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Greater trochanteric pain syndrome (GTPS) is prevalent in women and severely
impacts quality of life. A key muscle group demonstrating reduced strength are the
hip abductors. An understanding of specific muscles affected will help guide
targeted rehabilitation. Objectives of this case–control study were to compare glu-
teal and tensor fasciae latae (TFL) muscle size and quality (fatty infiltration) in
women with symptomatic GTPS to asymptomatic age-matched female controls.
Magnetic resonance imaging of 16 women with GTPS (mean age 55.75 years,
range 23–69) and 15 asymptomatic controls (mean age 55.60 years, range
31–66) was undertaken. Muscle volumes of the gluteus maximus, gluteus medius,
gluteus minimus, and TFL were calculated. Fatty infiltration was rated using the
Goutallier classification system for all muscles in their entirety, as well as anterior
and posterior segments of gluteus medius and minimus. Muscle volumes and fatty
infiltration were compared between groups. Significantly smaller muscle volumes
were identified in the symptomatic group for the upper (P = 0.01) and lower
(P = 0.04) portions of gluteus maximus, gluteus medius (P = 0.03), and gluteus
minimus (P = 0.02). There was no difference in TFL (P = 0.18). Symptomatic par-
ticipants displayed significantly greater fatty infiltration in gluteus maximus upper
(P = 0.021) and lower (P = 0.049) when adjusted for BMI, and gluteus minimus
(P = 0.018), particularly in the posterior portion (P = 0.04). Anterior gluteus min-
imus demonstrated high amounts of fatty infiltration in both groups. Glutealmuscle
atrophy and fatty infiltration in women with GTPS suggests gluteus maximus and
minimus may be an important target for rehabilitation. Clin. Anat. 00:000–000,
2019. © 2019Wiley Periodicals, Inc.
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INTRODUCTION

Greater trochanteric pain syndrome (GTPS) is the
clinical diagnosis of pain in the region of the greater tro-
chanter of the femur, caused by pathology of the gluteus
medius and minimus tendons and associated trochan-
teric bursae (Strauss et al., 2010; Kimpel et al., 2014;
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Mallow and Nazarian, 2014). The syndrome is debilitat-
ing and chronic, seen in all age groups and in active
and inactive populations (Blankenbaker et al., 2008;
Rompe et al., 2009; Long et al., 2013). Women are at
an increased risk of developing GTPS and this risk
increases following menopause (Lievense et al., 2005;
Segal et al., 2007; Fearon et al., 2012). The greater
prevalence of GTPS in women has been attributed to
bony morphology including flared pelvic rim, coxa vara
(reduced femoral neck shaft angle), and increased
width at themost superior aspect of the greater trochan-
ter, a general increase in body adiposity, and, in post-
menopausal women, reduced female sex hormones
(Cook et al., 2007; Segal et al., 2007; Fearon
et al., 2012).

People with GTPS demonstrate impaired functional
lower limb movement patterns, (Grimaldi and Fearon,
2015;Allison et al., 2016b; Allison et al., 2016c) includ-
ing a slowed gait, reduced step length (Allison et al.,
2016c; Ganderton et al., 2017b), and difficulties walk-
ing up or down stairs and slopes (Schapira et al., 1986;
Woodley et al., 2008). These known functional impair-
ments are believed to be a result of hip abductor mus-
cle weakness (Woodley et al., 2008; Allison et al.,
2016a; Allison et al., 2016b) and a resultant lack of pel-
vic control (Allison et al., 2016b; Allison et al., 2016c).
Although gluteus medius (GMed) and gluteus minimus
(GMin) deficits are most commonly implicated in this
condition, deficits in gluteus maximus (GMax) might
also impact on the function in this population, given its
role in pelvic stability and gait (Wilson et al., 2005), hip
abduction (Zacharias et al., 2018), external rotation
(Delp et al., 1999), and extension (Wilson et al., 2005;
Selkowitz et al., 2016). Research into GMax changes
specifically, in people with GTPS is lacking.

Dysfunction of the anterior portion of GMin during
gait in a population of GTPS patients has been identified
in a case–control EMG study (Ganderton et al., 2017b).
In addition, there is some evidence from a single group
cohort study that GMin is subject to atrophy in people
with lateral hip pain (Woodley et al., 2008); however,
the lack of a control group may have overestimated
atrophy changes beyond normal aging (Zacharias
et al., 2016; Takano et al., 2018).

Evidence for best-practice rehabilitation of this con-
dition is limited and the most appropriate exercises are
unknown (Ganderton et al., 2018; Mellor et al., 2018),
despite the burden experienced by patients (Lievense
et al., 2005; Segal et al., 2007; Rompe et al., 2009).
Improved knowledge on the impact of the condition on
gluteal muscle size and structure and may help to
inform rehabilitation.

The primary aim of this study was to compare
gluteal and tensor fasciae latae (TFL) muscle size
and quality (fatty infiltration) in women with GTPS
to asymptomatic controls. The secondary aim was
to compare muscle fatty infiltration in anterior and
posterior segments of GMed and GMin. We hypothe-
sized there would be smaller muscle size and
greater fatty infiltration in women with GTPS.

MATERIALS AND METHODS

Participants

Thirty-one women who responded to a community
advertising flyer or were referred by health profes-
sionals (sports medicine physicians, physiotherapists,
general practitioners) were recruited for the study
between 1st May 2014 and 5thMarch 2016. Participants
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Fig. 1. (a) Right gluteus medius and minimus muscle tracing with Goutallier rat-

ings of 0 at the level one-third above greater trochanter. (b) Left gluteus medius and
minimus muscle tracing with Goutallier ratings of 2 and 4, respectively, at the level of
greater sciatic foramen. A = anterior; P = posterior; L = lateral; M = medial. [Color
figure can be viewed at wileyonlinelibrary.com]
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with symptomatic unilateral or bilateral GTPS (n = 16)
and age and gender-matched control participants
(n = 15) were recruited. All participants had no history
of lower back or lower limb injury (e.g. knee and foot
injuries for symptomatic participants) for which they
had received treatment in the threemonths prior to the
study. Symptomatic participants reported a history of
lateral hip symptoms and pain with two or more of the
following activities (Ganderton et al., 2017c): lying on
the ipsilateral side (Rasmussen and Fanø, 2009; Rompe
et al., 2009), sitting (Gordon, 1961), moving from sit-
ting to standing, and/or ascending/descending stairs or
slopes (Woodley et al., 2008). Participants who reported
any signs of intra-articular hip pathology or osteoarthri-
tis (locking or catching in the joint, range of movement
restriction, difficulty manipulating shoes and socks)
were excluded (Fearon et al., 2013; Reiman et al.,
2015). Participants were excluded from the study if they
had any contraindications to magnetic resonance imag-
ing (MRI) (pregnancy, internal metalwork in the ipsilat-
eral hip, and/or claustrophobia). MRI was not used as a
diagnostic tool for inclusion to the symptomatic group
(Ganderton et al., 2017c).

Anthropometric data collected included age, weight,
and height. The La Trobe University College of Science,
Health, and Engineering (SHE) Human Ethics Sub-
Committee (CHESC) approved all research procedures
(SHE-CHESC S15/261) reported in this study and all

participants provided written informed consent prior to
participation.

Magnetic Resonance Imaging

For participants with bilateral symptoms, the most
symptomatic hip (participant self-report) was imaged.
For asymptomatic participants, the assessed hip was
randomly determined by a coin toss. Each MRI was per-
formed in supine positionona PHILIPS Ingenia3.0Twide
bore MR system, using a phase-array surface coil. Each
scan took approximately 30 minutes to complete. The
imaging sequences encompassed all structures from the
top of the iliac crest to the lesser trochanter of the femur.
T1- and PD-weighted images with and without fat satu-
ration were acquired in axial, transverse, and coronal
planes. T1 axial images were used for assessing muscle
size and quality in this study. Scanning parameters for
the axial imageswere: Field of view 300 × 300 mm, slice
thickness 4 mm with inter slice gap 0 mm, repetition
time849 milliseconds (ms), and echo time9.7ms.

Tracings of the GMax, GMed, GMin, and TFL were
performed by one assessor (MR) using an MRI analy-
sis software 3D-DOCTOR (Able Software Corp. Lex-
ington, MA 02420, USA) (Figs. 1a,b). Gluteus
maximus was functionally divided into upper and
lower segments (Grimaldi et al., 2009a) at the level of
greatest circumference of femoral head. The area of
muscle on each slice was calculated by manually trac-
ing individual muscle fascicle outlines, excluding any
fatty infiltration. Full muscle volumes were estimated
by summing the cross-sectional area (CSA) and mul-
tiplying by slice thickness (4 mm) for all muscles.
Muscle volumes (cm3) were normalized to weight
(kg) (Zacharias et al., 2016).

The intra-rater reliability of the assessor’s mea-
surement technique was tested by retracing all slices
of ten randomly selected muscles six months after
the initial assessment. The assessor was blinded to
participant group allocation.

Fatty infiltration of GMax upper and lower, GMed,
GMin, and TFL muscles was rated (Engelken et al.,
2014) using the Goutallier classification system

TABLE 1. Participant Characteristics

Variable

Symptomatic Asymptomatic
Mean (SD) Mean (SD)
N = 16 N = 15 P value

Age (years)a 55.8 (10.9) 55.6 (10.4) 0.8
Weight (kg) 85.4 (14.9) 67.9 (10.6) 0.001*
Height (m) 1.7 (0.1) 1.6 (0.1) 0.031*
BMI (kg/m2) 30.1 (5.1) 25.4 (4.1) 0.008*

aMann-Whitney U test run for nonparametric data. Means
presented for ease of interpretation. *P < 0.05 for signif-
icant difference between groups.

TABLE 2. Between Group Differences in Muscle Volume Normalized to Weight (cm3/kg) for Each
Individual Muscle

Raw muscle volume
comparisons (cm3/kg)

Analysis of covariance
adjusted for height (cm)

Muscle

Symptomatic
(n = 16)

Mean (SD)

Asymptomatic
(n = 15)

Mean (SD)
Effect
Size

P
value

Symptomatic
(n = 16)

Mean (SD)

Asymptomatic
(n = 15)

Mean (SD)
Effect
Size

P
value

Upper gluteus
maximus

4.45 (0.75) 5.22 (1.09) −0.81 0.03* 4.35 (0.96) 5.32 (0.97) −0.98 0.01*

Lower gluteus
maximus

4.15 (0.93) 4.85 (1.14) −0.66 0.07 4.07 (1.08) 4.94 (1.08) −0.78 0.04*

Gluteus medius 3.35 (0.54) 3.86 (0.54) −0.92 0.01* 3.28 (0.56) 3.93 (0.54) −1.15 0.03*
Gluteus minimus 1.01 (0.32) 1.27 (0.31) −0.80 0.03* 0.99 (0.32) 1.29 (0.31) −0.93 0.02*
Tensor fascia lata 0.70 (0.13) 0.77 (0.21) −0.39 0.30 0.69 (0.20) 0.78 (0.19) −0.45 0.18

*P < 0.05 for significant difference between groups.
n = sample size; SD = standard deviation.
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(Goutallier et al., 1994). For segment analysis, anterior
and posterior portions of GMed and GMin were divided
into two equal segments and were assessed separately.
Landmarks from a minimum of one and maximum of
three slices, were used for assessing fatty infiltration of
each muscle and muscle segment (Pfirrmann et al.,
2005; Muller et al., 2010; Engelken et al., 2014; Zach-
arias et al., 2016): TFL (fovea); GMax upper (greater
sciatic foramen (GSF), one third below iliac crest
(IC) and one third above greater trochanter (GT));
GMax lower (one third below greatest circumference of
femoral head and one third above TFL ceasing); GMed
(GSF, one third below iliac crest and one third above
GT); and GMin (GSF and one third above GT).

TheGoutallier classification includes ratings from0 to
4: (0) normal muscle (Fig. 1a), (1) muscle contains
some fatty streaks, (2) fatty infiltration is present but
still more muscle than fat (Fig. 1b), (3) equal amounts
of fat andmuscle, and (4)more fat thanmuscle (Fig. 1b)
(Goutallier et al., 1994; Engelken et al., 2014). Ratings
were scored and then dichotomized into no fatty infiltra-
tion (Grades 0–1) and fatty infiltration (Grades 2–4) for
statistical analysis. Two assessors (RC, LP) indepen-
dently analyzed the fatty infiltrate on unilateral limbs of
all 31 participants. Each participant had the following
number of slices used for rating fatty infiltration: TFL ×1,
GMax upper ×3, GMax lower ×2, GMed ×3, and GMin ×2.
In addition, fatty infiltration was rated on ×3 slices for
each of GMed anterior and posterior, and ×2 slices for
GMin anterior and posterior. All assessors were blinded
to participant group allocation.

Statistical Analysis

The normality of all variables was explored and
assessed using theKolmogorov–Smirnov test. Variables

were explored for each individual muscle across both
groups: symptomatic and asymptomatic. Demographic
characteristics were compared between groups using
independent t tests or Mann–Whitney U tests,
depending on normality. To compare muscle volume
between groups, an analysis of covariance (ANCOVA)
was used, adjusting for differences in height (cm). An
effect size was calculated to describe the magnitude of
difference between groups, by dividing the mean differ-
ence between groups by the pooled standard deviation.
An effect size of 0.20, 0.50, and 0.80 was considered
small,medium, and large, respectively (Cohen, 1988).

Intra-rater reliability of muscle volume measure-
ments was calculated using an intraclass correlation
coefficient (ICC 3,1).

The association between fatty infiltration and GTPS
was analyzed using a binary logistic regression,
where the reference group was asymptomatic.
Results are presented as crude and adjusted odds
ratios with 95% confidence interval (CI) (adjusted for
BMI) at each specified level. Statistical analyses were
performed using the IBM SPSS statistics software
version 24 (α = 0.05).

Inter-rater reliability of fatty infiltration ratings was
calculated via a percentage agreement (McHugh,
2012). A third examiner (AS) was used where there was
disagreement between the two raters; the common rat-
ing between the third examiner and one of the initial
examinerswas used for these slices.

RESULTS

There was no significant difference in age between
groups. The symptomatic group were significantly
taller and heavier (Table 1).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

GMin - GSF

GMin - above GT

GMed - GSF

GMed - above GT

GMed - below IC

GMax lower - below CHOF

GMax lower - above TFL

GMax upper - GSF

GMax upper - above GT

GMax upper - below IC

TFL - fovea

Asymptomatic GTPS

Fig. 2. Proportion (%) of participants with fatty infiltration.
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Muscle Volume

Comparisons inmusclevolumesbetweengroupsdem-
onstrated significantly smaller muscle volumes for GMax
upper, GMed, and GMin in the symptomatic group when
compared with asymptomatic group (Table 2). When
comparisons in muscle volumes between groups were
adjusted for height; significantly smaller muscle volumes
remained in all of thesemuscles (GMax upper, GMed, and
GMin), as well as GMax lower for the symptomatic group
(Table 2). Therewasnodifference in TFLmuscle volume.

Intra-rater reliability of the assessor’smuscle volume
measurements demonstrated a strong correlation (ICC
3,1=0.999), using the absolute agreement definition.

Fatty Infiltrate

Fatty infiltration (slices scoring 2 or more on the
Goutallier classification system) was greater in the
symptomatic group for all muscles (Fig. 2). Interest-
ingly, fatty infiltration was high in the anterior portion of
GMin specifically for both groups (Fig. 3). Greater than
50% of asymptomatic participants had fatty infiltration
in GMax lower and GMed (GSF); whereas greater than
50% of GTPS participants had fatty infiltration for GMax
lower (aboveTFL), GMax upper (below IC), GMin (GSF),
andGMed (GSFand aboveGT).

People with GTPS had significantly more fatty infil-
tration of GMax upper (below IC) and GMin (above

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

GMin posterior - GSF

GMin posterior - above GT

GMin anterior - GSF

GMin anterior - above GT

GMed posterior - GSF

GMed posterior - above GT

GMed posterior - below IC

GMed anterior - GSF

GMed anterior - above GT

GMed anterior - below IC

Asymptomatic GTPS

Fig. 3. Proportion (%) of participants with fatty infiltration for muscle segments
(anterior and posterior) of gluteus medius and gluteus minimus.

TABLE 3. Logistic Regression: The Association Between Fatty Infiltration and GTPS (Reference Group is
Asymptomatic), Adjusting for BMI

Crude Adjusted for BMI

Muscle Level OR (CI) P value OR (CI) P value

TFL Fovea 0.67 (0.09:5.12) 0.700 1.15 (0.94:1.40) 0.172
GMax upper Below IC 66.05 (1.75:2490.48) 0.024* 1.69 (1.08:2.66) 0.023*

Above GT 2.71 (0.22:22.94) 0.439 1.23 (0.97:1.55) 0.085
GSF 1.85 (0.22:15.30) 0.570 1.32 (1.04:1.66) 0.021*

GMax lower Above TFL 0.79 (0.15:4.23) 0.785 1.15 (0.96:1.37) 0.132
Below CHOF 1.17 (0.21:6.56) 0.855 1.21 (1.00:1.46) 0.049*

GMed Below IC 1.10 (0.13:9.65) 0.930 1.15 (0.93:1.42) 0.185
Above GT 1.28 (0.25:6.48) 0.763 1.09 (0.93:1.29) 0.298
GSF 1.00 (0.05:18.53) 1.000 1.86 (1.01:3.43) 1.000

GMin Above GT 19.50 (0.99:386.09)a 0.018*a 0.99 (0.81:1.21) 0.918
GSF 2.85 (0.53:15.27) 0.222 1.126 (0.95:1.34) 0.184

GSF = Greater Sciatic Foramen; Above GT = one-third above superior aspect greater trochanter; Below IC = one-
third below iliac crest; Fovea = level of femoral head fovea; Above TFL = one-third above where TFL ceases; Below
CHOF = one-third below greatest circumference of head of femur.
*P < 0.05 for significant difference between groups.
a0.5 added to each cell of the 2 × 2 table to allow for estimation of odds ratio. Pearson Chi-Square was used as default
coefficient, except where the expected count in <50% of cells was <5; then Fisher’s Exact was used.
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GT) when compared to the asymptomatic group
(Table 3). When adjusted for BMI; GMax upper
remained significant, GMax lower had greater fatty
infiltrate in people with GTPS, and GMin was no longer
different between groups (Table 3). There were no
significant differences in fatty infiltration for GMed or
TFL between groups.

For the segments of GMed and GMin; over half of
both asymptomatic and symptomatic participants had
fatty infiltration in the anterior segment of GMin.
There was significantly greater fatty infiltration in the
posterior segment of GMin in people with GTPS, when
compared with the asymptomatic group (Table 4).
Agreement for the assessment of independent fatty
infiltration was 62.3%.

DISCUSSION

This study identified specific gluteal muscle changes
(both size and quality) in women with GTPS when com-
pared with asymptomatic controls. Significantly smaller
muscle volumes were found in all muscles except TFL in
the GTPS group. Greater amounts of fatty infiltration
were evident for GMax and GMin in women with GTPS,
though only in GMax when adjusting for BMI. Gluteus
minimus fatty infiltration was primarily accounted for in
the anterior segment of both groups, and was prevalent
in both groups. There was significantly more fatty infil-
tration in the posterior portion of GMin for the GTPS
groupwhen comparedwith asymptomatic controls.

Gluteus maximus upper, GMed, and GMin all func-
tion primarily as abductors of the hip joint (Jaegers
et al., 1992; Al-Hayani, 2009; Miokovic et al., 2011)
and are responsible for controlling contra-lateral pel-
vic lag in single leg stance such as during the stance
phase of walking (Gottschalk et al., 1989; Neumann,
2010). Reduced hip abduction strength has been
reported in people with gluteal tendinopathy (Allison
et al., 2016a; Allison et al., 2016b; Ganderton et al.,
2017b), which could be a result of increased atrophy

and fatty infiltration in this population as evidenced in
the current study. Muscle reflex inhibition (O’Reilly
et al., 1998) as a result of pain could result in muscle
weakness and atrophy, as could muscle disuse as a
result of patients minimizing painful physical activity.

Altered GMin activity has been identified in people
with GTPS and linked with a reduced stride length
(Ganderton et al., 2017b), a functional impairment pre-
sent in people with GTPS when compared to controls
(Allison et al., 2016c). This may be due to greater
amounts of fatty infiltration as evidenced in this study.
Greater GMin fatty infiltration suggests secondary inter-
nal rotation (Flack et al., 2014) strength impairments
may also be evident. Similarly, greater GMax fatty infil-
tration found in this study supports previous findings
that people with GTPS have weak hip extension
(Neumann, 2010) and external rotation (Delp et al.,
1999). Gluteus minimus and maximus should therefore
be considered in addressing gait impairments and
strength deficits inwomenwithGTPS.

Gluteal muscle atrophy has been linked to a number
of hip conditions including GTPS (Woodley et al., 2008)
and osteoarthritis (Grimaldi et al., 2009a;Grimaldi et al.,
2009b; Fukumoto et al., 2012; Zacharias et al., 2016),
and has been associated with gluteal tendon tears
(Pfirrmann et al., 2005). Gluteal muscle atrophy is also
seen with normal aging (Zacharias et al., 2016; Takano
et al., 2018) and has been identified following both a
period of bed rest (Miokovic et al., 2011) and total hip
arthroplasty (THA) (Pfirrmann et al., 2005; Muller et al.,
2010). Muscle atrophy is often accompanied by fatty
infiltration, suggesting reduced quality and tension gen-
erating ability of the muscle (Mitchell et al., 2003;
Pfirrmann et al., 2005;Zacharias et al., 2016).

This research builds on existing evidence froma single
group trial that identified gluteal muscle atrophy in peo-
ple with GTPS (Woodley et al., 2008). Of those with glu-
teal muscle atrophy, Woodley et al. (2008) reported the
greatest proportion of participants having atrophy in
GMin (87%) when compared with GMed (33%) and

TABLE 4. Logistic Regression: The Association Between Fatty Infiltration and GTPS (Reference Group is
Asymptomatic) for Muscle Segments (Anterior and Posterior), Adjusting for BMI

Crude Adjusted for BMI

Muscle segment Level OR (CI) P value OR (CI) P value

GMed anterior Below IC 0.70 (0.11:4.57) 0.713 1.20 (0.99:1.45) 0.065
Above GT 645,893,231.00 (0.00: –) 0.998 1.10 (0.88:1.36) 0.409
GSF 10.00 (0.48:208.29)a 0.101*a 1.09 (0.86:1.39) 0.467

GMed posterior Below IC 0.19 (0.01:3.05) 0.243 1.07 (0.83:1.37) 0.621
Above GT 1.36 (0.24:7.80) 0.729 1.18 (0.98:1.42) 0.076
GSF 1.10 (0.12:9.72) 0.993 1.25 (1.00:1.56) 0.052

GMin anterior Above GT 1.75 (0.31:9.73) 0.526 1.20 (0.98:1.47) 0.076
GSF 3.23 (0.45:23.27) 0.244 0.93 (0.77:1.12) 0.422

GMin posterior Above GT 30.00 (1.52:592.52)a 0.002*a 1.32 (0.99:1.76) 0.057
GSF 0.90 (0.13:6.55) 0.920 1.24 (1.01:1.53) 0.040*

GSF = Greater Sciatic Foramen; Above GT = one-third above superior aspect greater trochanter; Below IC = one-
third below iliac crest; Fovea = level of femoral head fovea; Above TFL = one-third above where TFL ceases; Below
CHOF = one-third below greatest circumference of head of femur.
*P < 0.05 for significant difference between groups.
a0.5 added to each cell of the 2 × 2 table to allow for estimation of odds ratio. Pearson Chi-Square was used as default
coefficient, except where the expected count in <50% of cells was <5; then Fisher’s Exact was used.
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GMax (7%), despite the GMed tendon being most com-
monly implicated in the tendon pathology (Long et al.,
2013). The current study identified atrophy in all gluteal
muscles and likely reflects that this study included a com-
parison with matched control participants accounting for
the impact of tendonpain and age onmuscle atrophy.

Decreased gluteal muscle volumes and increased
muscle fatty infiltration has also been identified in a sim-
ilar study of people with hip OA (Zacharias et al., 2016).
Akin to currentfindings, Zacharias et al. (2016) reported
GMax, GMed, and GMin muscle atrophy as well as
increased levels of fatty infiltration in GMax and GMin.
However, a recent systematic review andmeta-analysis
on muscle size and composition in people with articular
hip pathology reported the variability in magnitude of
difference in hip muscle size between people with hip
pathology and those without (Lawrenson et al., 2019).
The pattern of muscle atrophy reported in this study is
not consistent across all hip conditions. In a study inves-
tigating hip OA, the ipsilateral GMax upper was seen to
be unaffected and GMax lower demonstrated local atro-
phy only (Grimaldi et al., 2009a). Differences in gait bio-
mechanics for gluteal tendinopathy and hip OA have
also been evidenced (Allison et al., 2018). These contra-
sting results across various hip pathologies reinforce the
importance of pathology-specific targeted rehabilitation
and contribute valuable knowledge regarding muscle
changes inwomenwithGTPS.

In contrast, Mastenbrook et al. (2017) reported an
increase in gluteal muscle volume for women with
chronic hip joint pain when compared with asymptom-
atic controls. The difference in findings might be attrib-
uted to the relatively young age of participants, the
different population, and reporting of glutealmuscle size
as a collective rather than defining each separate gluteal
muscle for individual analysis (Mastenbrook et al.,
2017). Further, it is difficult to know whether the
increase in size of these muscles combined, is due to
active contractile tissue, or noncontractile tissue
(e.g., fat infiltration). For these reasons, as suggested in
a recent systematic review, consideration of individual
muscle size and quality (e.g., fat infiltration) in future
research is recommended (Lawrenson et al., 2019).

Functionally distinct segments of GMed and GMin are
clinically relevant (Semciw et al., 2013; Flack et al.,
2014) and must be considered in assessing muscle
activity in various hip conditions (Pfirrmann et al., 2005;
Muller et al., 2010; Semciw et al., 2014b; Ganderton
et al., 2017b). Greatest amounts of fatty infiltrationwere
evidenced in the anterior portion of GMin for both the
GTPS and asymptomatic group. This finding supports
existing studies suggesting preferential anterior GMin
fatty infiltration (Gottschalk et al., 1989; Flack et al.,
2014; Semciw et al., 2014a; Ganderton et al., 2017b;
Takano et al., 2018). Anterior GMin fatty infiltrate in the
control group may represent naturally occurring age-
related changes only. In addition, participants with GTPS
displayed significantly greater amounts of fatty infiltrate
in the posterior portion of GMin when compared to the
asymptomatic group. Thenatural order of glutealmuscle
atrophy with aging appears to commence with anterior
GMin, followed by posterior GMin and finally, GMed. Nor-
mal aging cadaver studies found GMin fatty infiltrate

almost exclusively in the anterior segment (Gottschalk
et al., 1989; Flack et al., 2014; Takano et al., 2018).
When atrophy of the GMed does eventuate, it tends to
occur in the anterior region first, though to a lesser
extent than GMin overall following hip replacement for
hip osteoarthritis (Muller et al., 2010) and in symptom-
atic lateral hip pain following hip arthroscopy (Pfirrmann
et al., 2005). This overall progression of gluteal muscle
atrophyappears to be accelerated in peoplewithGTPS.

Research has previously focused on a general hip
abductor weakness in people with gluteal tendinopathy
(Grimaldi, 2011; Allison et al., 2016b). This study offers
insight regarding the adaptation and deficits of all glu-
tealmuscles and TFL inwomenwith GTPS. Reduced glu-
teal muscle volume suggests reduced stimulus of
muscle activity, leading to associated fatty infiltration.
Existing evidence suggests people with patellar tendon
pain have higher amounts of cortical muscle inhibition
for their quadriceps when compared with controls (Rio
et al., 2015); perhaps, this model can explain signifi-
cantly reduced gluteal muscle volume (GMax, GMed,
andGMin) in peoplewith gluteal tendonpain.

Clinical Implications

The results of this study identify impairments in
women with GTPS to guide targeted rehabilitation.
Isolated fatty infiltration findings suggest strengthen-
ing programs designed to target GMax and GMin may
be superior to GMed, despite the perceived patho-
physiology of this condition. A program incorporating
targeted GMax and GMin muscle strengthening may
therefore be of clinical value. Weight-bearing single
limb exercises in neutral foot alignment can be con-
sidered for increased GMin activation (Ganderton
et al., 2017a). Strengthening protocols may consider
progressive resistance loading to achieve muscle
hypertrophy. Such programs have been shown to
counteract gluteal muscle atrophy following a period
of bed rest or unloading (Miokovic et al., 2011).

Gait retraining strategies to encourage GMax and
GMin activation through the full range of a gait cycle,
particularly into hip extension, may be considered.
Further research into specific gluteal tendon loading
program (Ganderton et al., 2018; Mellor et al., 2018)
is warranted to inform clinicians on effectiveness and
exercise parameters.

Limitations

This study may be limited by the small sample size
and specificity to the female population. The sample size
was large enough to detect statistically significant differ-
ences in muscle volume and to detect trends in fatty
infiltration. The lack of a reliable outcomemeasure such
as the Victorian Institute of Sport Australian question-
naire for gluteal tendinopathy (VISA-G) (Fearon et al.,
2015) to quantify pain and function between groups is a
limitation of this study due to the inability to quantify
impairments for symptomatic participants. The inclu-
sion of unilateral limbs only for both symptomatic and
asymptomatic groups may be a further limitation,
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eliminating the ability to assess for asymmetry which
may account for someof the between group differences.
The decision to include unilateral limbs for analysis was
ultimately due to time and financial constraints of the
study. Agreement for the assessment of independent
fatty infiltration was only 62.3%, however, this was
accounted for byhaving a third examiner.

CONCLUSION

Women with GTPS have significantly smaller gluteal
muscles (GMax, GMed, and GMin) and no difference in
TFL muscle size when compared to asymptomatic con-
trols. Fatty infiltration appears to be isolated to GMax
and GMin, suggesting targeted rehabilitation options for
these muscles may be of clinical value. Anterior GMin
muscle atrophymay naturally occurwith age, while pos-
terior GMin atrophy is associated with pathology. Fur-
ther research is required to determine if targeted
rehabilitation has any effect on muscle size or quality in
this population.
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