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Background: Hip dislocation remains a leading cause of revision following total hip arthroplasty, and
intraoperative assessment of acetabular positioning can be difficult to perform. There are multiple
clinical tests, as well as computer and robotic techniques, that aim to reduce dislocation rates after hip
arthroplasty. These approaches aim to optimize the relationship between acetabular and femoral
component positioning. It is hypothesized in this study that implant collinearity assessment intra-

ﬁ‘j’ywords; operatively can help determine appropriate acetabular component position. More specifically, implant
Allfhroplasty coll?n.ear.ity, when achieved with a specific leg position, can reliably predict appropriate acetabular
Acetabulum positioning.
Position Methods: A single-surgeon, single-centered study with 55 patients was undertaken between August
Stability 2017 and March 2020. Using preoperative imaging and computer simulation, data points were taken for
Collinear 3 different acetabular configurations and comparing using 2 femoral positions. The angle differences
from the collinear position (0 degrees) were compared between groups.
Results: A total of 55 patients’ imaging was analyzed using 3 acetabular configurations and 2 femoral
positions. The test leg position (30-degree flexion/30-degree internal rotation/10-degree adduction) was
closer to collinearity than the control position (30-degree flexion/30-degree internal rotation/0-degree
adduction) in all 3 acetabular configurations by a mean of 8 degrees (P < .001), 7 degrees (P < .001),
and 4 degrees (P < .001), respectively.
Conclusions: The use of a 10-degree adducted position more reliably recreates implant collinearity when
determining acetabular positioning during total hip arthroplasty. This intraoperative test adds another
data point to assist the surgeon in achieving safe component positioning.
© 2023 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/
licenses/by-nc-nd/4.0/).
Introduction dominant reason for revision after 11 years. The 20-year revision

Total hip arthroplasty (THA) is one of the most successful pro-
cedures performed by orthopedic surgeons regarding patient
satisfaction. In Australia, there were approximately 49,000 primary
THAs performed in 2020 [1]. In patients receiving THA for osteo-
arthritis, dislocation/instability remains the most frequent reason
for revision in the first 11 years after surgery. Loosening is the
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rate after a THA is 9.0%, and dislocation accounts for 22.5% of this
figure [1]. According to the Australian Orthopaedic Association
National Joint Replacement Registry, there is a higher rate of revi-
sion for dislocation in patients receiving a THA via a posterior
approach than an anterior approach [1]. Fleischman et al. found
that clinically significant instability was more frequent in patients
with THA performed through a posterolateral surgical approach
than through anterior and lateral approaches [2]. More recently,
Huerfano et al. showed no statistical difference in dislocation rates
between a posterior approach and direct anterior approach [3].
One of the oldest theories behind dislocation occurrence relates
to component positioning outside of a “safe zone.” Lewinnek et al.
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[4] proposed a range of acetabular orientations that would reduce
the risk of dislocation after arthroplasty. This safe zone theory was
first discussed in 1978 and has been debated and subsequently
revised on numerous occasions with no current clear consensus on
a specific safe zone. Other theories have emerged, which discuss
combined anteversion measurements, functional safe zones, and
patient-specific safe zones.

Achieving desired acetabular orientations intraoperatively is not
straightforward. There are many methods to assess acetabular
orientation intraoperatively, with each having their limitations.
One frequently utilized method is the use of a mechanical guide
attached to the acetabular component introducer. This allows angle
assessment of cup orientation with respect to the position of the
patient. The guides are usually manufactured at 45 and 20 degrees
of acetabular inclination and anteversion, respectively. These
guides can be used in tandem with various computer navigation or
robotic methods to further increase precision. Patient landmarks
such as the native acetabular bony anatomy and the transverse
acetabular ligament aid in acetabular positioning. These anatomical
patient landmarks may help the surgeon compensate for errors in
acetabular cup positioning related to imperfect patient positioning
relative to the operating table, and intraoperative patient move-
ment that may occur during the procedure. Significant degenera-
tive hip disease can make identification and subsequent reliance on
these anatomical landmarks problematic. Dynamic stability testing
intraoperatively can be conducted by the surgeon to help deter-
mine implant stability when trialing hip arthroplasty components.
Hip stability and impingement during range-of-motion testing at
the trial stage of the procedure are traditionally assessed in flexion
plus internal rotation and extension plus external rotation, as
described by Harris [5]. Combined anteversion can be assessed as
per a method described by Ranawat and Maynard [6]. This is ach-
ieved by internally rotating the hip while the leg is in neutral
flexion/extension until the prosthetic neck and acetabular face
become perpendicular. The degree of internal rotation of the hip at
that point is termed combined anteversion.

Ranawat and Maynard [6] also described positioning the hip
while flexed at 30 degrees and adducted 10 degrees and internally
rotating to assess hip stability. It has been anecdotally noted that by
internally rotating the hip to 30 degrees and maintaining 30 de-
grees of hip flexion and 10 degrees of adduction, the prosthetic
head and the acetabular face should be perpendicular for ideal and
safe component positioning. In this position, the acetabular face
and the flat under-surface of the prosthetic femoral head should be
collinear.

There are a multitude of intraoperative clinical assessments that
may be used by the surgeon to help achieve accurate THA
component positioning. Collinearity measurements are one such
assessment that may help the surgeon understand the relationship
between the acetabular and femoral components and help predict
hip stability postoperatively. For example, if the components are
not close to collinear with appropriate leg positioning, it is more
likely that one or both components have been placed incorrectly.
This would deem the patient at higher risk of THA instability,
prosthetic or bony impingement, and abnormal wear, thereby
increasing the likelihood of a poor outcome that may require
revision.

Our study aims to assess the accuracy and utility of this anec-
dotal test in terms of ideal THA component positioning using
simulated computer modeling techniques. A series of patients’ hips
were positioned using 3D computer simulation at 30 degrees of
flexion, 30 degrees of internal rotation, and 10 degrees of adduction
(30/30/10) and assessed for component collinearity positioning at 3
specific acetabular inclination and anteversion positions. The

patient’s native femoral anteversion measurements were un-
changed in this simulation. This 30/30/10 hip position was
compared with positioning the hips at 30 degrees of flexion, 30
degrees of internal rotation, and no adduction (30/30/0) with
regards to achieving component collinearity. The hypothesis
generated was that the 30/30/10 position would be closer to
collinear than the 30/30/0 position. Specific attention was given to
assess how close to collinear the components were in the 3
different acetabular positions.

This generated a primary and secondary research questions.
First, was the test position (30/30/10) closer to collinear than the
control position (30/30/0), and did this test confirm ‘accurate’
acetabular positioning when collinearity was achieved?

Material and methods

This single-surgeon (L.A.A.), single-centered study was under-
taken between August 2017 and March 2020. Fifty-five consecutive
patients requiring primary THA were recruited. Ethics approval was
obtained by the Greater Western Human Research Ethics Com-
mittee, New South Wales, Australia. As part of routine preoperative
assessment and surgical planning, patients received sitting,
standing, and step-up lateral radiographs of the pelvis and a pelvic
computed tomography scan, in addition to standard radiographs.
These data were analyzed through the Corin Optimised Positioning
System [7] (OPS) to determine the ideal acetabular component
orientation. The femoral component version was recorded and
planned to remain unaltered from the patient’s native femoral
version. OPS analysis then produced a patient-specific functional
range-of-motion assessment to determine prosthetic loading,
impingement, and instability. At this stage, the data were de-
identified for the purpose of this study. Data points were recor-
ded with the patient’s femur oriented in both the 30/30/10 and 30/
30/0 positions for 3 acetabular positionings with respect to incli-
nation/anteversion. The 3 simulated positions were as follows:
acetabular component 40 degrees inclination/25 degrees ante-
version, 45 degrees inclination/25 degrees anteversion, and the
ideal OPS determined acetabular inclination and anteversion for
that patient. The number of degrees away from collinearity in each
of these 3 positions was recorded in the 2 different femoral posi-
tions (30/30/10 and 30/30/0) (Figs. 1 and 2). We had no expectation
that the individualized OPS acetabular positioning recommenda-
tions would be closer to collinear than the other positions
measured. In fact, our study allowed an independent comparison
between these 3 positions for collinearity assessment. The planned
femoral stem anteversion was matched with the native femoral
anteversion and was recorded. These data were collated and
analyzed using Stata (V 17.0 Basic Edition, StataCorp LLC, College
Station, TX). A Wilcoxon signed-rank test for dependent samples
was conducted to determine the difference between the mean
collinearity angle away from zero for the 2 groups with respect to
hip positioning across the 3 simulated acetabular positions. A 10-
degree variance from collinearity was determined as the mini-
mum detectable clinical change for this study. The alpha value was
set at 5%, and the beta value set at 80%.

Results

During the recruitment period of 2.5 years, the surgeon (LAA)
performed 55 THAs with OPS analysis. There were 32 right-sided
THAs completed, and 23 left sided. There were no simultaneous
bilateral THAs included. OPS analysis was completed for each pa-
tient, with full data points recorded for the simulated acetabular
positions. One patient did not have their femoral anteversion
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1. Test 1: 30° of flexion and 30° of IR (no adduction)

Figure 1. Collinearity assessment in a Patient for a Left Total Hip Arthroplasty.

recorded. The ideal OPS determined acetabular positions, and
femoral anteversion is displayed in Table 1. The angle away from
collinearity for the 3 acetabular orientations with the hip examined
in 30/30/0 and 30/30/10 is displayed in Table 2. A post-hoc power
analysis was completed, showing a minimum number per group
of 64.

The 30/30/10 test was closer to collinear in the tested acetabular
configurations than the 30/30/0 test (P < .001). The 30/30/10 test was
5 degrees closer than 30/30/0 when comparing the OPS acetabular
configurations (P < .001). It was also 5 degrees closer when
comparing the 40/25 acetabular configuration (P < .001), and 4 de-
grees closer with the 45/25 acetabular configuration (P < .001).
Across the 3 chosen acetabular positions (OPS, 40/20, and 45/25),
when the leg was positioned at 30/30/10, the mean was 9 degrees,
median 7, and range 0-31 degrees. With the leg in 30/30/0 across the
3 acetabular positions, the corresponding mean was 14, median 13,
and range 2-26. This was in keeping with the generated hypothesis.

The 45/25 position was closer to collinear in the 30/30/10 leg
position than both the 40/25 and the OPS “ideal” positions. In the
45/25 position, the mean was 7 degrees/median 6, range 0-22 de-
grees. The 40/25 by comparison had a mean angle of 9, median 7,
and range 1-26 degrees. The OPS ‘ideal’ position had a mean of 10,
median 8, and range 1-31 degrees.

The 45/25 position was also closer to collinear in the 30/30/0 leg
position than both the 40/25 and the OPS recommended positions.
In the 45/25 position, the mean 11 degrees/median 10, range 2-21
degrees. The 40/25 position had a mean angle of 15, median 14, and
range 6-24 degrees. The OPS “ideal” position; mean 16, median 16,
and range 5-26 degrees.

Discussion

Based on our results, we found that examining hip component
collinearity intraoperatively in the 30/30/10 position was more
accurate than the 30/30/0 position. This finding adds scientific rigor
to what has been until now an anecdotal test frequently used by
surgeons intraoperatively. These findings provide surgeons with
greater confidence that if component collinearity is achieved with
appropriate leg positioning, then ideal planned THA component
orientation should also be achieved (close to 45/25), helping miti-
gate the risk of prosthetic dislocation and impingement and
hopefully maximizing component longevity.

Both tested leg positions confirmed that the 45/25 acetabular
position was closer to collinear than 40/25 and OPS “ideal” posi-
tioning. We therefore predict that if collinearity has been achieved
with the correct leg positioning, acetabular configuration will be
close to 45/25 in most patients.

To our knowledge, this is the first study that uses a simulated
intraoperative prosthetic articulating surface collinearity test to
determine acetabular positioning with respect to predetermined
targets. Ranawat and Maynard [6] discussed using a version of
collinearity testing when assessing for combined anteversion. His
test was described with the hip in neutral flexion extension with
increasing internal rotation until collinearity was achieved, thereby
giving the combined component anteversion. In Ranawat’s
described clinical test, he did not discuss hip adduction. Further-
more, the senior author has found the utility of Ranawat’s test is
limited; the hip can feel tight when positioned in extension with
increasing internal rotation (even when retractors are removed).
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1. Test 1: 30° of flexion and 30° of IR (no adduction)

OPS Planned Cup Orientation: 38°/24°

Cup Orientation: 40°/25°

Collinearity: 17°

2. Test 2: 30° of flexion, 30° of IR and 10° of adduction

OPS Planned Cup Orientation: 38°/24°

Collinearity: 8° Colli

Cup Orientation: 40°/25°

. @O
6

Figure 2. Collinearity assessment in aPatient for a Right Total Hip Arthroplasty.

Second, the view afforded in this position is significantly more
limited than in the 30/30/10 position. Judging collinearity is hence
more challenging and likely less accurate.

After Ranawat’s article, Blumenfeld [8] discussed the utility of
the Ranawat test with respect to acetabular inclination when
measuring with the hip in neutral extension and 45 degrees in-
ternal rotation. Blumenfeld stated that if the prosthetic femoral
neck shaft angle has been designed by the company at 135 degrees,
and intraoperatively the iliac crests are directly above one another
and perpendicular to the floor, then if collinearity is achieved,
acetabular inclination will be 45 degrees. Blumenfeld’s test only
addresses inclination not anteversion.

We recognize that there are multiple risk factors surrounding
THA instability. Previously, it was reported that the posterior
approach had a higher rate of revision for dislocation than other
approaches. Fleischman et al [2] reported an increased risk of
dislocation with the posterolateral approach when compared with
both the direct lateral and direct anterior approaches for the first 2
years following THA. A recent large registry-based observational
study out of Sweden [9], however, did not find any statistically
significant difference for reoperation rates for THA dislocation
performed via the posterior approach when compared with the
direct lateral approach. This contrasted with a previous audit from

Table 1
OPS ideal positioning and femoral anteversion.

the same registry taken a decade earlier [10]. The more recent
Swedish registry-based study reported that the then routine use of
head sizes larger than 28 mm, as well as refinements in surgical
technique, were contributing factors in reducing the gap in dislo-
cation rates between the posterior and direct lateral approaches. A
meta-analysis by Kwon et al. [11] showed comparable dislocation
rates for the major surgical approaches used in THA, except when
the posterior approach was used without a capsular repair (which
led to a significantly greater relative risk for dislocation). A 2021
meta-analysis [3] found no difference regarding instability rates
when comparing posterolateral and direct anterior approaches. In
our study, LAA performed THA utilizing a posterior approach with
capsular repair. Long-term dislocation rates in this cohort are yet to
be established.

While there remains no consensus, several studies have exam-
ined optimal “safe zones” for acetabular component positioning.
Lewinnek et al. [4] stated there is a relatively safe range for
acetabular cup orientation: 40 + 10 degrees of abduction and
15 + 10 degrees of anteversion. Later, McCollum and Gray [12]
revised this to 40 + 10 abduction and 30 + 10 anteversion. More
recently, researchers have attempted to challenge and redefine
these safe zones [13-15]. Abdel et al. [16] found that an acetabular
component implanted using a posterior approach was 3 times as

OPS ideal acetabular anteversion

OPS ideal acetabular inclination Femoral anteversion

Mean 23.6 degrees
Median 24 degrees
Range 12-39 degrees

SD 5.2 degrees

40.1 degrees 14.3 degrees

39 degrees 14 degrees
37-45 degrees 1-30 degrees
2.4 degrees 6.9 degrees
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Table 2
Angles away from collinearity.
Angle away from collinearity OPS ideal 40 degrees inclination/25 45 degrees inclination/25 All positions
degrees anteversion degrees anteversion
30/30/0
Median 16 degrees 14 degrees 10 degrees 13 degrees
Mean 15.47 degrees 14.55 degrees 10.51 degrees 13.51 degrees
Range 5-26 degrees 6-24 degrees 2-21 degrees 2-26 degrees
30/30/10
Median 8 degrees 7 degrees 6 degrees 7 degrees
Mean 9.98 degrees 8.58 degrees 7.42 degrees 8.66 degrees
Range 1-31 degrees 1-26 degrees 0-22 degrees 0-31 degrees
Difference 8 degrees (P <.001) 7 degrees (P <.001) 4 degrees (P < .001) 6 degrees (P < .001)

likely to be within these safe zones compared with the antero-
lateral approach but still had an increased risk for dislocation.
Biedermann et al. [15] reported on a consistent relationship be-
tween anteversion and the direction of dislocation, with 15 degrees
of anteversion reported as having an equal relative frequency for
anterior and posterior dislocations. These studies highlight the fact
that there is no single sweet spot when using the posterior
approach. In our study, the mean OPS recommended an acetabular
abduction position of 40.1 degrees (range 37-45 degrees) and a
mean acetabular anteversion of 23.6 degrees (range 12-39), with
most individual cases within these previously described safe zones.

It is now 40 years since the concept of a defined acetabular “safe
zone” was introduced, and new theories continue to emerge with
respect to combined anteversion and functional safe zones. Ac-
cording to Dorr, any reference to a safe zone should incorporate a
combined anteversion measurement rather than acetabular ante-
version alone [17]. This concept highlights the contribution femoral
anteversion adds to THA stability and acknowledges the large
variation in native femoral anteversion measurements. Studies by
Dorr [17] and Widmer and Zurfluh [18] suggested a safe zone for
combined anteversion of 37°+12 and 37.3 degrees, respectively.

Widmer and Zurfluh [18] continued to discuss a relationship
between acetabular anteversion and femoral stem anteversion
whereby stem anteversion contributes 70% of combined ante-
version (ie, combined anteversion equals acetabular
anteversion +0.7 x femoral stem antetorsion), suggesting that
acetabular anteversion has a greater contribution than femoral
anteversion in hip stability after THA. In our study, planned stem
anteversion was aimed to match native femoral anteversion and
was quite variable (1.0-30.0 degrees, mean 14.3 degrees) and
consistent with a study by Maruyama et al. [19] which showed a
large variance in femoral anteversion in 200 hips. The femoral
anteversion range measurements in our study (1-30 degrees) are
likely the main reason for the similar collinearity range values we
discovered (0-31) across all acetabular and leg position groups
analyzed and, as such, do not represent a significant confounding
factor.

The decision to maintain native femoral anteversion in all cases
simulates common intraoperative practice and helps maximize the
utility of this test for arthroplasty surgeons. More research could be
performed using fixed femoral anteversion to explore these vari-
ances in range values detailed above.

The OPS protocol developed by Corin [7] and utilized as pre-
operative planning for THA gives its own generated “ideal”
acetabular positioning. Intraoperatively, patient-specific instru-
mentation and laser technology are used to verify acetabular
component positioning. This acetabular positioning did not offer
any benefits in achieving collinearity in the 30/30/10 or 30/30/
0 positions.

The limitations in our study relate to accuracy of leg positioning
and judging component collinearity intraoperatively. Interobserver
and intraobserver reliability have the potential to be low. There are

multiple angles that the surgeon needs to evaluate in this test, all of
which may be difficult to visually assess accurately. It is difficult to
position the leg in exactly 30 degrees of flexion, 30 degrees of in-
ternal rotation, and 10 degrees of adduction, and at the same time,
it is difficult to reliably determine whether the acetabular and
femoral components are exactly collinear. It is also difficult to po-
sition the patient with their pelvis perfectly square in both planes
to provide an accurate basis upon which the angles are derived.
There is also a high chance of observer bias; surgeons may over-
estimate how close their bearing surfaces are to being truly
collinear. The use of a small jig appropriately designed and recessed
to fit over the femoral head component with a flat surface to sit on
the acetabular component may assist in confirming collinearity.

Our study has shown a statistical difference between 30/30/10
and 30/30/0 groups in achieving collinearity, but the clinical dif-
ference is negligible, with the largest difference being 8 degrees.
The minimum detectable change was set at 10 degrees, which is
higher than the largest difference in the simulated tests. These
small angles are difficult to see in the intraoperative setting and are
likely to be underestimated as an angle closer to zero. The power
analysis, based on a minimum detectable change of 10 degrees, was
performed after the collection of patient data for our study and
shows that the number of patients recruited was below the
threshold required to call this study adequately powered. Addi-
tional research could be undertaken to validate the findings of this
introductory study.

Our computer simulations also were measured as the angle
away from zero. This did not take direction into account. The uti-
lization of a vector in this study would make interpretation of the
data overly complex and likely add little in terms of component
positioning accuracy and test utility. Our study provides scientific
rigor to an intraoperative test with high utility that is frequently
used but little studied.

Conclusions

Intraoperative evaluation of the orientation of both acetabular
and femoral components can be imprecise even with the utility of
robotics or navigation. There are multiple methods that the surgeon
can use to guide and help in the assessment of component orien-
tation in THA. Each method has its own limitations, but the com-
bination of multiple data points allows confidence that planned
component orientation is being achieved. Obvious benefits include
a reduction in hip instability, reduction in component impinge-
ment, and reduced component edge loading with the possibly of
greater THA prosthetic longevity. We advocate for the discussed
collinearity test performed in the 30/30/10 leg position, noting that
this position is more accurate than the 30/30/0 position with
respect to component positioning accuracy. If collinearity is ach-
ieved, it should accurately predict acetabular cup positioning of
very close to 45/25, thus adding a very useful data point to help the
surgeon achieve accurate planned THA component positioning.
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