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Abstract

The purpose of this study was to determine if an association exists between tongue strength and lower
muscle strength, and skeletal muscle mass, in Taekwondo athletes. In this cross-sectional study, a total of
35 young adults aged ≥ 19 (14 women and 21 men) gave their written informed consent to participate. A
bio-impedance body composition analyser determined body fat percentage, skeletal muscle mass, and
other body composition values. A hand-held dynamometer was used to evaluate quadriceps lower
muscle strength. Tongue strength was assessed by measuring maximal tongue pressure against a tongue
depressor connected to a strain gauge dynamometer. Partial correlation coefficients for tongue strength
significantly correlated with skeletal muscle mass (r=0.518, P=0.001), grip strength (r=0.460, P=0.005),
and lower muscle strength (r=0.487, P=0.003). However, tongue strength was inversely correlated with
flexibility (r=-0.406, P=0.016). After adjusting for sex, tongue strength remained significantly correlated
with skeletal muscle mass (r=0.345, P=0.045), and lower muscle strength (r=0.346, P=0.045). This cross-
sectional study is the first to report the association between tongue strength and grip strength, lower
muscle strength, and skeletal muscle mass, in Taekwondo athletes. Our data suggests that the
measurement of tongue strength may provide a new approach to determining muscle strength.
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Introduction
The tongue consists entirely of muscle and plays an essential
role by exerting the maximum force required to propel food,
liquid, secretions, and medicine within the oral cavity toward
the oropharynx, and ultimately the oesophagus, during
swallowing [1]. Moreover, tongue strength can be measured
easily: There is wide variability in the responses of healthy
individuals [2].

A decline in muscle strength may indicate fatigue, which is
characterized by an acute reduction in the ability to exert
muscle strength [3]. Age-related loss of muscle mass is
associated with a decrease in muscle strength (sarcopenia),
with this functional decrease appearing in striated muscle
tissues. There is also involvement of the muscles that support
swallowing, such as those found in the lips, tongue, and cheeks
[4]. Previous studies have examined the effects of aging on
tongue force and the consequent weakness in swallowing. A
relationship between tongue lifting force and age has been

reported; older individuals exert less tongue force during lifting
than young adults [5].

Assessment of muscle strength is an important predictive
factor, not only for neurological diseases or musculoskeletal
disorders, but also for physical function. Lower extremity
muscle strength is known as an important indicator of gait and
physical function [6,7]. Some studies have examined the
relationship between tongue strength and age, grip strength,
jump height, and power in healthy older adults [8].

To the best of our knowledge, no previous studies have used an
integrated approach to assess lower extremity muscle strength
and tongue strength in Taekwondo athletes. Therefore, the
purpose of this study was to examine whether an association
exists between tongue strength, and lower muscle strength and
skeletal muscle mass, in Taekwondo athletes.

Materials and Methods
A total of 35 young adults aged ≥ 19 (14 women and 21 men)
gave their written informed consent to participate in this study.
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Thirty-five elite Taekwondo athletes, with a minimum of 8-
years competitive experience in the sport, voluntarily
participated in this study. All participating athletes were black
belt holders and classified in the national Division I category.
Subjects were free of hypertension, dyslipidaemia,
musculoskeletal injuries, and cardiovascular/metabolic
disorders (Table 1).

Table 1. Baseline characteristics of the subjects.

Gender, male/female 21/14

Age (years) 20.9 ± 0.9

Body mass (kg) 61.0 ± 10.1

Height (m) 1.71 ± 6.55

BMI (kg/m2) 20.7 ± 2.5

Body fat (%) 13.8 ± 10.1

SMM (kg) 29.3 ± 6.5

Grip strength (kg) 35.1 ± 8.6

Sit-up (frequency) 28.4 ± 7.0

Flexibility (cm) 18.9 ± 8.5

OLCE (sec) 64.3 ± 62.4

Gait speed (sec) 2.96 ± 0.39

LMS (Nm) 201.6 ± 30.4

TS (Nm) 3.71 ± 0.98

Values are mean ± SD; BMI: Body Mass Index; SMM: Skeletal Muscle Mass;
OLCE: One Leg while Closing the Eyes; LMS: Lower Muscle Strength; TS:
Tongue Strength

Body mass was measured to the nearest 0.05 kg using a digital
scale (Inner-Scan 50; Tanita Co, Tokyo, Japan). Height was
measured to the nearest 0.1 cm using a wall-mounted
stadiometer (YS-OA; As One Co, Osaka, Japan). Body mass
index (BMI) was calculated as weight in kilograms divided by
the height in meters squared. A bio-impedance body
composition analyser (Jawon Medical, Gyeongsan, Korea)
determined the body fat percentage (%BF), skeletal muscle
mass (SMM), and other body composition values [9].

Grip strength was measured using a dynamometer (Takei TKK
5401, Takei Scientific Instruments Co. Ltd., Tokyo, Japan),
with the maximum strength (in kg) over two attempts with the
dominant hand being used. A sit-up was measured by
maintaining a knee angle of 140 degrees while the subject lay
on the mat with feet touching the floor, and the upper body
rising to touch the knee with the elbow for 30-seconds. For
balance measurement, the subject stood on one foot with their
eyes closed while raising the other foot, and putting both hands
on the waist. The time until balance was lost was measured
twice at 0.1-second intervals, and the average time was
recorded. A sit and reach flexibility-measuring tool (TKK
5103, Japan) was used to measure flexibility.

Spatiotemporal parameters of gait were assessed using a
validated [10] wireless inertial sensing device (BTS
Bioengineering, Italy) attached to the subject’s waist using a
semi-elastic belt, covering the L4-L5 intervertebral space, to
acquire acceleration values for three anatomical axes: the
anteroposterior, medial-lateral, and vertical axes. Subjects were
asked to walk along an 8-m pathway at a self-selected speed as
naturally as possible. The collected data was transmitted via
Bluetooth to a PC and processed using dedicated software
(BTS G-Walk).

A hand-held dynamometer (HDD) (JTECH Medical, Salt Lake
City, UT, USA) was used to evaluate quadriceps lower muscle
strength (LMS); the reliability of this method had been
validated in another study [11]. In short, with each subject
sitting, the knee joint was flexed from the maximum extension
angle by 35°, after which an HDD was positioned and fixed on
the ankle to allow for an isokinetic dynamometry recording of
the isometric peak flexion forces (the N values) of both knee
joints.

All measurements were made while the subjects were seated in
a comfortable high-backed armchair. The tongue strength was
assessed by measuring maximal tongue pressure against the
tongue depressor connected to a strain gauge dynamometer
(dynamometer of tongue muscle; Takei Ltd., Niigata, Japan).
Peak value during 5-second maximal voluntary tongue
protrusion was evaluated for each participant. The higher value
of two consecutive measurements, spaced 2-minutes apart, was
defined as the strength of genioglossus [12].

Data were analysed using the IBM SPSS Statistics version 22.0
software package for Windows (SPSS Inc., Chicago, IL, USA).
Linear trends were assessed with the Kruskal-Wallis test (two-
tailed) for the median value in each category. Spearman
correlation coefficients were calculated between tongue
strength, and lower muscle strength and physical fitness
parameters, respectively. Partial correlation coefficients were
also calculated between tongue strength, and lower muscle
strength and physical fitness parameters, respectively, with
adjustment for sex. Statistical significance was accepted at the
5% level. Results are presented as means ± standard deviation
(SD).

Results
Thirty-five subjects (14 women and 21 men) were recruited.
Characteristics of the subjects are presented in Table 1.
Skeletal muscle mass of the subjects was 29.3 ± 6.5 kg. Lower
muscle strength was 35.1 ± 8.6 kg, and tongue strength was
3.71 ± 0.98 kg.

Table 2 shows the partial correlation coefficients for tongue
strength were significantly correlated with SMM (r=0.518,
P=0.001), grip strength (r=0.460, P= =0.005), and LMS
(r=0.487, P=0.003). However, tongue strength was inversely
correlated with flexibility (r=-0.406, P=0.016). After adjusting
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for sex, tongue strength remained significantly correlated with
SMM (r=0.345, P=0.045), and LMS (r=0.346, P=0.045).

Table 2. Correlations between tongue strength and both body
composition and physical fitness parameters.

Variable Unadjusted Adjusted

r r

BMI (kg/m2) 0.254 0.268

Body fat (%) -0.240 -0.001

SMM (kg) 0.518** 0.345*

Grip strength (kg) 0.460** 0.236

Sit-up (frequency) 0.253 -0.071

Flexibility (cm) -0.406* -0.342

OLCE (sec) -0.213 0.052

Gait speed (sec) 0.011 -0.001

LMS (Nm) 0.487** 0.346*

Spearman correlations were used to calculate coefficients of correlation
between vitamin D levels, and lipid and physical fitness parameters; Statistical
analysis was conducted by using partial correlations, with adjustment for
gender; Values are mean ± SD. BMI: Body Mass Index; SMM: Skeletal Muscle
Mass; OLCE: One Leg While Closing The Eyes; LMS: Lower Muscle Strength.

Discussion
To the best of our knowledge, this study is the first to report the
relationship between tongue strength and skeletal muscle mass,
in Taekwondo athletes. The main finding was a positive
correlation between tongue strength and lower muscle strength
and grip strength, suggesting that physically active young
individuals, at least in our study population, have higher
tongue strength.

In this study, we observed that tongue strength was more likely
to be associated with grip strength in Taekwondo athletes.
Although the association between tongue strength and grip
strength in relation to primary sarcopenia has been reported in
healthy adults [8], to our knowledge, this is the first study to
reveal an association between tongue strength and grip
strength, which may be utilized as a new measurement
parameter in athletes. In addition, maximum tongue strength is
higher in healthy young people than in healthy older people,
while normal swallowing tongue pressure does not differ
significantly in the two groups [13]. Thus, it seems reasonable
to speculate that tongue strength partially reflects increased
physical performance in young adults.

We also showed that tongue strength was positively correlated
with lower muscle strength in Taekwondo athletes. This
finding of an association between lower muscle strength and
tongue strength shows the necessity for consideration of
including both measurements when measuring physical
function. Burkhead et al. [14] mentioned that swallowing is a
sub-maximal muscular activity and that the muscular force
generated to successfully complete the activity is much lesser

than the maximal force that could be generated by the muscle
involved. This could be explained thus; the positioning
executions of this novel measurement are considered to
rigorously activate the swallowing-related lower muscle
strength and skeletal muscle mass.

Several study limitations are worth noting. Firstly, as the
present study employed a cross-sectional research design,
causal relationships could not be determined. Secondly, we did
not use dual-energy x-ray absorptiometry or bioelectrical
impedance analysis to measure muscle mass. Thirdly, because
the measurements of tongue strength were taken only at the
anterior tongue, the association with tongue strength at the
posterior tongue is unclear. Finally, the sample size was small,
which limited our ability to determine the significance of the
results. Therefore, additional studies with larger sample sizes
are required to determine the relationships observed in this
study.

Conclusions
In conclusion, this cross-sectional study is the first to report an
association between tongue strength, and grip strength, lower
muscle strength, and skeletal muscle mass, in Taekwondo
athletes. Our data suggests that the measurement of tongue
strength may provide a new approach to determining muscle
strength. It would be interesting to investigate whether tongue
strength training interventions can lead to the improvement of
muscle strength in athletes.
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