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Abstract

Objective To determine normative values for volume and fat
content of the gluteus medius (GMed) and minimus (GMin)
muscle in healthy volunteers and to evaluate their dependence
on age, gender and leg dominance.

Materials and methods The IRB approval was obtained for
this study. 80 healthy volunteers (females, 40; males, 40; age
range 2062 years), divided into four age groups, were includ-
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ed. Fat- and water-signal-separated MR images of the pelvis
were acquired on a 3.0 T MR with a 3-point mDIXON se-
quence. Normalized volume and fat-signal fraction (FSF) of
the GMed (V;GMed, FSFGMed) and GMin (V;GMin,
FSFGMin) muscles were determined.

Results The overall mean volumes (normalized) and FSF
+SD: V;GMed 105.13+16.30 cm?; V;GMin 30.24
+5.15 cm’; FSFGMed 8.13+1.70 % and FSFGMin 9.89
+2.72 %. Comparing different age subgroups within each
gender no significant differences were found concerning the
volumes and FSFs (except FSFGMin in male subgroup aged
20-29 versus 50-62 years, P=0.014). Comparing FSFs dif-
ferences between the two genders, only in 20-29 years sub-
group, FSFGMed (P =0.003) and FSFGMin (P =0.002) were
greater in female. Volume differences between the two legs
were not significant (P>0.077); FSFGMed and FSFGMin (P
=0.005 for both) were significantly lower in the dominant leg
in female but not in male group (P=0.454 for FSFGMed and
P=0.643 for FSFMin).

Conclusion No age dependency was evident for volume nor-
mative data for GMed and GMin and normative data for FSF
values showed no age- or gender dependency.

Keywords Hip muscles - Normative values - Fatty
infiltration - MR - DIXON

Introduction

Abductor muscles, gluteus medius (GMed) and minimus
(GMin) are central in providing stability and mobility of the
hips. Gluteal muscles atrophy and fatty infiltration have been
often described in association with specific pathological con-
ditions of the hip structures such as hip osteoarthritis, neuro-
muscular disorders, degeneration or traumatic rupture of the
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tendon attachments, iatrogenic injury during hip replacement
surgery as well as part of a more generalized loss of muscle
volume and fatty infiltration as well-known effects of aging
(sarcopenia) and obesity [1-9]. These conditions are consid-
ered a major financial burden for the national health care sys-
tem and the early detection and diagnosis of relevant compli-
cations may be critical in establishing the most appropriate
management of these patients [8, 10].

Multiple imaging studies were recently published showing
association of the afore-mentioned conditions and muscle
changes [1-5, 11-14]. Pfirrmann et al. [5] found that fatty
infiltration of the GMin muscle is common in asymptomatic
patients following total hip arthroplasty, while fatty infiltration
of the GMed muscle is almost exclusively observed in symp-
tomatic patients. Kong et al. [12] reported that gluteus muscles
atrophy and fatty infiltration represent an indirect sign of glu-
teal tendinopathy.

Despite these findings, most of the studies published so far,
however, have not included healthy subjects. Only in a few
reports was a normal population used as control group [2, 11].
Grimaldi et al. [2] showed that the GMed volume in patients
with advanced hip osteoarthritis was significantly smaller on
the pathological side compared to the contralateral side, but no
significant volume difference was present in the control group.
Engelken et al. [11] compared patients with gluteal insuffi-
ciency and healthy controls and found that, unlike the former,
the healthy controls showed no fatty infiltration in the GMed
muscle and only a minimal fatty infiltration in the GMin mus-
cle. Nevertheless, these data were not collected in a systematic
manner or in a large cohort. Thus, we designed a study to
determine normative values for volume and fat content of
the GMed and GMin muscle in a large cohort of healthy vol-
unteers of different age subgroups (20-62 years) with normal
BMI (body mass index) and to evaluate their dependence on
age, gender and leg dominance.

Materials and methods
Study subjects

A total of 80 healthy volunteers (40 females; mean age
39.5 years; age range 20—62 years; 40 men; males age,
39.3 years; age range, 20—61 years) were included in this
ethics board approved study and gave their written informed
consent. The study was conducted between October 2011 and
April 2014.

All healthy volunteers were recruited via intranet an-
nouncement in the university hospital’s online portal and by
Internet announcement on the homepage of the university’s
clinical trial center. Both announcements were approved by
the ethics board. Inclusion criteria were: age between 20 and
62; BMI range 18.5-25 kg/m”. Volunteers were divided into
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four age groups aged between 20 and 29 years, 30 and
39 years, 40 and 49 years and 50 and 62 years. Each age
subgroup consisted of 20 people, 10 females and 10 males.
Exclusion criteria were: (1) contraindication for MR imaging;
(2) previous hip and leg injury or surgery; (3) hip pain; (4)
self-reported signs of hip abductors muscle insufficiency (e.g.
limping); (5) myotoxic drugs usage (e.g. statins); (6) systemic,
neurological, neuromuscular, musculoskeletal, endocrine or
metabolic (e.g. diabetes) disorders.

All volunteers were asked to rate their sport activity accord-
ing to the following levels: (1) no sport activity; (2) moderate
(e.g. walking at a moderate or brisk pace for at least 1 h)/
vigorous activity (e.g. hiking, jogging, playing soccer) once
a week; (3) moderate/vigorous activity at least twice a week.
All participants neither at the moment of the MR examination
nor in the past reported personal sport history as professional
athlete.

Lower limb length and leg dominance

Lower limb length was taken as the tape measure distance
from the anterior superior iliac spine to the lateral malleolus
on the right side. Functional leg dominance was determined
with the balance recovery test. The tester pushed the subject
off balance from behind by means of a nudge sufficient to
cause a step and applied to the midpoint between the scapulae.
We considered the leg that the subject used to recuperate bal-
ance as dominant [15].

Body fat estimation directly before MRI

We measured the barefoot standing height with a wall-
mounted stadiometer (nearest 0.1 cm); bodyweight (kg) was
collected via a standard scale; BMI was calculated from these
two measured parameters using: weight/height” (kg/m?). Cir-
cumference measurements were taken at the waist and hip
levels and the waist/hip ratio (WHR) was calculated.

The amount of body fat was measured by two different
bioelectrical impedance analysis (BIA) instruments via the
electrical body resistance with foot sensor pads on a similar
device of bathroom-scale (TANITA UM-018, Tanita Corp,
Arlington Heights, Ill; BIA1) or with hand sensor pads on a
handheld device (OMRON BF300, Omron Healthcare Ltd,
Kyoto, Japan; BIA2), respectively. Both measurements were
performed for each volunteer. Consistent measuring condi-
tions were maintained for each test.

MR examination

Fat- and water-signal-separated MR images of the pelvis were
performed on a clinical 3.0 T MR unit (Ingenia, Philips
Healthcare, Best, The Netherlands) using a 3-point mDIXON
imaging sequence with a 16 channel posterior coil and two 16
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channel anterior coils for signal reception. The scanner’s dual
transmit body coil was used for RF transmission. The field-of-
view covered both hips from iliac crest to tuber ischiadicum of
the participants in supine position with upper arms positioned
along the lateral trunk. Other acquisition parameters were:
sequence type, 3D FFE T1; number of echoes, 3; orientation,
transverse; acquired voxel dimensions (mm), 1.0 x 1.0 x 2.0;
reconstructed voxel dimensions (mm), 0.8 x 0.8 x 1.0; inter-
slice gap (mm), 0.0; field of view, 560 x 300; number of
sections, 210; TR, 9.4 msec; TE, 3.6, 5.3 and 7.0 msec; flip
angle, 10°; number of signal averages, 2; SENSE acceleration
factor (AP/SI), 2.0 and 1.5; fold-over direction, AP; water-fat
shift (pixel), 0.584; receiver bandwidth (Hz pixel ), 744.0;
single series acquisition time (min), 5:55.7.

Imaging analysis

Fat and water images were used to measure muscle volume
and mean fat-signal fraction (FSF) values over the whole
GMed and GMin muscles, bilaterally. Gluteus muscles of
each side were separately analyzed by means of a dedicated
software (Myrianl; Intrasense, Paris, France) that provides a
semi-automatic segmentation and automatically calculates the
volume and mean pixel intensity value within the volume. A
musculoskeletal radiology fellow (MM), expert in MRI data
post-processing, placed the regions-of-interest (ROIs) along
the edges of each muscle on each second slice of the axial
water image. Care was taken to include the whole muscle
and to exclude partial volume artifacts, tendinous part of the
muscles and tissue outside the muscle. A validation, testing
intra-observer reliability, was performed for the first ten mea-
surements showing “almost perfect” agreement (intra-class
correlation coefficient=0.90; 95 % confidence interval,
0.78-0.95). The ROIs from the water images were exported
to the fat images of the same sequence (see Fig. 1). Mean
signal intensity values were collected from both, water images
(Iwater) and fat images (Ig,). The FSF was obtained as follows
[16]: FSF [%]=100 X g /(Iyater t1 far). The resulting FSF of
the GMed and GMin muscles are denoted as FSFGMed and
FSFGMin, respectively. The resulting volume of the GMed
and GMin muscles are denoted as VGMed and VGMin, re-
spectively. Muscle volumes were normalized to body height
(muscle volume/body height?) resulting in V;Gmed and
V;Gmin respectively.FSF and normalized volume data from
both hips of each subject were averaged to mean FSFGMed,
mean FSFGMin, mean V;GMed and mean V,;GMin.

Statistical analysis

Mean VGMed, mean VGMin, mean FSFGMed and mean
FSFGMin were tested for normal distribution (Kolmogorov-
Smirnov test).

Fig. 1 Water signal-only image (a) and the corresponding fat signal-only
image (b) acquired in the axial plane in a 29-year-old woman. Regions of
interest were traced around the margins of the GMed (green) and GMin
(red) muscles in the first image (a) and then copied to the second image
(b). ¢ Coronal reconstruction obtained from fat signal-only MR images

The unpaired ¢ test was used for evaluation of gender
differences regarding mean V;GMed, mean V;GMin, mean
FSFGMed and mean FSFGMin for the whole study cohort
as well as for each age subgroup. The one-way analysis of
variance was then performed to test for significant differ-
ences of mean V;GMed, mean V;GMin, mean FSFGMed
and mean FSFGMin between different age subgroups and
between different activity level subgroups for both genders.

Within each gender, the differences between mean
V;GMed and mean V;Gmin and between mean FSFGMed
and mean FSFGMin were calculated with the paired Stu-
dent ¢ test. Moreover this test was performed to evaluate
differences between dominant versus non-dominant leg
with regard to V;GMed, V;GMin, FSFGMed and
FSFGMin.
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Pearson correlation coefficient (R) was used to test for cor-
relation of mean V;GMed with mean V;GMin and mean
FSFGMed with mean FSFGMin, for both genders. The R
was also used to evaluate the correlation between mean
V;GMed, mean V;GMin, mean FSFGMed and mean
FSFGMin with the lower limb length and with the WHR
and between the mean FSFGMed and FSFGMin with the
BMI and the body fat percentage BIA1 and BIA2.

P values less than 0.05 were considered to indicate a sig-
nificant difference. When a Bonferroni correction was applied
to correct for multiple comparisons a P value less than 0.0125
was considered statistically significant. IBM SPSS software
(release 17.0; SPSS, Chicago, Ill) was used for all data
analyses.

Results
Dependence on age, gender and sports activity

The mean V;GMed, mean V;GMin, mean FSFGMed and
mean FSFGMin values are reported in Tables 1 and 2.
Mean V;GMed in males was significantly greater than in
females in general (P<0.001) and considering each age
subgroup (P<0.001 in subgroup 20-29 years, P=0.002
in 30-39 years and P=0.007 in 40-49 years) ,except the
subgroup aged 50-59 years, which showed no significant
gender difference (P=0.040). Similarly, mean V;GMin in
males was significantly greater than in females (<0.001);
analyzing each age subgroup, V;GMin was significantly
greater in males than in females in 20-29 and 30-39 years
subgroups (P=0.001 and P=0.004, respectively) but no
significant differences were present in the other age sub-
groups (P=0.128 for subgroup 30-39 years and P=0.030
for subgroup 40-49 years; Tables 1 and 2). Mean
FSFGMed and mean FSFGMin in general, and consider-
ing each age subgroup, were not significantly different for
genders (all P>0.521), except in the subgroups aged 20—
29 years; in the latter, both the values were greater in
females than in males (P=0.003 and P=0.002 for
FSFGMed and FSFGMin respectively; Tables 1 and 2;
Fig. 3).

Focusing on age subgroup differences within each gen-
der, there were no differences comparing different age
subgroups with respect to mean V;GMed (P =0.049 and
P =0.876 for female and male subjects, respectively),
mean V,GMin (P =0.662 and P =0.670 for female and
male subjects, respectively), FSFGMed (P = 0.567 and P
= 0.071 for female and male subjects, respectively) and
FSFGMin in the female group (P = 0.338; Figs. 2 and 3).
In the male group, mean FSFGMin was significantly low-
er in the subgroup aged 20-29 years than in the subgroup
aged 50-62 years (P = 0.014), but no significant
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differences were present among other age subgroups
(P>0.131).

Within each gender, the mean V;GMed was significantly
greater than the mean V;GMin (P<0.001 for both gender) and
the mean FSFGMin was significantly greater than the mean
FSFGMed (P<0.001). A positive correlation was found for
mean V;GMed with increasing value of mean V;GMin
(R=0.579, P<0.001) and for mean FSFGMed with mean
FSFGMin (R=0.815, P<0.001).

Among the volunteers, 36 (45.0 %) declared practicing no
sports, 7 (8.75 %) practiced once a week and 32 (40.0 %) at
least twice a week; data were not available in 5 (6.25 %) cases.
With respect to mean V;GMed (P = 0.057 and P = 0.698 for
female and male subjects, respectively), mean V;GMin (P
= 0.914 and P = 0.865), FSFGMed (P = 0.284 and P
=0.851) and FSFGMin (P = 0.166 and P = 0.763), no differ-
ences were present comparing different activity level sub-
groups for each gender.

Dependence on lower limb length and leg dominance

The mean lower limb length+SD was 98.27 +6.38 cm (range,
83—-110 cm) for females and 103.87£8.28 (range, 86—124 cm)
for males. No significant correlations were found between the
lower limb length and mean V;GMed (P=0.451 for females
and P=0.807 for males), V;GMin (P= 0.662 for females and
P=0.279 for males), FSFGMed (P=0.354 for females and
P=0.156 for males) and FSFGMin (P=0.494 for females
and P=0.248 for males).

The left leg was dominant in 25 of 80 subjects
(31.25 %) and the right in 55 of 80 subjects (68.75 %).
ViGmed and V;Gmin differences were not significant be-
tween the dominant and the non-dominant leg for both
genders (P=0.450 and P=0.168 for V;GMed, and
P=0.077 and P=0.599 for V;Gmin, for females and
males respectively; Table 3). Mean FSFGMed and
FSFGMin were lower in the dominant leg than in the
non-dominant leg but the difference was significant only
in the female group (P=0.005 for both FSFGMed and
FSFGMin) and not for the male group (P=0.454 for
FSFGMed and P=0.643 for FSFGMin; Table 3).

Dependence on estimated body fat

Values of BMI, WHR and body fat percentage BIA1 and
BIA2 are shown in Table 4.The BMI showed a significant
positive correlation with mean FSFGMed (R=0.472,
P=0.002 and R=0.414, P=0.008 for female and male re-
spectively) and mean FSFGMin (R=0.352, P=0.026 and
R=0.402, P=0.010 for female and male respectively).

No significant correlation were found between WHR and
mean V;GMed (P=0.249 and P=0.724, for female and male
respectively), mean V;GMin (P=0.426 and P=0.866, for
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Table 1 Values of mean V;GMed
and mean FSFGMed with regard Variable per age and gender Mean+SD Min value Max value P value
to age and gender
ViGMed [10 L/m?]
20-29 years Female 89.84+11.62 72.99 106.57 <0.001
Male 111.69+11.03 94.90 133.84
Both 100.77+15.72 72.99 133.84
30-39 years Female 90.99+12.07 73.30 106.82 0.002
Male 115.14+17.85 78.68 132.63
Both 103.07+19.32 73.30 132.63
40-49 years Female 98.71+10.16 84.68 113.65 0.007
Male 114.63+13.04 94.72 145.35
Both 106.67+14.01 84.68 145.35
50-59 years Female 103.07+13.06 83.78 13221 0.040
Male 116.94+14.86 97.21 140.73
Both 110.01 £15.36 83.78 140.73
All females 95.65+12.60 72.99 13221 <0.001
All males 114.60+13.98 78.68 14535
Overall 105.13+16.30 72.99 145.35
FSFGMed [%]
20-29 years Female 798+1.13 6.64 10.29 0.003
Male 6.44+0.84 5.24 7.88
Both 721+1.25 5.24 10.29
30-39 years Female 8.33+0,97 6.78 9.82 0.706
Male 8.01+2,48 5.09 12.63
Both 8.17+1,86 5.09 12.63
40-49 years Female 841+1,59 6.83 11.98 0.945
Male 8.35+0,69 5.68 13.41
Both 8.38+1,87 5.68 13.41
50-59 years Female 8.97+2,22 6.63 12.47 0.645
Male 8.55+0,52 6.98 12.53
Both 8.76+191 6.63 12.53
All females 8.42+1.54 6.63 12.47 0.149
All males 7.84+2.00 5.09 13.41
Overall 8.13+1.70 5.09 13.41

V.GMed normalized gluteus medius volume; FSFGMed gluteus medius fat-signal fraction

females and males respectively) and mean FSFGMed
(P=0.102 and P=0.061 for females and males respectively).
A significant correlation was found between WHR and mean
FSFGMin in both genders (R=0.325, P=0.041 and
R=0.365, P=0.021 for females and males respectively).

Body fat percentage BIA1 measured by the foot sensor
device showed a positive correlation for both genders with
mean FSFGMed (R=0.456, P=0.003 and R=0.638,
P<0.001 for females and males respectively) and mean
FSFGMin (R=0.383, P=0.015 and R=0.684, P <0.001 for
females and males respectively). Similar results with slightly
stronger correlation were obtained with the handheld device
(BIA2) for both genders regarding mean FSFGMed
(R=0.655, P <0.001 and R=0.524, P=0.001 for females
and males respectively) and mean FSFGMin (R=0.547, P
<0.001 and R=0.581, P <0.001 for females and males
respectively).

Discussion

We reported the normative values for volume and fat content
of the gluteus medius and gluteus minimus muscle evaluated
in a large cohort of healthy volunteers of different age (20—
62 years) and gender. No age dependency was evident for
volume normative data for both muscles and no age- and
gender dependency was observed for FSF values.

Few previous published data included healthy partici-
pants but the number of subjects was limited and inclu-
sion criteria not homogenous, making their use inadequate
as normative data [2, 11]. With aging, both, muscle atro-
phy and increasing infiltration of fat, are well documented
and associated with reduced muscle strength and poor
physical function [8, 9, 17]. Moreover, atrophy and fatty
muscle infiltration are important predictors in determining
functional outcome after cuff repair of the shoulder and a
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Table 2 Values of mean V;GMin

and mean FSFGMin with regard Variable per age and gender Mean=+SD Min value Max value P value
to age and gender
V;GMin [10 L/m?]
20-29 years Female 27.00+4.18 21.21 33.08 0.001
Male 33.81+3.55 26.74 38.26
Both 30.40+5.14 21.21. 38.26
30-39 years Female 26.45+3.44 21.13 32.17 0.004
Male 32.40+4.64 22.23 39.12
Both 29.43+5.02 21.13 39.12
40-49 years Female 28.21+4.44 23.16 3433 0.128
Male 31.67+£5.25 25.97 43.01
Both 29.94+5.06 23.16 43.01
50-59 years Female 28.55+4.90 21.01 37.10 0.030
Male 33.83+5.13 21.80 41.35
Both 31.19+£5.59 21.01 41.35
All females 27.55+4.20 21.01 37.10 <0.001
All males 32.93+4.61 21.80 43.01
Overall 30.24+5.15 21.01 43.01
FSFGMin [%]
20-29 years Female 991+1.41 7.60 11.66 0.002
Male 7.52+1.46 5.69 10.63
Both 8.72+1.86 5.69 11.66
30-39 years Female 9.50+2.56 593 15.30 0.974
Male 9.47+2.24 6.48 12.88
Both 9.48+2.34 5.93 15.30
40-49 years Female 10.28 £2.02 7.92 13.60 0.709
Male 9.87+2.75 6.91 16.28
Both 10.07+2.36 6.91 16.28
50-59 years Female 11.79+4.66 8.27 22.78 0.521
Male 10.73£2.10 8.50 15.76
Both 11.26+3.55 8.27 22.78
All females 10.37+2.95 5.93 22.78 0.110
All males 9.40+2.42 5.69 15.76
Overall 9.89+2.72 5.69 22.78

V:GMin normalized gluteus minimus volume; FSFGMin gluteus minimus fat-signal fraction

similar role has been hypothesized in gluteal muscles
tendinopathy [1, 12, 18, 19].

MRI is considered a reliable technique for evaluating
muscle quality by monitoring morphological changes
such as muscular atrophy and fatty infiltration [20].
Muscle volume measurement is a time-consuming pro-
cedure which, in our case, was manually performed.
Assessment of a single axial anatomical cross-sectional
area is often employed as an alternative faster method
for estimating muscle size but its application is limited
because the cross-sectional area is not always represen-
tative of the muscle volume and the optimal level to
carry out the measurement is both difficult to define
and then to reproduce [21-24]. Indeed, even small dif-
ferences in the selected plane for the cross-sectional
area measurement may result in significant deviation
during two consecutive measurements of the same
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muscle [24]. This was the main reason why we decided
to perform the extensive way for volumetric muscle
analysis in this study, despite its being time consuming.
We found that mean VGmed and VGmin were not sig-
nificantly different between the dominant and non-
dominant leg. This observation was consistent with pre-
vious findings reported by Grimaldi et al. [2] and are of
particular interest, since volume asymmetry of gluteal
muscle volume is often used as parameter to establish
pathological muscle atrophy, e.g. in case of tears of the
abductors tendon diagnosis and in the outcome evalua-
tion after abductors tendon repair [1, 4, 13].

Use of Dixon-based MRI to obtain fat- and water-signal
only images for fat quantification of the muscle is rapidly
spreading thanks to the high accuracy of the technique and
the numerous advantages compared to, e.g. MR spectros-
copy. The latter was often used as reference standard in the
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Fig. 2 Box plots show mean V;GMed (a) and mean V;Gmin (b) in
different age subgroups. Mean V;GMed in males (green) was
significantly greater than in females (blue) in all age subgroups
(P<0.007) except the one aged 5059 years (P=0.040). Mean V;GMin
in males was significantly greater than in females in 20-29 and 30-39
years subgroups (P <0.004), but no significant differences were present
in the subgroups 30-39 years (P=0.128) and 4049 years (P=0.030).
The boxes include the values between the 25th and 75th percentiles and
the median value is represented by the line within the box. The 10th and
90th percentiles are indicated by the lines outside the boxes. Values with
more than 1.5 times distance from the box limits are considered outliers
1=20-29 years, 2=30-39 years, 3 =40-49 years, 4=50-62 years

past [25-29]. Most of the previous studies relied on the
visual assessment for the evaluation of the gluteal muscle
fat infiltration, but this is known to hamper the detection of
subtle fatty infiltration of muscle [5, 11, 13, 28, 30].
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Fig. 3 Box plots show (a) mean FSFGMed and (b) mean FSFGmin in
different age subgroups. Differences between male (green) and female
(blue) groups were not significant for all age subgroups for both mean
FSFGMed and FSFGMin (all P> 0.521) except for subgroup aged 20-29
years (P=0.003 and P=0.002 for mean FSFGMed and FSFGmin,
respectively). The boxes include the values between the 25th and 75th
percentiles and the median value is represented by the line within the box.
The 10th and 90th percentiles are indicated by the lines outside the boxes.
Values with more than 1.5 times distance from the box limits are
considered outliers. 1=20-29 years, 2=30-39 years, 3 =40-49 years,
4=50-62 years

Moreover, since fatty muscle infiltration has been demon-
strated to be unequally distributed within the GMed and
GMin [5], the use of a fat quantification over the full
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Table 3  Values of V;GMed, V;GMin, FSFGMed and FSFGMin with
regard to leg dominance

Table 4 Values of BMI (kg/m?), WHR and body fat percentage (%)
measured by BIA1 and BIA2 devices with regard to gender

Mean=+SD Min Max
value  value
Dominant leg

Vi,GMed [107° L/m?]  Female 96.02+12.88  73.59  133.79
Male 11552+14.86 8420 150.61
Both 105.77+16.95 73.59  150.61

ViGMin [10> L/m?]  Female 27.08+4.54 2040 3741

Male  33.05+4.93 21.89  44.56

Both 30.07+5.59 2040  44.56

FSFGMed [%] Female 8.11+1.56 594 1237

Male  7.76+2.13 406  13.46

Both 7.93+1.86 406 13.46

FSFGMin [%)] Female 9.78+2.55 565 1740

Male  9.35+2.46 563 1677

Both 9.56+2.50 563 1740

Non-dominant leg

V,GMed [10 L/m?] Female 9529+13.02  69.84 130.63
Male 113.69+£14.28 73.16 14038
Both 10449+16.43  69.84  140.38

ViGMin [10> L/m’]  Female 28.02+4.47 2111 36.95

Male  32.81+4.71 2126 41.46

Both 30.42+5.16 2111 4146

FSFGMed [%] Female 8.73+1.78 621 1359

Male  7.92+3.00 549 1336

Both 8.33+1.98 549 1359

FSFGMin [%)] Female 10.97+3.76 6.20 28.16

Male — 9.45+2.54 575 16.69

Both 10.21+3.28 575  28.16

V;GMed gluteus medius volume; V;GMin gluteus minimus volume;
FSFGMed gluteus medius fat-signal fraction; FSFGMin gluteus minimus
fat-signal fraction

volume is considered the most valid method to estimate
muscle fat content. We measured mean FSF values of
9.894+2.72 % (range 5.69-22.78 %) for the gluteus medius
muscle and mean FSF values of 8.13+1.70 % (range 5.09—
13.41 %) for the gluteus minimus muscle in our healthy
cohort. According to a previous study by Fischer et al.
[27], these FSF values correlate with a Goutallier grading
of 1, which means no fatty infiltration, apart from some
fatty streaks. There exist some other studies using Dixon-
based muscle MRI. In a study with patients with low back
pain, the FSF measurements of the multifidus muscle
ranged from 3.4 to 65.2 % with a mean FSF of 21.2
+14.1 % [26]. This study nicely emphasized the difference
of the increased FSF in the patients with low back pain to
the value of FSF in normal muscle tissue.

Previous literature on gluteus muscles suggested higher
fat-signal-fractions with increasing age. However, we did

@ Springer

Mean +SD Min value Max value
BMI [kg/m?] Female 21.55+2.04 18.24 25.39
Male 22.79+1.61 19.40 24.90
Both 22.17+1.93 18.24 25.39
WHR Female 0.83+£0.07 0.73 0.96
Male 0.90+0.05 0.80 0.99
Both 0.87+0.07 0.73 0.99
BIAI1 [%] Female 27.00+5.43 12.50 38.80
Male 17.47+4.57 5.40 31.00
Both 22.24+6.92 5.40 38.80
BIA2 [%] Female 21.49+5.52 11.40 33.30
Male 13.39+4.73 5.00 22.30
Both 17.43+6.54 5.00 33.30

BMIbody mass index; WHR waist/hip Ratio; BIA1 body fat percentage
with foot sensor pads; BI42 body fat percentage with hand sensor pads

not find any significant differences between the different
age groups in the statistical analysis (with except of one
single subgroup where the older subjects had significantly
more fat content than younger subjects (i.e. male subgroup
aged 20-29 years vs male subgroup aged 50-62 years for
mean FSFGMin). The independent role of aging on mus-
cle fat infiltration is not fully understood and contradictory
findings reported in the literature could be attributed to the
different types of muscles assessed, varying physical activ-
ity levels and different age ranges compared to our pro-
spectively well-selected cohort of healthy subjects [8, 17,
31-33].

A significant difference was also found comparing
FSFGMed and FSFGMin in the dominant versus the non-
dominant leg but only in the female group. This finding may
be taken into account when initial signs of muscle fat infiltra-
tion are observed, particularly when muscle volumes appear
symmetrical to each other.

We also found that a significantly greater content of fat
was present in the GMin than in the GMed muscle. In a
previous study by Pfirrmann et al. [5], fatty infiltration of
the GMin was described as common in both asymptomatic
and symptomatic patients after total hip arthroplasty,
whereas fatty infiltration of the GMed was seen almost
exclusively in the symptomatic patients. Similarly,
Engelken et al. [11] observed that no fatty infiltration of
the GMed and minimal fatty infiltration of the GMin were
present in healthy subjects compared to patients with glu-
teal muscle insufficiency who showed significant degrees
of fatty infiltration of GMed as well as GMin. These
previous studies and our current results suggest that pres-
ence of fatty infiltration of gluteal muscles is suggestive
for gluteal muscle insufficiency, in particular when GMed
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fatty infiltration is evident. GMin fatty infiltration necessi-
tates a more attentive evaluation, since in a certain degree
is commonly observed also in healthy subjects. In addition
to the normative gluteal muscle volume and FSF values
we also evaluated their dependence on BMI and body fat
percentage estimated by WHR and bioimpedance methods.
Subjects included in our study had normal BMI and we
found a positive (weak) correlation between the BMI and
the mean FSFGMed and FSFGMin. A moderate correla-
tion was also observed for FSFGMed and FSFGMin with
WHR and the mean body fat percentage evaluated by two
different bioimpedance devices. For adults, the BMI is
commonly used as a simple and safe method to estimate
body fat but the main limitation consists in the fact that
this parameter is not able to differentiate between body
mass and fat mass [34, 35]. In accordance to our findings,
a previous report [22] did not identify significant BMI
differences in two groups of non-obese adults with and
without GMed and GMin fatty infiltration.

Several limitations of our study have to be addressed.
First, our study population did not include people aged
over 62 years which would represent a large portion of
patients which could take advantage of normative values
for volume and fat content of gluteal muscle to test for
discrepancy in conditions such as pain after total hip
replacement. Nevertheless, we believe that at least some
of our findings such as the absence of significant glu-
teal muscle-volume differences between the two sides
and the minimal greater fat infiltration in the non-
dominant side in healthy female subjects aged less than
62 years could probably be generalized to the older
population. Secondly, intra- and inter-reader variability
were not assessed. A previous study has already inves-
tigated the intra-observer reliability of the same muscle
volume measurements method as used in our study and
excellent agreement was shown [23]. Finally, in our
three-point mDIXON sequence, the fat signal is
modeled as a single peak at 1.3 ppm, resulting in a
slight underestimation of fat signal fraction which would
have been taken better into account in a multi-peak fat
modelling in a multi-point DIXON sequence [36, 37].
However, this underestimation represents a systematic
error which is (1) small and (2) applies to all of our
measurements and, thus, is unlikely to affect the propor-
tional findings in this study.

In conclusion, we presented normative data for vol-
ume and FSF values for GMed and GMin muscles. No
age dependency was evident for volume data for both
muscles and normative data for FSF values showed no
age- or gender dependency. Our normative values may
serve as reference standards for future studies and may
help to differentiate physiologic changes from patholog-
ic conditions.
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Glossary

BMI Body mass index

BIA Bioelectrical impedance analysis

BIA1 Body fat percentage (%) measured by a BIA via the
electrical body resistance with foot sensor pads on a
similar device of bathroom scale (TANITA UM-018,
Tanita Corp, Arlington Heights, I1I)

BIA2 Body fat percentage (%) measured by a BIA via the
electrical body resistance with hand sensor pads on a
handheld device (OMRON BF300, Omron Healthcare
Ltd, Kyoto, Japan)

FSF Fat signal fraction

FSFGMed Fat signal fraction of the gluteus medius in %

FSFGMin Fat signal fraction of the gluteus minimus in %

GMed Gluteus medius

GMin Gluteus minimus

MRI Magnetic resonance imaging

ROI Region of interest

VGMed Volume of gluteus medius in liter

VGMin Volume of gluteus minimus in liter

V.GMed Normalized volume of gluteus medius calculated from
VGMed/body height® (107 L/m?)

V,GMin Normalized volume of Gluteus minimus calculated from
VGMin/body height® (10~ L/m?)

WHR Waist to hip ratio
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