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Abstract

Objective The aim of this study was to investigate the relationship between tongue muscle quality index, which was rep-
resented as tongue muscle pressure divided by tongue muscle mass, and swallowing speed in community-dwelling older
women.

Methods The inclusion criteria for this cross-sectional study were that participants be community-dwelling older women
aged 65 years and above without dysphagia. The exclusion criteria were stroke and Parkinson’s disease that directly cause
dysphagia. We measured tongue muscle thickness and maximum tongue pressure and the tongue muscle quality index, which
was defined as the maximum tongue pressure divided by tongue muscle thickness. We investigated swallowing speed via a
100 ml water swallowing test. To assess the relationship between tongue muscle characteristics and swallowing speed, we
performed stepwise multiple regression analysis.

Results Ninety-three participants were enrolled in this study (mean age: 84.2 +4.7 years). A stepwise multiple regression
analysis showed that age (f=—0.292, p <0.01) and tongue muscle quality index (#=0.267, p <0.01) were related to swal-
lowing speed.

Conclusion We found that tongue muscle quality index was related to swallowing speed in community-dwelling older women.
According to our findings, it is possible that the tongue muscle quality index is a useful parameter for assessing swallowing
speed in older women without dysphagia.
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Introduction water swallowing test decreases with advancing age [5, 6].

Older adults are vulnerable to swallowing difficulties, such

Loss of swallowing function is a serious problem in older
adults. Previous studies have reported that swallowing func-
tion declines with age [1-3], and that the prevalence of dys-
phagia among community-dwelling older adults is 15.0%
[2]. Older adults’ swallowing function undergoes both physi-
ological and anatomical changes, for example, the declines
in muscle mass and strength and oral sensory perception [4].
These age-related changes lead to deteriorating swallowing
function, such as slower swallowing [1, 4]; in fact, several
studies have reported that swallowing speed assessed by
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that it is common for acute illness to lead to the develop-
ment of dysphagia. Dysphagia leads to severe complications,
including malnutrition, choking and aspiration pneumonia
[3, 7]. Therefore, it is important to clarify the factors associ-
ated with loss of swallowing function in older adults.

The tongue is one of the most important muscles for
swallowing. It plays an important role in feeding and swal-
lowing processes such as chewing, bolus formation, transfer
of the bolus and generating pressure during the swallow.
There are several measures to assess tongue muscle char-
acteristics, for example, the evaluation of tongue muscle
mass via ultrasound device and tongue pressure via bal-
loon and manometer. It is evident that tongue muscle mass
and strength decrease with age [8, 9], and several studies
have reported the relationship between tongue muscle char-
acteristics and swallowing function. For example, Butler
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et al. demonstrated that reduced tongue muscle strength
was closely associated with lower swallowing function in
healthy older adults [10]. Additionally, tongue muscle mass
was decreased among hospitalized older patients with dys-
phagia [11]. While these studies have provided a powerful
basis for the assumption that poor tongue characteristics are
associated with low swallowing function, this relationship
has not been well established.

Recently, muscle quality which was used to explain
micro- and macroscopic changes in muscle architecture
and composition has been emphasized in the assessment of
skeletal muscle characteristics and the diagnosis of sarcope-
nia [12]. Although both skeletal muscle mass and strength
decline with age, there are differences in aging changes.
Some previous findings have indicated that muscle strength
decreases more rapidly than muscle mass [13, 14], and that
maintaining or gaining muscle mass does not prevent the
loss of muscle strength [13]. Thus, muscle quality may
explain the discordant relationship between muscle mass
and strength [15, 16]. This is a new concept related to physi-
cal function. Previous studies have reported that there are
several ways to assess muscle quality, such as determining
infiltration of fat into muscle by using ultrasound devices
and calculating the ratio of muscle strength to muscle mass.
Additionally, as the assessment of either muscle mass or
strength alone is considered an inadequate indicator of
physical performance [17, 18], muscle quality is considered
important in the assessment of skeletal muscle [12].

There is a similar age-related change between tongue
muscle and skeletal muscle character. Numerous surveys
have reported a close relationship between tongue mus-
cle mass and strength, and whole-body muscle mass and
strength [3, 5, 9-11, 19, 20]. Furthermore, our previous
study revealed that older adults with sarcopenia and dynap-
enia showed both poorer whole-body muscle quality and
tongue muscle pressure/motor function than healthy older
adults [21]. Accordingly, it is reasonable to assume that
assessment of muscle quality, which is considered the
important assessment in skeletal muscle, is also necessary
for tongue muscle characteristics. In fact, tongue muscle
quality has been focused as one of the tongue muscle char-
acteristics and was assessed by various evaluations [11, 22].
However, tongue muscle quality has not been sufficiently
verified in studies on tongue muscle function and the rela-
tionship between tongue muscle quality and swallowing
function in older adults remains unclear.

The aim of this study was to investigate the relationship
between tongue muscle quality and swallowing speed, which
was one of the swallowing functions in community-dwelling
older women. We hypothesized that low tongue muscle qual-
ity could be associated with a decline in swallowing speed
and that this new parameter of tongue character may be use-
ful for maintaining swallowing function in older adults.

@ Springer

Methods
Study design and participants

This cross-sectional study, conducted in May 2018, involved
community-dwelling older women who came to a visiting
care facility in Nagano city, Japan. The inclusion criteria
were aged 65 years and older and without dysphagia. The
exclusion criteria were as follows: stroke, Parkinson’s dis-
ease, head and neck cancers, neuromuscular diseases that
directly cause dysphagia and a Mini-Mental State Exami-
nation (MMSE) score of less than 18 points [23]. This
study was conducted in accordance with the guidelines
proposed by the Declaration of Helsinki. The study proto-
col was reviewed and approved by the Ethics Committee
of Tsukuba University Graduate School of Comprehensive
Human Sciences.

Assessment of tongue muscle mass, strength
and quality

We measured tongue muscle thickness as an indicator of
tongue muscle mass via an ultrasound device (ProSound?2;
Hitachi-Aloka Medical, Tokyo, Japan) with a 3.5 MHz con-
vex array probe. The participant lay on a reclining chair and
remained relaxed during the examination. A well-trained
examiner placed the probe perpendicular to the Frankfurt
plane of the lower chin surface (Fig. 1). We defined tongue
muscle thickness as the distance from the lower end of the
mylohyoid muscle to the tongue dorsum (cm), in accord-
ance with a previous study [11]. The ultrasound images were
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Fig. 1 Ultrasound assessment for tongue muscle thickness
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recorded twice, with the average value used as the repre-
sentative for analysis. The reliability of ultrasonographic
examinations of tongue muscle thickness has already been
verified [9]. The ultrasound images were stored in an ultra-
sound device as Digital Imaging and Communication in
Medicine (DICOM) files. Tongue muscle thickness was
calculated using the DICOM file viewer in OsiriX Lite ver-
sion 9.5 (Pixmeo, Geneva, Switzerland). This analysis was
performed by a single investigator who was well trained in
the operation technique for ultrasound image analysis.

Maximum tongue pressure, as an indicator of tongue
muscle strength, was measured by a handheld balloon
probe and manometer (JMS tongue pressure measurement
instrument; GC, Tokyo, Japan). Participants were asked to
place the balloon on the anterior part of the palate and raise
their tongue to compress the balloon on to the palate with
maximum voluntary effort [24]. The tongue pressures were
recorded three times, and the highest was used as the repre-
sentative value (kPa).

Tongue muscle quality was assessed by the tongue muscle
quality index. In a previous study about skeletal muscle,
muscle quality index, which represents the ratio of strength
to muscle mass, was one of the parameters for the assess-
ments of muscle quality, and this indicator well correlated
with physical performance [16]. For example, the lower
extremity muscle quality index was measured by the ratio
of knee extension torque to leg muscle mass and the upper
extremity was measured by the ratio of grip strength to arm
muscle mass [25, 26]. In this study, we operationally defined
tongue muscle quality index as the maximum tongue pres-
sure divided by tongue muscle thickness (kPa/cm).

Assessment of swallowing speed

We measured objective swallowing difficulties by swal-
lowing speed. The participant, seated upright, was asked to
drink a cup of 100 ml distilled water as quickly as possible.
The examiner measured the time from the verbal command
to begin the task until completion by stopwatch. We also
recorded signs of choking, defined as coughing from the
beginning of the task until 1 min after the end of the test, or
a wet-hoarse voice after testing [6]. If the participant choked
during swallowing, we immediately stopped the test. We
measured the amount of water consumed and calculated the
swallowing speed, which was defined as the amount of water
divided by swallowing time (ml/s).

Assessment of subjective swallowing difficulties

We measured subjective swallowing difficulties by the Eat-
ing Assessment Tool (EAT-10), a self-reported questionnaire
to screen for dysphagia. It consists of 10 questions about
swallowing difficulties. Participants scored their swallowing

on a 5-point scale, with a score of 0 indicating no problem
and a score of 4 indicating a severe problem. The maximum
score is 40 points and a score of 2 3 is considered abnormal
and suggests the presence of dysphagia [27].

Assessment of oral function

Skills of the tongue tip and tongue dorsum were measured
by oral diadochokinesis. Oral diadochokinesis, involving the
articulation of the syllables “ta” and “ka” using the anterior
and posterior tongue, is a simple measurement of tongue
motor function. Several reports have defined tongue motor
function in community-dwelling older adults according to
oral diadochokinesis [28, 29]. Participants were asked to
repeat each syllable (“ta,” “ka”) as quickly as possible for
5 s. The number of articulations was counted using a digi-
tal counter (T.K.K. 3351 digital counter, Takei Scientific
Instruments Co., Ltd.). Oral diadochokinesis was calculated
separately for each syllable as the number of articulations
per second [28]. We assessed use of dentures (total dentures,
partial dentures, no use) by a self-reported questionnaire. We
defined the participant as use of total dentures if a partici-
pant used the total dentures on the upper and/or the lower
teeth.

Assessment of other parameters

The participants’ age, height, weight, body mass index
(BMI) and body fat percentage were assessed. BMI was cal-
culated as weight divided by height squared (kg/m?). Body
fat percentage was calculated as total fat mass divided by
total body weight via bioelectrical impedance analysis meas-
urements (MC-780A; TANITA Co., Ltd., Tokyo, Japan).
Nutritional status was assessed by the Nutrition Screening
Initiative (NSI) [30]. The NSI total score is the sum of each
item’s score weighted by nutritional risks. We defined scores
of 0-2 as “good,” 3-5 as “moderate nutritional risk” and 6
or more as “high nutritional risk” according to the previ-
ous studies [30, 31]. Cognitive function was assessed by
the MMSE.

Statistical analysis

Variables were assessed for normality by the Shapiro—Wilk
test, based on which we used either Pearson’s correlation
coefficient or Spearman’s rank correlation coefficient. We
assessed the correlations between age, tongue muscle char-
acteristics and oral diadochokinesis and the correlations
between age, tongue muscle characteristics and swallowing
speed. Then, we performed stepwise multiple regression
analysis with swallowing speed as a dependent variable, and
age and tongue muscle characteristics, which were signifi-
cant in the bivariate analysis, as the independent variables.
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All statistical analyses were performed using IBM SPSS ver-
sion 25.0 (IBM Japan, Tokyo, Japan). A p value <0.05 was
considered statistically significant.

Results

Of the 118 women who met the inclusion criteria, 25 were
excluded because of diseases such as stroke (n=15), Par-
kinson’s disease (n=2) and missing data (n=18). None
of the respondents scored lower than 18 on the MMSE. A
total of 93 participants were finally enrolled in this study
(Fig. 2). The characteristics of the participants are shown
in Table 1. The mean age + standard deviation (SD) was
84.2 +4.7 years. The median NSI score [interquartile range]
was 3.0 [1.0-5.0] which indicated moderate nutritional risk.
The median EAT-10 score was 0 [0-2.0], which represented
the absence of subjective swallowing difficulties. In the
bivariate correlation analysis (Table 2), oral diadochoki-
nesis was not significantly correlated with age and any of
the tongue muscle characteristics. Swallowing speed was
negatively correlated with age (r=—-0.331, p<0.01) and
was significantly correlated with maximum tongue pressure
(r=0.287, p<0.01), but tongue muscle thickness was not.
The tongue muscle quality index was significantly corre-
lated with swallowing speed (r=0.294, p <0.01). A stepwise
multiple regression analysis was performed with swallowing
speed as a dependent variable, and age, maximum tongue
pressure and tongue muscle quality index as independent
variables (Table 3). Age (f=—0.292, 95% confidence inter-
val [CI]=-0.596 to — 0.124, p =0.003) and tongue muscle
quality index (=0.267, 95% CI=0.177-1.077, p=0.007)
were factors related to swallowing speed.

Discussion
In this study, we investigated the relationship between

tongue muscle characteristics and swallowing speed in
community-dwelling older women. We found that age and

Community-dwelling older women
aged 65 years and older
n=118

Excluded criteria

Stroke (n = 5)

Parkinson’s disease (n = 2)
Missing data (n = 18)

Participants for analysis
n=93

Fig.2 Diagram of the participants selection process
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Table 1 Participants characteristics

Overall n=93

Characteristics
Age (years) 84.2+4.7
Height (cm) 147.8+6.2
Weight (kg) 48.7+£84
BMI (kg/m?) 224435
Body fat percentage (%) 30.2+8.1
Nutritional status
NSI (points) 3.0[1.0-5.0]
NSI good (0-2) 44 (47.3)
NSI moderate nutritional risk (3-5) 32 (34.3)
NSI high nutritional risk (6-) 17 (18.3)
Cognitive function
MMSE (points) 26.0+2.6
Tongue muscle mass, strength and quality
Tongue muscle thickness (cm) 3.91+0.52
Maximum tongue pressure (kPa) 28.5+8.5
Tongue muscle quality index (kPa/cm) 74+2.6
Oral function
Denture
Total dentures 13 (13.1)
Partial dentures 56 (56.6)
No use 30 (30.3)
Oral diadochokinesis “ta” (times/s) 5.9+0.8
Oral diadochokinesis “ka” (times/s) 5.5+0.8
Swallowing function
Water swallowing speed (ml/s) 12.4+5.8
Choking or wet-hoarse voice 50.4)
EAT-10 (points) 0.0 [0.0-2.0]

Date are expressed as mean =+ standard deviation; median [interquar-
tile range], n (%)

BMI body mass index, NSI Nutrition Screening Initiative, MMSE
Mini-Mental State Examination, EAT-10 10-item Eating Assessment
Tool

tongue muscle strength and quality were significantly cor-
related with swallowing speed. In addition, stepwise mul-
tiple regression analysis demonstrated that tongue muscle

Table 2 Correlation analysis between age, tongue muscle characteris-
tics and swallowing-related function

OD “ta” OD “ka” Swallowing speed
Age -0.172 -0.129 —0.331%*
Tongue muscle thickness -0.119 -0.064 -0.105
Maximum tongue pressure 0.108 0.015 0.287*%*
Tongue muscle quality 0.165 0.043 0.294%%*

index

OD oral diadochokinesis
##p <0.01, *p <0.05
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Table 3 Stepwise multiple regression analysis for swallowing speed

B SEB p 95% CI p

Age —-0360 0.119 -0.292 -0.596t0 —0.124 0.003
Tongue 0.627 0.227 0.267 0.177 to 1.077 0.007

muscle

quality

index
Maximum - - - - n.s.

tongue

pressure

Model p <0.001, R 0.180

SE standard error; 95% Cl 95% confidence interval, n.s. not signifi-
cant

quality, not tongue muscle strength, independently affected
swallowing speed. Recently, the revised European con-
sensus on sarcopenia proposed that muscle quality is also
better indicator for sarcopenia as well as muscle quantity
and strength [12]. Therefore, current findings suggested
to assess the tongue muscle quality may be important for
evaluating on swallowing speed in older women.

We found that maximum tongue pressure and tongue
muscle quality index were related to swallowing speed,
whereas tongue muscle thickness was not. Regarding
skeletal muscle, muscle quality is an important indica-
tor because of the discordant relationship between skel-
etal muscle mass and strength [12]. Similarly, our results
revealed that tongue muscle mass and strength did not
always show concordant results. Several studies have also
reported that tongue muscle mass is not related to tongue
muscle strength [32, 33], and there is a similar pattern with
tongue muscle characteristics and skeletal muscle charac-
teristics [21]. Although the tongue differs from skeletal
muscle in terms of muscle composition and the similar-
ity between tongue muscle and skeletal muscle has been
discussed [34, 35], these results indicated that age-related
changes in the tongue muscle are similar to those of the
skeletal muscle in clinical findings. Therefore, tongue
muscle quality may affect the discordant relationship
between tongue muscle mass and strength, and it is impor-
tant to assess not only tongue muscle quantity and strength
but also quality. We measured tongue muscle quality using
structural and kinematic assessment of tongue muscle
mass and strength, whereas we did not investigate tongue
muscle quality in detail. Previous studies have reported
that the composition of the tongue muscle changes with
age [34], and that the echo intensity of the tongue muscle
in sarcopenic dysphagia patients is lower than in non-sar-
copenic dysphagia patients [11]. In the future research, it
is necessary to verify the relationship between swallow-
ing function and tongue muscle quality by physiological,
radiological and histological evaluations.

The results of this study demonstrate the importance
of focusing on tongue muscle quality for improving swal-
lowing function. Previous studies have reported that low
tongue muscle strength is related to swallowing disorder
[10, 19] and hypothesized that improving tongue muscle
strength contributes to improvements in swallowing func-
tion. Although researchers and clinicians believe that inter-
ventions for the tongue lead to improvement in swallowing
function, the effects remain unclear [36]. Generally, tongue
pressure during swallowing, that is, swallowing pressure,
is an important factor in swallowing. While several studies
have revealed age-related changes in swallowing pressure,
there has been a lack of consensus owing to variations in
assessment methods [37-40]. Robbins et al. have pointed
out that the decreases in swallowing pressure and maximum
tongue pressure occur in parallel, although the rates varied
[40]; therefore, tongue muscle quality index, represented
as tongue muscle pressure divided by tongue muscle mass,
might be related to the generation of swallowing pressure.
Several studies on skeletal muscle have revealed that mus-
cle quality is a more influential indicator of performance
than muscle quantity and strength [18, 26]. However, few
studies have investigated the effectiveness of tongue muscle
quality for tongue muscle strength including swallowing
pressure and swallowing function. Our results indicate that
tongue muscle quality affects swallowing function; further
research is needed to confirm whether tongue muscle train-
ing changes tongue muscle quality, and whether this has
utility for improving maximum tongue pressure, swallowing
pressure and swallowing function.

We used swallowing speed as an indicator of swallowing
function, which might be able to reflect the slight swallow-
ing changes in older women without dysphagia. A previous
study demonstrated that swallowing speed decreases with
advancing age and that slows swallowing speed could be due
to a reduction in average bolus volume, or a prolongation
of average time per swallow, or a combination of both [41].
Mulheren et al. reported that older adults have decreased
swallowing, such as anterior hyoid excursion and pharyn-
goesophageal segment opening, compared with younger
adults [1]. These age-related changes lead to a reduction
in average bolus volume and decreased swallowing speed.
Swallowing speed was used as a representative indicator of
swallowing performance for patients with neurogenic dys-
phagia [41, 42] and head and neck cancer [43] and revealed
that dysphagic patients had slower swallowing speed than
healthy older adults. Although a few studies have involved
swallowing speed for community-dwelling older adults,
this assessment does not need special medical tools such as
videofluoroscopic and videoendoscopic examinations, and
it might be a simple and sensitive evaluation of swallowing
function for community-dwelling older adults without dys-
phagia. To our knowledge, this is the first study to provide
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valuable data on swallowing speed in Japanese older women
without dysphagia. Swallowing speed is affected by age, sex
and several dysphagic diseases such as neurogenic disease
and head and neck cancers [41-43]. In addition, it is affected
by the properties of bolus (i.e., volume, viscosity and tem-
perature) [4]. As we did not assess the number of swallows,
we were unable to determine whether the volume per swal-
low affected the results. Also, as there are few studies inves-
tigating swallowing speed, we could not sufficiently discuss
the validity of our results. Especially, as the data regarding
Japanese older adults were insufficient, there is a need to
accumulate the required data.

There were several limitations to this study. First, we
investigated only the tongue muscle and did not assess other
swallowing-related muscles such as the geniohyoid muscle.
As the tongue is just one of the various muscles involved
in the complicated process of swallowing, our results are
limited to a single aspect of the swallowing speed. Second,
we used tongue muscle thickness as an indicator of tongue
muscle mass. A previous study measured tongue muscle
mass via tongue muscle area [11], and others used tongue
muscle thickness [9, 32, 33]. However, previous research
is not sufficient to mandate standardized measurements in
tongue muscle mass. We should investigate which measure-
ment is most useful for the assessment of tongue muscle
mass in older adults. Third, we enrolled only older women
without dysphagia. Therefore, our findings are generalizable
only to older women without dysphagia, and the relation-
ship between tongue muscle characteristics and swallowing
function in older men and adults with dysphagia remains
unclear. Finally, we conducted a cross-sectional study.
Further research with a longitudinal design is required to
clarify whether tongue muscle quality affects tongue muscle
strength and swallowing function.

Conclusion

We developed a tongue muscle quality index, which is a new
indicator of swallowing speed, and found that it was related
to swallowing speed in community-dwelling older women.
According to our findings, it is possible that the tongue
muscle quality index is a useful parameter for swallowing
speed in older women without dysphagia. Further research
is required to clarify the relationship between tongue muscle
quality and swallowing speed in older men, and dysphagia
patients and longitudinal studies are needed to determine
whether tongue muscle quality affects swallowing speed and
is an intervenable factor to improve swallowing speed.
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