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Abstract
Purposes  To verify the relationship between muscle volume and muscular strength of different cross-sectional areas (CSAs) 
of the gluteus maximus and medius, and to clarify the effective evaluation index.
Methods  Twenty healthy adults were enrolled in this cross-sectional study. Magnetic resonance images were evaluated, and 
CSAs of the gluteus maximus and medius were calculated. Calculation sites were the peak CSA, lowest end of the sacroiliac 
joint CSA, and just above the femoral head CSA. Muscle volume and muscular strength were measured. The correlation 
between muscular CSA, muscle volume, and muscular strength was verified using Pearson’s correlation coefficient (p < 0.05). 
One-way analysis of variance and the Tukey–Kramer test were used to verify differences in each CSA (p < 0.05).
Results  A significantly positive correlation was found between muscular CSA, muscle volume, and muscular strength 
of both muscles (p < 0.05). For the gluteus maximus, the muscular CSA calculated just above the femoral head showed a 
significantly larger value than that calculated at the lowest end of the sacroiliac joint (p < 0.05). For the gluteus medius, the 
peak CSA and muscular CSA calculated at the lowest end of the sacroiliac joint were significantly larger than that calculated 
just above the femoral head (p < 0.05).
Conclusions  The maximum CSA of the gluteus maximus was found just above the femoral head and that of the gluteus 
medius was near the lowest end of the sacroiliac joint; hence, CSAs should be calculated at these sites. The CSA reflected 
muscle volume and strength.
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Background

In physical therapy, evaluation of the cross-sectional area 
(CSA) is an objective assessment of the muscles. However, 
the measurement site recommended for measuring the CSA 
of muscles is unclear. Orthopedic diseases often exhibit dys-
function, and representative symptoms are muscle weakness. 
Therefore, in order for patients to reacquire motion, evalu-
ation of muscle mass is often aimed at the improvement of 
muscle function.

To objectively evaluate the muscles, the muscle volume 
can be evaluated based on an image. In case of invasive 
treatment, image evaluation of an osteoarthritic hip is often 
performed with computed tomography (CT) or magnetic res-
onance imaging (MRI), and the muscular CSA and muscle 
volume are calculated using the obtained data. Moreover, in 
evaluating muscle volume, the tracing method is used. The 
tracing method is defined as the calculation of the muscle 
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volume by measuring the CSA at each slice and then adding 
them, and many studies have used this method [2, 5, 9, 15]. 
Furthermore, to calculate muscle volume, it is necessary to 
calculate the CSA from all slices. However, muscle volume 
is reported to be stronger than the CSA and to reflect peak 
muscular strength [4]. Further, a single evaluation of CSA 
cannot be used to determine the shape of the muscle [6], 
although the muscle volume reflects the shape of the muscle 
more than the CSA [13].

The presence of a metal in the body after surgery may 
affect the calculation of the CSA [7, 10]. Therefore, it is 
important to clarify the effective evaluation index of CSA 
that reflects muscular strength and muscle volume. However, 
in some studies, the relationships between muscular strength 
and muscle volume have been reported with CSA as an 
evaluation index, but the recommended sites for evaluation 
have not been clarified [9]. Muscle volume strongly reflects 
muscular strength and is calculated by adding the muscle 
CSA. Therefore, we think that muscular strength and muscle 
volume may strongly reflect a larger cross-sectional area.

The purposes of this study were to verify the relation-
ship between muscle volume and muscular strength of dif-
ferent muscular CSAs at measurement sites by focusing on 
the gluteus medius and gluteus maximus, and to clarify the 
effective evaluation index.

Methods

Subjects

The subjects were 20 healthy adult volunteers who were 
selected randomly. The subjects were free from any diseases, 
such as orthopedic, heart, and neurologic diseases, surgery, 
psychosis.

The study protocol was explained to all participants ver-
bally and in writing, and written consent was obtained from 
all participants before the measurement commenced in Nii-
gata Bandai Hospital. This study was approved by Niigata 
Bandai Hospital (approval number 54).

Measurement parameters

The target muscles were the gluteus maximus and gluteus 
medius, which have different innervations. We measured 
these muscles because they are the primary acting muscles 
of the hip extensors and abductors. Parameters measured 
and analyzed were muscle volume of the gluteus maximus 
and gluteus medius, CSA measured at the lowest end of the 
sacroiliac joint, CSA measured just above the femoral head, 
peak CSA, and muscular strength in extension, abduction, 
internal rotation, and external rotation.

For muscular strength, the main directions of movement 
of the gluteus maximus were extension and external rotation 
and those of the gluteus medius were abduction and internal 
rotation. The stance or skill side was analyzed as well [2].

MRI measurement and calculation method 
of muscle volume and CSA

Participants were screened for contraindications against MRI 
by skilled MRI technicians. MRI was performed using an 
MRI system (Signa HDe, GE Healthcare, Waukesha, WI, 
USA). The imaging conditions were as follows: coronal T1 
fast-spin echo, field of view 400 × 400, 3 mm slice gapless, 
echo time 10.1 ms, repetition time 450 ms, and voxel size 
320/400 × 192/400 × 3.0 ms.

Participants were in the supine position and remained 
steady so that the line connecting the upper anterior iliac 
spines on both sides was perpendicular to the bed. Moreover, 
the position of the hip joint was taken between the inside and 
the outside of the hip joint.

After magnetic resonance images were analyzed using 
ZedHip (Lexi Co., Ltd., Tokyo, Japan), a cross-section of 
each muscle was traced, and its CSA was calculated. The 
tracing method was performed by measuring the periphery 
of the target muscle on the image and calculating the CSA 
[5, 15]. All CSAs calculated from the origin and endpoint of 
the muscle were added to determine muscle volume [5, 15]. 
The gluteus maximus and medius were identified according 
to the report of Zacharias et al. [15] (Fig. 1).

Measurement of muscular strength

Muscular strength was measured using a handheld 
dynamometer (µTas F-1, Anima, Tokyo, Japan) on the 
same day as the MRI examination. For muscular strength, 
the main directions of movement of the gluteus maximus 
were extension and external rotation and those of the glu-
teus medius were abduction and internal rotation (Fig. 2). 
In the muscular strength measurement, the limb position 

Fig. 1   Gluteus maximus and gluteus medius. Magnetic resonance 
image acquired at the lowest end of the sacroiliac joint
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was based on the method of Thorborg et al. [12]. They 
reported various measurements of limb positions. In the 
present study, the supine and prone positions were adopted 
during the measurement (Fig. 2). The task was maximal 
isometric contraction for 5 s, and the peak value was taken 
as the representative value of each subject from the two 
measured values.

Statistical methods

All the above-mentioned parameters were computed for 
each subject, averaged over the entire sample, and reported 
as average ± standard deviation. To verify the relationship 
between the muscle CSA, volume, and strength measured 
at each height, the correlation of each muscle volume, CSA, 
and strength was tested using Pearson’s correlation coef-
ficient. Differences in measured CSAs were verified using 
one-way analysis of variance and the Tukey test (p < 0.05). 
SPSS, version 21 (IBM Corp., Armonk, NY, USA) was used 
to perform all the statistical analyses. The significance level 
was set at p < 0.05.

Results

The study subjects were aged 26.7 ± 2.1 years, with a height 
of 165.3 ± 9.3 cm and body weight of 55.5 ± 11.5 kg. The 
muscle volume of the gluteus maximus was 726.2 ± 9.6 cm3. 
The CSA with the largest cross-section was 4.6 ± 0.9 cm2, 
CSA measured at the lowest end of the sacroiliac joint 
was 2.7 ± 0.9  cm2, and CSA measured at the femoral 
head was 4.3 ± 0.8 cm2. Values of muscular strength were 
21.5 ± 6.2 kgf in extension and 11.7 ± 4.0 kgf in external 
rotation.

The muscle volume of the gluteus medius was 
313.0 ± 77.2  cm3. The largest CSA was 3.3 ± 0.6  cm2. 
The CSA measured at the lowest end of the sacroiliac 
joint was 3.1 ± 0.7 cm2, and the CSA at the femoral head 
was 1.7 ± 0.5  cm2. Values of muscular strength were 
12.5 ± 4.0 kgf in abduction and 13.0 ± 4.7 kgf in internal 
rotation.

Muscle volume, each muscle CSA, and muscular strength 
of the gluteus muscles all showed a significant positive cor-
relation. In particular, the peak CSA of the gluteus maximus 
and that just above the femoral head showed extensional 

Fig. 2   Measurement method of muscle strength
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strength (peak: r = 0.577, p < 0.05; just above the femoral 
head: r = 0.601, p < 0.05) and external rotation (peak: 0.643, 
p < 0.05; just above the femoral head: r = 0.541, p < 0.05).

In addition, the peak CSA and CSA above the femoral 
head showed a very strong correlation with volume (peak: 
r = 0.928, p < 0.05; just above the femoral head: r = 0.926, 
p < 0.05) (Table 1). The peak CSA and CSA at the lowest end 
of the sacroiliac joint of the gluteus medius showed abductor 
muscular strength (peak: r = 0.846, p < 0.05; lowest end of 
the sacroiliac joint: r = 0.804, p < 0.05 and peak: r = 0.735, 
p < 0.05; lowest end of the sacroiliac joint: r = 0.686, 
p < 0.05, respectively). Furthermore, the peak CSA and 
CSA at the lowest end of the sacroiliac joint showed a very 
strong correlation with volume (peak: r = 0.959, p < 0.05; 
just above the femoral head: r = 0.952, p < 0.05) (Table 1).

The peak CSA and CSA right above the femoral head 
showed a very strong correlation with peak volume 
(r = 0.928, p < 0.05; just above the femoral head: r = 0.926, 
p < 0.05). The peak CSA and CSA at the lowest end of the 
sacroiliac joint showed a very strong correlation with vol-
ume (peak: r = 0.959, p < 0.05; just above the femoral head: 
r = 0.952, p < 0.05) (Table 1).

For the CSA of the gluteus maximus, the CSA just above 
the femoral head and peak CSA were significantly larger 

than the CSA measured at the lowest end of the sacroiliac 
joint (p < 0.05) (Table 2).

Moreover, in the gluteus maximus, the peak CSA and 
muscle CSA obtained just above the femoral head show no 
significant difference (Table 2). The peak area of the gluteus 
medius and CSA obtained at the lowest end of the sacroiliac 
joint were not significantly different from the CSA of the 
femoral head (Table 2).

Discussion

As a method of objectively evaluating the muscles, a CSA 
can be calculated using images obtained by MRI and CT. 
However, the measurement location of the muscle CSA to 
be evaluated is unclear. Our finding can be applied to objec-
tively assess simple muscle mass in clinical studies in the 
field of physical therapy.

Muscle volume, CSA, and muscular strength of the glu-
teus muscles showed a significant positive correlation. The 
result that muscle mass evaluation indexes such as the CSA 
and muscle volume showed a positive correlation with mus-
cular strength support results of previous studies [8, 11]. 
Moreover, previous studies evaluated and calculated the 

Table 1   Relationship between the muscle cross-sectional area, volume, and strength

CSA cross-sectional area

Gluteus maximus CSA, volume, and strength
Gluteus maximus

Extension 
21.5 ± 6.2 kgf

p value External rotation 
11.7 ± 4.0 kgf

p value Volume 
726.1 ± 9.6 cm3

p value

Volume 726.1 ± 9.6 cm3 0.605 0.005 0.691 0.001 – –
Peak CSA 4.6 ± 0.9 cm2 0.577 0.008 0.643 0.002 0.928 < 0.001
Lowest end of the 

sacroiliac joint 
CSA

2.7 ± 0.9 cm2 0.482 0.031 0.632 0.030 0.711 < 0.001

Just above the 
femoral head 
CSA

4.3 ± 0.8 cm2 0.601 0.005 0.541 0.014 0.926 < 0.001

Gluteus medius CSA, volume, and strength
Gluteus medius

Abduction 
12.5 ± 4.0 kgf

p value Internal rotation 
13.0 ± 4.7 kgf

p value

Volume 313.0 ± 77.2 cm3 0.762 < 0.001 0.666 0.001 –
Peak CSA 3.3 ± 0.6 cm2 0.846 < 0.001 0.735 < 0.001 0.959 < 0.001
Lowest end of the 

sacroiliac joint 
CSA

3.1 ± 0.7 cm2 0.804 < 0.001 0.686 0.001 0.952 < 0.001

Just above the 
femoral head 
CSA

1.7 ± 0.5 cm2 0.058 0.011 0.545 0.013 0.803 < 0.001
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CSA of the gluteus maximus and medius [1, 9, 14]. How-
ever, no reports have verified the correct calculation of the 
CSA. A novel point of this study was that we verified the 
muscle CSA to be measured, which has not been elucidated 
so far. In the present study, muscle CSA was calculated at 
the lowest end of the sacroiliac joint, just above the femoral 
head, and at its peak, and the relationship between muscular 
strength and muscle volume was verified. Each CSA of the 
gluteus maximus showed a positive correlation with mus-
cular strength, but the muscle CSA calculated just above the 
femoral head in the gluteus medius showed a weak correla-
tion with muscular strength during abduction. This result 
suggests that muscular strength may not be reflected suf-
ficiently depending on the part of the CSA measured. The 
stop portion of the gluteus medius is the greater trochanter, 
and the muscle CSA calculated just above the femoral head 
is closer to the greater trochanter, i.e., the stop portion, than 
that calculated at the lowest end of the sacroiliac joint.

We think that measuring larger areas is more likely to 
reflect muscular strength and volume. In fact, the gluteus 
maximus also showed a larger correlation with the CSA 
measured just above the femoral head, indicating a large 
CSA. Regarding the CSA of the gluteus maximus, the peak 
CSA was not significantly different from the CSA of the 
femoral head as the largest section of the CSA. Therefore, it 
was suggested that the maximum CSA of the gluteus maxi-
mus may exist around the femoral head. For the CSA of the 
gluteus medius, the peak CSA and CSA at the lowest end of 

the sacroiliac joint were significantly larger than the CSA 
measured at the femoral head. Therefore, the maximum CSA 
of the gluteus maximus could be obtained by measuring it at 
the lowest end of the sacroiliac joint.

CSA above the femoral head strongly reflects the volume 
in the gluteus maximus, and CSA of the lowest end of the 
sacroiliac joint of the gluteus muscle strongly reflects the 
volume in the gluteus medius. Given that we verified that 
the CSA reflects muscle volume and muscular strength, we 
think that we could clarify the most important evaluation 
index. CSA obtained from the mentioned landmarks that 
can be used to calculate the CSA of larger muscles showed 
a significant positive correlation with volume and muscle 
strength, reflecting muscle volume and performance.

Although we targeted healthy subjects, Flack et al. [3] 
studied patients with lateral hip pain and the relationship 
between muscle pain and muscle volume. Flack et al. meas-
ured the gluteus medius and tensor of fascia lata. We meas-
ured the gluteus medius and can compare our findings with 
those of Flack et al.

In the previous study by Flack et al., there was no sig-
nificant difference in the muscle volume between patients 
with lateral hip pain and the control group. In addition, they 
reported that the volume of the gluteus medius ranged from 
278 to 296 cm3. The volume of the gluteus medius meas-
ured in our study in healthy adults was 313 cm3. Further, 
the average age of the Flack et al.’s case group and control 
group was 55 years, and since it is older than the age of our 

Table 2   Differences in each cross-sectional area

CSA cross-sectional area, ns not significant

Gluteus maximus Analysis of variance p-value
CSA Tukey–Kramer test

Peak CSA 4.6 ± 0.9 cm2 Peak CSA − lowest end of the sacroiliac joint 
CSA

Peak CSA > lowest end of the sacroiliac joint 
CSA

< 0.001

Lowest end 
of the 
sacroiliac 
joint CSA

2.7 ± 0.9 cm2 Peak CSA − above the femoral head CSA ns 0.482

Just above 
the femoral 
head CSA

4.3 ± 0.8 cm2 Lowest end of the sacroiliac joint CSA − above 
the femoral head CSA

Lowest end of the sacroiliac joint CSA < above 
the femoral head CSA

< 0.001

Gluteus medius Analysis of variance p value
CSA Tukey–Kramer test

Peak CSA 3.3 ± 0.6 cm2 Peak CSA − lowest end of the sacroiliac joint 
CSA

ns 0.425

Lowest end 
of the 
sacroiliac 
joint CSA

3.1 ± 0.7 cm2 Peak CSA − above the femoral head CSA Peak CSA > above the femoral head CSA < 0.001

Just above 
the femoral 
head CSA

1.7 ± 0.5 cm2 Lowest end of the sacroiliac joint CSA − above 
the femoral head CSA

Lowest end of the sacroiliac joint CSA > above 
the femoral head CSA

< 0.001
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study patients, it is necessary to consider the affect of age; 
the muscle volume of the gluteus medius measured in our 
study was large. Based on these facts, the muscle volume 
may change with age. Therefore, it is necessary to clarify 
volume and muscle function by age and the measurement 
of each case.

When evaluating a patient, pain may occur during the 
measurement. Furthermore, it is sometimes difficult to 
evaluate images after surgery due to halation. Therefore, we 
believe it is necessary to devise an evaluation method that is 
not affected by the measurement timing or patient’s physi-
cal condition. Considering the relationship between patient’s 
muscle function, muscle volume, and nutritional status, 
appropriate prognostic prediction may become possible.

Some limitations of this study should be noted. First, in 
this study, we assessed only the gluteus maximus and glu-
teus medius. Therefore, it is necessary to assess the gluteus 
minimus and tensor fascia of the abductor muscle group in 
the future. Secondly, this study included healthy subjects 
and did not include patients. Therefore, it is unclear whether 
the results obtained from this finding can be generalized to 
patients. Conducting the same verification even for patients 
in the future is necessary.

The findings obtained in this study clarify the sites for 
calculating the CSA of the gluteus maximus and medius. 
Furthermore, CSAs of the gluteus maximus and gluteus 
medius reflect the volume and muscle force, so it is possible 
to objectively evaluate the index reflecting muscle strength 
and muscle force. This finding will make clinical muscle 
assessment easier.
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