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Abstract
Objectives To compare soft-tissue changes after total hip
arthroplasty with posterior, direct-lateral, anterolateral, or an-
terior surgical approaches.
Methods MRI of 120 patients after primary total hip
arthroplasty (30 per approach) were included. Each MRI
was assessed by two readers regarding identification of surgi-
cal access, fatty muscle atrophy (Goutallier classification),
tendon quality (0 = normal, 1 = tendinopathy, 2 = partial tear,
3 = avulsion), and fluid collections. Readers were blinded to
the surgical approach.
Results Surgical access was correctly identified in all cases.
The direct lateral approach showed highest Goutallier grades
and tendon damage for gluteus minimus muscle (2.07-2.67
and 2.00-2.77; p = 0.017 and p = 0.001 for readers 1 and 2,
respectively) and tendon (2.30/1.67; p < 0.0005 for reader 1/
2), and the lateral portion of the gluteus medius tendon (2.77/
2.20; p < 0.0005 for reader 1/2). The posterior approach

showed highest Goutallier grades and tendon damage for ex-
ternal rotator muscles (1.97-2.67 and 1.57-2.40; p < 0.0005-
0.006 for reader 1/2) and tendons (1.41-2.45 and 1.93-2.76; p
< 0.0005 for reader 1/2). The anterolateral and anterior ap-
proach showed less soft tissue damage. Fluid collections
showed no differences between the approaches.
Conclusions MRI is well suited to identify surgical ap-
proaches after THA. The anterior and anterolateral approach
showed less soft tissue damage compared to the posterior and
direct lateral approach.
Key Points
• Identification of the surgical approach is well possible with
MR imaging.

• Anterolateral/anterior approaches show less soft-tissue
damage compared to lateral/posterior approaches.

• Posterior approaches show marked damage to external ro-
tator tendons and muscles.

• After direct lateral approaches the gluteus minimus tendon/
muscle show severe damage.

Keywords Magnetic resonance imaging . Total hip
arthroplasty . Surgical approach . Abductor tendons and
muscles . Postoperative imaging

Abbreviations
THA Total hip arthroplasty

Introduction

The use of total hip arthroplasty (THA) increased over the last
decade in most developed countries [1]. Because of an in-
creasing elderly population and higher rate of obesity, use of
THA is expected to increase even more [2]. The classic
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surgical approaches for THA are the posterior approach [3],
the direct lateral approach [4], the anterolateral approach [5],
and the anterior approach [6]. The soft tissue around the hip in
THA has gained more attention with the development of min-
imally invasive soft tissue sparing surgical approaches. The
soft tissue is not only important in regards to the surgical
technique, but also in the work-up of patients with a painful
hip arthroplasty [7]. First imaging step in evaluation of pa-
tients with hip pain after THA are radiographs [8].
Radiographs are useful to assess the bone and the prosthesis,
but lack of visualization of soft tissue around the hip.
Ultrasound can be a useful technique when assessing the post-
operative hip for fluid collections, joint effusion, and abductor
tendons [9]. With the development of advanced MRI tech-
niques for metal artefact reduction, assessment of patients af-
ter THA has become feasible [10, 11]. MRI of hip arthroplasty
can be used to assess complications associated with the pros-
thesis such as osteolysis [7], infection [12], and assessment of
abductor tendons and muscles [13]. In clinical routine, often
no information on the surgical approach is available when
assessing MRI of patients with a total hip prosthesis.
Therefore, the purpose of our study was to assess if it is pos-
sible to correctly identify the surgical approach by MR imag-
ing and to compare damage to soft tissue around the hip joint
after THA between the different surgical approaches to estab-
lish soft tissue damage profiles for each surgical approach on
MRI.

Materials and methods

This retrospective study was approved by the local ethics
committee. The following four surgical approaches for total
hip arthroplasty were evaluated: posterior approach, direct
lateral approach, anterolateral approach, and anterior
approach.

Patients

The Picture Archiving and Communication System (PACS)
was searched by one author for all MR hip examinations be-
tween January 2012 and March 2014 that mentioned prosthe-
sis or total hip arthroplasty in the report. This search resulted
in 238 patients. The following inclusion criteria were then
applied: Patients were examined because of hip pain after
primary total hip arthroplasty (THA) with no explanation for
the pain on clinical examination and radiographs, information
on the type of surgical approach available by clinical notes or
surgical reports, no revision surgeries, dedicated hip imaging
protocol (see MRI protocol), and MR imaging at least
3 months postoperatively. Metal-on-metal prostheses were in-
cluded (only two patients). Patients with periprosthetic infec-
tions were excluded. Of the initial 238 patients, 105 were

excluded for not meeting these criteria: 57 patients with no
data on surgical approach because index surgery was per-
formed at external institutions, 35 patients with revision sur-
geries, three patients with MR imaging within the first
3 months after surgery, three patients femoral head
resurfacings, one patient with a tumour prosthesis, and three
patients with periprosthetic infections.

Therefore, 133 patients were eligible. The 30 consecutive
most current MR studies in each approach group were select-
ed for the analysis.

MRI protocol

Examinations were performed on a 1.5 Tesla MR-scanner
(Magnetom Avanto, Siemens, Erlangen, Germany). The im-
aging protocol consisted of a transverse STIR with an opti-
mized inversion pulse [14] to reduce metal artefacts (TE/TR
31/4000 ms; slice thickness 7 mm; matrix 269 × 384; field-of-
view 18 cm, readout bandwidth 450 Hz/pixel), a coronal STIR
with slice-encoding for metal artefact correction (SEMAC)
[11] (TE/TR 31/4000 ms; slice-thickness 4 mm; matrix
307 × 384; field-of-view 24 cm; slice-encoding steps 10, read-
out bandwidth 780 Hz/pixel), a coronal T2-weighted high-
bandwidth sequence (TE/TR 58/4000 ms; slice-thickness
4 mm; matrix 282 × 512; field-of-view 22 cm; readout band-
width 390 Hz/pixel), a transverse T1-weighted high-band-
width sequence (TE/TR 8.6/600; slice-thickness 6 mm; matrix
410 × 512, field-of-view 20 cm, readout bandwidth 425 Hz/
pixel), and a sagittal T1-weighted high-bandwidth sequence
(TE/TR 7.3/550 ms; slice-thickness 4 mm; matrix 320 × 320;
field-of-view 20 cm; readout bandwidth 435 Hz/pixel).

MRI assessment

A random number was assigned to each MR examination
(Microsoft Excel, Version 2010, Microsoft Corporation,
Redmond, WA, USA) and the MR examinations were
assessed in an ascending order (with a random distribution
of the different surgical approaches). All MR examinations
were assessed by two musculoskeletal radiologists separately
(C.A. and R.S.* - with 1 year and 5 years of experience in
musculoskeletal imaging) after an initial training session.
Both readers were blinded to the surgical approach. The sur-
gical approach was assessed on MR images and categorized
by both readers into either posterior, direct lateral, anterolater-
al, or anterior approach. To identify the surgical approach,
scarring of soft tissue and susceptibility artefacts along the
four potential surgical approaches on all available sequences
were used as imaging criteria.

Muscles - Fatty atrophy of the following muscles was
assessed using the Goutallier classification [15] (grade
0 = no fat; grade 1 = few fatty streaks; grade 2 = <50 %
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fat; grade 3 = 50 % fat, grade 4 = >50 % fat): iliopsoas,
gluteus minimus (anterior, mid, and posterior portion),
gluteus medius (anterior, mid, and posterior portion), glu-
teus maximus, tensor fasciae latae, piriformis, internal
and external obturator, and quadratus femoris. Fatty atro-
phy was assessed on coronal T2-weighted, transverse T1-
weighted, and sagittal T1-weighted images, depending
on which plane best to show the muscle’s cross-section.
For obliquely running muscles, multiple planes were tak-
en into consideration before grading fatty atrophy.
Tendons - The following tendons were assessed: the hip
abductor tendons (gluteus minimus, lateral and
superoposterior portion of the gluteus medius) and hip
external rotator tendons (piriformis, internal and external
obturator tendon). A semi-quantitative tendon damage
score was used: 0 = normal, 1 = tendinopathy, 2 = partial
tear, 3 = non-anatomic insertion (complete tear/surgical
detachment/osseous avulsion), with higher scores indi-
cating higher tendon damage.
Fluids - In the periarticular soft tissue, extrabursal fluid
collections were noted. Presence or absence of fluid with-
in the trochanteric bursa and iliopsoas bursa was noted.
Joint fluid around the prosthetic joint (joint effusion) was
assessed on fluid sensitive sequences (detectable or
undetectable).
Fascia lata defects - Defects in the fascia lata were
assessed on transverse images and the length of the defect
was measured in mm. Only large defects defined as
≥10 mm were counted.
Nerves - The femoral nerve, the sciatic nerve and the
lateral femoral cutaneous nerve were assessed for scar-
ring around the nerve, for the presence of nerve disrup-
tion, and presence of neuromas.

Statistics

Descriptive statistics were applied. Kruskal-Wallis test was
applied to assess differences between the four approaches re-
garding fatty muscle degeneration and tendon damage score,
p < 0.05 indicating a statistically significant difference. The
approach with the highest mean tendon or muscle damage
was compared to each other approach separately with Mann-
Whitney U tests, with a threefold Bonferroni-adjusted p-value
for tthese sub-analyses (p-values <0.01667). Differences be-
tween the four approaches regarding fluid collections, fluid
within the trochanteric bursa, fluid within the iliopsoas bursa,
and detectable joint effusion were assessed using a Chi-square
test for independence. Post-hoc testing was performed with
adjusted standardized residual analysis [16] with an eightfold
Bonferroni-adjusted p-value (p < 0.006). Interreader agree-
ment for the surgical approach detection, extrabursal fluid
collections, fluid within the trochanteric and iliopsoas bursa,

and detectable joint effusion was calculated using Kappa sta-
tistics. For these calculations IBM SPSS Statistics Version 22
(IBM Corp., Armonk, NY, USA) was used. Interreader agree-
ment for fatty muscle degeneration and tendon damage score
was assessed using linear weighted Kappa statistics using
MedCalc Statistical Software version 14.12.0 (MedCalc
Software bvba, Ostend, Belgium).

Results

Patient characteristics are shown in Table 1. All MRI exami-
nations of these patients were acquired between January 2011
and March 2014.

All surgical approaches were correctly identified by both
readers (Kappa k = 1.0), meaning 100 % agreement.

A comprehensive overview of the detailed results for
changes in fatty muscle atrophy, tendon damage, fluid collec-
tions, bursae, and detectable joint effusions are given in
Tables 2, 3, 4 and 5 and Figs. 2 and 4.

In the following paragraphs individual damage profiles are
presented.

Posterior approach (Fig. 1)

Muscles - For both readers, patients with a posterior ap-
proach showed statistically significantly higher fatty in-
filtration of the external rotator muscles (piriformis, inter-
nal and external obturator, and quadratus femoris muscle)
compared to the other approaches (Table 2). Compared to
each other approach individually, the piriformis muscle,
the internal obturator muscle, the external obturator mus-
cle, and the quadratus femoris muscle showed statistically
significantly higher Goutallier grades with the posterior
approach(p < 0.0005-0.010 for both readers). Two excep-
tions were the piriformis muscle for the posterior ap-
proach compared with the direct lateral approach (p =
0.162) and the quadratus femoris muscle, also compared
with the direct lateral approach due to Bonferroni adjust-
ment (p = 0.024), both for reader 2.
Tendons - Damage to the external rotator tendons was
markedly higher with the posterior approach compared
to the other approaches individually (p < 0.0005-0.001
for reader 1, and p < 0.0005-0.017 for reader 2) (Figs. 1
and 2). Non-anatomic insertion were found in 22/30
piriformis tendons, 21/30 internal obturator tendons,
and 8/30 external obturator tendons by reader 1 (26/30,
25/30, and 14/30, respectively, for reader 2).
Fluids - Fluid collections generally were uncommon for
all approaches. However, in the peritrochanteric region
fluid collections were only found with the posterior ap-
proach, except in one patient with a direct lateral ap-
proach (Table 3). Fluid within the trochanteric bursa
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was found in 8/30 patients by reader 1, and 7/30 for
reader 2 (Table 4). Fluid within the iliopsoas bursa was
less common compared to the other approaches, although
not statistically significantly different (Table 4). Joint ef-
fusion was commonly detected by both readers, but with-
out a statistically significant difference compared to the
other approaches (Table 5).
Other findings - No defects in the fascia lata of 10 mm
width or more were found for the posterior approach. No
damage to nerves was detected.

Direct lateral approach (Fig. 3)

Muscles - With the direct lateral approach, the mid and
posterior portion of the gluteus minimus muscle showed
higher Goutallier grades (both readers) compared to the
other approaches (Table 2, Fig. 3). Post hoc analysis
showed that Goutallier grades in the mid portion of the
gluteus minimus muscle were statistically significantly

higher compared to the posterior and anterior approach
(p < 0.0005-0.010, both readers), but not for the antero-
lateral approach (p = 0.301 and p = 0.085, for readers 1
and 2, respectively). The posterior portion of the gluteus
minimus muscle showed statistically significant higher
Goutallier grades compared to the anterior approach
(p = 0.002 and p = 0.012 for readers 1 and 2, respective-
ly), but not compared to the anterolateral approach (p =
0.043 due to Bonferroni-adjustment, and p = 0.115).
Compared to the posterior approach Goutallier grades
were statistically significantly higher only for reader 1
(p = 0.005 for reader 1, p = 0.063 for reader 2). The ante-
rior portion of the gluteus minimus muscle showed a high
degree of fatty degeneration with all approaches. The
gluteus medius muscle (all three portions) showed no
statistically significant difference between the approaches
regarding fatty degeneration (Table 2).
Tendons - The gluteus minimus tendon showed statisti-
cally significantly higher damage scores compared to the

Table 1 Patient characteristics
Approach Age (years) Months between surgery and MRI Right Left Male Female

Posterior (n = 30) 68 ± 12 67 ± 66 16 14 11 19

Direct-lateral (n = 30) 69 ± 11 91 ± 68 13 17 15 15

Anterolateral (n = 30) 66 ± 10 42 ± 45 12 18 13 17

Anterior (n = 30) 63 ± 9 32 ± 24 12 18 10 20

Overall (n = 120) 66 ± 11 60 ± 58 53 67 49 71

Note – Data presented as mean ± standard deviation. Note that patients with anterior approach on average are
younger with a smaller interval between surgery and MRI, as orthopaedic surgeons at our institution in recent
years mainly used the anterior approach

Table 2 Fatty muscle atrophy for each surgical approach

Muscle Reader 1 Reader 2

Posterior Direct lateral Antero-lateral Anterior p-value Posterior Direct lateral Antero-lateral anterior p-value

Iliopsoas 1.3 ± 0.6 1.3 ± 0.8 1.2 ± 0.6 1.1 ± 0.6 0.467 1.2 ± 0.4 1.4 ± 0.5 1.4 ± 0.7 1.2 ± 0.5 0.300

Gluteus minimus ant 2.4 ± 0.6 2.2 ± 0.8 2.3 ± 0.6 2.2 ± 0.6 0.220 2.2 ± 0.6 2.2 ± 0.8 2.0 ± 0.4 2.2 ± 0.6 0.549

Gluteus minimus mid 2.0 ± 0.7 2.7 ± 1.0 2.4 ± 1.1 2.0 ± 0.9 0.017 2.0 ± 0.8 2.8 ± 1.0 2.3 ± 1.1 1.8 ± 0.9 0.001

Gluteus minimus post 1.4 ± 0.7 2.1 ± 1.1 1.0 ± 0.9 1.3 ± 0.9 0.006 1.4 ± 0.7 2.0 ± 1.2 1.5 ± 0.9 1.4 ± 0.9 0.066

Gluteus medius ant 1.9 ± 0.3 1.9 ± 0.6 1.8 ± 0.5 1.9 ± 0.7 0.566 1.7 ± 0.7 2.0 ± 0.8 1.6 ± 0.6 1.6 ± 0.7 0.053

Gluteus medius mid 1.8 ± 0.4 1.70.2 1.8 ± 0.5 1.9 ± 0.7 0.698 1.7 ± 0.6 1.9 ± 0.6 1.5 ± 0.6 1.7 ± 0.8 0.058

Gluteus medius post 1.7 ± 0.5 1.60 ± 0.5 1.7 ± 0.6 1.7 ± 0.5 0.692 1.5 ± 0.5 1.6 ± 0.5 1.4 ± 0.7 1.3 ± 0.6 0.283

Gluteus maximus 2 1.8 ± 0.4 1.9 ± 0.3 1.9 ± 0.3 0.167 1.8 ± 0.4 1.9 ± 0.3 1.8 ± 0.4 1.7 ± 0.5 0.127

Tensor fasciae latae 2. ± 0.4 2.0 ± 0.5 2.0 ± 0.5 2.0 ± 0.4 0.949 1.7 ± 0.6 1.8 ± 0.7 1.9 ± 0.7 2.0 ± 0.6 0.418

Piriformis 2.0 ± 0.7 1.5 ± 0.7 1.3 ± 0.5 1.2 ± 0.6 0.0005 1.6 ± 0.9 1.3 ± 0.5 1.0 ± 0.3 0.9 ± 0.6 0.0005

Internal obturator 2.7 ± 1.0 1.8 ± 0.9 1.3 ± 0.7 1.4 ± 0.8 0.0005 2.4 ± 1.1 1.6 ± 0.9 1.1 ± 1.0 1.2 ± 0.7 0.0005

External obturator 2.5 ± 0.9 1.3 ± 0.6 1.5 ± 0.7 1.3 ± 0.6 0.0005 2.1 ± 1.1 1.2 ± 0.5 1.2 ± 0.8 1.2 ± 0.6 0.0005

Quadratus femoris 2.2 ± 0.8 1.7 ± 1.2 1.5 ± 0.9 1.5 ± 0.9 0.001 2.1 ± 1.0 1.6 ± 1.1 1.3 ± 1.0 1.4 ± 1.0 0.006

Note – Data are Goutallier grades presented as mean ± standard deviation. Table fields with statistically significant differences (Kruskal-Wallis test) in
fatty muscle atrophy between the different surgical approaches are marked with a grey background and the highest value for each reader marked bold.
ant = anterior portion, mid =mid portion, post = posterior portion
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other approaches separately (p < 0.0005 for all compari-
sons and both readers) (Fig. 4). Also, damage to the lat-
eral portion of the gluteus medius tendon was higher with
the direct lateral approach (p < 0.0005 for all comparisons
and both readers, while the mean damage score to the
superoposterior insertion of the gluteus medius tendon
was low and comparable to the other approaches (Fig. 4).
Fluids - Fluid collections were uncommon for the direct
lateral approach (Table 3). Fluid within the trochanteric
bursa wasmost commonly found (12/30 patients) by both
readers for the direct lateral approach (Table 4). Fluid
within the iliopsoas bursa was found in 7/30 patients
and not statistically significantly different compared to
the other approaches (Table 4). Joint effusion was com-
monly detected, comparable to the other approaches
(Table 5).

Other findings - Fascia lata defects of 10 mm or more
were most commonly found for the direct lateral ap-
proach (six patients for reader 1, five patients for reader
2). No damage to nerves was detected.

Anterolateral approach (Fig. 5)

Muscles - No muscle showed highest fatty degeneration
with the anterolateral approach compared to the other
approaches (Table 2). The anterior and mid portion of
the gluteus minimus showed high Goutallier grades, but
less than with the direct lateral approach and comparable
to the posterior and the anterior approach (Table 2).
Tendons - Mean tendon quality was goodwith the antero-
lateral approach, comparable to the anterior approach
(Figs. 2 and 4).
Fluids - Fluid collections were less common compared to
the other approaches, only two for reader 1 and one for
reader 2 (Table 3). Also, fluid within the trochanteric
bursa was rare and less common compared to the other
approaches (three patients for both readers) (Table 4).
Fluid within the iliopsoas bursa was found in about one
third of the patients by both readers with the anterolateral
approach, comparable to the anterior approach and slight-
ly more than with the posterior and direct lateral approach

Table 3 Fluid Collections
Reader 1 Reader 2

Approach Access route Peritrochanteric Access route Peritrochanteric

Posterior (n = 30) 2 5 4 5

Direct lateral (n = 30) 2 1 2 1

Anterolateral (n = 30) 2 1

Anterior (n = 30) 3 4

Note – Data are number of patients with soft tissue fluid collections (excluding fluid in bursae). No statistically
significant differences were found between the groups for presence or absence of fluid collections regardless of
location (p = 0.630 for reader 1, p = 0.334 for reader 2). Fluid within the access route was uncommon.
Peritrochanteric fluid collections were almost exclusively found for the posterior approach

Table 4 Bursae

Trochanteric bursa Reader 1 Reader 2

Approach

Posterior (n = 30) 8 7

Direct lateral (n = 30) 12 12

Anterolateral (=30) 3 3

Anterior (n = 30) 5 8

Iliopsoas bursa Reader 1 Reader 2

Approach

Posterior (n = 30) 3 3

Direct lateral (n = 30) 7 7

Anterolateral (n = 30) 11 8

Anterior (n = 30) 11 8

Note – Data are number of patients with fluid in the respective bursa.
With the Chi-square test for the trochanteric bursa no statistically signif-
icant difference was found by reader 2 (p = 0.063). For reader 1 Chi-
square test indicated a statistically significant difference between trochan-
teric bursal fluid (p = 0.036). However, for reader 1 adjusted residuals
were 0.5 (p = 0.617), 2.5 (p = 0.012), -2.0 (p = 0.046), and -1.0 (p =
0.317) for the posterior, direct lateral, anterolateral, and anterior approach,
respectively – not reaching the eightfold Bonferroni-adjusted significance
level of p < 0.006). For the iliopsoas bursa, no statistically significant
difference were found between the surgical approaches by both readers
(p = 0.058 and p = 0.331, for reader 1 and 2, respectively)

Table 5 Detectable joint effusion

Joint effusion Reader 1 Reader 2

Approach

Posterior (n = 30) 12 15

Direct lateral (n = 30) 17 19

Anterolateral (n = 30) 20 23

Anterior (n = 30) 16 22

Note – Data are number of patients with detectable joint effusion. Joint
effusionwas commonly detected due to the use ofmetal artefact reduction
sequences. No statistically significant difference regarding detectable
joint effusion within the prosthetic joint was found by both reader (p =
0.222 and p = 0.128 for reader 1 and 2, respectively)
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(Table 4). Joint effusion was commonly detected by both
readers (Table 5).
Other findings - Defects of 10 mm or more to the fascia
lata were uncommon (three for reader 1, two for reader 2).
No nerve damage was detected.

Anterior Approach (Fig. 6)

Muscles - No muscle was most heavily fatty degenerated
with the anterior approach compared to the other ap-
proaches (Table 2, Fig. 6). Muscle quality was compara-
ble to the anterolateral approach and good on average,

except the anterior portion of the gluteus minimus, which
showed high Goutallier grades on all approaches.
Tendons - Tendon quality was generally good with the
anterior approach and no tendon showed highest damage
scores compared to the other approaches (Figs. 2 and 4).
Fluids - Fluid within the access route was slightly more
commonly found with the anterior approach compared to
the anterolateral approach (Table 3). Fluid within the tro-
chanteric bursa was uncommon (Table 4). Fluid within
the iliopsoas bursa was as frequently found as with the
anterolateral approach and more commonly compared to
the posterior and direct lateral approach (Table 4). Joint

Fig. 1 65-year-old woman 10 years after primary hip arthroplasty with
gluteal pain. Transverse T1-weighted image (a) and a schematic illustra-
tion (b) of the posterior approach (white arrows (a), red arrow (b)). There
are multiple small susceptibility artefacts along the posterior approach. As
the external rotator tendons are released from the trochanter during

surgery we commonly found marked damage to the external rotator ten-
dons and muscles with the posterior approach - exemplary shown as fatty
atrophy (Goutallier grade 2) of the internal obturator muscle (white open
arrow in (a) and black/white striped in (b)

Fig. 2 3D bars represent mean tendon damage score for the external
rotator tendons for each surgical approach for reader 1 (a) and reader 2
(b). There was a statistically significant difference between the surgical
approaches with highest damage to the external rotator tendons found for
the posterior approach (p < 0.0005 for both readers and each muscle),

compared to the other approaches. On x-axis 1 = posterior (plum), 2 =
direct lateral (green), 3 = anterolateral (teal), 4 = anterior (orange). P =
piriformis tendon, IO = internal obturator tendon, EO = external obturator
tendon
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Fig. 3 74-year-old woman
15 months after primary hip
arthroplasty with hip pain. The
direct lateral approach is well
visible (white arrows) on the
transverse T1-weighted image (a)
and shown by the red arrow on
the schematic illustration (b).
There is a large gap in the fascia
lata (*). There is a defect in the
gluteus minimus muscle along the
surgical approach (white arrows,
a), which should not be mistaken
as fatty infiltration of the muscle.
On a more cephalad section (c)
the gluteus medius muscle (white
open arrow) shows only minor
fatty infiltration (Goutallier grade
1). The gluteus minimus muscle
(white arrowhead) shows more
fatty infiltration (Goutallier grade
2). For the direct lateral approach,
commonly the most severely
damaged structure was the glute-
us minimus muscle (black/white
striped (b)) and tendon

Fig. 4 3D-Bars represent mean damage score for the abductor tendons
for each surgical approach for reader 1 (a) and reader 2 (b). There were
statistically significant differences between the approaches for the gluteus
minimus tendon and the lateral portion of the gluteus medius tendon (p <
0.0005, both readers) with highest damage with the direct lateral
approach. For the superoposterior portion of the gluteus medius tendon,

no difference was found between the surgical approaches (p = 0.140 and
p = 0.282 for reader 1 and 2, respectively). On x-axis 1 = posterior (plum),
2 = direct lateral (green), 3 = anterolateral (teal), 4 = anterior (orange).
Gmin = Gluteus minimus tendon, GmedL =Gluteus medius tendon later-
al portion, GmedP =Gluteus medius tendon posterior portion
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effusion, as with the other approaches, was found in most
cases (Table 5).
Other findings - A defect in the fascia lata of 10 mm or
more was only found in one patient by both readers. No
damage to nerves was detected.

Interreader agreement

Interreader agreement for fatty muscle infiltration (k = 0.548,
range 0.127-0.818) and tendon damage score (k = 0.497,
range 0.149-0.689) was moderate. Moderate interreader
agreement was also found for extrabursal fluid collections
(k = 0.452). Interreader agreement for fluid in the trochanteric
bursa and iliopsoas bursa was substantial (k = 0.636). There
was moderate agreement for detectable joint effusion (k =
0.584).

Discussion

In this study we showed that it is feasible to identify correctly
the surgical approach after primary total hip arthroplasty by
MR imaging. The surgical approach was correctly identified
by susceptibility artefacts and scar tissue in all patients by both
readers.We also established individual damage profiles for the
posterior, direct lateral, anterolateral, and anterior surgical ap-
proach for total hip arthroplasty. Damage to the gluteus
minimus muscle, external rotator muscles, as well as damage
to the gluteus minimus and medius tendons and the external
rotator tendons was most dependent on the surgical approach.

When reading an MR examination of a patient after THA,
the surgical approach should be actively identified.
Knowledge about the surgical approach helps radiologists to
assess the most commonly damaged structures in clinical rou-
tine imaging. It provides guidance to the radiologists not to

Fig. 5 59-year-old man 8 months after primary hip arthroplasty with hip
pain. The anterolateral approach (white arrow (a), red arrow (b)) is
clearly identifiable between the gluteus medius muscle and tensor
fasciae latae muscle on the transverse T1-weighted image (a) and the

schematic illustration (b). With the anterolateral approach there was no
individual muscle or tendon that was most commonly damaged compared
to the other approaches

Fig. 6 66-year-old woman 23 months after primary hip arthroplasty with
hip pain and an external snapping hip. A transverse T1-weighted image
(a) and the schematic illustration (b) show the anterior approach. Scarring
and susceptibility artefacts along the anterior approach (white arrow (a),
red arrow (b)) between the rectus femoris muscle and the tensor fasciae

latae muscle are readily identifiable. Note that there is fatty atrophy of the
gluteus minimus (rated Goutallier grade 3 on more cephalad sections, not
shown) and medius muscles (Goutallier grade 2) in this patient (a). No
individual muscle or tendon was most commonly damaged with the an-
terior approach compared to the other approaches
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miss or misinterpret findings along the surgical approach.
Because MRI allows confident identification of the surgical
approach after primary total hip arthroplasty, it is not neces-
sary to enquire about the surgical approach if the approach is
not mentioned on the study request.

Previous studies have reported different soft tissue findings
with MR imaging depending on the surgical approach, but
only two different approaches were compared at a time [17,
18].

With the posterior approach, the short external rotators are
usually detached to expose to the joint. This explains the high
level of fatty infiltration in the short external rotators and the
non-anatomic insertions of the tendons found in our study.
Modifications of the posterior approach have been reported
in which the external rotators are reattached [19] or at least
partially spared [20]. This might explain why not all patients
with non-anatomic insertions of the external rotators in our
study showed high fatty infiltration of the corresponding mus-
cles, as after a repair functionality might still be intact.

The direct lateral approach, also known as transgluteal ap-
proach, showed highest damage to the abductor muscles and
tendons in our study. With this approach the gluteus medius
muscle is transected, which can result in abductor muscle and
tendon damage [21].

The anterolateral approach makes use of the intermuscular
plane between the tensor fasciae latae muscle and the gluteus
medius muscle, allowing sparing the hip abductors when
using this approach [22]. Interestingly, in our study there
was no single muscle or tendon commonly damaged with
the anterolateral approach compared to the other approaches,
proving the soft tissue sparing effect of this approach.

The anterior approach for total hip arthroplasty also uses an
intermuscular plane and, therefore, no tendons or muscles
have to be detached or released [21]. Bremer et al. compared
the anterior approach with the direct lateral approach regard-
ing soft tissue damage after total hip arthroplasty and less
muscle and abductor tendon damage for the anterior approach
has been reported [17], which was confirmed by our study.

Overall, our results showed that the anterolateral and ante-
rior approach resulted in less muscle and tendon damage com-
pared to the posterior and direct lateral approach. The reason
for this is the access via intermuscular planes and preservation
of the tendons by the anterior and anterolateral approach.
However, even with the anterior approach, there might be
accidental damage to the external rotators during surgery
[23]. Therefore, a thorough evaluation of the MR examina-
tions is mandatory.

Queen et al. reported no difference regarding gait mecha-
nism 6 weeks after surgery between different surgical ap-
proaches [24]. Another study showed no difference in clinical
hip scores, dislocation, and revision rates 5 years after total hip
arthroplasty between the posterior and anterolateral approach
[25]. On the other hand, Pfirrmann et al. have been shown that

abductor tendon defects were more common in symptomatic
patients than in asymptomatic patients after total hip
arthroplasty using a direct lateral approach [13]. Because of
the retrospective nature of our study wewere not able to assess
the clinical significance of the MRI findings that were
detected.

A limitation of our study was the use of the Goutallier
classification system on the hip muscles. In the shoulder mus-
cle quality is generally assessed on the sagittal plane showing
the cross section of the corresponding muscle. In the hip sev-
eral muscles run obliquely in relation to standard imaging
planes. Therefore, the used standard imaging planes (coronal,
transverse, and sagittal) did often not show a nice cross section
of a muscle, which may have made the assessment of the fatty
atrophy more difficult. For the evaluation of the surgical ap-
proach we used scarring and susceptibility artefacts. However,
a potential bias may have been coexisting soft tissue damage,
such as muscle atrophy or muscle/tendon disruption along the
approach, which obviously could not be completely ignored
by the readers. Another limitation is the different interval be-
tween surgery and MR examination for the different surgical
approaches, as this might also have an influence on the fatty
atrophy. The intervals are different because the surgical tech-
nique evolved over time, nowadays often favouring the ante-
rior or anterolateral approach.

In conclusion, we showed that MRI is well suited to iden-
tify surgical approaches after primary THA. The anterior and
anterolateral approach showed less soft tissue damage com-
pared to the posterior and direct lateral approach. Fluid collec-
tions did not show a specific pattern.
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