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ARTICLE INFO ABSTRACT

Keywords: Background: Among the causes of dysphagia in individuals with severe motor and intellectual disability (SMID),

Swalk’f""i“g ) addressing disuse atrophy of swallowing-related muscles are expected to improve patient outcomes. Disuse at-

gegll;]tltlf’“ disorders rophy is associated with a reduced frequency of muscle activity, and swallowing frequency may be associated
ysphagia

with the atrophy of swallowing-related muscles.

Objective: We aimed to investigate the relationship between swallowing frequency and swallowing-related
muscle mass in individuals with SMID.

Methods: This cross-sectional study included 62 individuals with SMID (31 men and 31 women; mean age: 46.9
[standard deviation, 13.2] years) admitted to our center. Swallowing frequency was measured using a laryngeal
microphone, and swallowing-related muscle mass was estimated by measuring the cross-sectional area of the
geniohyoid muscle (GHM) using an ultrasonic diagnostic device.

Results: Increased swallowing frequency and body weight corresponded to a larger cross-sectional area of the
GHM. Moreover, women had a smaller GHM cross-sectional area than men. Multiple regression analysis showed
that the swallowing frequency, body weight, and sex were significantly and independently associated with the
GHM cross-sectional area (p < 0.01).

Conclusions: Swallowing frequency and body weight significantly affect swallowing-related muscle mass in in-
dividuals with SMID.

Muscular atrophy
Intellectual disability
Geniohyoid muscle

1. Introduction [4,5]. However, the increase in survival rates owing to recent ad-

vancements in medical care has contributed to the increased number of

Children with severe disabilities experience various comorbidities
that affect each pathological condition prognosis. Respiratory diseases
are the leading cause of death in children with disabilities, with aspi-
ration pneumonia accounting for the majority of such cases [1,2]. The
prevalence of dysphagia in children with disabilities is approximately
90% and is thus a major issue that requires urgent attention [3].

Dysphagia in individuals with severe motor and intellectual
disability (SMID) has been attributed to the dysfunction and delayed
acquisition of swallowing ability owing to postnatal developmental
disorders, and preventive measures are taken to avoid complications

older individuals with severe illnesses. The deterioration of the swal-
lowing function has emerged as a concern in individuals with develop-
mental disorders [6], although research on functional decline is
ongoing. Possible causes of deterioration in swallowing function include
the progression of age-related changes and disuse [7]. Although it is
challenging to prevent the progression of age-related changes, disuse
may be prevented. Moreover, it is important to implement measures to
prevent disuse and to maintain the swallowing function of individuals
with SMID.

Disuse is a physical function disorder induced by decreased activity,
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which causes muscular atrophy and bone atrophy [8]. Maintaining
muscle activity is essential to counter disuse atrophy; and frequent
muscle activity leads to increased muscle protein synthesis [9,10].
Therefore, the frequency of muscle activity (i.e., the frequency of daily
swallowing) may be associated with the disuse atrophy of swallowing-
related muscles. In this study, we measured the frequency of daily
swallowing and mass of swallowing-related muscles in individuals with
SMID with the aim of understanding their relationship and to thus
counter the disuse of swallowing function, which is an important
concern in individuals with SMID.

2. Subjects

This was a cross-sectional study of Japanese individuals with SMID
who were identified based on their electronic health records and
admitted to the Nishinomiya-Sunago Medical and Welfare Center for
Children with Severe Motor and Intellectual Disabilities between
October 2019 and November 2020. The exclusion criteria were as fol-
lows: (1) age <20 years, (2) presence of a progressive disease, (3) lack of
consent from the family, (4) an unstable general condition during the
study period, and (5) participation in the study deemed to be difficult by
the primary care physician. This study was approved by the Ethics
Committee of our University (approval number: R1-E48). Written
informed consent was obtained from all participants, their families, and
the person responsible for the facility. This study was conducted in
accordance with the 1964 Declaration of Helsinki and its amendments.

3. Methods
3.1. Measurement of swallowing frequency

The swallowing frequency was measured using a laryngeal micro-
phone (SH-12jk; Nanzu, Shizuoka, Japan) and an integrated chip
recorder (ICR) (ICD-PX240; Sony, Tokyo, Japan) according to the
method reported by Tanaka et al. [11]. First, laryngeal sounds were
recorded on an ICR via a laryngeal microphone attached to the partic-
ipant's neck. The obtained voice data of the laryngeal sound were im-
ported and displayed as a voice waveform using voice editing software
(Cool Edit 96; Syntrillium Software, Phoenix, AZ, USA). Auditory
judgment was made using the voice data, and visual judgment was made
using the voice waveform. The sound produced during swallowing was
identified, and subsequently, the swallowing frequency was measured
(Fig. 1).

Conditions were established to record measurements based on the
participants' daily lives; hence, activity restrictions were not applied.
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However, because eating is an activity that clearly affects swallowing
frequency in daily life and because bathing makes it impossible for the
participants to wear the test equipment, they were prohibited from
eating, drinking, and bathing for 1 h before measurement and during the
measurement period. The measurement time was 1 h, between 13:00
and 15:00, and the swallowing frequency was defined as the number of
times a participant swallowed during the 1-h period. For each partici-
pant, three measurements were recorded, that is, one measurement
daily over the course of 3 days. During the measurements, the tester
patrolled the testing area regularly to check the participant's condition
and record the participant's behavior and condition. In addition, if a
participant required the measurements to be discontinued owing to poor
physical condition (such as the presence of convulsions and fever), the
measurements were repeated on another day.

3.2. Measurement of swallowing-related muscle mass

We measured geniohyoid muscle (GHM) mass because it signifi-
cantly contributes to the prevention of aspiration [12] and because
evaluation using ultrasonography is a well-established measurement
method [13]. A single dentist, highly proficient in clinical work related
to dysphagia, used a unit of an ultrasonic diagnostic device (ARIETTA
70; Hitachi Aloka Medical, Ltd., Tokyo, Japan) to measure the cross-
sectional area of the GHM at rest, which is proportional to muscle
strength, based on the method devised by Kajisa et al. [13].

The measurement site was set as the midpoint between the
mandibular mentum and maximum convexity of the thyroid cartilage. A
6.0-MHz linear transducer was used for measurement and was placed
perpendicular to the skin of the participant's jaw, applying minimal
pressure to avoid muscle deformation (Fig. 2).

Each participant was seated on a seating-support chair that they used
regularly and that was set to a posture with a 60° reclining angle to avoid
excessive tension in the cervical muscles, including the GHM to be
measured.

3.3. Factors associated with swallowing-related muscle mass

Age, sex, body weight, and arm muscle area (AMA), which is an
indicator of whole-body skeletal muscle mass, are factors, other than
swallowing frequency, that may be related to the mass of swallowing-
related muscles [14-17]. In this study, analyses including the above
four variables were conducted to evaluate factors related to GHM muscle

mass.

Fig. 1. Measurement of swallowing frequency. The number of swallows taken by participants with severe motor and intellectual disabilities was measured using a
laryngeal microphone and integrated chip recorder (ICR). (a) Laryngeal microphone and ICR. (b) Representative image of a participant wearing the laryngeal
microphone. (c¢) The sounds produced during swallowing were recorded on a personal computer.
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Fig. 2. Distribution of swallowing frequency. The frequency of swallowing varied considerably among individuals with severe motor and intellectual disability.

3.4. Statistical analysis

Multivariate analysis was conducted with the GHM cross-sectional
area as the objective variable and swallowing frequency, age, sex,
body weight, and AMA as explanatory variables. The method of statis-
tical analysis was selected with the help of an expert, and multivariate
analysis was conducted using the statistical analysis software SPSS
Statistics version 22.0 (IBM Japan Ltd., Tokyo, Japan), with the statis-
tical significance set at 5%.

4. Results
4.1. Summary

In total, 178 Japanese individuals with SMID were admitted to the
Nishinomiya-Sunago Medical and Welfare Center for Children with Se-
vere Motor and Intellectual Disabilities. After excluding those who met
the exclusion criteria, 62 participants were included (men and women:
31 participants each, 20-69 years; mean age: 46.9 [standard deviation
(SD): 13.2] years). None of the 62 participants dropped out over the
course of the study.

The most common primary disease among the participants was ce-
rebral palsy, affecting 56 (90%) participants, followed by congenital
cerebral malformation in four (6%) participants, head trauma in three
(5%) participants, cerebrovascular disorder in three (5%) participants,
and chromosomal aberration in one (1%) participant. The most common
medical complication was epilepsy (n = 52 [84%] participants).

4.2. Swallowing frequency in individuals with SMID

The average of the three measured swallowing frequencies was
calculated, and the integer resulting from rounding off this average was
considered as the swallowing frequency for each participant to deter-
mine the distribution of the swallowing frequency. The most frequent
swallowing frequency per hour was 0-10 times, with a mean frequency
of 22.9 (SD: 22.9), median frequency of 21, minimum frequency of 1,
and maximum frequency of 111. Thus, there was significant variation in
the swallowing frequency among participants (Fig. 3).

4.3. Factors affecting swallowing-related muscle mass

Multivariate analysis using the GHM cross-sectional area as the
objective variable and swallowing frequency, age, sex, body weight, and
AMA as explanatory variables revealed that the adjusted corrected
multiple correlation coefficient was 0.60, and the adjusted corrected
coefficient of determination was 0.36. The unadjusted corrected multi-
ple correlation coefficient was 0.64, and the unadjusted corrected co-
efficient of determination was 0.41. Swallowing frequency, body
weight, and sex were significantly correlated with the cross-sectional
area of the GHM (Table 1). Swallowing frequency and body weight
were positively correlated with the GHM cross-sectional area. Partici-
pants with lower swallowing frequency and body weight tended to have
a smaller GHM cross-sectional area; women had a significantly smaller
GHM cross-sectional area than men (p < 0.01). Swallowing frequency
(standard partial regression coefficient = 0.34, t-value = 3.30) and body

digastric muscle

mylohyoid muscle

geniohyeid muscle

-— o . . s,

5}-_»

Fig. 3. Measurement of the geniohyoid muscle cross-sectional area. The cross-sectional area of the geniohyoid muscles in participants with severe motor and in-
tellectual disabilities was measured using an ultrasonic diagnostic device. (a) Measurement position: A 6.0-MHz linear transducer was placed perpendicular to the
submandibular skin at the midpoint between the participant's mandibular chin and maximum thyroid cartilage prominence. (b) Measurement of the cross-sectional
area: The cross-sectional area of the geniohyoid muscle drawn in the deep layer of the coronal section was measured.



C. Uota et al.
Table 1
Factors that may be associated with the mass of swallowing-related muscles.
R Adjusted R R? Adjusted R?
0.64 0.60 0.41 0.36
Model Unstandardized Standardized t p-
coefficients coefficients Value
B Standard [}
Error
Swallowing 0.01 0.00 0.34 3.30 <0.01
frequency
Age —0.01 0.00 -0.17 -1.62 0.11
Sex 0.25 0.09 0.30 2.85 <0.01
Body weight 0.02 0.01 0.34 3.11 <0.01
AMA 0.01 0.01 0.10 0.94 0.35

Data are presented as values with standard error. P < 0.05 was considered sta-
tistically significant.
Abbreviations: AMA, arm muscle area.

weight (standard partial regression coefficient = 0.34, t-value = 3.11)
had the same degree of impact on the GHM cross-sectional area, fol-
lowed by sex (standard partial regression coefficient = 0.30, t-value =
2.85). In contrast, age and AMA were not significantly correlated with
the GHM cross-sectional area.

5. Discussion
5.1. Measurement of swallowing frequency

In this study, daily swallowing frequency was measured in partici-
pants at rest rather than while eating; the swallowing count is likely to
vary depending on the meal content and is unlikely to be representative
of the daily swallowing frequency [18]. Furthermore, meals increase the
swallowing frequency; however, in healthy individuals, the number of
swallows per meal is much lower than the daily number of swallows at
rest [11]. Therefore, we measured the average resting swallowing fre-
quency as representative of the daily frequency because it is unlikely
that the count fluctuates: the resting frequency occupies a larger part of
the day, and its total number is expected to be the higher.

5.2. Swallowing frequency in individuals with SMID

The mean swallowing frequency of individuals with SMID as
measured in this study was 22.9 times/h (SD: 22.9). The mean swal-
lowing frequency in healthy individuals measured by Tanaka et al. [19]
using the same approach was 40.7 times/h (SD 19.5). The volume of
saliva secreted [20,21], age, swallowing reflex threshold [19], and taste
stimuli [20] may affect swallowing frequency. To the best of our
knowledge, no studies have compared saliva volume and taste stimuli in
healthy individuals and individuals with SMID, and their impact on
swallowing frequency is unknown. In addition, the individuals with
SMID analyzed in our study (mean age of 46.9 [SD 13.2]) were older
than the healthy individuals (mean age of 26.5 [SD 3.5]) studied by
Tanaka et al. [19]. Moreover, Arvedson et al. [22] reported that patients
with cerebral palsy have delayed swallowing reflex initiation compared
with healthy individuals, suggesting that individuals with SMID have a
high swallowing reflex threshold. Although the impact of saliva volume
and taste stimuli remains unknown, the results of our study indicate that
differences in age and swallowing reflex threshold may have resulted in
lower swallowing frequency of individuals with SMID in our study than
of healthy individuals.

5.3. Factors affecting the mass of swallowing-related muscles

Age, sex, body weight, and AMA have all been reported as factors
that affect the mass of swallowing-related muscles [14-16]. In this
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study, we evaluated the magnitude of the effect of swallowing frequency
on the GHM cross-sectional area, including factors that affect the mass of
swallowing-related muscles. Consequently, we found that swallowing
frequency, body weight, and sex were associated with the GHM cross-
sectional area. The factors that most significantly affected the muscle
mass were swallowing frequency and body weight.

Yamaguchi et al. [14] and Baba et al. [15] also confirmed associa-
tions of sex and body weight with the GHM cross-sectional area, similar
to the results of the present study. Therefore, sex and body weight
should be considered factors affecting the mass of swallowing-related
muscles, even in individuals with SMID.

Swallowing frequency, sex, and body weight were associated with
GHM cross-sectional area; however, age and AMA were not. Regarding
age, Baba et al. [15] reported contrasting results to our study and found
a correlation between age and GHM cross-sectional area in healthy
participants. This difference could be explained by the fact that Baba
et al. [15] analyzed healthy individuals, whereas our study included
individuals with SMID. Furthermore, Baba et al. [15] evaluated this
association using a simple regression analysis. In the present study,
considering that the swallowing frequency greatly affected the GHM
cross-sectional area, the correlation between age and the GHM cross-
sectional area may have been weakened when evaluated considering
multiple factors, including the swallowing frequency, even in healthy
participants.

We hypothesized that, when whole-body muscle mass decreases
owing to factors such as malnutrition or chronic inflammation, the mass
of swallowing-related muscles may also decrease. Furthermore, in a
study on an older population, Tamura et al. [16] found a significant
positive correlation between AMA, which is used as an indicator of
whole-body muscle mass, and tongue muscle mass, which is a
swallowing-related muscle. Therefore, in the current study, we added
AMA as an explanatory variable and evaluated whether whole-body
muscle mass affected the mass of swallowing-related muscles. Conse-
quently, we did not find any association between AMA and the cross-
sectional area of the GHM. These findings suggest that the decreased
mass of a swallowing-related muscle in individuals with SMID cannot
necessarily be linked to a loss of whole-body muscle mass and is affected
more by swallowing frequency and body weight. The decrease in
swallowing frequency and body weight causes disuse of swallowing-
related muscles; it has been shown that preventing the decline in
swallowing frequency may be effective in preventing disuse atrophy.

5.4. Limitations

Our results indicate that swallowing frequency tends to have a strong
effect on the mass of swallowing-related muscles in individuals with
SMID. Individuals with SMID included in this study had various diseases;
hence, the effects of disease-derived characteristics on the mass of
swallowing-related muscles were not evident from the results of this
study alone. To consider preventive measures against the disuse of
swallowing-related muscles due to the causative disease, it is necessary
to evaluate the factors affecting the mass of the swallowing-related
muscles for each disease. Although this was not a multicenter study
and the results cannot be completely generalized, the primary disease in
90% participants was cerebral palsy; hence, a general tendency for ce-
rebral palsy was noted. However, to investigate this aspect in detail, it
will be necessary to increase the number of participants and perform an
analysis according to the causative disease. Furthermore, if no signifi-
cant changes in swallowing frequency or the mass of swallowing-related
muscles are observed in the same subjects over the course of their
development, it is possible that not only muscle disuse but also under-
development may be contributing factors. In addition to the results of
this cross-sectional study, prospective longitudinal studies are needed to
evaluate this possibility.
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6. Conclusion

To explain the effect of daily swallowing frequency on the mass of
swallowing-related muscles in individuals with SMID, we performed
multiple regression analyses, including multiple factors that may be
related to the mass of swallowing-related muscles. Consequently,
swallowing frequency, body weight, and sex were associated with the
cross-sectional area of the GHM, with swallowing frequency and body
weight having particularly large impacts. In contrast, age and AMA were
not associated with the cross-sectional area of the GHM.

The results of this study indicated that the cross-sectional area of the
GHM in critically ill children was not related to age or whole-body
muscle mass. This suggests that, when assessing the disuse of
swallowing-related muscles, it is important to evaluate the swallowing-
related muscles themselves rather than making judgments based on age
or overall muscle mass loss. In contrast, the GHM cross-sectional area
was affected by muscle mass, sex, body weight (a measure of nutrition),
and swallowing frequency (a measure of muscle activity). In support of
this, Feng et al. [11] demonstrated that the GHM cross-sectional area
was smaller in patients with aspiration on swallowing endoscopy than in
those without aspiration, suggesting that the maintenance of GHM mass
may be important to prevent aspiration. Therefore, it was hypothesized
that maintaining swallowing frequency in addition to maintaining body
weight may lead to the prevention of GHM disuse and, ultimately, to the
prevention of swallowing function deterioration.

Data statement

Data supporting the findings of this study are available from the
corresponding author upon reasonable request.

CRediT authorship contribution statement

Chisato Uota: Conceptualization, Methodology, Formal analysis,
Investigation, Writing — original draft. Kanji Nohara: Conceptualiza-
tion, Writing — original draft. Nobukazu Tanaka: Conceptualization,
Methodology. Nami Fujii: Formal analysis, Investigation. Aya Obana:
Formal analysis, Investigation. Katsuji Tanaka: Methodology.
Takayoshi Sakai: Supervision.
Informed consent

Written informed consent was obtained from all participants, their
families, and the person responsible for the facility. Consent has been
obtained from the individuals photographed in Figs. 1 and 3 for the
inclusion of their photos in the paper.

Ethics approval

This study was approved by the Ethics Committee of the University
of Osaka (approval number: R1-E48).

Declaration of generative AI and Al-assisted technologies in the
writing process

For a portion of the paper, I used a proofreading service that employs
Al to improve the readability of the English text.

Funding

This work was supported by the JSPS KAKENHI (Grant Numbers
21K10251, 20K10292, 20K23052, and 24K13043).

Declaration of competing interest

The authors declare that they have no known competing financial

Brain and Development 48 (2026) 104553

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We would like to thank the participants at the Nishinomiya-Sunago
Medical and Welfare Center for Children with Severe Motor and Intel-
lectual Disabilities, their families, and the center's staff for cooperating
with the study and providing us with the necessary information. We are
especially grateful to Dr. Maki Ojima, Ms. Miki Matsumoto, and Ms. Aya
Koda for the data collection. We would also like to thank Editage (htt
p://www.editage.jp/) for English language editing and Statista (www.
statista.jp) for statistical analyses.

References

[1] O’Leary L, Cooper SA, Hughes-McCormack L. Early death and causes of death of
people with intellectual disabilities: a systematic review. J Appl Res Intellect
Disabil 2018;31:325-42.

[2] Hosking FJ, Carey IM, Shah SM, Harris T, Dewilde S, Beighton C, et al. Mortality
among adults with intellectual disability in England: comparisons with the general
population. Am J Public Health 2016;106:1483-90.

[3] Reilly S, Skuse D, Poblete X. Prevalence of feeding problems and oral motor
dysfunction in children with cerebral palsy: a community survey. J Pediatr 1996;
129:877-82.

[4] Ohara H, Matsui T, Ito N. Management of nutrition and dysphagia in children and
adults with severe motor and intellectual disabilities. Iryo 2014;68:260-5.
Japanese.

[5] Ogawa K. Jusho shinshin shogai-sha no soki roka gensho. “Premature aging in
individuals with severe motor and intellectual disabilities.” [Translated from
Japanese by the present authors] Jusho Shinshin Shogai Ryoiku Gakkaishi 2012;7:
137-44. Japanese.

[6] McKenzie K, Martin L, Ouellette-Kuntz H. Frailty and intellectual and
developmental disabilities: a scoping review. Can Geriatr J 2016;19:103-12.

[7] Tanaka N, Nohara K, Uota C, Fujii N, Obana A, Tanaka K, et al. Relationship
between daily swallowing frequency and pneumonia in patients with severe
cerebral palsy. BMC Pediatr 2022;22:485.

[8] Hachisuga K. Muscle strengthening in physical therapy: disuse, overuse and

misuse. Rigaku Ryohogaku 1997;24:201-4. https://doi.org/10.15063/rigaku.

kj0o0001307929. Japanese.

Ichihashi N, Yoshida M. Sufficient quantity of leg exercise for prevention of disuse

atrophy of the quadriceps femoris muscle. Jpn J Phys Fit Sports Med 1993;42:

461-4. https://doi.org/10.7600/jspfsm1949.42.461.

[10] Burd NA, West DW, Staples AW, Atherton PJ, Baker JM, Moore DR, et al. Low-load
high volume resistance exercise stimulates muscle protein synthesis more than
high-load low volume resistance exercise in young men. PLoS One 2010;5:e12033.

[11] Tanaka N, Nohara K, Okuno K, Kotani Y, Okazaki H, Matsumura M, et al.
Development of a swallowing frequency meter using a laryngeal microphone.

J Oral Rehabil 2012;39:411-20.

[12] Feng X, Todd T, Lintzenich CR, Ding J, Carr JJ, Ge Y, et al. Aging-related
geniohyoid muscle atrophy is related to aspiration status in healthy older adults.
J Gerontol A Biol Sci Med Sci 2013;68:853-60.

[13] Kajisa E, Tohara H, Nakane A, Wakasugi Y, Hara K, Yamaguchi K, et al. The
relationship between jaw-opening force and the cross-sectional area of the
suprahyoid muscles in healthy elderly. J Oral Rehabil 2018;45:222-7.

[14] Yamaguchi K, Tohara H, Hara K, Chantaramanee A, Nakagawa K, Yoshimi K, et al.
Tongue thickness is associated with masticatory performance of perioral muscles:
ultrasonographic study of perioral muscle characteristics in healthy young subjects.
J Oral Rehabil 2020;47:325-31.

[15] Baba T, Goto T, Fujimoto K, Honda T, Yagi K, Nagao K, et al. Age-related changes
in geniohyoid muscle morphology predict reduced swallowing function. J Oral
Health Biosci 2017;30:18-25.

[16] Tamura F, Kikutani T, Tohara T, Yoshida M, Yaegaki K. Tongue thickness relates to
nutritional status in the elderly. Dysphagia 2012;27:556-61.

[17] Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. Anthropometric
measurement of muscle mass: revised equations for calculating bone-free arm
muscle area. Am J Clin Nutr 1982;36:680-90.

[18] Hamlet SL, Patterson RL, Fleming SM, Jones LA. Sounds of swallowing following
total laryngectomy. Dysphagia 1992;7:160-5.

[19] Tanaka N, Nohara K, Kotani Y, Matsumura M, Sakai T. Swallowing frequency in
elderly people during daily life. J Oral Rehabil 2013;40:744-50.

[20] Mansson I, Sandberg N. Salivary stimulus and swallowing reflex in man. Acta
Otolaryngol 1975;79:445-50.

[21] Kapila YV, Dodds WJ, Helm JF, Hogan WJ. Relationship between swallow rate and
salivary flow. Dig Dis Sci 1984;29:528-33.

[22] Arvedson J, Rogers B, Buck G, Smart P, Msall M. Silent aspiration prominent in
children with dysphagia. Int J Pediatr Otorhinolaryngol 1994;28:173-81.

[9

—


http://www.editage.jp/
http://www.editage.jp/
http://www.statista.jp
http://www.statista.jp
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0005
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0005
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0005
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0010
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0010
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0010
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0015
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0015
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0015
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0020
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0020
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0020
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0025
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0025
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0025
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0025
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0030
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0030
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0035
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0035
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0035
https://doi.org/10.15063/rigaku.kj00001307929
https://doi.org/10.15063/rigaku.kj00001307929
https://doi.org/10.7600/jspfsm1949.42.461
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0050
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0050
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0050
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0055
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0055
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0055
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0060
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0060
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0060
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0065
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0065
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0065
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0070
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0070
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0070
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0070
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0075
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0075
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0075
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0080
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0080
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0085
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0085
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0085
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0090
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0090
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0095
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0095
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0100
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0100
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0105
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0105
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0110
http://refhub.elsevier.com/S0387-7604(26)00054-9/rf0110

	Effect of daily swallowing frequency on swallowing-related muscle mass in individuals with severe motor and intellectual di ...
	1 Introduction
	2 Subjects
	3 Methods
	3.1 Measurement of swallowing frequency
	3.2 Measurement of swallowing-related muscle mass
	3.3 Factors associated with swallowing-related muscle mass
	3.4 Statistical analysis

	4 Results
	4.1 Summary
	4.2 Swallowing frequency in individuals with SMID
	4.3 Factors affecting swallowing-related muscle mass

	5 Discussion
	5.1 Measurement of swallowing frequency
	5.2 Swallowing frequency in individuals with SMID
	5.3 Factors affecting the mass of swallowing-related muscles
	5.4 Limitations

	6 Conclusion
	Data statement
	CRediT authorship contribution statement
	Informed consent
	Ethics approval
	Declaration of generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of competing interest
	Acknowledgments
	References


