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Abstract

Background Iliopsoas tendon impingement is one possi-

ble reason for persistent groin pain and diminished

functional outcome after THA. So far, estimation by eye

and palpation is the standard procedure to intraoperatively

assess the distance of the cup to the anterior rim. However,

novel technologies such as imageless navigation enable

intraoperative measurements of the cup in relation to the

psoas tendon and bony landmarks.

Questions/purposes We asked whether psoas impinge-

ment (1) can be reduced using imageless navigation

compared with the standard technique and (2) is associated

with specific patient characteristics. Furthermore, we

investigated (3) if anterior cup protrusion (overhang) is

associated with lower outcome scores for pain and

function.

Methods The current study is a reanalysis of data from a

randomized controlled trial evaluating navigation for THA;

135 patients were randomized for surgery with or without

the use of imageless navigation. The risk for anterior

protrusion of the cup above the acetabular rim and thus

potential psoas impingement, defined as an overhang of the

cup above the anterior acetabular rim as measured on

postoperative CT, was either controlled with the help of

navigation or standard control by eye and palpation intra-

operatively. Postoperatively, the anterior protrusion of the

cup above the acetabular rim was measured on three-di-

mensional (3-D) CT by a blinded, external institute. In

addition to patient-related outcome measures, the Harris

hip score, Hip disability and Osteoarthritis Outcome Score,

and EuroQol were obtained 1 year postoperatively. Alto-

gether 123 data sets were available for primary analysis

and 115 were available for 1-year followup.

Results There was no difference, with the numbers

available, between the navigated and the control groups in

terms of the mean distance of the cup below the antero-

superior acetabular rim (3.9 mm; �5.3 to 12.6 mm versus

4.4 mm; �7.9 to 13.7 mm; p = 0.72) or the anteroinferior

acetabular rim (4.7 mm; �6.2 to 14.8 mm versus 4.2 mm;

�7.1 to 16.3 mm; p = 0.29). There was no difference, with

the numbers available, in terms of the proportion of cups

with anterior overhang (7%, four of 57 versus, 15%, 10 of

66; p = 0.16), respectively. After controlling for potential

confounding variables such as cup inclination, cup size,

patient age, BMI, stage of arthritis, and length of skin

incision, we found cup anteversion (hazard ratio [HR],

0.87; 95% CI, 0.81–0.93; p\ 0.001) and female sex (HR,

3.88; 95% CI, 1.01–14.93; p = 0.049) were associated with

a propensity to potential psoas impingement. With the

numbers available, there were no differences observed in
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clinical scores between groups with and without anterior

cup protrusion.

Conclusions We found no differences between imageless

navigation and estimation by eye and palpation in pre-

venting potential psoas impingement. Despite the

comparable clinical outcome for patients with and without

cup protrusion, the orthopaedic surgeon should be espe-

cially aware of propensity for psoas impingement in

women.

Level of Evidence Level II, therapeutic study.

Introduction

Iliopsoas tendon impingement after THA is a potential

source of groin pain and impaired function [3]. One study

showed that 4.3% of patients had anterior psoas impinge-

ment develop after THA [1]. After clinical, laboratory, and

radiographic exclusion of diagnoses requiring immediate

surgical intervention such as dislocation, fracture, or

infection [8, 9, 15], the diagnosis of psoas impingement

should be considered in patients presenting with painful

active hip flexion after THA [10]. In addition to the

patient’s history and physical examination, CT offers the

possibility to observe a prominence of the acetabular

component above the acetabular rim with contact to the

anterior iliopsoas tendon causing irritation [5]. In addition,

ultrasound-guided infiltration of the psoas tendon enables

further confirmation of the diagnosis. Psoas impingement

has various treatment options ranging from ultrasound-

guided peritendinous injections, iliopsoas tenotomy and

lengthening, to acetabular component revision [7]. Intra-

operative oversizing, lateralization, and retroversion of the

acetabular component may increase the risk of cup pro-

trusion over the anterior rim with secondary irritation of the

iliopsoas tendon [7, 12].

Minimally invasive surgical techniques with reduced

incision lengths and less-extensive exposures are safe

without greater operative complication or component

malrotation rates [16]. However, with these approaches it is

more difficult for the orthopaedic surgeon to estimate the

anatomic situation intraoperatively [4, 25]. Thus, obser-

vation of a cup overhang above the anterior acetabular rim

as commonly performed during THA might be compro-

mised. In contrast, imageless navigation systems without

the need for preoperative or intraoperative image acquisi-

tion and exposure to radiation have been reported to

increase precision in positioning the acetabular component,

achieve leg length and offset reconstruction, and prevent

impingement [19, 24]. The current study is a reanalysis of

data from a randomized controlled trial [19]. The primary

study dealt with ROM improvement by computer-assisted,

functional optimization of cup position and containment. In

the current analysis, we focused on propensity of psoas

impingement as this novel navigation device is capable of

detecting potential psoas impingement independently.

During cup impaction, the system shows the distance to the

previously registered iliopsoas tendon points. We com-

pared this navigation-guided technique with the standard

estimation of cup position by eye and palpation as usually

performed in clinical practice. In terms of psoas impinge-

ment, other than various case reports [5, 6], one study

described an association of psoas impingement to the dif-

ference between native acetabular and acetabular

component version [13]. However, to the best of our

knowledge, no randomized comparative trials are available

that compare intraoperative techniques regarding their

effect on prevention of potential psoas impingement in

THA.

Our purposes therefore were to: (1) determine whether

the use of imageless navigation can reduce the propensity

of psoas impingement compared with standard intraoper-

ative estimation by eye and palpation, (2) identify specific

patient characteristics which predispose to psoas impinge-

ment, and (3) investigate if anterior cup protrusion

(overhang) is associated with lower outcome scores for

pain and function.

Patients and Methods

The current study is a reanalysis of data from a registered,

prospective controlled trial (DRKS00000739, German

Clinical Trials Register) evaluating navigation for THA.

According to the main study, patients were randomized to

with or without the use of imageless navigation [19]. The

investigation was approved by the local ethics commission.

The purpose of the primary study was to assess whether the

artificial joint’s ROM can be improved by computer-as-

sisted, functional optimization of cup position and

containment [19]. In addition to combined anteversion

measurements [23], the navigation system independently

detected protrusion of the cup above the anterior acetabular

rim.

Between December 2011 and March 2013, a series of

783 patients admitted for primary uncemented THA at our

institution owing to primary or secondary osteoarthritis was

screened. According to the protocol of the main study

[17, 19], eligible participants were patients between the

ages of 50 and 75 years with an American Society of

Anesthesiologists (ASA) score of 3 or below who were

admitted for primary cementless unilateral THA

attributable to primary or secondary osteoarthritis. Exclu-

sion criteria were age younger than 50 years (as a

postoperative CT scan was required) and older than 75

years (to ensure postoperative followup was achieved),
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ASA score greater than 3, arthritis attributable to hip

dysplasia, posttraumatic hip deformities, and previous hip

surgery. To allow gait analysis as intended for the primary

outcome only patients who had no significant disease of the

contralateral hip were included. Because of the strict

inclusion criteria, of 783 patients screened, 597 did not

meet the inclusion criteria. Twenty-seven patients declined

to participate and 19 were excluded for other reasons (eg,

cancellation of the operation owing to elevated inflamma-

tory markers). The first five navigated cases were regarded

as a learning curve. Finally, 135 patients were randomized

to either navigated or standard THA. The randomization

algorithm was performed as previously described [19].

THA was performed with all patients in the lateral

decubitus position using a minimally invasive single-inci-

sion anterolateral approach by four experienced

orthopaedic surgeons (JG, ES, MW, TR). Each surgeon had

experience with more than 200 conventional and naviga-

tion-controlled THAs. Press-fit acetabular components and

cement-free hydroxyapatite-coated stems (Pinnacle1cup,

Corail1stem; DePuy, Warsaw, IN, USA) with metal heads

of 32 mm were used. Of the initially 135 randomized

patients, five (3.7%, four in the navigated and one in the

control group) did not receive the allocated intervention.

Of these five patients, one having shut down of the navi-

gation system was included in analysis per intention to treat

(ITT). Another eight patients (5.9%, six in the navigated

and two in the control group) were excluded from analysis

owing to missed or incorrect CT (four patients) or with-

drawal of informed consent (four patients). Altogether 123

data sets were included for final CT analysis. For 1-year

followup, 115 patients were available (53 in the navigated

and 62 in the control group) (Fig. 1). Anthropometric

characteristics of the navigation and control groups were

comparable (Table 1).

For patients who were randomly allocated to the navi-

gation group, the intraoperative distance of the cup to the

anterosuperior and anteroinferior iliopsoas tendon was

measured using imageless navigation (Hip 6.0 prototype;

Brainlab, Feldkirchen, Germany). The registration process

was performed as previously described [19]. After resec-

tion of the femoral head and exposure of the native

acetabulum, acetabular osteophytes were removed. The

acetabular rim and the psoas tendon anterosuperiorly and

anteroinferiorly were registered. During cup impaction the

navigation system showed the distance of the inserted cup

to the psoas tendon according to the registered tendon

points (Fig. 2). All surgeons aimed to avoid a protrusion of

the cup above the anterior acetabular rim with contact to

the iliopsoas tendon. The distance was shown continuously

on the screen. For patients who were randomly allocated to

the control group, intraoperative cup alignment in relation

to the anterior acetabular rim was estimated by eye and

palpation during cup impaction. Intraoperative character-

istics of both intervention groups were comparable

(Table 2).

At a mean of 6 weeks postoperatively, pelvic CT scans

were performed (SOMATOM1 Sensation 16; Siemens,

Erlangen, Germany). Independent segmentation was

obtained on the pelvic bone and the metal acetabular

component by an independent external institute (Fraun-

hofer MEVIS, Bremen, Germany), blinded to individual

patient data, including the type of surgical approach. Based

on the segmented three-dimensional (3-D) bone models the

distance of the cup in relation to the anterosuperior and

anteroinferior acetabular rim was measured (Fig. 3). All

measurements were performed with the leg in the neutral

position. The accuracy of measuring anterior cup overhang

on CT has been reported in previous studies [5, 13].

Negative values represent a protrusion of the cup above the

acetabular rim resulting in a potential risk of psoas

impingement. This was defined as propensity of iliopsoas

impingement. Therefore, the results in the current study do

not reflect clinically apparent psoas impingement but

potential psoas impingement owing to an acetabular over-

hang. We then compared the proportion of patients with

anterosuperior and anteroinferior protrusion of the acetab-

ular component between the navigation-guided and the

standard technique. In addition, we researched risk factors

associated with potential psoas impingement. The anterior

pelvic plane was used as the pelvic coordinate system for

cup position. For clinical evaluation, patient-related out-

come measures were obtained 1 year postoperatively using

the validated Harris hip score (HHS), Hip Osteoarthritis

Outcome Score (HOOS) [2], and EuroQol (EQ-5DTM)

[11].

An independent power calculation was performed for

investigation of the primary endpoints in this secondary-

outcome analysis: protrusion of the cup above the

anterosuperior and anteroinferior acetabular rim. Conse-

quently, each of the corresponding hypotheses was tested

on a Bonferroni-adjusted, two-sided 5%/2 = 2.5% sig-

nificance level. Owing to the lack of data regarding psoas

impingement, we used previous results of navigation-

guided biomechanical leg length and offset reconstruction

and conservatively set the effect size to 0.6 [24]. Based

on these considerations, a sample size of 45 in each group

achieved a power of 80% using two-sample t-tests

(nQuery Advisor 7.0; Statistical Solutions Ltd, Cork,

Ireland). Secondary endpoints, risk factors associated with

psoas impingement, were tested on a 5% significance

level.

For statistical analysis, CT measurements are presented

as median (range). Group comparisons were performed by

Mann–Whitney U tests owing to the nonnormal data dis-

tribution. Absolute and relative frequencies were given for
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categorical data and compared between study groups by

chi-square tests. Multivariate logistic regression, including

cup inclination, cup anteversion, sex, BMI, age, cup size,

Kellgren–Lawrence score, and length of skin incision, was

performed to search for risk factors associated with

potential psoas impingement. The primary hypothesis was

tested on a Bonferroni-adjusted two-sided 2.5% signifi-

cance level, whereas all secondary hypotheses were tested

in an explorative manner on a two-sided 5% significance

level. SPSS Statistics, Version 22.0 (IBM Corporation,

Armonk, NY, USA) was used for analysis. All analyses

were performed by intention to treat.

Results

With the numbers available, there was no difference

between the navigated and standard methods for mean

distance between the cup and the anterosuperior or

anteroinferior acetabular rim. CT measurements showed a

mean distance between the cup and the anterosuperior

acetabular rim of 3.9 mm (�5.3 to 12.6 mm) in the navi-

gated group and of 4.4 mm (�7.9 to 13.7 mm) in the

control group (p = 0.72), respectively (negative values =

cup above the anterior acetabular rim, positive values = cup

below the anterior acetabular rim). Similarly, we found a

Fig. 1 The flow diagram shows the distribution of all participants in the study. MIS = minimally invasive surgery; 3-D = three-dimensional.
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mean distance between the cup and the anteroinferior

acetabular rim of 4.7 mm (�6.2 to 14.8 mm) in the navi-

gated group and 4.2 mm (�7.1 to 16.3 mm) in the control

group (p = 0.29) (Fig. 4). The percentage of patients with

an anterosuperior and anteroinferior overhang of the cup

was 7.0% (four of 57) in the navigation group and

15.2% (10/66) in the visually controlled group (p = 0.16)

(Fig. 5).

Cup anteversion was associated with anterior overhang

of the cup with a Spearman correlation coefficient of 0.46

(p \ 0.001) anterosuperiorly and 0.33 anteroinferiorly

(p \ 0.001). Cup protrusion over the anterior acetabular

rim was observed more frequently in women than in men

(Supplemental Fig. 1. Supplemental material is available

with the online version of CORR1.). After controlling for

potential confounding variables such as cup inclination,

cup size, patient age, BMI, stage of arthritis, and length of

skin incision, we confirmed cup anteversion (hazard ratio

[HR], 0.87; 95% CI, 0.81–0.93; p\0.001) and female sex

(HR, 3.88; 95% CI, 1.01–14.93; p = 0.049) associated with

propensity of potential psoas impingement (Table 3).

With the numbers available, there were no differences

observed in clinical scores between groups with and

without anterior cup protrusion. Mean HHS one year

postoperatively was 96 (50–100) for patients without

potential psoas impingement compared with 96 (72–100)

for patients with an acetabular overhang (p = 0.71). Simi-

larly, we found HOOS values of 92.5 (48.8–100.0) in the

group with cup protrusion and of 93.8 (63.8–99.4) in

patients without cup protrusion (p = 0.29). EQ-5DTM one

year postoperatively showed excellent results indepen-

dently of anterior cup overhang and thus potential psoas

Fig. 2 In the navigation group the distance of the acetabular

component in relation to the registered psoas tendon was visible on

the screen.

Table 1. Anthropometric characteristics of the study group*

Characteristic Control group Navigated group

Age (years) 63 ± 8 63 ± 8

Gender (men/women) 33/33 24/33

BMI (kg/m2) 27 ± 4 27 ± 4

Treatment side (right/left) 39/27 28/29

ASA Class 1 16 9

ASA Class 2 30 33

ASA Class 3 20 15

Kellgren–Lawrence score 9 (5–10) 8 (6–10)

*Categorical data values are given as relative and absolute frequen-

cies; quantitative data values are given as mean (SD) or median

(range); ASA = American Society of Anesthesiologists.

Table 2. Intraoperative characteristics of the study group*

Variable Control group Navigated group

Length of skin incision (cm) 10 ± 1 10 ± 1

Operating time (minutes) 64 ± 14 72 ± 12

Cup size 54 (48–60) 54 (48–62)

Cup inclination (�) 42 ± 6 43 ± 5

Cup anteversion (�) 18 ± 9 18 ± 7

Cup coverage (%) 90 (52–99) 88 (66–100)

*Categorical data values are given as relative and absolute frequen-

cies; quantitative data values are given as mean (SD) or median

(range).

Fig. 3 Anterosuperior and anteroinferior distance of the cup to the

anterior acetabular rim was measured on postoperative three-dimen-

sional CT by a blinded external institute. The red dots represent the

osseous anterosuperior and anteroinferior acetabular rim.
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impingement with 1.0 (0.79–1.00) versus 1.0 (0.89–1.00)

(p = 0.96).

Discussion

Prior research has suggested psoas impingement to be a

potential cause of pain and functional limitations after

THA [3], therefore we believe it is important that surgeons

are mindful of technique and patient factors that might be

associated with it. However, to our knowledge, no studies

have investigated these issues in a randomized trial. We

therefore asked whether (1) the use of imageless navigation

reduced the propensity of psoas impingement compared

with intraoperative estimation by eye and palpation, (2)

specific patient characteristics predisposed to psoas

impingement, and (3) anterior cup protrusion (overhang)

was associated with lower outcome scores for pain and

function.

There are several limitations of this study. First, we

measured overhang of the cup in relation to the acetabular

anterior rim and did not account for symptomatic psoas

impingement. Although the obtained distance is an objec-

tive outcome parameter, it primarily reflects radiographic

findings suggestive of possible impingement and not clin-

ical symptoms. Despite the lack of clinical problems

attributable to psoas impingement in the current study

group, the findings may be relevant as they reflect cup

positions with a propensity of psoas impingement

attributable to an anterior overhang. Second, the main

study dealt with evaluation of an impingement-detection

algorithm preventing osseous and prosthetic impingement

following the concept of combined anteversion influencing

cup position. However, the psoas impingement detection

device of the navigation system separately restricted cup

anteversion in relation to the psoas tendon. Third, 76% of

the screened patients did not fulfill the inclusion criteria of

the main study and thus had be excluded. This represents a

potential selection bias. Therefore, the current results apply

to patients with primary or secondary coxarthritis.

According to the exclusion criteria the data do not include

patients with posttraumatic hip deformities or hip dyspla-

sia. In these cases, the results might be different owing to

the anatomic variation. The use of navigation also has

general limitations. First, especially in patients who are

obese, pelvic landmarks can become obscured by overlying

soft tissue, which can make direct referencing for

Fig. 4 The box and whisker plot compares the distance of the cup

and the anterosuperior and anteroinferior acetabular rim between the

navigation-guided and control group.

Fig. 5 The scatterplot shows the distribution of anterosuperior and

anteroinferior cup alignment in relation to the anterior acetabular rim

(negative values = cup above the anterior acetabular rim, positive

values = cup below the anterior acetabular rim).

Table 3. Multivariate analysis of risk factors associated with

propensity of psoas impingement

Variable Hazard ratio 95% CI p value

Cup inclination 1.00 0.93–1.09 0.91

Cup anteversion 0.87 0.81–0.93 \ 0.001

Cup size 1.00 0.81–1.24 0.99

Sex (female) 3.88 1.01–14.93 0.048

Age 0.98 0.93–1.04 0.56

BMI 1.03 0.92–1.15 0.60

Kellgren–Lawrence score 1.04 0.63–1.74 0.88

Length of skin incision 0.88 0.62–1.25 0.46
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computer-assisted surgery difficult [18, 21]. Second, com-

puters are susceptible to electronic failure, which happened

once during our study. Therefore, surgeons using naviga-

tion always need to be aware of potential malfunctions in

the system and should be able to continue operating

without the assistance of a computer at any time. Addi-

tionally, we caution that our results might apply only to the

particular prosthetic system used in this study. However,

the use of a single device minimizes confounding factors

related to design differences among implants.

To answer the first question of the study, imageless

navigation and estimation by eye and palpation were cap-

able of evaluating cup protrusion above the acetabular rim.

The mean distance of the cup below the acetabular rim was

3 to 4 mm and thus comparable between both groups. To

the best of our knowledge, no other comparative studies are

available in the orthopaedic literature researching surgical

techniques in terms of psoas impingement. Cadaveric

analysis identified anatomic variances of the psoas tendon

which might have an effect on psoas impingement [14].

CT-based calculations of psoas impingement areas found

that the difference between native and final cup anteversion

correlated with the radiographic severity of psoas

impingement [13]. In the current study, no preoperative CT

scans were available owing to strict radiation laws in our

country. Therefore, we were not able to measure preoper-

ative native acetabular version. In the current analysis, the

percentage of patients in the navigated group with an

anterior overhang of the cup (7%) was half as much as the

control group (15.2%). Although the result was not statis-

tically significant, this might have a clinically relevant

effect. Therefore, further clinical trials are required

assessing the effect of reduced anterior overhang as

observed in our study on clinically symptomatic psoas

impingement and outcome.

In terms of our second study aim, we performed a

multivariate analysis to control for potential confounding

variables associated with potential psoas impingement. A

low cup anteversion resulted in a 1.15-fold increase of

anterior acetabular cup protrusion. Interestingly we found

female sex was associated with a 3.88-fold higher

propensity of potential psoas impingement. Other sus-

pected parameters like cup size, BMI, and incision length

showed no correlation on propensity of potential psoas

impingement. The unexpected association of female sex to

potential psoas impingement might be attributable to slight

differences between the male and female acetabulum. This

sex-related anatomic variance is supported by a previous

study showing a correlation between sex and acetabular

diameter, anteversion, and depth of psoas valley [22]. In

contrast, another study showed a predominance in males

regarding higher impingement rates for prosthetic and

osseous impingement [19]. Further studies found an

association of native and final acetabular version [13] and

head size [20] on psoas impingement.

Patient-related outcome measures were comparable

between patients with and without an acetabular overhang.

This might be because the maximum acetabular overhang

was 7.9 mm anterosuperiorly and 7.1 mm anteroinferiorly.

We found no prospective studies that have been published

so far describing benchmarks for tolerable acetabular pro-

trusion not predisposing to clinically symptomatic psoas

impingement. Only one case series reported cup protrusion

greater than 12 mm in patients with symptomatic psoas

impingement whereas cup overhang was less than 8 mm in

patients without psoas impingement [5]. In this context,

only severely malpositioned cups with a higher extent of

anterior overhang might result in clinically symptomatic

psoas impingement. In addition, measurements of psoas

impingement so far rely on static positions of the pelvis. As

gait is a dynamic process, the distance of the psoas tendon

to the anterior cup might vary during gait cycle and thus

cannot be detected on CT.

In this randomized controlled trial analyzing the

propensity of psoas impingement as measured on 3-D CT,

we found no difference between estimation by eye and

palpation versus navigation-guided minimally invasive

THA. Future prospective studies focusing on symptomatic

psoas impingement are required to identify benchmarks for

anterior cup overhang causing psoas impingement. We

found female sex was associated with cup protrusion over

the anterior acetabular rim. Therefore, the orthopaedic

surgeon should be especially aware of psoas impingement

in women.
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