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Background

Little is known about muscle morphology in people with hip-related pain, without signs
of femoro-acetabular impingement syndrome (FAIS). Identifying changes in hip muscle
volume, fatty infiltrate and establishing relationships between muscle volume and
strength, may provide insight into potential early treatment strategies.

Purposes

To: (i) compare the volumes and fatty infiltrate of gluteus maximus, gluteus medius,
gluteus minimis, tensor fascia latae and quadratus femoris between symptomatic and
less-symptomatic sides of participants with hip-related pain; (ii) compare the volumes
and fatty infiltrate of hip muscles between healthy controls and symptomatic
participants; and (iii) explore relationships of hip muscle volumes to muscle strength and
patient-reported outcome measures in people with hip-related pain.

Study Design

Cross-sectional study

Methods

Muscle volume and fatty infiltrate (from magnetic resonance imaging), hip muscle
strength, patient-reported symptoms, function and quality of life (QOL) were determined
for 16 participants with hip-related pain (no clinical signs of FAIS; 379 years) and 15
controls (31£9 years). Using One Way Analysis of Co-Variance tests, muscle volume and
fatty infiltrate was compared between the symptomatic and less-symptomatic sides in
participants with hip-related pain as well as between healthy controls and symptomatic
participants. In addition, hip muscle volume was correlated with hip muscle strength,
hip-reported symptoms, function and QOL.

Results

No differences in all the studied muscle volumes or fatty infiltrate were identified
between the symptomatic and less-symptomatic hips of people with hip-related pain; or
between people with and without hip-related pain. Greater GMED volume on the
symptomatic side was associated with less symptoms and better function and QOL
(p=0.522-0.617) for those with hip-related pain. Larger GMAX volume was associated
with greater hip abduction and internal rotation strength, larger GMED volume was
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associated with greater hip extension strength, and larger QF volume was associated with
greater hip abduction strength (rho=0.507-0.638).

Conclusion

People with hip-related pain and no clinical signs of FAIS have hip muscle volumes that
are not significantly different than those of matched pain-free controls or their
less-symptomatic hip. Larger GMED muscle volume was associated with fewer symptoms

and greater strength.

Level of evidence

Level 3a

INTRODUCTION

Hip-related pain is commonly associated with hip chondro-
labral pathology, and typically presents as pain in the groin
and anterior hip regions. It is a cause of reduced quality of
life (QOL)! and may progress to hip osteoarthritis (OA).2
The Doha agreement classified groin pain into five cate-
gories, the fifth being “hip-related pain”.3 More recently, a
consensus paper has suggested that hip-related groin pain
be further subdivided into three sub-categories; femoroac-
etabular impingement syndrome (FAIS), hip dysplasia and
other (incorporating chondrolabral pathology).* Changes in
hip muscle function are associated with hip OA5-10 and
FAIS,11-13 where greater hip muscle weakness and between
limb asymmetry is associated with poorer function and
lower hip-related QOL.%1415 Little is known about muscle
function in patients with hip-related pain that do not have
hip OA or FAIS (the ‘other’ category of Zurich agreement?).
This information may inform rehabilitation providers to
improve treatment outcomes for people with hip-related
pain.

Hip movement and dynamic joint stability might reflect
the complex interaction between superficial and deep hip
muscles,1® however this interaction is poorly understood.
Superficial muscles with large physiological cross-sectional
areas and long lever arms can generate high forces,!” while
deeper hip muscles are more suited to stability due to their
morphology and proximity to the joint.16:18,19 Gluteus
maximus (GMAX) and gluteus medius (GMED) are impor-
tant prime movers of the hip,!7 and commonly targeted in
hip rehabilitation programs. GMED muscle size is impaired
in people with advanced hip OA,>7810,20 however, beyond
this, little is known about muscle size or structural changes
within the muscle that may indicate reduced performance
(i.e., fatty infiltrate that is lipid accumulation within the
muscle belly) in people with non-OA hip-related pain.

Hip muscle function, particularly of the deeper hip mus-
cles, is difficult to measure accurately. Segmenting specific
muscle bellies and creating a three-dimensional likeness
from magnetic resonance (MR) images is a reliable, non-in-
vasive and valid method?1-22 ysed to determine muscle vol-
ume. In addition, muscle volume may be used as a “proxy”
for force generating capacity. There is some evidence that
altered hip muscle volume is associated with hip-related
musculoskeletal disease. For example, hip muscle volume
is lower in those with high OA severity, but not in people
with less severe OA.%7 In women with chronic hip-related

pain (including chondrolabral pathology and FAIS) and no
hip OA, hip abductor muscle volume (determined by pool-
ing GMIN, GMED, TFL and part of GMAX volumes) is larger
than in asymptomatic controls, despite lower hip abductor
strength.23

MR imaging also allows for the grading of fatty infiltrate
within the muscle, which may be associated with disuse
and influence muscle strength.24 Patients with hip OA have
greater fatty infiltrate in GMIN and GMAX than healthy
controls.® Greater fatty infiltrate has been observed in peo-
ple with knee OA,2> post whiplash disorder?6 and cervico-
genic headaches,2” compared to controls. Greater fatty in-
filtrate within lumbar multifidus in young athletes with
lower-back pain is associated with less future sporting par-
ticipation.28

Therefore, the purpose of this study was to (i) compare
the volumes and fatty infiltrate of hip muscles (GMAX,
GMED, GMIN, TFL, QF) between symptomatic and less-
symptomatic sides of participants with hip-related pain; (ii)
compare the volumes and fatty infiltrate of hip muscles be-
tween healthy controls and symptomatic participants; and
(iii) explore the relationship of hip muscle volumes to mus-
cle strength and patient-reported outcome measures (in-
cluding pain, function and QOL) in individuals with hip-re-
lated pain.

STUDY DESIGN

This cross-sectional study was conducted the Laboratory
for Movement Control and Pain Research at the University
of Queensland and compared hip muscle volumes between
individuals with hip pain and healthy controls. Ethics ap-
proval for the study was obtained from the University of
Queensland (#2013001448). All participants provided a pri-
ori written consent.

PARTICIPANTS

Participants with hip-related pain were recruited from pa-
tients scheduled to undergo hip arthroscopic surgery for
intra-articular hip lesions performed by a single surgeon
(PW). All participants had engaged in non-surgical man-
agement (including hip muscle strengthening) prior to be-
ing assessed, in order to be eligible for surgical manage-
ment. Participants were invited to participate via mail prior
to the planned hip arthroscopic procedure. Healthy control
participants were recruited from the Brisbane community
via advertisements in the media and posters. To be eligible,
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participants with hip-related pain and healthy controls
were required to be aged between 18 to 60 years and be
able to walk and ascend/descend stairs without aid. Partic-
ipants with hip-related pain were included if they had: (i)
persistent hip/groin pain (>3 months) reproduced by phys-
ical activities (e.g., walking, stair climbing), and positive
physical examination findings in hip joint provocation test-
ing (combined hip movements; Flexion-Adduction-Internal
Rotation test and Flexion-Internal Rotation); (ii) the treat-
ing surgeon determined that they did not have FAIS based
on imaging findings, clinical signs and symptoms. Where
participants had bilateral hip-related pain, the hip sched-
uled for arthroscopic surgery was deemed the study hip.
Control participants were included if they: (i) had no cur-
rent lower limb or low back pain; (ii) no history of hip/
groin pain in the prior 12 months or previous hip surgery.
The exclusion criteria for all participants included the fol-
lowing: (i) contraindications for MR images and (ii) inabil-
ity to understand written and spoken English. The control
participants were age, gender and body mass index (BMI)
matched, as closely as possible, to the hip pain participants.

PROCEDURE

A single investigator (TR) not blinded to group but blinded
to the side of hip pathology in hip pain participants, per-
formed all physical measures.

PARTICIPANT CHARACTERISTICS

Age, gender, leg dominance, height, and weight data were
collected, and BMI was calculated. All participants provided
a written informed consent prior to data collection.

HIP MUSCLE STRENGTH TESTING

All participants underwent hip muscle strength testing on
both limbs. Isometric hip abduction, adduction, internal ro-
tation, external rotation and extension strength were mea-
sured (in that order) using a Commander Power track II
handheld dynamometer (JTECH Medical Industries, Mid-
vale, UT, USA). The investigator resisted the movement in
the contraction direction and provided feedback to the par-
ticipant to increase their force over ~2 seconds to their
maximum, and then hold for ~3 seconds before returning to
rest. Each direction was assessed three times, with 10 sec-
onds rest between each test. This method has been previ-
ously proven to be reliable.29-31 Maximum strength data
(single maximum trial) were converted to torque values us-
ing the lever arm measurement (N.m).3!

MAGNETIC RESONANCE IMAGING ACQUISITION

Hip MR images were taken at a private radiology clinic
(Queensland X-Ray, Coorparoo, Queensland) with a stan-
dardized protocol, optimized for visualization of cartilage
and muscle morphology on a 3T Siemens Medical MRI
scanner (Siemens Healthcare, Erlangen, Germany) and read
by a single radiologist. Dedicated hip flex coils and se-
quences are designed to provide very high-resolution imag-

Table 1. Goutallier Classification System32

Grade Amount of Fat in Muscle

Grade O Normal muscle

Grade 1 Muscle contains some fatty streaks

Grade 2 Fatty infiltration, but still more muscle than fat
Grade 3 Equal amounts of fat and muscle

Grade 4 More fat than muscle is present

ing with the ability to detect early chondral loss and opti-
mize viewing of muscle volumes. A large field of view axial
T1 weighted sequence was performed to permit muscle seg-
mentation. Sequences obtained included coronal proton
density with and without fat saturation; axial and axial
oblique proton density fat saturated sequences and sagittal
proton density fat saturated sequence.

MEASUREMENT OF HIP MUSCLE VOLUMES

The volumes of the GMAX, GMED, TFL and QF were mea-
sured on axial MR images by manually segmenting muscle
boundaries using commercially available software (Amira
6.3.0 FEI, part of Thermo Fisher Scientific, Hillsboro, Ore-
gon, USA). GMIN volume was not included in the analysis
of this study as the quality of the images (fascial borders)
did not easily allow for measurement along the entirety
of the muscle. For each muscle, the cross-sectional areas
were summed, and the total sum was multiplied by the slice
thickness to obtain the muscle volume. A trained investiga-
tor (HH), who remained blinded to the study groups, per-
formed all segmentations. The research team determined
the intra-rater reliability of the muscle volume measure-
ment technique to be excellent (ICC 0.995-0.997) by com-
pleting segmentation of five MR images twice, consistent
with previously established inter-rater reliability (ICC
0.87-0.99).6:7

RATING OF FATTY INFILTRATION

A single assessor (AS) graded the degree of fatty infiltration
using the Goutallier classification system.32 This system
has good inter-rater (ICC=0.9) and intra-rater reliability
(weighted kappa 0.72-0.81)3:33 for hip muscles. This system
rates each muscle from 0 (normal muscle) to 4 (more fat
than muscle) (Table 1). These values were then di-
chotomized to indicate no fatty infiltration (score of 0 and
1), or fatty infiltration (2 or more). The landmarks used
for grading each muscle have been reported previously.24
Briefly, GMIN, GMED and upper GMAX were each assessed
on axial images at the level of the greater sciatic foramen,
and 2/3 the distance from the top of the iliac crest to the
proximal tip of the greater trochanter. They were further
divided into two equal segments consistent with previous
studies.34736 The average of the Goutallier scores across
the three sections of GMIN, GMED and upper GMAX in-
dicated the level of fatty infiltrate for each muscle. TFL
was assessed at the level of the fovea capitus, and QF was
graded at the level of the largest cross-sectional area.
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PATIENT-REPORTED OUTCOMES

Participants in the hip pain group were administered sev-
eral questionnaires including the International Hip Out-
come Tool (iHOT-33),3¢ the Hip Dysfunction and Os-
teoarthritis Outcome Score (HOOS),37 the Arthritis Self
Efficacy (ASE),3® the Tampa Scale for Kinesiophobia
(Tampa),3° the Hospital Anxiety and Depression Scale
(HADS),#0 the Tegner Activity Level Scale (TAS),%! the Vi-
sual Analogue Scale (VAS),%2 the Pain Catastrophizing
Scale (PCS)43 and The Photograph Series of Daily Activity
(PHODA).#* The questionnaires were either filled in elec-
tronically or via paper-based forms, depending upon pref-
erence.

The HOOS and iHOT-33 were used to assess health-re-
lated symptoms and function. The HOOS consists of five
subscales on pain, symptoms, function in activities of daily
living (ADL), sport and recreation function (Sport/rec) and
hip-related QOL. A normalized score is calculated for each
subscale (0 to 100), where 100 indicates no hip-related
limitations, and zero indicates maximum hip-related lim-
itations. The iHOT-33 measures symptoms and functional
limitations, sports and recreational physical activities, job-
related concerns and social, emotional, and lifestyle con-
cerns on a scale from 0-100, with 0 indicating maximum
hip-related limitations. The ASE was used to assess per-
ceived confidence in ability to perform behaviours that
would modify joint pain on a scale from 1-10. A score of 10
on ASE indicates the optimal score. The Tampa scale quan-
tifies fear of movement and re-injury due to movement and
physical activity. It consists of 17 statements of subjective
experience of injury and activity on a scale from 0 to 68,
where a score of 68 indicates greater fear of re-injury due
to movement. The PCS, a 12-item instrument, was used as
a measure of perception of pain on a scale between 0-52 for
the total score. The PCS sub scales of Rumination (0-16),
Magnification (0-12) and Hopelessness were also used. For
all the PCS items, 0 is the optimal score. Physical activity
level was assessed using the TAS with a scale from 0-10,
where a score of 0 is where a participant is on sick leave
or disability pension because of their hip problems and 10
is a participant performing as a nationally elite sportsper-
son. Participants were also asked to rate their average daily
pain over the last week and the worst pain they experi-
enced in the last week on separate 10cm VAS. The scale
was anchored by “no pain” (score of 0) and “worst pain”
(score of 10). Anxiety and depression were assessed using
the HADS. The Anxiety and Depression sub scales are both
scored from 0-21 where scores in the range 0-7 are nor-
mal. Perception of the harmfulness of daily activities was
assessed using the PHODA, a questionnaire involving scor-
ing 40 photographs of activities from ‘not harmful’ at all to
‘very harmful’ along a 10 cm horizontal line. The question-
naire is scored between 0-100 with 0 the optimal score.

STATISTICAL ANALYSIS

All data were analysed with the Statistical Package for the
Social Sciences (SPSS Statistics Version 21, IBM Cooper-
ation. Armonk, NY). All data were normally distributed,

therefore parametric tests were used. Between-group dif-
ferences in participant characteristics were assessed using
independent t-tests or chi square tests as appropriate. To
control for the influence of body size, muscle volumes and
muscle strength were normalized to body mass. In the hip-
related pain group, the muscle volumes were compared be-
tween the symptomatic and less-symptomatic limbs with
paired t-tests. To evaluate between-group differences in
muscle volumes, the data from the most symptomatic hip
from the hip pain group was compared to the data from
the matched hip from the control group using One Way
Analysis of Co-Variance (ANCOVA) with gender as a co-
variate.45 To determine if differences in fatty infiltrate exist
between the more and less symptomatic leg, the McNe-
mar’s test was used for paired data. When comparing fatty
infiltrate between the symptomatic limb of the hip-related
pain group and matched healthy controls, Fishers exact test
was used for non-paired data. Within the hip-related pain
group (n=16), eight reported greater pain on their domi-
nant limb, while eight had greater pain on their non-domi-
nant limb. As such, to match the groups for dominance, the
data is reported from the dominant side of eight, and the
non-dominant side of seven of the healthy controls (n=15).
Spearman’s p correlation analyses were performed to de-
termine the relationship of hip muscle volumes to patient-
reported outcome measures (hip-related pain group) and
to determine the relationship of hip muscle volume to hip
muscle strength. Correlation coefficients (p) were classified
as follows: 0 to 0.25, little or no relationship; 0.25 to 0.5,
fair degree of relationship, 0.5 to 0.75 moderate to good re-
lationship; and 0.75 to 1.0, good to excellent relationship.46
Significance was set at p<0.05.

RESULTS
PARTICIPANTS’ CHARACTERISTICS

Between April 17, 2014 and April 14, 2015, 16 participants
with hip-related pain (eight with greater pain on the dom-
inant limb) and 15 healthy controls were invited to partic-
ipate in this study. All participants were part of a larger
cohort study.3! There were no statistically significant dif-
ferences in participant characteristics between the hip-re-
lated pain and control groups (Table 2). In the hip-related
pain group, 11 participants (69%) underwent arthroscopic
surgery in the year after testing — of these, 100% had chon-
drolabral pathology at hip arthroscopy. Participants with
hip-related pain had moderate to severe limitations due to
hip-related pain (Table 3).

COMPARISONS OF HIP MUSCLE VOLUMES AND FATTY
INFILTRATE

There were no statistically significant differences in GMAX,
GMED, TFL and QF muscle volumes nor fatty infiltrate be-
tween symptomatic and less-symptomatic limbs in individ-
uals with hip-related pain (Table 2 and Figure 1a), or be-
tween hip-related pain and control participants (Table 2

and Figure 1b).
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Table 2. Between-group comparisons of participant characteristics, between-group comparisons of muscle
volumes and between side comparisons of muscle volumes

Hip-related pain Control Mean difference
(n=16) (n=15) [95% CI] P
Between-group comparisons of participant characteristics
Age, years 37+9 319 -6[-13t00.5] 0.07
Gender, % females 67 75 - 0.61*
Height, m 1.7+0.7 1.7+0.1 0.0[-0.4t00.1] 0.50
Body mass, kg 70+10 67+18 -3[-13t0 8] 0.60
Body mass index, kg/m? 25+2 23t4 -2[-4to 1] 0.17
Between-group comparisons of muscle volumes (cm3/kg)*
Gluteus Maximus 12.29+2.0 11.65+1.7 -0.6[-2.0t00.7] 0.35
Gluteus Medius 4.22+0.8 441+0.71 0.19[-0.4t0 0.7] 049
Tensor Fasciae Lata 0.94+0.25 0.83+0.18 0.2[-0.3t00.1] 0.17
Quadratus Femoris 0.39+0.18 0.41+0.15 0.8[-0.1t00.1] 0.75
Between side comparison of muscle volumes (cm3/kg) (hip-related pain group only)
Symptomatic Less-symptomatic
Gluteus Maximus 12.0£2.1 11.9+2.1 0.1[-0.3t00.5] 0.59
Gluteus Medius 4.1+0.7 4.0+0.6 0.1[-0.1t00.3] 0.32
Tensor Fasciae Latae 0.9+0.3 0.9+0.2 0.03[-0.04t0 0.1] 0.42
Quadratus Femoris 0.35+0.10 0.38+0.20 -0.03[-0.04t0 0.03] 0.28

Data are presented as mean#standard deviation, unless otherwise stated. # chi square, “Data adjusted for gender. Abbreviations as follows: CI, Confidence Interval.

HIP MUSCLE VOLUMES AND PATIENT-REPORTED HIP-
RELATED LIMITATIONS

There were moderate to good associations between GMED
muscle volumes and hip-related patient-reported outcomes
in individuals with hip pain (Table 3). Those with greater
GMED muscle volumes had less symptoms (HOOS-symp-
toms: p=-0.566 p=0.04, i-HOT-33 symptoms: p = -0.591,
p=0.03) and greater function (HOOS-ADL: p = -0.522,
p=0.05, HOOS-Sport/rec: p = -0.552, p=0.04), social health
status (i-HOT-33: p =-0.579, p=0.04) and QOL (HOOS-QOL:
p = -0.617, p=0.02). There were no significant associations
between GMAX, TFL and QF muscle volumes, and patient-
reported outcome measures.

HIP MUSCLE VOLUMES AND MUSCLE STRENGTH

There were several significant associations between hip
muscle volumes and strength in individuals with hip-re-
lated pain (Table 3). Greater GMAX volumes correlated with
greater hip abduction (rho= 0.624, p=0.01) and internal ro-
tation (rho= 0.507, p=0.045) strength. Those with greater
hip GMED volumes had greater hip extension strength
(rho= 0.547, p=0.03) and those with greater QF volumes had
greater hip abduction strength (rho= 0.638, p=0.008).

DISCUSSION

The results of this study determined that people with hip-
related pain and no clinical signs of FAIS, who were sched-
uled for hip arthroscopy, had no difference in volume for
the muscles measured in the study on the symptomatic

limb when compared to their less-symptomatic limb or
matched healthy controls. There were also no differences in
hip muscle fatty infiltrate between symptomatic and less-
symptomatic hips or when compared to healthy controls. In
the hip-related pain group, reduced GMED muscle volume
correlated with poorer function (HOOS-ADL and HOOS-
Sport/rec), symptoms (HOOS-symptoms and i-HOT-33
symptoms) and QOL (HOOS-QOL). Smaller muscle volume
of GMAX was associated with lower abduction and internal
rotation strength, smaller QF volume with lower hip abduc-
tion strength and smaller GMED volume with lower hip ex-
tension muscle strength.

HIP MUSCLE VOLUME

Lack of muscle volume differences (both between groups
and between limbs in the hip-related pain group) is unex-
pected given the known hip muscle strength deficits in this
population,3! and in people with FAIS.12 This finding was
consistent with findings of no differences in muscle vol-
umes in people with mild OA®7 and women with hip-re-
lated pain,23 with only one prior study reporting smaller
muscle volumes in 50 people with unilateral FAIS.47 It is
possible that muscle volume differences only become ev-
ident in those with moderate to severe hip OA.6~8 Direct
comparisons with prior studies are hampered by key differ-
ences in methodology, for example normalizing muscle vol-
ume for weight and pooling of muscle groups.23 The cur-
rent results strengthen the notion of a continuum of hip
pathology where younger people with less severe symptoms
and/or less marked joint changes have hip muscle weakness
but no change in muscle size. As the symptoms and joint
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Table 3. (i) Patient-reported outcomes and (ii) Muscle strength in the hip-related pain group, and the
relationship between these outcomes and muscle volumes

Gluteus Tensor Fasciae Quadratus
i) Patient reported Outcomes Maximus Gluteus Medius Latae Femoris
Score P p P p o p Rho p
Hip Dysfunction and Osteoarthritis Outcome Score (0-100)
Symptoms 59+16 -0.173 0.55 -0.566 0.04 -0.032 0.92 -0.003 0.99
Pain 63+15 -0.283 0.33 -0.525 0.05 -0.27 0.35 -0.056 0.85
Activities °f|ﬂ/"’i‘:; 71+12  -0403 015  -0522 005  -0257 038  -0007 098
Sport and recreation 52+19 -0.461 0.10 -0.552 0.04 -0.301 0.30 -0.122 0.68
Quality of life 42+19 -0.345 0.23 -0.617 0.02 0.059 0.84 0.067 0.82
Visual Analogue Scale for Pain in the last week (0-10)
Average daily pain 4+2 0.331 0.25 0.531 0.05 0.195 0.5 0.229 0.43
Worst pain 6£3 0.059 0.84 0.448 0.11 0.23 0.43 0.111 0.71
International Hip Outcome Tool-33 (0-100)
Symptoms 53+26 -0.517 0.07 -0.591 0.03 -0.279 0.36 -0.256 0.40
Sport 32+30 -0.264 0.38 -0.306 0.31 0.207 0.50 -0.081 0.80
Job 50£29 -0.092 0.77 -0.432 0.14 0.117 0.70 0.067 0.83
Social 34+33 -0.416 0.16 -0.579 0.04 -0.057 0.85 -0.235 0.44
Hospital Anxiety and Depression Scale (0-21)
Anxiety 8+4 -0.22 0.45 0.038 0.9 -0.18 0.54 -0.106 0.72
Depression 7£2 0.215 0.46 0.252 0.39 0.098 0.74 0.287 0.32
Tampa (17-68) 41+6 0.189 0.52 0.228 0.43 -0.233 0.42 0.132 0.65
Arthritis SE (0-10) 62 0.229 0.43 0.011 0.97 0.351 0.21 0.136 0.64
foa_i;zc):atas"mph' 14+13  -0062 083 0422 013  -0323 026  -0144 062
PHODA (0-100) 33£15 0.019 0.95 0.224 0.4 0.224 0.40 0.081 0.76
Tegner (0-10) 4x2 0.336 0.52 0.272 0.6 -0.289 0.58 0.291 0.58
ii) Hip muscle strength (N.m/kg)
Abduction 0.624 0.01 0.48 0.06 0.53 0.04 0.638 0.01
Adduction 0.468 0.07 0.399 0.13 0.387 0.14 0.497 0.05
Internal Rotation 0.507 0.05 0.484 0.06 0.313 0.24 0.476 0.06
External Rotation 0.279 0.30 0.268 0.32 0.468 0.07 0.203 0.45
Extension 0.42 0.11 0.547 0.03 0.358 0.17 0.36 0.17

Data are presented as mean*standard deviation, Abbreviations: Tampa: Tampa Scale for Kinesiophobia; Pain Catastroph[ising]; Arthritis SE: Self Efficacy; PHODA: The Photograph
Series of Daily Activity; Tegner: Tegner Activity Scale. Bold font denotes significant correlation.

degeneration progress, measurable muscle volume changes
may occur.

Hip muscle volume in participants with hip-related pain
cannot fully explain the observed hip muscle weakness.
Pain inhibition might explain the strength deficit, but a
prior report by this group found no association between
muscle strength and patient reported pain.3! Changes in
the motor control of the hip muscles may provide an al-
ternative explanation. Although no studies to the authors’
knowledge have investigated changes in motor control in
people with hip-related pain with no FAIS, there is a grow-
ing body of research investigating motor control changes in
people with hip-related pain with FAIS.48-50 Results from
these studies report changes in the timing and activation
of the deep hip muscles with functional movements such

as squatting and walking. It is unclear whether these other
findings could be interpreted as a strategy to reduce hip
impingement or another mechanism.#3-50 Studies of other
peripheral and axial joints in patients have demonstrated
selective changes in muscle function associated with joint
pain; including timing of onset and cortical representation
of these muscles.51-55 Specific strategies for hip rehabilita-
tion could be explored in future studies.

FATTY INFILTRATE

Muscle fatty infiltrate appears to be rarely evident in people
with hip-related pain. Similar to hip muscle volume, muscle
fatty infiltrate may be a sign of disuse accompanying ad-
vanced joint disease, greater BMI® or aging.24 While the
current findings indicated no difference in fatty infiltrate
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group.

between limbs or between groups, further studies of fatty
infiltrate in different groups with varying disease severity
are warranted.

MUSCLE STRENGTH

Greater hip muscle volumes were moderately associated
with higher muscle strength, especially hip abduction
strength. Hip abductor strength will be influenced by the
primary synergists, the upper portion of GMAX, GMED,
GMIN, and TFL. Furthermore, the deep hip external rota-
tors (including QF) have been shown to be active during hip
abduction,8:56 potentially contributing to efficient force
transfer from the more superficial lateral muscles.
Strengthening programs that target all synergistic hip ab-
ductors and hip stabilizer muscles may be important for the
restoration of normal muscle function at the hip joint.

PATIENT REPORTED OUTCOMES

Lower GMED volume was associated with greater symp-
toms, poorer function in sport and activities of daily living
(HOOS, i-HOT-33) and lower QOL. The mechanism explain-
ing how smaller muscle volume might affect patient re-
ported outcomes is unclear, and it is possible that greater
symptom severity is the driver of disuse and smaller muscle
volume. Rehabilitation strategies targeting hip muscle size
and strength deficits are certainly justifiable in this popu-
lation. But, the moderate levels of symptoms, patient-re-
lated disability, kinesiophobia and lower than normal QOL
may indicate that a more holistic approach is required. This
may include patient information and advice, aerobic exer-
cise and for some with fear avoidance and unhelpful beliefs
about pain, more specific cognitive training.5” Patient in-
formation and advice needs to be tailored to the patient,
with recent qualitative research indicating that patient ex-
pectations, active coping strategies, information about
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structure and pain, and appropriate guidance on returning
to physical activity may be important.57-59

LIMITATIONS

The study had several limitations in addition to the rela-
tively small sample size. Although the hip group had clin-
ical and radiographic evidence of hip pathology, it is dif-
ficult to be absolutely certain that the participants in the
hip-related pain group had pain coming from the hip joint.
A limitation of the within-subject comparisons was that
one participant in the hip-related pain group had bilateral
symptoms. In this case, the comparison was most sympto-
matic to less symptomatic, not symptomatic to asympto-
matic. In addition, the recruitment of the participants with
hip-related pain from only one surgeon may have led to se-
lection bias. The cross-sectional study design means tem-
poral and causative relationships cannot be established.
Further, although there were not statistically significant
differences between the groups, the healthy control group
was on average six years younger than the hip-related pain
group. This age difference may reduce the strength of the
conclusions that can be made about hip strength and hip
muscle volume. Some, but not all, of the superficial and
deeper hip muscles were examined. The study may have
been strengthened by including superficial muscles such as
the hip adductors and flexors which have been shown to
be weak in people with hip-related pain®® and other deeper
hip muscles such as iliocapsularis which may have an im-
portant stability role in movement and gait.>%-61 Lastly,
while all of the participants had engaged in non-surgical
management, there were no records of program duration,
or how much hip-muscle strengthing was performed, there-
fore the authors cannot be certain whether the pre-opera-

tive management may have had an influence on the study
findings.

CONCLUSION

Individuals with hip-related pain and no clinical FAIS have
hip muscle volumes and hip muscle fatty infiltrate that are
not significantly different to matched healthy controls or
to their less-symptomatic limb. Smaller muscle volume of
GMAX was associated with lower abduction and internal
rotation strength, smaller QF volume with lower hip ab-
duction strength and smaller GMED volume with lower hip
extension muscle strength. Smaller hip muscle volume,
particularly of GMED, was associated with poorer hip func-
tion, greater symptoms, and lower QOL. This information
may inform rehabilitation professionals programs to im-
prove treatment outcomes for people with hip-related pain.
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