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INTRODUCTION

Low skeletal muscle mass due to low nutrition or aging (sarcopenia in the broadest sense[4,7,27,31]) 
is clinically important in the various diseases both in elderly and nonelderly populations.[36,38] 
Regarding neurosurgical and neurological patients, total body skeletal muscle mass is important 
to obtain better functional outcomes after stroke rehabilitation.[28,32] To measure the total body 
skeletal muscle mass, psoas muscle cross-sectional area at the level of the third lumbar vertebra 

ABSTRACT
Background: Skeletal muscle mass is an important factor for various diseases’ outcomes. The psoas muscle 
cross-sectional area on the abdominal computed tomography (CT), gait speed, and handgrip strength is used to 
measure it. However, it is difficult to measure the neurological patients’ muscle mass or function because (1) we 
do not perform abdominal CT. (2) Such patients have impaired consciousness, gait disturbance, paresis, and need 
of rest. Temporal muscle thickness (TMT) on magnetic resonance imaging (MRI) is now attractive for skeletal 
muscle volume indicator, but the reference values are not established. We herein investigated the standard value of 
the Japanese TMT using the brain check-up database by MRI.

Methods: We retrospectively investigated 360 Japanese individuals from two institutions between 2017 and 2019. 
We measured TMT on the T1-weighted images in the previously reported way. The associations between TMT 
and other variables were analyzed.

Results: TMT of 214 women and 146 men, ranging from 35 to 84 years old, was investigated. TMT ranged from 
3.69 to 16.90 mm. Mean TMT values were significantly higher in men compared to women except for the over 
70-year-old cohort. TMT was correlated to weight and body mass index in both sexes.

Conclusion: This is the first retrospective study on the standard TMT values from the Japanese brain check-up 
database. Our results were just reference values, but these would be useful for further investigation in other 
neurosurgical and neurological diseases regarding muscle volume or sarcopenia.
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on the abdominal computed tomography (CT),[17] gait 
speed, and handgrip strength is usually used.[6] However, it 
is difficult to measure muscle mass or muscle function of 
the neurosurgical or neurological patients in those ways, 
because we do not usually perform abdominal CT and the 
neurosurgical or neurological patients often have impaired 
consciousness, gait disturbance, paresis, and need of rest 
considering the risk of aneurysm rerupture or cerebral 
hemorrhage rebleeding by increased blood pressure.

Therefore, we focused on the temporal muscle thickness 
(TMT) on magnetic resonance imaging (MRI). Recently, 
TMT is substituted as a useful and safe measure of the total 
body skeletal muscle mass.[13,25,33] TMT is also featured and 
reported as clinically useful parameters; they are indicators 
of nutrition,[13] prognosis of glioblastoma,[1,12,15,26,30,41] and 
newly diagnosed brain metastasis.[10,11] TMT is a predictor 
of sarcopenia in neurological patients.[39] Furthermore, TMT 
is reported as potential prognostic factor for aneurysmal 
subarachnoid hemorrhage patients treated by endovascular 
coiling[22] and clipping.[19,24] Similar researches in intracerebral 
hemorrhage,[20,21] Parkinson’s disease,[41] and cadaver 
dissection[37] were also preliminarily performed. Therefore, 
TMT would be a useful surrogate marker and integrated into 
neurological patients’ diagnostic workup to prevent, delay, or 
treat sarcopenia and to predict diseases’ outcomes.[39]

The standard TMT values of healthy Caucasian individuals were 
reported,[39] but those of Mongoloid have not been reported. 
Therefore, we investigated the standard values of the Japanese 
TMT using the database from the brain check-up by MRI.

MATERIALS AND METHODS

Study population

We retrospectively retrieved data from the brain check-
up database of all the 360 healthy Japanese individuals at 
two institutions. One hospital provided 149 individuals 
between 2017 and 2019, and the other hospital provided 
211 individuals during 2018. People who underwent brain 
check-up had to pay 24,000 JPY. The hospitals’ research 
ethics committees approved this study. We gained written 
informed consent for this study from all of the individuals. 
All methods were carried out under relevant guidelines and 
regulations (Declaration of Helsinki). 

Clinical variables

We collected data of age, sex, height, weight, and body mass 
index (BMI). We used SIGNA Pioneer 3.0T (GE Healthcare 
Life Sciences, Buckinghamshire, England) by a 24-channel 
head-neck coil and acquired MR images. We measured 
TMT on an axial plane of the T1-weighted image (T1WI) 
in the previously reported way.[39] Predefined anatomical 

landmarks, such as the Sylvian fissure (anterior-posterior 
orientation) and the orbital roof (craniocaudal orientation), 
were used to guarantee a high reproducibility of TMT values. 
Two investigators measured the TMT using SYNAPSE V 
4.1.5 imaging software (Fujifilm Medical, Tokyo, Japan). 
TMT was assessed on both sides in each individual, and 
the mean TMT was calculated by summing up those 
measurements and dividing them by two. There were no 
individuals with muscle edema, atrophy due to craniotomy 
or radiation therapy, trigeminal nerve disease, nor myopathy, 
which might be related to smaller TMT.

According to the Fazekas scale, we also evaluated 
periventricular hyperintensity (PVH) on fluid-attenuated 
inversion recovery images.[9] We also counted the number 
of microbleeds on the T2* image and detected intracranial 
cerebral aneurysm on magnetic resonance angiography.

Statistical analysis

Intraclass correlation coefficients tested the inter-rater 
reliabilities of TMT. The results are described as mean ± 
standard deviation (SD), and sex- and age-related mean TMT 
reference values were given as means with SDs and ranges. 
The associations between TMT and other factors were 
investigated by the Mann–Whitney U-test or Spearman’s 
coefficient correlation. R > 0.2 was defined that there was a 
significant correlation. A two-tailed P < 0.05 was considered 
statistically significant. We conducted this calculation using 
the SPSS software version 24.0.0. (IBM, New York, USA).

RESULTS

Clinical characteristics and TMT

TMT characteristics of the 360 individuals (214 women and 
146 men) ranging from 35 to 84 years old are summarized 
in [Table  1]. The intraclass correlation coefficients (2, 2) 
measuring TMT were 0.845. TMT values in the retrospective 
normal cohort ranged from 3.69 to 16.90 mm. Mean TMT 
values were significantly higher in men compared to women 
except for over 70-year-old cohort (overall, P < 0.001; 
35–49 years, P = 0.001; 50–59 years, P < 0.001; 60–69 years, 
P = 0.009; and 70 < years, P = 0.120).

TMT and other variables

TMT was correlated to weight and BMI in both sexes (TMT 
vs. weight in men; r = 0.262; P = 0.001, TMT vs. BMI in men; 
r = 0.231; P = 0.005, TMT vs. weight in women; r = 0.415; 
P < 0.001, TMT vs. BMI in women; r = 0.432; P < 0.001). 
Age, height, Fazekas PVH scale, the numbers of microbleeds, 
and aneurysms were not correlated to TMT in both sexes 
(P > 0.05) [Table 2].
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Table 1: Age‑ and sex‑related mean, minimum, and maximum TMT values and SD per subgroup.

Sex Age group n Mean TMT (mm) Minimum TMT (mm) Maximum TMT (mm) SD

Men 35–39 2 8.65 8.64 8.65 0.01
40–49 56 10.21 4.85 14.30 2.08
50–59 44 10.30 6.68 16.90 2.58
60–69 24 9.90 6.98 12.90 1.95
70–79 16 8.80 6.35 11.44 1.94
80 < 4 12.99 10.45 15.48 2.84
All 146 10.09 4.85 16.90 2.29

Women 35–39 14 10.01 6.09 12.50 2.22
40–49 56 8.57 3.90 11.72 1.95
50–59 90 7.78 4.30 11.32 1.80
60–69 38 8.38 4.30 14.71 1.95
70–79 12 9.14 6.33 11.29 1.75
80< 4 5.05 3.69 6.41 1.57
All 214 8.31 3.69 14.71 2.24

SD: Standard deviation, TMT: Temporal muscle thickness

Table 2: Associations between TMT and other variables.

Sex Variable Mean or (number) SD Coefficient P‑value

Men (n=164) Age (y.o.) 54.1 11.2 –0.060 0.475
Height (cm) 168.7 6.0 0.067 0.432
Weight (kg) 69.7 12.1 0.262 0.001*
Body mass index (kg/m2) 24.5 3.9 0.231 0.005*
Fazekas scale of PVH 0.63 0.8 –0.125 0.131
0 (80)
1 (44)
2 (37)
3 (3)
Number of microbleeds 0.03 0.2 –0.115 0.165
0 (142)
1 (4)
Number of aneurysms 0.01 0.1 0.028 0.738
0 (144)
1 (2)

Women (n=214) Age (y.o.) 54.2 10.0 –0.103 0.132
Height (cm) 156.7 6.3 0.048 0.483
Weight (kg) 55.9 9.1 0.415 <0.001*
Body mass index (kg/m2) 22.8 3.5 0.432 <0.001*
Fazekas scale of PVH 0.57 0.7 –0.036 0.597
0 (114)
1 (83)
2 (11)
3 (6)
Number of microbleeds 0.07 0.4 0.061 0.377
0 (202)
1 (10)
3 (2)
Number of aneurysms 0.02 0.1 –0.011 0.877
0 (210)
1 (4)

*P<0.05 by Spearman’s coefficient correlation. PVH: Periventricular hyperintensity, SD: Standard deviation, TMT: Temporal muscle thickness
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DISCUSSION

We retrospectively investigated TMT from the brain 
check-up database from two institutions. Our results were 
just reference values, but this is the first report regarding 
TMT standard values of Japanese individuals who underwent 
brain check-up.

The usefulness of TMT as indicators of skeletal muscle 
mass in neurosurgical and neurological diseases

Several reports on the association between skeletal muscle 
mass and neurosurgical diseases are reported. Higher skeletal 
muscle mass reduces the risk of intracranial arterial stenosis 
and may protect against ischemic stroke.[18,29] Sarcopenia, 
loss of skeletal muscle mass in the elderly, also relates to 
the medium-term outcomes of carotid artery stenting,[16] 
mortality after percutaneous vertebral augmentation,[2] and 
traumatic brain injury.[40] However, many studies on the 
association between skeletal muscle mass and outcomes used 
psoas muscle cross-sectional area at the third lumbar vertebra 
level,[17] systemic muscle mass, gait speed, and handgrip 
strength as indicators of sarcopenia.[6] Mainly, the systemic 
muscle mass and its function are important for diagnosis 
and indicators of sarcopenia,[4] and muscle strength was at 
the forefront as it was recognized that strength was better 
than mass in predicting adverse outcomes.[3,5,23,35] However, 
we sometimes cannot perform muscle function tests for 
neurosurgical and neurological patients due to the patients’ 
impaired consciousness, gait disturbance, paresis, aneurysm 
rerupture, and cerebral hemorrhage rebleeding concerns. 
Therefore, we hypothesized that TMT on MRI would be a 
useful surrogate marker of skeletal muscle mass, and it would 
be helpful to clinical application for various neurosurgical 
and neurological diseases patients. However, there are no 
reports on Mongolioid standard TMT, so we investigated 
standard TMT values from the brain check-up cohort.

Previously, TMT thresholds in the MRI for the outcomes in 
various diseases were investigated, but some studies yielded 
inconsistent results in TMT values. TMT in MRI over the 
median was associated with favorable outcomes in brain 
metastasis.[11] The medians were not described, but the mean 
TMT was 5.0 mm in females, 6.2 in males. TMT in MRI over 
4.9 mm,[41] 7.1 mm,[12] or 9.2 mm[26] was thresholds for the 
prognosis of glioblastoma patients regardless of sex. Another 
study reported that 7.20 mm of male and 5.54 mm of female 
were cutoff points for the prognosis of the newly diagnosed 
glioblastoma patients.[1] On the other hand, Muglia revealed 
that TMT was not associated with prognosis in his cohort of 
patients with glioblastoma at diagnosis.[30] In other studies, 
the cutoff points of TMT in MRI to diagnose sarcopenia are 
6.3 mm for male patients and 5.2 mm for female patients, 
respectively.[39] Katsuki reported that the TMT thresholds for 

the subarachnoid hemorrhage outcome on CT images were 
4.9 mm in females and 6.7 mm in males, respectively.[19]

It is not easy to compare the threshold values of TMT because 
the investigator, methods, and modality were different in 
each study. However, research on the temporalis muscle is 
still in its infancy. Therefore, investigating the threshold is 
meaningful for the clinical practice, and further prospective 
studies are desired.

The difference from the previous study on Caucasian

Steindl reported standard TMT values of healthy Caucasian 
individuals.[39] Compared to the study, our results did not 
seem significantly different. We first hypothesized that 
Japanese TMT would be smaller than that of Caucasian 
because the criteria of sarcopenia are different between 
Europe and Asia.[4,7] Furthermore, the psoas muscle is not 
different between Caucasians and Asians, but paraspinal 
muscle is greater in Caucasians in the degenerative spine 
patients.[14] However, the results of TMT did not look 
different between Steindl’s and ours. Furthermore, Japanese 
individuals have bigger TMT than Caucasian individuals in 
some age groups, such as 60–69 and 70–79. This may not be 
from racial differences. Our cohort took the trouble of paying 
money for a brain check-up. That was how health conscious 
they were, and they may have usually been paying attention 
to exercise and nutrition. Therefore, this study could not 
support the hypothesis that TMT is different between races, 
and further study is needed.

Limitations

First, the sample size was small. Second, we did not 
measure actual skeletal muscle volume nor muscle function. 
Therefore, it is uncertain that TMT was really surrogate 
markers of skeletal muscle mass in this study. Furthermore, 
it is unknown that TMT was determined congenitally and 
whether they can be enlarged by training like chewing. 
Third, we did not investigate laboratory test results, such as 
albumin, total cholesterol, nor lymphocyte count, which are 
marker of nutrition status.[8] Fourth, accurate and standard 
methods of TMT measurements were not established. 
Ranganathan et al.[33] and Rinkinen et al.[34] used image 
analysis and engineering software to measure temporal 
muscle. Hsieh et al.[15] measured the TM width using an 
average of the four slices of head CT images. Katsuki used 
CT to measure TMT.[22,24] Furtner et al.[10-12,39] provided 
the measuring method in this study. In any way, TMT was 
manually measured perpendicular to the temporal muscle’s 
long axis, so lack of accuracy and reproducibility is possible. 
In this study, the intraclass correlation coefficient of the two 
investigators was sufficient, but the best way to measure TMT 
should be discussed.
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CONCLUSION

We retrospectively investigated standard TMT values from 
the brain check-up database of two institutions. Our results 
were just reference values, but these would be useful for 
further investigation in other neurosurgical and neurological 
diseases regarding muscle volume or sarcopenia.
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