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Abstract

Muscle aging such as sarcopenia adversely affects motor activities. However, few studies have elucidated the aging physi-
ological mechanism of tongue concerted with the changes muscle composition. The present study aimed to examine the
tongue composition changes to detect the effect of tongue fat mass on tongue pressure and swallowing function with aging.
Twenty community-dwelling elderly without head and neck cancer, stroke, or neuromuscular disease and 20 healthy young
were included. Tongue volume, tongue fat mass, tongue lean muscle mass, and tongue fat percentage were evaluated with
3D magnetic resonance imaging (MRI) and Dixon MRI. Tongue pressure was also measured. Swallowing function among
elderly individuals was assessed via videofluorography, which was evaluated using the penetration—aspiration scale (PAS)
and normalized residue ratio scale (NRRS). Tongue fat mass and tongue fat percentage significantly increased with aging.
The tongue fat percentage of elderly participants was 20%, which was two times greater than that of young participants. No
significant difference was observed in tongue volume and tongue lean muscle mass. A significantly negative correlation was
observed between tongue fat mass and tongue fat percentage as well as tongue pressure. Conversely, tongue volume was
not significantly correlated with tongue pressure. Tongue muscle composition exhibited no effect in the PAS and NRRS.
Increase of fat mass is a major change in tongue composition with aging, which is associated with low tongue pressure. Thus,
attention must be paid not only to tongue quantity but also to the quality of tongue muscles.
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Introduction

Sarcopenia refers to the loss of striated muscle mass,

54 Yuta Nakao strength, and function associated with aging [1]. Based on

ynakao33@gmail.com recent studies on whole-body sarcopenia, [2—4] an increase

in intramuscular fatty infiltration, which leads to loss of

muscle strength, is correlated with changes in muscle qual-

ity. The European Working Group on Sarcopenia in Older

People recently updated the definition of sarcopenia, and its

diagnosis is confirmed based on the presence of low muscle
quantity or quality [5].

The tongue is composed of striated muscles such as those
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aging [6, 7]. In tongue muscles, unlike other age-related
changes in tongue composition, decrease in tongue pres-
sure has received considerable attention [6—13]. Changes
in tongue muscle mass may also be associated with aging
[14], nutritional status [15], and tongue pressure [6, 15].
Moreover, previous studies have evaluated tongue thickness
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and volume. However, intramuscular fatty infiltration has
remained seldom investigated. To our knowledge, only But-
ler et al. [16], Ogawa et al. [17], and Humbert et al. [18]
have evaluated tongue fat mass. According to them, tongue
fat mass is associated with tongue pressure changes [16]
and sarcopenic dysphagia [17]. Furthermore, Humbert et al.
[18] suggested that future studies should clarify whether sig-
nificant differences exist between healthy elderly and young
adults to answer important clinical questions about tongue
sarcopenia. However, no study had compared tongue com-
position between elderly and young individuals; thus, age-
related tongue muscle composition change remains imper-
fectly understood. We considered that decrease in tongue
pressure caused by aging is related to fatty change of tongue
musculature.

MRI examination provides a useful approach for the dif-
ferentiation of normal and abnormal muscle composition. In
particular, Dixon MRI is fat-suppression MRI technique that
provides intramuscular fat volumetric image. Dixon MRI
is highly repeatable [19] and accurate [20], and it has been
used for the evaluation of intramuscular fatty infiltration
in whole-body sarcopenia [3, 21]. Nevertheless, no study
has evaluated age-related tongue muscle abnormality using
Dixon MRIL.

This study investigated changes in tongue composition
using Dixon MRI in young and elderly individuals to detect
the effect of tongue fat mass on tongue pressure and swal-
lowing function with respect to aging.

Materials and Methods
Study Design

A prospective cross-sectional study of age-related tongue
muscle change using Dixon MRI was performed at Hyogo

Fig. 1 Analysis of tongue
volume Tongue volumes were
measured based on sagit-

tal T1-weighted 3D MRI. To
normalize the tongue volume
after the 3D reconstruction, we
divided such volume by the hard
palate length

T1-weighted 3D-MRI
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College of Medicine Hospital, and it was approved by the
Ethics Committee of Hyogo College of Medicine. Written
informed consent was obtained from all participants.

Participants

A total of 40 individuals participated in this study. Of
them, 20 were community-dwelling elderly individuals
aged > 65 years. The remaining 20 participants were healthy
young participants aged < 40 years. Participants with a his-
tory of head and neck cancer, stroke, neuromuscular dis-
ease, or aspiration pneumonia were excluded. The occlusal
contact of all participants was class A (contact in all four
support zones) according to the Eichner Index [22]. The fol-
lowing assessments were performed within a week.

Tongue MRI

MRI was performed on a 3.0 T MRI scanner (Siemens
MAGNETOM Skyra, Germany) using 20-ch head—neck coil.
The radiologic technologist instructed the following steps
to the participants: “Keep the tongue relaxed and position
the tip of the tongue to the back of the front teeth. Also, do
not swallow and speak during scanning to reduce motion
artifacts.” Tongue MRI images were obtained using sagittal
T1-weighted 3D MRI (FOV =200 X 200 mm?, TR =500 ms,
TE =12 ms, resolution=192 % 192, voxel size=1x1Xx1
mm?, and TA=3.38 min) and Dixon MRI (FOV =220x 220
mm?, TR =635 ms, TE=10 ms, resolution =320 x 256,
voxel size=0.7x 0.7 x4.0 mm®, and TA =2.55 min). Dixon
MRI obtained four images (in-phase, opposite-phase, fat,
and water), and the in-phase and fat images were analyzed.

The radiologist manually assessed the tongue contour per
image using the Osirix™ image analysis software. Tongue
volumes were measured based on sagittal T1-weighted 3D
MRI (Fig. 1). To normalize the tongue volume after the 3D
reconstruction, we divided such volume by the hard palate

3D reconstruction
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length. Tongue fat mass, tongue lean muscle mass, and
tongue fat percentage were determined using Dixon MRI
and were defined as follows (Fig. 2):

Tongue pressure was measured three times to obtain the
mean value.

Tongue fat mass (cm3) = Tongue volume X Signal of fat image / Signal of in-phase image

Tongue lean muscle mass (cm3) = Tongue volume — Tongue fat mass

Tongue fat percentage (%) = Signal of fat image / Signal of in-phase image x 100.

In addition, the anterior and posterior coronal Dixon MRI
images were analyzed to assess the distribution of tongue fat
percentage. The anterior and posterior images were defined
as sites 20.0 mm (4.0 mm X 5 frames) away from the tip and
posterior ends of the tongue (Fig. 3).

The analysis of tongue volume, tongue fat mass, tongue
lean muscle mass, and tongue fat percentage had good inter-
reproducibility; the intraclass correlation coefficient ranged
from 0.929 to 0.984, 0.976 to 0.995, 0.947 to 0.988, and
0.981 to0 0.996 (p <0.001), respectively.

Tongue Strength

Using the JMS tongue pressure machine (JMS, Hiroshima,
Japan), we measured the maximum anterior tongue pressure
(tongue strength). During the measurement, the probe was
placed between the front of the palate and the tongue. Then,
all participants pushed their tongue up to the hard palate and
pressed on the probe with the maximum voluntary effort.

Opposite

Whole-body Sarcopenia

Whole-body sarcopenia was evaluated using the hand grip
strength, gait speed, and skeletal muscle mass according to
the Asian Working Group for Sarcopenia criteria [1]. The
hand grip strength (T.K.K. 5401, Takei Apparatus Industry,
Osaka, Japan) was examined in both hands, and the higher
value was defined as the maximum hand grip strength. The
gait speed was measured using the 10-m gait speed test. The
participants were instructed to walk a 10-m straight course at
their usual comfortable gait speed. Meanwhile, the skeletal
muscle mass was calculated using bioelectrical impedance
analysis (InBody S10, InBody Japan Inc. Tokyo, Japan).
Skeletal muscle mass index (SMI) was calculated by divid-
ing skeletal muscle mass by height in meters squared (kg/
m?). Body mass index (BMI) was calculated as weight in
kilograms divided by height in meters squared.

Fat

Water

- J

T

Dixon images

Fig.2 Analysis of tongue fat mass and percentage Tongue fat mass and percentage were defined as follows: Tongue fat mass (cm’) =tongue vol-
ume X signal of fat image / signal of in-phase image Tongue fat percentage (%) =signal of fat image / signal of in-phase image x 100
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Fig.3 Anterior and posterior
coronal Dixon images: assess-
ment of the distribution of
tongue fat mass

Anterior

Posterior

Swallowing Function

All participants were evaluated using the water swallowing
test (WST), food test (FT), and repeated saliva swallowing
test (RSST), which are used in the general clinical evaluation
of patients with dysphagia. The RSST is an examination of
repeated voluntary swallowing of saliva, and <3 dry swal-
lows within 30 s is considered abnormal [25]. The WST is a
5-point scale examination that assesses swallowing function
by swallowing 30 ml of water [26]. The FT is also a 5-point
scale, but it is conducted by eating 4 g (1 teaspoon) of jelly
[27].

Thereafter, only elderly participants were examined by
videofluorography (VFSS) because this procedure involves
radiation exposure. Using a DVD recorder (DIGA DMR-
XP200; Panasonic Cor-poration, Osaka, Japan), we recorded
the lateral projection of VFSS, which was performed in a
sitting position, using 3, 5, and 30 ml of 40% weight/volume
barium sulfate. Aspiration was not observed while swallow-
ing 3 and 5 ml of barium liquids; thus, we analyzed the
VESS data by swallowing 30 ml of barium liquids.

@ Springer

Then, the VFSS was examined for the occurrence of
aspiration and pharyngeal residue. We evaluated the aspira-
tion status by using the 8-point penetration—aspiration scale
(PAS), which assesses the depth to which the material passes
in the airway and whether the material entering the airway is
expelled during the swallowing (PAS score 1 =no aspiration,
2-5 =penetration, 68 = aspiration) [23]. Moreover, using
the normalized residue ratio scale (NRRS), we measured
the amount of pharyngeal residue. The NRRS is an anatomi-
cally referenced scale used for capturing residue severity
by pixel-based measurements. It is also used to objectively
quantify residue in the valleculae (NRRSv) and pyriform
sinuses (NRRSp) [24].

Statistical Analysis

Normal data distribution was examined using the Shap-
iro-Wilk test. The effects of aging and gender on tongue
muscle composition, tongue pressure, gait speed, hand grip,
SMI, and BMI between both factors were assessed using the
two-way repeated-measures analysis of variance (ANOVA).
For hypothesis testing, the aligned rank transform (ART)
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procedure was employed if the data were not normally
distributed. For nonnormally distributed data, the data of
adjusted ART ANOVA were more robust and powerful than
those of the traditional ANOVA [28]. The distribution of
the anterior and posterior tongue fat percentage was com-
pared using the paired ¢ test. Furthermore, the coefficients
between tongue pressure and tongue fat mass/fat percentage
were calculated by Pearson’s correlation coefficients analy-
sis. Meanwhile, the coefficients between tongue pressure
and tongue volume/tongue lean muscle mass and the coef-
ficients between tongue composition and NRRS were calcu-
lated using Spearman correlation analysis. Tongue composi-
tion and PAS were compared using one-way ANOVA and
Tukey’s test. All statistical data were analyzed using SPSS
24.0 J (SPSS Japan, Tokyo, Japan). ART was performed
using ARTool 1.6.2 (https://depts.washington.edu/acelab/
proj/art/index.html). Moreover, p <0.05 was considered to
be statistically significant.

Results

The mean age of the 10 elderly male participants was
76.9 +6.3 years and that of the 10 elderly female participants
was 73.7 +5.2 years. The mean age of the 10 healthy young
males was 29.5 +4.1 years and that of the 10 healthy young
females was 28.9 +4.5 years. None of the participants were
diagnosed with whole-body sarcopenia.

Table 1 summarizes the effects of aging and gender on
tongue muscle composition, tongue pressure, gait speed,
hand grip, SMI, and BMI between both factors. Aging sig-
nificantly affected the tongue fat mass, tongue fat percent-
age, and tongue pressure (n>=0.66, 1>=0.62, and 1> =0.49,
respectively) but did not affect the tongue volume and tongue
lean muscle mass. Regarding gender, the tongue volume,
tongue lean muscle mass, and tongue fat percentage were
significantly affected (1*=0.15, n*=0.19, and 1?>=0.13,
respectively). The fat percentage of the posterior tongue was
significantly greater than that of the anterior tongue in both
elderly and young participants (Table 2, Fig. 4).

Figure 5 shows the bivariate scatterplot for tongue pres-
sure as a function of tongue MRI. A significant negative
correlation was observed between tongue fat mass and

Table 1 Comparison of study parameters between elderly and young participants according to sex

Variables Age Man Women Age Gender Age X Gender
d p value ” p value e P value

BMI Young  21.9+3.0 20.2+2.5

Old 237+1.5 21.1+23  0.08 0.09 0.18 0.008 0.01 0.53
SMI Young 10.6+0.9 84+1.0

Old 9.9+0.8 8.1+0.6  0.09 0.08 0.60 <0.001 0.02 0.42
Tongue volume (cm®) Young 20.1+2.3 18.4+2.4

Old 22.0+2.8 19.0+3.8  0.05 0.19 0.15 0.02  0.02 0.45
Tongue fat mass (cm?) Young 1.8+0.6 1.9+04

Old 45+18 42+14  0.66 <0.001 <0.001 090  0.01 0.48
Tongue lean muscle mass (cm?) Young 18.3+2.0 16.5+2.5

Old 17.5+1.6 148+33  0.07 0.11 0.19 0.006 0.009  0.57
Tongue fat percentage (%) Young 89+23 10.8+2.8

Oold 20.1+5.6 220+55 0.62 <0.001 0.13 0.03 0.01 0.50
Anterior tongue fat percentage (%) Young 55+2.6 6.5+3.1

old 15.6+7.2 17.5+55  0.65 <0.001 0.07 0.12  0.008  0.59
Posterior tongue fat percentage (%) Young 11.1+3.1 11.3+2.7

old 19.6+10.0 22.1+6.7 0.39 <0.001 0.04 022  0.04 0.26
Tongue pressure (kPa) Young  48.4+9.2 38.7+89

o1d 34.0+5.7 272+7.6 049 <0.001 0.23 0.002 0.009 0.58
Hand grip (kg) Young  44.1+5.8 242+45

old 323+5.0 19.1+42 047 <0.001 0.75 <0.001 0.10 0.06
Gait speed (m/s) Young 6.2+1.0 7.1+1.0

Old 8.7+1.1 84+22 043 <0.001 0.002 0.77  0.11 0.05

BMI body mass index, SMI skeletal mass index; Values are expressed as mean + SD; Effect size is expressed as #°
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Table 2 Comparison of fat

percentage between the anterior
and posterior tongue in elderly Anterior Posterior d pvalue  Anterior  Posterior d p value
and young participants

Elderly participants Young participants

Tongue fat 16.6+6.3 20.9+84 058 0.03 6.0+28 11.2+28 186 <0.001
percentage

(%)

Values are expressed as mean + SD; Effect size is expressed as d (Cohen’s d)

tongue fat percentage as well as tongue pressure (r= —0.51,
p=0.001 and r= —0.60, p<0.001, respectively). A positive
correlation was observed between tongue lean muscle mass
and tongue pressure (r=0.54, p<0.001). By contrast, tongue
volume was not significantly associated with tongue pressure
(r=0.27, p=0.09).

The results of WST, FT, and RSST were normal in all
participants. On VFSS, 11, 6, and 3 elderly participants
exhibited no aspiration (PAS score: 1), penetration (PAS
score: 2-5), and aspiration (PAS score: 6-8), respectively.
However, no significant difference in tongue composition
was found between these three groups (Table 3). On NRRS,
NRRSv exhibited 0.13 +0.12, whereas NRRSp exhibited
0.02 +0.04. NRRS had no significant correlation with
tongue composition (Table 4).

Fig.4 Distribution of fat tissue in the tongue muscle. Fat-phase
image of a 74-year-old man; fat marbling increased in the posterior
tongue. Fat-phase images show fat tissue as high contrast, whereas Discussion
the boundaries of the soft tissues are not as distinct. Fat tissue was
identified with the Osirix image software using a threshold method;

the high-contrast region is represented by the green color This is the first study to investigate the age-related tongue

muscle change using Dixon MRI and the impact of changes
in tongue composition on tongue pressure. The main

Fig. 5 Bivariate scatterplot for (a) (b)
tongue pressure as a function — :General, --- O:Young, -~ @®: Elder — :General, --- O:Young, -~ @: Elder
of a tongue volume, b tongue __ 8 90
fat mass, ¢ tongue lean muscle § §
mass, and d tongue fat percent- = 60 >~ 60
ace g r=0.27 g r=-0.51
g ? p=0.09 ] p = 0.001
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Table 3 Comparison between tongue muscle composition and PAS
No aspiration (PAS:1) Penetration (PAS:2-5) Aspiration (PAS:6-8) ;12 p value

Tongue volume (cm®) 20.1+£3.5 22.1+3.1 18.7+5.0 0.11 0.38
Tongue fat mass (cm®) 43+1.2 45423 43+1.6 0.002 0.98
Tongue lean muscle mass (cm®) 15.8+2.9 17.7+£2.2 14.4+3.7 0.15 0.24
Tongue fat percentage (%) 21.4+4.5 19.6+8.0 22.8+3.5 0.04 0.71
Anterior tongue fat percentage (%) 15.8+5.0 16.9+9.0 18.7+6.1 0.03 0.79
Posterior tongue fat percentage (%) 21.1+6.8 19.2+12.0 233+7.3 0.03 0.80
Tongue pressure (kPa) 29.7+7.3 33.2+7.1 28.5+9.8 0.06 0.59

Values are expressed as mean + SD; Effect size expressed as #°

Table 4 Correlation between tongue muscle composition and NRRS

NRRSv NRRSp

r P value r P value

Tongue volume (cm®) —-0.13 0.60 0.20 0.39
Tongue fat mass (cm®) 0.15 0.54 0.32 0.18
Tongue lean muscle mass (cm®) —-0.24 0.31 0.05 0.82
Tongue fat percentage (%) 0.26 0.27 0.19 043
Anterior tongue fat percentage (%) 0.27 0.25 0.27 0.25
Posterior tongue fat percentage (%) 0.32 0.17 0.32 0.16

Tongue pressure (kPa) -0.32 0.17 0.04 0.86

findings of this study associated with aging were as follows:
(a) tongue fatty infiltration was higher in the aged group and
that lean muscle mass did not differ significantly with age,
(b) both of young and elderly participants exhibited fatty
infiltration increase in the posterior tongue, (c) fatty infiltra-
tion was associated with low tongue pressure.

Age-Related Tongue Atrophy and Tongue Fatty
Infiltration

No study compared tongue composition between elderly
and young individuals; thus, age-related tongue muscle
composition change had been imperfectly understood. In
this study, tongue fat percentage of the elderly participants
was 20%, which was two times greater than that of young
participants. In two-way ANOVA, tongue fat percentage
was affected by gender as well as aging, but the effect
size of aging was greater than that of gender (n>=0.62
and n?=0.13, respectively). Therefore, fatty infiltration
of the tongue is susceptible to aging rather than gender.
In whole-body muscle, aging is one of the risk factor of
intramuscular fatty infiltration [29], so that the pathologi-
cal changes in tongue muscle might be similar to those of
whole-body muscle among elderly individuals.

In whole-body muscle, intramuscular fatty infiltration is
considerably more rapid than concomitant loss of muscle

mass [30]. In this study, the elderly exhibited tongue fat
mass was increased despite tongue volume and tongue
lean muscle mass maintained compared with the younger;
hence, we assumed tongue fatty infiltration is more rapid
than muscle atrophy, similar to skeletal muscle. However,
the association between tongue muscle atrophy and tongue
fatty infiltration remains imperfectly understood because
this study was a cross-sectional study, not longitudinal
study. Further studies are required in order to confirm
these associations.

The present study confirmed that intramuscular fatty
infiltration increased in posterior tongue in both young and
elderly participants. Several studies have indicated that
fatty degeneration was mainly observed in type I muscle
fibers [31-33], and most of posterior tongue is composed
type I fibers [34], which substantiates the view that fatty
infiltration is highly observed in posterior tongue.

Interrelationship Between Tongue Fatty Infiltration
and Tongue Pressure

A few studies investigated the association between tongue
muscle composition and tongue pressure [14—16] Of these
studies, only Butler et al. [16] focused on tongue fat mass,
and they evaluated posterior tongue adiposity with a
1 cm elliptical region of interest using CT. By contrast,
the other studies evaluated tongue thickness using ultra-
sonography [14, 15]. However, the analysis of these stud-
ies was not primarily based upon the unremitting imaging
data of tongue muscle body. Providing unremitting and
dynamic images reflected pathological tongue muscle is
suitable to detect the accurately interrelationship between
tongue muscle composition and tongue pressure. The pre-
sent study analyzed 3D MR images, and exhibited that
a significant correlation was observed between tongue
fat mass, tongue fat percentage, and tongue lean muscle
mass as well as tongue pressure (r= —0.51, —0.60, and
0.54, respectively). However, tongue volume was not sig-
nificantly correlated with tongue pressure. Accordingly,
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tongue fatty infiltration was associated with low tongue
pressure, which indicates the functional importance of fat
tissue. Intramuscular fatty infiltration is correlated with
changes in muscle quality [2—4]. Our results suggest that
attention must be paid not only to tongue quantity but also
to the quality of tongue muscles.

Association Between Tongue Fatty Infiltration
and Presbyphagia

We had predicted that tongue fatty infiltration can result in
adverse effects on presbyphagia because (1) tongue fatty
infiltration induces sarcopenic dysphagia [17] and (2) the
increase of intramuscular fatty infiltration is affected by
aging and sarcopenia [2—4]. However, our study did not
clearly demonstrate the interrelationship of tongue fat mass
and tongue muscle mass with swallowing function. There-
fore, presbyphagia is not as strongly linked to the increase of
tongue fatty infiltration as sarcopenic dysphagia.

Limitations

This study has several limitations. First, this study was lim-
ited by the small cohort of participants. Moreover, none of
the participants were diagnosed with whole-body sarcope-
nia. Therefore, future studies with a larger cohort diagnosed
with whole-body sarcopenia should be conducted. Second,
the posterior tongue pressure should have been measured.
However, the JMS tongue pressure machine could only
measure the anterior tongue force; thus, we only meas-
ured and recorded the anterior tongue pressure. Third, the
VESS was examined only in elderly participants because of
radiation exposure; thus, the swallowing function between
younger and elderly participants could not be compared.

Conclusion

Fatty infiltration of the tongue is a common condition asso-
ciated with aging and is associated with low tongue pres-
sure. Therefore, we must pay careful attention not only to
the quantity but also to the quality evaluation of the tongue
muscle.
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