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Abstract
Purpose The potential influence of acetabular component ori-
entation on iliopsoas impingement in total hip arthroplasty
(THA) has not been previously quantified. The aim of the
present study was to utilize pre- and post-operative CT-based
3D models to quantify iliopsoas impingement on acetabular
components, and to identify any potential factors associated
with iliopsoas impingement.
Methods Iliopsoas muscle was modelled from pre-operative
CT scans and transferred to the post-operative 3D models in
19 THAs. The volume and the area of the overlap between
iliopsoas muscle and acetabular cup (iliopsoas volume& area)
was measured on axial and sagittal images. Most protruded
lengths of cup uncovered by acetabular bone were measured
on axial sagittal scan of CT scans. Version of acetabulum,
acetabular cup, and the difference between the two (version
difference) were also measured with cup inclination and size.

Linear regression analysis was performed to identify any fac-
tor influencing iliopsoas impingement.
Results Iliopsoas impingement volume and area were 100.6±
226.1 (range, 0.0–663.9) mm³ and 52.6±102.0 (0.0–342.3)
mm³, respectively. The protruded lengths on axial and sagittal
view were 6.9±5.3 (0.0–16.0) and 2.1±2.7 (0.0–8.0). Linear
regression model showed that version difference was signifi-
cantly related to the iliopsoas impingement volume and area
(beta=−0.709, p=0.041 for volume, and beta=−0.684, p=
0.047 for area).
Conclusions The results of this study demonstrate that
iliopsoas impingement on acetabular components was influ-
enced by the version difference between pre-operative acetab-
ular bone and acetabular component rather than the magnitude
of post-operative cup version alone.
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Introduction

Total hip arthroplasty is one of the most successful procedures
in the orthopaedic field [1]. Patient satisfaction is generally
high following this procedure; however, a number of patients
have functional difference according to the procedures [2], or
pain after the operation [3]. Among the possible various
causes, iliopsoas impingement (IPI) and tendinitis is one pos-
sible reason for persistent groin pain after THA [1]. The inci-
dence of iliopsoas impingement after total hip replacement
(THR) is reported up to 4.3 % [4], however the mechanism
is not yet fully understood.

For the evaluation of iliopsoas impingement, one or more
imaging studies can be used for diagnosis and treatment [5].
Although ultrasonography described in several studies is
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helpful in evaluating dynamic status of iliopsoas [6–9], it has
not been widely used and it is highly dependent on the expe-
rience and technique of ultrasonographers [5]. For computed
tomography (CT), it is known to enable diagnosis with a good
sensitivity and specificity for iliopsoas impingement [10];
however, to our knowledge, only two studies reported the
evaluation of iliopsoas impingement using CT scans [10,
11]. Although these two studies used CT scans to measure
acetabular component version [10, 11], the potential influence
of acetabular component orientation on iliopsoas impinge-
ment in patients with THA has not been reported. To date,
there have been no quantitative analyses of 3-dimensional
(3D) evaluation of iliopsoas impingement using CT scans.
Although CT scans have achieved widespread popularity ow-
ing to their easy interpretation, accuracy and precision, CT-
scan accuracy of anatomical hip evaluation was debated re-
cently when it was compared to the 3D modelling technique
[12, 13], the virtual equivalent of the gold standard. Therefore,
the aim of the present study was to utilize pre- and post-
operative CT-based 3D models to quantify iliopsoas impinge-
ment on acetabular components, and to identify any potential
factors associated with iliopsoas impingement. We hypothe-
sized that the cup anteversion would correlate with the amount
of impingement between iliopsoas and the acetabular
component.

Methods

Patients

Nineteen hips (7 left and 12 right) in 16 patients (3 males and
13 females) with primary osteoarthritis who underwent robot-
ic assistance cementless THA (RIO Robotic Arm Interactive
Orthopedic System, Stryker Mako, Fort Lauderdale, FL,
USA) between January 2012 and April 2013 were included
in this study. Approval of the institutional review board was
obtained and each patient provided written informed consent
for this study. Mean age was 64.2±7.4 (range, 47–73) years.
Mean height was 167.0±7.6 (range, 155–183) cm, mean
weight was 72.6±17.6 (54–111) kg, and mean body mass
index (BMI) was 25.3±5.3 (18.5–35.8). Prior to the scheduled
operation, CT scans of the each patient from the fifth lumbar
vertebra to the distal femur was obtained (Sensation 64, Sie-
mens, Germany) with an image resolution of 512×512 pixels
and a voxel size of 0.97×0.97×0.60 mm using 140 kVp. A
posterior approach was used in all cases and a tapered stem
(Linear stem, DJO Global, Vista, CA, USA) was inserted
using a haptic robotic hip system (MAKOplasty® total hip
application; MAKO Surgical Corporation, Ft. Lauderdale,
FL, USA). Although the utility of robot-assisted THA was
outside the scope of the present study, the study was limited
to those patients who underwent robot-assisted THAs as CT is

routinely performed for surgical planning purposes in these
patients. Thus, inclusion of these THA patients avoided ex-
posing additional radiation to the potential study patients.
Post-operative hip CT scan of the each patient was also ob-
tained at a mean of 10.0±2.3 (range 6–14) months after sur-
gery. The mean follow up was 19.6±4.8 months (range, 12–
24 months). There was no case of infection or dislocation
during the follow-up period.

Using a commercially available program (Rhinoceros®,
Robert McNeel and Associates, Seattle, WA, USA), surface
models of pre-operative pelvis and femur, and those of post-
operative pelvis, femur, and THA components were created
from CT scans in accordance with a previously published
study protocol [14]. Iliopsoas (IP) muscle contour was created
from the pre-operative CT scans to avoid the artefacts of the
post-operative CT scans. The iliopsoas muscle model that was
created was transferred together with pre-operative pelvis
models to the post-operative 3D hip models based on the
pelvic bones (Fig. 1). The deviation of the distances between
surface models of the pre- and post-operative pelves were
0.98±0.24 mm. Overlap volume and contact area (iliopsoas
impingement volume and area) on the cup side between
iliopsoas muscle and acetabular component were calculated.
The most protruded lengths of acetabular cup uncovered by
the acetabular bone were also measured directly on the post-
operative 2D CT images on axial and sagittal view based on
the method by Cyteval et al. [10] (Fig. 2).

All created models were imported to the MATLAB pro-
gram (The Mathworks Inc., Natick, MA) for measurement
of the true (anatomical) anteversion and the inclination of

Fig. 1 The combination area impingement (red, solid) between iliopsoas
(pink, transparent) and acetabular component (gray). Femur and psoas
origin is not shown in this figure
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native acetabulum preoperatively and the acetabular compo-
nent postoperatively. First, the pelvic coordinate system was
determined based on a previous study by Murray et al. [15].
The best-fitting 3D opening plane was determined after digi-
tizing multiple points which are distributed on the rim of the
acetabulum or cup, and each targeted angle of anteversion and
inclination was obtained based on this opening plane.

Statistical analysis

For descriptive analysis, all data was presented using a mean
value and a standard deviation with a range. Linear regression
analyses were performed to determine the influencing factors
for iliopsoas impingement volume and area between iliopsoas
muscle and acetabular component. Further analysis of com-
parisons of the parameters of iliopsoas impingement (iliopsoas
volume and area, and protruded lengths) between the hips
with the cup anteverted greater than 10 degrees relative to
native acetabular version and those with anteverted less than
10 degrees relative to native acetabular version was performed
using Mann–Whitney U test. Statistical analyses were per-
formed with SPSS software for Windows (version 20.0,
SPSS, Chicago, IL) and p value of <0.05 was considered
significant.

Results

Iliopsoas impingement (measured as overlap between
iliopsoas muscle and acetabular cup) was detected in more
than half of the hips (11 hips) in the study. The iliopsoas
impingement volume and area on 3D models were 100.6±
226.1 (range, 0.0–663.9) mm³ and 52.6±102.0 (range, 0.0–
342.3) mm³ (Table 1). There was iliopsoas impingement vol-
ume over 500 mm³ in three cases. Protruded lengths were 6.9
±5.3 (range, 0.0–16.0) mm on axial view and 2.1±2.7 (range,
0.0–8.0) on sagittal view, respectively (Table 1).

In the linear regression analyses to determine the potential
factors on the parameters of iliopsoas impingement (iliopsoas
impingement volume and area, and protruded lengths), the

version difference was significantly related to the iliopsoas
impingement volume and area (standardized regression coef-
ficient (R)=−0.709, p=0.041 for volume, and R=−0.684, p=
0.047 for area). This indicates that the difference in the cup
version relative to the pre-operative native acetabular version
is associated with iliopsoas impingement with greater overlap
between iliopsoas muscle and acetabular component
(Table 2). Interestingly however, other factors such as the
absolute magnitude of cup version, cup inclination or cup size
were not correlated to the iliopsoas impingement volume or
area.

Further analyses of comparisons of parameters of iliopsoas
impingement according to the version difference between na-
tive acetabulum and acetabular component revealed that THA
hips with cup version anteverted greater than 10° relative to
the native acetabular version showed significantly lower
iliopsoas impingement volume and area along with protruded
lengths than those with cup version anteverted less than 10°
relative to the native acetabular version (Table 3).

Discussions

Iliopsoas impingement is an important differential diagnosis
in patients with painful total hip arthroplasty (THA). Preven-
tion of iliopsoas impingement in THAs is important as it often
needs surgical treatment such as iliopsoas muscle tenotomy or
revision of acetabular component [1]. The present study quan-
tified the influence of the acetabular component orientation on
iliopsoas impingement using CT scans and CT-based 3D
models. The results of this study demonstrate that iliopsoas
impingement on the acetabular component was influenced by
the version difference between acetabular bone and acetabular
component rather than the absolute magnitude of post-
operative cup version alone.

For the diagnostic imaging tools for iliopsoas impinge-
ment, ultrasonography has been reported in several studies
as helpful in diagnosis and treatment [6–9]. It is known that,
in the hands of an experienced radiologist, ultrasonography
can show a greater degree of soft tissue contrast than CTscans

Fig. 2 Maximum protruded
lengths of the acetabular
component from themargin of the
acetabulum were measured on
axial view and sagittal view of CT
scans
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[7–9], and the iliopsoas tendon is frequently displaced antero-
medially by the acetabular component in iliopsoas impinge-
ment patients [16]. Peritendinous injection can be performed
during the ultrasonography, but there is concern for its tempo-
rary effect [5] or the risk of infection [1]. Even though CT
scans cannot observe the dynamic status of the iliopsoas mus-
cle, there is an advantage to measure acetabular component
version and to detect how much of the acetabular component
is uncovered [5, 10, 11]. Although it is known that CT scans
enable diagnosis with a good sensitivity and specificity for
iliopsoas impingement [10], the information regarding CT
scans on iliopsoas impingement is limited. Cyteval et al. re-
ported that acetabular component prominence >12 mm was
seen on CT in patients with IPI [10], and Dora et al. described
that the mean prominence of the acetabular component on CT
scans was reported to be 5.8 mm [11]. However, it remains

unknown whether acetabular component version is related to
iliopsoas impingement [5] or which factors influence iliopsoas
impingement. Furthermore, given that there are controversies
over the accuracy of CT studies with 2D images [12, 13],
information using 3D images along with 2D images would
be helpful to understand the features of the IPI on acetabular
components. In the present study utilizing CT scans and CT-
based 3D models for evaluation of iliopsoas impingement,
there were overlaps between iliopsoas muscle and acetabular
component in more than half of the hips, and in three cases,
there was iliopsoas impingement volume of over 500 mm³.
Furthermore, the difference between the native acetabular ver-
sion and cup version influenced the iliopsoas impingement
rather than the acetabular cup version as previous studies re-
ported [17–19]. This finding indicates that surgeons may need
to consider a cup version relative to the native acetabulum to
minimize the risk of iliopsoas impingement after a THA.

In our further analysis of comparisons of parameters of
iliopsoas impingement on acetabular components (iliopsoas
impingement volume and area, and protruded lengths), ac-
cording to the version difference between acetabular and cup
versions, all potential impingement parameters were signifi-
cantly lower when cup version was anteverted more than 10
degrees compared to the native acetabular version (Table 3)
than those with the cup anteverted less than 10 degrees com-
pared to the acetabulum. This indicates that the probability of
iliopsoas impingement would decrease if cup version is
anteverted over 10 degrees compared to the native acetabular
version. In each case, the acetabular cup was covered more by
the native acetabulum when cup version is anteverted more
than 10 degrees compared to the native acetabular version. For
the cup version, we acknowledge that multiple factors should
be considered for the acetabular cup version such as native
acetabular version or combined anteversion [20]. However, in

Table 2 Linear regression model
for combined volume and areaa Measure Iliopsoas impingement volume Iliopsoas impingement area

Rb (95 % CI) p-value Rb (95 % CI) p-value

Age −0.41 (−29.07, 4.97) 0.129 −0.33 (−11.97, 3.26) 0.236

BMI 0.13 (−27.29, 38.44) 0.938 −0.04 (−13.95, 15.46) 0.913

Acetabulum version N-C N-C

Cup version 0.29 (−11.59, 26.82) 0.271 0.14 (−6.92, 10.26) 0.679

Version differencec −0.71 (−28.89–1.75) 0.041 −0.68 (−12.76, −0.50) 0.047

Cup inclination −0.17 (−32.80, 20.67) 0.630 −0.24 (−15.91, 8.02) 0.486

Cup size −0.04 (−96.04, 86.08) 0.907 −0.16 (−49.40, 32.09) 0.852

IPI iliopsoas impingement, CI confidence interval, N-C non-contributable (excluded from the model)
a R²=0.507 for volume model and 0.615 for area model
b Standardized regression coefficient
c Difference between acetabular version and cup version (Cup version – Acetabular version). Positive value
means acetabular cup is more anteverted compared to the opening of acetabulum

Table 3 Comparisons of iliopsoas impingement parameters between
acetabular cup version greater and less than 10 degrees compared to
native acetabular versiona

Measure >10°a <10°a p-value

IPI volume (mm³) 1.5±3.0 315.3±321.3 0.008

IPI area (mm²) 4.2±6.9 157.6±134.2 0.008

Protruded length (axial)b 5.0±3.9 11.2±5.6 0.036

Protruded length (sagittal)b 0.8±0.8 4.8±3.3 0.012

IPI iliopsoas impingement

Data are presented with mean±standard deviation
a >10° means cup is anteverted greater than 10 degrees relative to the
native acetabula version
b Maximum protruded length of the acetabular component from the mar-
gin of the acetabulum on axial view and sagittal view of CT scans
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perspective of iliopsoas impingement, the present study data
suggest that acetabular cup version less than the native ace-
tabular version should be avoided to minimize the risk of
iliopsoas impingement.

This study has several limitations. First, it was a retrospective
study. We were not able to determine that the patients’ symptom
was specifically related to the impingement of iliopsoas muscle,
thus we focused only on images rather than clinical symptoms.
Second, we segmented iliopsoas muscle from preoperative CT
scans and transferred it to the postoperative 3D models. As the
femur position of postoperative CTscans may differ from that of
preoperative CTscans, the iliopsoas position of postoperative CT
scans could have been changed. However, we performed this
study as we focused on the overlapped volume and area between
the preoperative iliopsoas muscle contour and postoperative ac-
etabular cup, and the focused area of iliopsoas impingement in
this study is the inguinal area which is less mobile than the distal
insertion area of iliopsoas. Finally, the present study investigated
primary THA cases without severe dysplasia or osteophyte for-
mations. When there is a dysplasia of the anterior wall of the
native acetabulum or extensive osteophytes, it is often challeng-
ing to determine the cup version during the operation and care
should be taken to avoid relying solely on the anatomical acetab-
ular ring to antevert the acetabular component. Further studies
with patients with dysplasia would be necessary.

In conclusion, the results of this study demonstrate that
iliopsoas impingement on the acetabular component was influ-
enced by the version difference between pre-operative acetabular
bone and acetabular component rather than the magnitude of
post-operative cup version alone. This finding indicates that sur-
geons need to consider a cup version relative to the native ace-
tabulum to avoid iliopsoas impingement after a THA.
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