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Abstract
Purpose Impingement is a major source for decreased range
of motion (ROM) and dislocation in total hip arthroplasty
(THA). In the current study we analyzed the impact of soft
tissue impingement on ROM compared to bony and/or pros-
thetic impingement.
Methods In the course of a prospective clinical trial 54 pa-
tients underwent cementless total hip arthroplasty in the lateral
decubitus position using imageless navigation. The navigation
device enabled intra-operative ROMmeasurements indicating
soft tissue impingement. Post-operatively, all patients received
postoperative 3D-CT. Absolute ROM without bony and/or
prosthetic impingement was calculated with the help of a col-
lision-detection-algorithm.
Results Due to soft tissue impingement we found a reduced
ROM of over 20° (p<0.001) compared to bony and/or pros-
thetic impingement regarding flexion, extension, abduction
and adduction and of over 10° regarding external rotation
(p<0.001). In contrast, soft tissue impingement showed less
impact on internal rotation in 90° of flexion (p = 0.76).
Multivariate analysis showed an association between BMI
and flexion, whereas all other ROM directions were indepen-
dent of BMI.
Conclusions Soft tissue has a major impact on impingement-
free ROM after THA. For the majority of movements, soft
tissue restrictions are more important than bony and prosthetic
impingement. Future models of patient individual joint

replacement including pre-operative (CT) planning and
intra-operative navigation should include algorithms addition-
ally accounting for soft tissue impingement.
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Introduction

Impingement in total hip arthroplasty (THA) is associated with
reduced range of motion (ROM), higher risk of dislocation,
component wear, and finally patient dissatisfaction [1–3]. In
general impingement can occur between bony, prosthetic,
and/or soft tissue structures [4, 5] (Fig. 1). Intra-operatively
the orthopaedic surgeon aims to find an optimized implant po-
sition to guarantee an impingement free ROM post-operatively.
Therefore, trial implants are used enabling intra-operative
ROM testing. In case of impingement within ROM bench-
marks required for activities of daily living (ADL) [6–8], dif-
ferent intra-operative options exist such as implant reorienta-
tion, offset increase or resection of osteophytes [9, 10].
However, intra-operative ROM estimation by eye harbors the
risk of misinterpretation. Previous studies have shown the dif-
ficulty of intra-operatively preventing impingement by visual
implant orientation [11]. In contrast, technical progress has de-
veloped biomathematical models to prevent impingement [12].
However, these algorithms focus on prosthetic impingement
without accounting for soft tissue. Similarly, 3D-CT analysis
offer information about prosthetic and bony impingement with-
out considering soft tissue structures [13]. Although THA is
one of the most common and successful orthopaedic proce-
dures, there is nonetheless little published information
concerning the impact of soft tissue on impingement free
ROM compared to bony and/or prosthetic impingement.

* Michael Woerner
m.woerner@asklepios.com

1 Department of Orthopaedic Surgery, Regensburg University Medical
Center, Asklepios Klinikum Bad Abbach, Kaiser-Karl V.-Allee 3,
93077 Bad Abbach, Germany

International Orthopaedics (SICOT) (2017) 41:277–282
DOI 10.1007/s00264-016-3216-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-016-3216-1&domain=pdf


In the current study we (1) aimed to investigate the intra-
operative ROM, restricted by soft tissue, in minimally-
invasive THA through an anterolateral approach in a lateral
decubitus position compared to prosthetic and/or bony im-
pingement. Furthermore, we (2) researched into correlations
with anthropometric patient data (ASA, BMI, Kellgren-
Lawrence index, incision length, treatment side, and sex)
and implant geometries (cup size, stem size, stem geometry).

Patients and methods

Study flow and ethics

In the course of a registered, prospective controlled trial
(DRKS00000739, German Clinical Trials Register) 54 pa-
tients underwent cementless THA using imageless navigation.
Post-operatively, all patients received 3D-CT. This investiga-
tion was approved by the local Ethics Commission (10-121-
0263). The current study is a subgroup analysis from a larger
cohort [11]. Baseline characteristics of all patients included in
this analysis are displayed in Table 1.

Patients

Patients admitted for primary cementless unilateral (minimal
or no osteoarthritis of the contralateral hip) THA due to pri-
mary or secondary osteoarthritis between the ages of 50 and
75 with an ASA (American Society of Anesthesiologists)
score ≤ 3 were recruited at our Department of Orthopaedic
Surgery between December 2011 and February 2013.
Exclusion criteria according to the criteria of the primary out-
come were coxarthritis secondary to hip dysplasia, post-
traumatic hip deformities, and prior hip surgery. In the navigated
arm out of 66 patients, four did not receive the allocated inter-
vention. In detail, two patients needed an offset liner (+4 mm)

for a sufficient reconstruction of the acetabular offset, and one
patient needed a cemented stem. These patients were excluded
according to the study protocol. In one case the navigation sys-
tem shut down during the procedure, and registration was lost.
Three patients withdrew their informed consent, refused further
participation in the study and were regarded as dropouts. For
three patients CT data were not available. Navigated soft tissue
measurements were not performed with two patients. The re-
maining 54 navigated cases were included for analysis.
Anthropometric characteristics are shown in Table 1.

Operative procedures

THAs were performed by four experienced orthopaedic sur-
geons (JG, TR, ES, MW) from Regensburg University
Medical Center. All operations were performed with the pa-
tient in lateral decubitus position through a minimally invasive
anterolateral approach to the hip after an intermuscular and
interneural tissue plane between the tensor muscle and the
gluteus medius muscle [14]. During the procedure the patient
was secured by two stiff patient positioners on the proximal
part of the sacrum and on the symphysis. Press fit components
(Pinnacle; DePuy, Warsaw, IN, USA) and cement-free hy-
droxyapatite-coated stems (Corail; DePuy Warsaw, IN,
USA) were used. The tribologic pairing consisted of polyeth-
ylene liners and metal heads with a diameter of 32 mm.
Operations were performed in hemispinal anesthesia with ad-
ditional sedatives providing a maximum of relaxation.

An imageless navigation system (Hip 6.0 prototype,
Brainlab, Feldkirchen, Germany) was used for all procedures.
Imageless navigation provides accurate and reproducible
intra-operative measurement of ROM independently of
patient/pelvic positioning. In literature it has been shown that
the mean difference in ROM analyses between 3D-CT and

Fig. 1 Soft tissue impingement in THA. Soft tissue structures
additionally contribute to impingement in THA besides bony structures
and prosthetic components

Table 1 Characteristics
of the study group (54
patients)

BMI (kg/m2) 27.1 ± 4.1

Age (years) 62.9 ± 7.5

Kellgren 8 (6–10)

Cup size 54 (48–62)

Stem size 12 (10–16)

Sex (female) 31 (57 %)

Treatment side (right) 27 (50 %)

Incision length 10.4 ± 1.3

ASA 2 (1–3)

Operation time (min) 71.6 ± 12.5

BMI body mass index, ASA American
Society of Anaesthesiology score
* For categorical data values are given as
relative and absolute frequencies, for quan-
titative data values are given as mean ±
standard deviation or median (range)
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imageless navigation technology lies under 5° [15]. The reg-
istration process for navigated THA in a lateral decubitus po-
sition has been described previously [16–18]. Reference pins
(two Kirschner wires of 3.2 mm diameter) were fixed into the
anterior iliac crest and into the ventrolateral third of the distal
femur. The four points defining the anterior pelvic plane (APP,
anterior superior iliac spines, and pubic tubercles) were regis-
tered using a reference pointer positioned on the skin’s sur-
face. On the femoral side, the medial and lateral aspects of the
epicondyles and ankle points were registered [11].

Intra-operative ROM analysis

Investigation of ROM with computer navigation measure-
ments was performed immediately after insertion of the final
implants. Flexion, extension, abduction, adduction, external
rotation, and internal rotation in 90° flexion were measured
through passive movement of the operated leg by the operat-
ing surgeon to ROM limits (Fig. 2). The patient’s thorax,
pelvis, and lower extremities including the mechanical axis
of the femur (estimated by the femoral head centre and the
centre of both femoral epicondyles) were in line with the
boundaries of the operation table. The basic position was the
leg held straight horizontally in relation to the floor. This basic
position was comparable for navigation and 3D-CT measure-
ments as the movements were performed in relation to the
APP, the reference plane for both navigation and 3D-CT mea-
surements, combined with the femoral mechanical axis.
Automatic detection of motion by the navigation system was
visible on the screen (Fig. 3).

Post-operative ROM analysis

For CT based analysis (Somatom Sensation 16; Siemens,
Erlangen, Germany) six weeks post-operatively the pelvic
bone, the femur, and the metal acetabular and femoral com-
ponents were segmented separately by an independent exter-
nal institute (MeVis Medical Solutions, Bremen, Germany).
The ROM analysis by virtual movement was generated by
means of these segmented bone models with the help of an
already described algorithm with automatic detection of bony/
prosthetic impingement [11]. Directions of movements were
defined according to the recommendations of the International
Society of Biomechanics (ISB) [19]. For every direction (flex-
ion/extension, abduction/adduction, internal rotation in 90° of
flexion/external rotation in 0° of flexion) the absolute ROM,
i.e., the ROMuntil a collision occured, was measured by using
the collision-detection-algorithm [15].

Outcomes and data analysis

IBMSPSS Statistics 22 (SPSS Inc, Chicago, IL, USA)was used
for analysis. The navigation measurements were compared with
the analysis for prosthetic and bony impingement.Weperformed
adescriptive analysis and theWilcoxon test on a5%significance
level reportingmeans, standard deviation and range to show dif-
ferences between measurements of soft tissue impingement and
analysis for prosthetic and bony impingement. For illustration of
method comparison corresponding box plots are presented.

The correlations between the mean ROM restricted by soft
tissues and age, BMI, ASA, Kellgren score, sex, cup size, and
stem size were analyzedwith a binary logistic regressionmodel.

Fig. 2 ROM measurements by
computer navigation system.
Exemplary the leg is led in
internal rotation in 90° of flexion
(a) and in abduction (b)
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Results

Mean implant positions were 42.6°±5.2° for cup inclination,
18.3°±6.6° for cup anteversion and 9.0°±10.5° for stem tor-
sion. We found a reduced ROM due to soft tissue impingement.
The differences between measurements of soft tissue impinge-
ment and ROM restricted by prosthetic/bony impingement were
over 20° for flexion, extension, abduction, and adduction
(p< 0.001) and over 10° for external rotation (p< 0.001)
(Table 2). Soft tissue impingement appeared to have less impact
in internal rotation at 90° of flexion (p=0.76). Comparison of
combined prosthetic/bony with isolated prosthetic impingement
revealed a decreased ROM of more than 20° for adduction and
external rotation (p<0.001). For all other ROM directions the
differences between combined prosthetic/bony and isolated
prosthetic impingement were less than 10°. Differences in
ROM (imageless navigation)measurements between soft tissue,
combined prosthetic/bony and prosthetic impingement are
displayed in Table 2. Box plots of the measurements of pros-
thetic, combined prosthetic/bony and soft tissue impingement
for all ROM directions are presented in Fig. 4.

In a search for variables influencing ROM we found in a
multivariate analysis ROM restriction of >20° in flexion due
to soft tissue impingement to be associated with BMI
(HR=1.2, p=0.05, table XY) whereas we found no other cor-
relation between soft tissue restrictions for flexion and patient

specific characteristics or implant data such as sex, ASA, age,
Kellgren score, cup size, and stem size (Table 3). Furthermore,
no correlations were found for all other ROM directions and
BMI as well other patient characteristics (data not shown).

Discussion

In the current study we showed that the soft tissue situation is
the limiting component for most directions of movement after
cementless THA. Only for internal rotation, there is no signif-
icant difference between soft tissue ROM and prosthetic/
osseous ROM. Increased BMI is an important parameter re-
garding soft tissue impingement as demonstrated in the mul-
tivariate analysis for flexion.

In literature ROM testing during THA is discussed controver-
sially.Widmer et al. [12] focusedon the relative orientation of the
acetabular and femoralprosthetic component toeachother and its
influence on the overall ROMwith the help of biomathematical
calculationsand theoretical assumptions.Theaimwas toposition
both components in such a way that the normal hip joint ROM
[19] was containedwithin the prosthetic ROM.

In addition to impingement between prosthetic components
impingement can also occur between bony structures.
However, additionally soft tissues can reduce ROM.
Whereas the latest studies succeeded in analyzing and

Fig. 3 Intra-operative automatic
registration of ROM through the
computer navigation system as
the surgeon is leading the leg in
maximum positions

Table 2 Mean differences
(mean) and standard deviations
(ST) between measurements of
prosthetic and combined
prosthetic/bony impingement and
combined bony/prosthetic and
soft tissue impingement (54
patients)

Flexion Extension Abduction Adduction ExtRot IntRot90°Flex

Difference combined bony/prosthetic and soft tissue impingement (°) for

Mean 27.9 31.3 27.7 24.3 11.6 −0.6
ST 13.6 17.4 9.7 16.4 16.0 14.8

Difference prosthetic and combined prosthetic/bony impingement (°) for

Mean 3.3 5.9 4.2 21.8 23.2 6.0

ST 5.2 13.7 7.6 11.7 14.6 7.7

ExtRot external rotation, IntRot90°Flex internal rotation in 90° flexion
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preventing impingement between osseous and/or prosthetic
structures [11], there is only little data about reduction of
ROM through soft tissues. Nonetheless soft tissue impinge-
ment is commonly accepted as one reason for reduced ROM
and dislocation [20–22]. Elkins et al. performed a biomechan-
ical analysis of soft tissue impingement of the thigh and
showed an increased risk for dislocation for BMIs of 40 or
greater [23].

There are several limitations of our study. First, mechanical
and muscular limitations, e.g., contractures, neuro muscular
activity, and muscular strength also have the potential to re-
duce ROM in active patients. Furthermore, soft tissue tension
under real life conditions may modify ROM. Moreover, it has
to be considered, that intra-operative passive hip ROM can be

affected by different types of anesthesia, surgical approach,
sterile drapes, soft tissue interventions, orientation of prosthet-
ic components, and implant design [9, 10]. Wound healing
and scar formation could similarly alter post-operative
ROM. Therefore, the registered intra-operative ROM may
vary from post-operative ROM during activities of daily liv-
ing. However, we did not intend to investigate post-operative
ROM but to focus on the general impact of soft tissue on
ROM without potential confounders as mentioned above.
Second, we only performed a passive ROM analysis under
anesthesia. No activemuscular contributions were considered.
Biomechanical studies with gait analysis and further studies to
explore soft tissue impingement have to be performed to an-
swer these ambiguous items. Third, we did not account for
pelvic tilt in our ROM analysis. Under walking conditions the
pelvic position may be different. We believe that the issue of
dynamic pelvic tilt is yet to be resolved [24–26]. Theoretically,
navigation offers the chance to measure the pelvic tilt on the
operating table [27]. Fourth, with 3D-CT analysis and com-
puter navigation we compared two different ROM measure-
ment methods. However, previous studies have shown that
imageless navigation provides accurate and reproducible
intra-operative measurement of ROM independently of
patient/pelvic positioning. The mean difference in ROM anal-
yses between 3D-CT analysis and imageless navigation tech-
nology has been reported to be under 5° [15].

Soft tissue impingement after THA has a major impact on
impingement free ROM for flexion, extension, abduction,

Fig. 4 Box plots of the
measurements of prosthetic
(implant), combined prosthetic/
bony (combined) and soft tissue
impingement (soft tissue) for
flexion, extension, abduction,
adduction, external rotation (Ext
Rot) and internal rotation in 90°
flexion (Int Rot) with means,
standard deviation and range

Table 3 Multivariate analysis for > 20° restriction of flexion – variables
influencing ROM

P HR (95 % CI)

BMI 0.05 1.2 (1–1.43)

Sex 0.83 1.28 (0.13–12.48)

Age 0.48 0.97 (0.88–1.06)

ASA 0.87 0.92 (0.31–2.68)

Kellgren score 0.66 1.19 (0.54–2.61)

Cup size 0.71 1.08 (0.72–1.62)

Stem size 0.75 0.91 (0.52–1.61)

HR hazard ratio, 95 % CI 95 % confidence interval, P p-value
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adduction, and external rotation whereas internal rotation in
90° of flexion is less susceptible to soft tissue impingement.
Although a high BMI is regarded as the major risk factor for
soft tissue impingement, it occurs for most ROM directions
independently of BMI. Therefore, future algorithms for pa-
tient individual improvement of post-operative ROM are en-
couraged to account for soft tissue structures.
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