the 90 OAs (8.9%)
fell outside this target range, and 6 of these were with the freehand
technique (task 1). The median unsigned deviation from target OA
for all readings was 2.0�, IQR 1.0 e 4.0�, and range 0.0 to 10.0�.

The freehand technique (task 1) had significantly more version
readings outside the ±5� target range than the other 2 version
methods (Table 2).

Task 2 (using TAL) and task 3 (using TAL viewed horizontally)
produced significantly lower median unsigned deviations from
target OA than the freehand method (1.0�, 2.0�, and 3.0�, respec-
tively). Tasks 2 and 3 did not differ significantly in this regard
(Table 2) with only one outside target range for each task.
Effect of surgical experience on OI

There was no significant difference between participant groups
in number of outliers or median unsigned deviation from target OI
for each of the 3 tasks and when combining data from all 3 tasks
(Table 3).
Effect of surgical experience on OA

There was no significant difference between participant groups
in the number of outliers, mean unsigned deviation from target OA
for combined task data, or for individual tasks (Table 4).
Table 2
Comparison of different methods of guiding operative anteversion.

Outcome measure

Number (%) outside target range
Median unsigned deviation from target operative anteversion in degrees (IQR)

a Chi-square analysis.
b Kruskal-Wallis test followed by Mann-Whitney post-hoc analysis.
c Anteversion measured by task 1 was significantly greater than that measured by tas
Discussion

Cuporientation is described in termsof inclinationandanteversion,
both of which may be defined from 3 different perspectives: radio-
graphic, operative, and anatomical [18]. It is important to be aware of
the different definitions. In order to achieve a given target radiographic
inclination, the surgeon needs to be aware that a lower angle of OI is
required. OI is measured relative to the sagittal plane while radio-
graphic inclination is measured around an oblique axis. The 2 are
related by the trigonometrical equation sin (OI) ¼ sin (radiographic
inclination)� cos (radiographic anteversion). As anteversion increases,
so does radiographic inclination as compared to OI [6,18]. Hill et al.
found radiographic inclination to be a mean of 6� higher than OI [16].

Suboptimal patient positioning and pelvic movement during
surgery can introduce errors in component orientation. Hill et al.
showed a mean difference between apparent OI and radiographic
inclination of 13� [16]. Of this 13� difference, 7� was explained by
the impact of OA, but the other 6� was due to errors in patient
positioning (pelvic sagittal plane not parallel to the floor). Conse-
quently, in our institution, we focus on ensuring that the pelvic
sagittal plane is parallel to the floor and then aim for 35� of OI to
counteract the impact of OA and achieve a radiographic inclination
of approximately 40�. We believe that the traditional 45� MAG is no
longer appropriate in lateral decubitus.

Our idealized in vitro experiment was designed to assess the
role that freehand and conventional MAG-assisted cup placement
and the oblique effect play in creating outliers from target OI and
OA. Limitations of traditional MAGs include their dependence on
the pelvic sagittal plane being parallel to the floor, their target
angles being set at desired radiographic inclination angles rather
than at the lower OI required, and inaccuracies if the vertical limb is
not held perpendicular to the floor. We addressed the latter factor
in this study by assessing a spirit level MAG to ensure the MAG was
level in 2 orthogonal planes. A 35� MAG has been standard in our
unit for several years, addressing the second factor.

Ongoing research into improved external supports aims to
address the first factor but was not within the scope of this study.

Despite the idealized in vitro setup used in this study, a wide
range of OI (20.3� - 44.0�) and OA (0.0� to 10.0�) were seenwith the
freehand technique of cup placement. For OI, 46.7% of freehand
readings were outside the target range of ±5� compared to none for
either of the MAG techniques. Furthermore, the spirit level MAG
Task 1, N ¼ 30 Task 2, N ¼ 30 Task 3, N ¼ 30 P values

6 (20%) 1 (3.3%) 1 (3.3%) .032a

3.0c (2.0-5.0) 1.0 (1.0-3.0) 2.0 (1.0-3.0) .001b

k 2, P < .001, and task 3, P ¼ .006.



Table 3
Comparison of operative inclination data between study participant groups.

Outcome measure Consultants, N ¼ 10 Trainees, N ¼ 10 Nonsurgical, N ¼ 10 P values

No (%) outside target rangedtask 1 4 (40%) 4 (40%) 6 (60%) .585a

No (%) outside target rangedtask 2 0 (0%) 0 (0%) 0 (0%) NSa

No (%) outside target rangedtask 3 0 (0%) 0 (0%) 0 (0%) NSa

No (%) outside target rangedall tasks 4 (13%) 4 (13%) 6 (20%) .713a

Median inclination (IQR)dtask 1 31.3 (28.7.-34.6) 30.9 (27.1-33.7) 31.5 (29.7-39.7) .567b

Median inclination (IQR)dtask 2 37.1 (36.6-37.7) 36.8 (35.7-38.1) 36.0 (34.3-38.2) .816b

Median inclination (IQR)dtask 3 34.8 (34.5-35.4) 34.7 (34.0-36.1) 35.4 (34.0-36.3) .717b

Median inclination (IQR)dall tasks 35.0 (33.1-36.9) 34.7 (30.9-36.7) 35.3 (32.5-37.7) .664b

Median unsigned deviation from target OI (IQR) for all tasks 1.8 (0.8-2.9) 1.8 (1.0-4.1) 2.5 (0.9-4.5) .638b

NS, nonsignificant.
a Chi-square analysis.
b Kruskal-Wallis test.
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technique outperformed the standard MAG technique in mean
unsigned deviation from target OI (0.8� vs 2.1�, P < .001).

For OA, the differences were less dramatic, but again 20% of
freehand readings were outside the target range compared to 3.3%
for each of the TAL techniques (tasks 2 and 3). Unexpectedly there
was no difference between tasks 2 and 3. In task 3, the preferred
technique of our hypothesis, subjects orientated themselves such
that the cup face and TAL were horizontal with respect to their field
of vision. We had hypothesized that this would reduce OA by
reducing the oblique effect. From studies of human vision, the
oblique effect is awell-establishedphenomenon inwhichour ability
to discriminate orientation is significantly better around the cardi-
nal (horizontal or vertical) axes than at an oblique axis [23-25].
Meng andQian showed that the oblique effect depends onperceived
orientation (relative to the retina) rather than physical orientation
(relative to gravitational force) [21]. Observer body tilt, hence, af-
fects how accurately we discriminate orientation [21]. The fact that
we could show no advantage when viewing the TAL horizontally
may have been because the subject was distracted by trying to
ensure the spirit level was level in 2 orthogonal planes to control OI.

The relationship between native acetabular version and the
anterior pelvic plane varies between patients by up to 30� [26,27].
Furthermore, the degree of pelvic tilt cannot be accurately deter-
mined intraoperatively. In our institution, we reference the TAL for
OA. The TAL is a consistent internal landmark for OA, and although
it is variable between patients, we argue it is correct for that patient
[15]. Ensuring each acetabular reamer and the implanted cup is
cradled inferiorly by the TAL and keeping the face of the reamer/
cup parallel to this well-defined landmark provide an effective
version guide. Surgeons should ensure that the face of the cup and
the TAL are horizontal with respect to their field of gaze. Histori-
cally, we found that using the TAL to guide version reduced our
primary dislocation rate from 3.7% to 1% [14].

The findings in our study are supported by other literature.
Saxler et al. found via postoperative CT scans that only 26% of
Table 4
Comparison of operative anteversion data between study participant groups.

Outcome measure Consultants, N ¼
No (%) outside target rangedtask 1 2 (20%)
No (%) outside target rangedtask 2 0 (0%)
No (%) outside target rangedtask 3 0 (0%)
No (%) outside target rangedall tasks 2 (6.7%)
Median unsigned deviation from target OA (IQR)dtask 1 3.5 (3.0-4.8)
Median unsigned deviation from target OA (IQR)dtask 2 1.5 (1.0-2.0)
Median unsigned deviation from target OA (IQR)dtask 3 1.0 (1.0-3.0)
Median unsigned deviation from target OA (IQR)dall tasks 2.0 (1.0-3.0)

NS, nonsignificant.
a Chi-square analysis.
b Kruskal-Wallis test.
acetabular components positioned using a freehand technique in a
multicentre study were within Lewinnek’s safe zone [28]. DiGioia
et al. found that 78% of components implanted freehand were
malpositioned based on intraoperative computer-assisted mea-
surements [7]. Hassan et al. found that even with the use of a MAG,
42% of components were outside the safe zone [29].

Further studies have shown that surgical navigation and ro-
botics reduces the rate of malpositioned acetabular components
[9,10]. However, these technologies have not been widely adopted
in THA because of cost, additional operative time, and, in the case of
image-based systems, increased radiation exposure.

We have shown that freehand cup placement is an important
cause of outliers. Our hypothesis that a spirit level MAG would
reduce outliers in inclination compared to a conventional MAGwas
borne out. We were unable to show that the oblique effect was an
important contributor. In this idealized in vitro setup, surgical
experience did not prove to be of any benefit.

There are several limitations to this study. Participant numbers
were relatively lowwith ten subjects in each group. An in vitro model
was usedwhich does not account for many of the challenges posed by
real-world surgery. These include limitations of external supports used
to stabilize the pelvis, difficulties in visualization and identification of
landmarks caused by the soft-tissue envelope and degenerative
changes, andmovementof thepelvisduringsurgery.Wehavenodoubt
surgical experience is invaluable in overcoming these challenges.

We believe that failure to ensure that the sagittal plane is par-
allel to the floor at the time of cup insertion remains the dominant
cause of outliers for cup inclination, and this is a focus of ongoing
research [15]. We are strong proponents of the use of TAL to guide
version even in the dysplastic hip. This key anatomical landmark
can be difficult to identify when covered in osteophyte. However,
we have shown with the right surgical techniques that it can be
identified in over 99% of cases [13].

Our study did not assess radiographic inclination and version.
Our photographic system calibrated by a custom accelerometer
10 Trainees, N ¼ 10 Nonsurgical, N ¼ 10 P values

2 (20%) 2 (20%) 1.000a

0 (0%) 1 (10%) .355a

0 (0%) 1 (10%) .355a

2 (6.7%) 4 (13.3%) .578a

3.5 (2.3-4.0) 2.5 (2.0-4.8) .754b

2.0 (1.0-3.8) 1.0 (0.0-1.0) .101b

2.5 (1.0-3.8) 2.0 (1.0-3.0) .560b

3.0 (1.0-4.0) 2.0 (1.0-3.0) .365b
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device is not validated, although accelerometer-based navigation
systems have been validated in THA [30-32].

A further limitation of the study is the potential confounding
factor of learning opportunities from previous tasks.

Conclusions

Freehand acetabular component placement results in a high
percentage of outliers from target OI and OA, and although this is
often overshadowed by errors in patient positioning in lateral de-
cubitus clinically, it still constitutes an important factor. Using a
MAG significantly reduces outliers from target OI. The spirit level
MAG with a simple vertical rod and spirit level performed best.
Using TAL yielded a more consistent OA. In this idealized in vitro
setup, surgical experience did not prove to be of any benefit.
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