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Purpose: The objectives of this study were two-fold: 1) to investigate differences in activity
duration and amplitude of the submental muscles during swallowing measured with surface
electromyography (SEMG) in older patients with sarcopenic dysphagia compared to those
without dysphagia and 2) to examine the diagnostic accuracy of submental SEMG signals for
sarcopenic dysphagia.

Patients and Methods: Patients (n = 60) aged >65 years participated in this cross-sectional
study. The submental muscle activity duration parameters were the duration from the onset of
swallowing to the maximum amplitude (duration A), duration from the maximum amplitude
to the end of the swallowing activity (duration B), and total duration. The amplitude
parameters were mean and maximum amplitude. Maximum lingual pressures were also
measured for comparison with SEMG parameters.

Results: Duration A was not significantly different between the groups (p = 0.15), but
duration B (p < 0.001) and total duration (p < 0.001) were significantly different between the
non-dysphagic and sarcopenic dysphagic groups. The mean (p = 0.014) and maximum (p <
0.001) amplitudes were significantly different between the groups. The area under the
receiver operating characteristic curve (AUC) was 0.94 (95% confidence interval (CI) 0.-
87-0.98) for duration B, 0.95 (95% CI 0.89-0.99) for total duration, 0.76 (95% CI 0.63—
0.87) for maximum amplitude, and 0.61 (95% CI 0.47-0.75) for mean amplitude. The AUC
of the total duration was significantly greater than that of lingual pressure (p = 0.02).
Conclusion: Patients with sarcopenic dysphagia had longer submental muscle activity
duration and higher amplitude during swallowing as assessed using SEMG. The findings of
this study can be useful in elucidating the underlying pathophysiology of sarcopenic dys-
phagia and in diagnosing sarcopenic dysphagia.
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Introduction

The global population is aging at an increasing rate. As a result of this global aging
process, health issues related to sarcopenia have attracted a great deal of
attention.'? Sarcopenia, a geriatric syndrome, is characterized by accelerated loss
of muscle mass and function with advancing age.> Sarcopenia occurs not only in
appendicular skeletal muscle mass, but also in the muscles of the head and neck
involved in deglutition.* This leads to a condition termed “sarcopenic dysphagia” in
which these sarcopenia-induced muscular changes impact the biomechanics of
swallowing.”® However, the pathophysiology of dysphagia in patients with sarco-
penia is poorly understood, but is critical for the design of appropriate dysphagia

rehabilitation programs.
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A variety of muscles are involved in the swallowing
process. The tongue is a major muscle group that is criti-
cally important for bolus propulsion through the oral cav-
ity and pharynx. Individuals with comorbid sarcopenia and
dysphagia have been found to generate low maximum
isometric lingual pressures, reflecting reduced tongue
strength.”® The suprahyoid muscles, including the mylo-
hyoid, stylohyoid, digastric, and geniohyoid muscles, are
also important as they elevate the larynx during the
swallow.” Suprahyoid muscles are located superiorly to
the hyoid bone of the neck, and, as a result, it is challen-
ging to directly measure the force generation of these
muscles.

Electromyography measures electrical activity in motor
neurons and muscles during muscle contraction. Surface
electromyography (SEMG) records activity within the
electrode detection area. SEMG is a non-invasive, radia-
tion-free, inexpensive, and portable method that has been
proposed as a diagnostic modality for identifying the pre-

19 SEMG of the submental muscles

sence of dysphagia.
shows activity from the mylohyoid, geniohyoid, and ante-
rior belly of the digastric muscles of the suprahyoid mus-
cle group.'' One study suggested that different etiologies
for swallowing impairment result in specific submental
sEMG patterns in terms of timing and amplitude.'
However, the diagnostic accuracy of submental SEMG
for dysphagia has yet to be determined, and the submental
SEMG pattern in patients with sarcopenic dysphagia has
not been investigated.

This study had two main objectives: 1) to investigate
the characteristics of submental muscle activity using
SsEMG in patients with comorbid sarcopenia and dysphagia
and 2) to examine the diagnostic accuracy of submental
muscle activation on SEMG for sarcopenic dysphagia. We
hypothesized that patients with comorbid sarcopenia and
dysphagia would demonstrate different sSEMG activity pat-
terns of the submental muscle activation than those with-
out dysphagia, which may be useful in the diagnosis of
sarcopenic dysphagia.

Patients and Methods

Participants

A cross-sectional study was performed with older inpati-
ents in a rehabilitation hospital between January 2018 and
May 2019. Inclusion criteria were the following: 1) Mini-
Mental State Examination (MMSE) score 21 points or
higher; 2) 65 years of age or older; and 3) currently

hospitalized for post-acute inpatient rehabilitation.
Exclusion criteria were the following: 1) current or prior
diagnosis of diseases known to cause dysphagia, including
cerebrovascular disease, head and neck cancer, or under-
lying neuromuscular disease; 2) pacemaker or implantable
cardiac defibrillators in place; 3) a history of tracheost-
omy; 4) current nasogastric tube; or 5) patients who had
possible dysphagia on a screening test, but did not undergo
with
a nasogastric tube because a nasogastric tube in the phar-

a gold standard test. We excluded patients
ynx can affect swallowing and submental sSEMG activity
pattern. Informed consent was obtained from all patients
and their families or legal representatives, and the present
study was approved by the institutional ethics committee
of Setagaya Memorial Hospital, and all procedures were
performed in accordance with the principles outlined in the

Helsinki Declaration.

Measurement of Submental Muscle
Activity

The activity of the submental muscles was recorded using
a surface electromyograph (MyoTrace 400; Noraxon USA
Inc., Scottsdale, AZ, USA) with a preamplifier (band pass
filter 10 Hz-500 Hz, common mode rejection ratio of >100
dB at 60 Hz, input impedance >100 MQ, amplifier gain
500). A 16-bit analog to digital converter with an anti-
aliasing filter set to 1000 Hz frequency was also used.
A pair of disposable self-adhesive electrodes (Vitrode
L-150; Nihon Kohden Co., Tokyo, Japan) (electrode dia-
meter: 10 mm) were fixed to the skin surface of the
submental muscles, which is between the area of the
hyoid bone and the chin symmetrically, with centers sepa-
rated by 20 mm.'? The ground electrode was attached to
the skin under the right clavicle. Figure 1 shows the
placement of the electrodes. Before attaching the electro-
des, the skin surface was shaved, if necessary, and cleaned
using alcohol swabs. Patients were comfortably seated
upright in their wheelchairs or chairs.

Patients were given 1 mL of tap water on the floor of
the mouth with a syringe and asked to swallow by
a Speech-Language-Pathologist (SLP). Water swallowing
was performed three times per patient. The time interval
between water swallows was 30 seconds. After the last
1 mL of water was swallowed, patients were asked to open
their jaw as wide as possible for 10 seconds to determine
the amplitude as a reference for normalization. Because
sEMG amplitude is affected by various tissue conditions,
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Figure | Placement of the electrodes for surface electromyography measurement.

normalization according to a reference muscle contraction
is necessary to compare between individual amplitudes."
To identify water swallowing accurately, simultaneous
video recording was used to capture the movement of the
mouth and larynx during swallowing. Two raters derived
these measurements in order to establish intra-rater and
inter-rater reliability. A random sample of 20% of the total
number of included patients was selected for repeat relia-
bility measures and the following agreement classes
were used: very good (>0.81), good (0.61-0.80), moderate
(0.41-0.60), and poor (<0.40)."*

Analysis of Submental Muscle Activity

Measurement parameters were mean and maximum ampli-
tude of submental muscle activation during swallowing,
duration from the swallow onset to the maximum ampli-
tude point (duration A), duration from the maximum
amplitude point to the end of the swallow activity (dura-
tion B), and total duration. For amplitudes, the reference
amplitude was the amplitude during jaw-opening (contrac-
tion). The mean and maximum amplitudes were then as
a percentage of jaw opening contraction (% JOC). The
reference amplitude was the average amplitude for 3 sec-
onds from the 1 second point after the maximum ampli-
tude during opening of the jaw considering unstable
amplitude at the beginning of jaw opening. For the dura-
tion parameters, we defined the swallow onset and the end
point of the swallow activity as follows: 1) swallow onset
was determined when a clear visual increase in sEMG
activity above the background activity was observed'
and 2) end point was when the EMG trace returned to
within +2 standard deviations (SDs) of the baseline

amplitude level.'® Baseline amplitude was defined as the
average amplitude at rest for 1 second from the beginning
of the sEMG trace. All parameters took an average value
of three swallows. sSEMG was analyzed using offline soft-
ware (MyoResearch XP; Noraxon USA Inc.). To analyze
the amplitudes and durations, the data from the software
was converted to values on a Microsoft Excel worksheet
(Microsoft Corp., Redmond, WA, USA).

Assessment of Sarcopenic Dysphagia
Patients were divided into either a non-dysphagic group or
sarcopenic dysphagic group. Patients were diagnosed with
sarcopenic dysphagia when they had both sarcopenia and
dysphagia. Sarcopenia was diagnosed by a low skeletal
muscle mass index and low muscle strength based on the
criteria of the Asian Working Group for Sarcopenia
(AWGS)."” Low skeletal muscle mass index (SMI) was
assessed using bioimpedance analysis (men: <7.0 kg/m?,
women: <5.7 kg/m?) (InBody S10, InBody Japan Inc.,
Tokyo, Japan). Low muscle strength was assessed based
on grip strength (men: <26 kg, women: <18 kg). Grip
strength was measured using a digital grip strength dynam-
ometer (TKK 5401; Takei Scientific Instruments, Tokyo,
Japan). Participants were asked to sit in a relaxed position
and grip the instrument as hard as possible three times
with each hand with full elbow extension and the wrist in
a neutral position by physical therapists or occupational
therapists. The highest values were used for the analysis.
In the algorithm of AWGS, sarcopenia is diagnosed by low
SMI and low muscle strength or low physical function.
However, we did not use physical function for the diag-
nosis because our study included participants with ortho-
pedic disease of the legs which could affect physical
function.

Dysphagia was assessed using the 100-mL water swal-
low test (WST),'® which has a reported sensitivity and
specificity of up to 85.5% and 91.7%, respectively, and
fiberoptic endoscopic evaluation of swallowing (FEES).
FEES is one of the gold standard tests to diagnose
dysphagia.'” The WST was performed by SLPs on the
first day of hospitalization. Patients drank the water in
a cup as quickly as possible. Patients with abnormal swal-
lowing speed (<10 mL/s), who coughed within 1 minute
after the test or had a wet-hoarse voice after the test were
considered as possibly having dysphagia. Patients with
possible dysphagia on the WST and those who required
food and/or liquid consistency modification based on clin-
ical evaluation by SLPs undertook FEES. FEES was
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performed the day after SEMG assessment and within one
week of hospitalization. FEES was performed using the
five levels of drink consistency in the International
Dysphagia Diet Standardisation Initiative framework.?
Patient’s swallow was recorded on video and assessed
using the penetration-aspiration scale (PAS) which ranges
from 1 (material does not enter the airway) to 8 (material
enters the airway, passes below the level of the vocal folds,
and no effort is made to eject).”’ We considered patients
with scores of 3 (Material enters the airway, remains above
the vocal folds, and is not ejected from the airway) and
over on the PAS score as having dysphagia based on
previous studies.”> Patients with possible dysphagia on
the water-swallow tests who did not need any food and
liquid consistency modification did not undertake FEES,
and they were not included in our analysis.

Other Measurements

Maximum lingual pressure was measured as an index for
sarcopenic dysphagia.”® The measurements were taken on
the same day as SEMG measurement. Lingual pressure was
measured three times, and the highest result was defined as
the maximum lingual pressure. Lingual pressure was mea-
sured using an instrument (JMS, Hiroshima, Japan) with
a balloon-type oral probe. This instrument measures the
pressure of the front part of the tongue by pushing the
balloon. An SLP who measured lingual pressure and
sEMG was blinded to the patients’ water swallow test
results. We assessed the following patient characteristics.
The oral intake level was assessed by SLPs using the
Functional Oral Intake Scale (FOIS), which ranges from
level 1 (nothing by mouth) to 7 (total oral diet with no
restrictions).”* Performance in activities of daily living
(ADL) was assessed by physical therapists using the
Barthel Index (BI), which ranges from 0 (totally dependent)
to 100 (independent).> Nutritional status was assessed by
dietitians using the Mini Nutritional Assessment Short-
Form (MNA-SF), which is a questionnaire whereby
a score of 7 or less indicates malnutrition.”® Morbidity
was assessed using the Charlson Comorbidity Index
(CCI), for which a higher score means greater morbidity.?’

Sample Size Calculation

We calculated the sample size based on data in previous
studies to compare the AUC for total duration and lingual
pressure.”*® R version 3.6.2 was used for the calculation
with the “pROC” package.?**° The duration was set to 1.5
seconds in the non-dysphagic group and 2.2 seconds in the

sarcopenic dysphagic group, and the SD was 0.3. The
lingual pressure was set to 30 kPa in the non-dysphagic
group and 21 kPa in the sarcopenic dysphagic group, and
the SD was 5. The assumed AUC was 0.88 for the dura-
tion and 0.79 for the lingual pressure. The correlation
coefficient of the two parameters was set to 0.6. The
statistical power was 0.8. The computed sample size was
58 in total. We assumed no differences in SEMG para-
meters and lingual pressure according to sex based on the
previous studies.”*® However, sarcopenia-related para-
meters, such as SMI and grip strength, are different
according to sex, so we included equal numbers of males
and females to compare patient characteristics.

Statistical Analysis

To compare parameters in the non-dysphagic group and
sarcopenic dysphagic group, the Mann—Whitney U-test
and chi-square test were used. To calculate the diagnostic
accuracy of parameters for sarcopenic dysphagia,
a receiver operating characteristic (ROC) curve analysis
was used. R version 3.6.2 was used for the analysis with
the “coin” package for the Mann Whitney U-test, “pROC”
for the area under the receiver operating characteristic
curve (AUC) with the bootstrap method (2000 replicates),
and “cutpointr” with the method of maximizing the sum of
sensitivity and specificity for cut-off value.?*!*? We cal-
culated the diagnostic odds ratio (DOR).*® Higher DORs
indicate better discriminatory performance, and potentially
useful parameters tended to have a DOR well above 20.**
To assess the association between the duration and the
amplitude and other factors in all patients, we used
a simple linear regression analysis. A two-sided P of less

than 0.05 was considered statistically significant.

Results

Of 836 patients who were admitted to the hospital during the
study period, we considered 289 patients to meet the inclusion
criteria. Of those patients, we excluded 229 patients:
133 patients with a current or prior diagnosis of diseases
known to cause dysphagia, 21 patients with a pacemaker or
implantable cardiac defibrillators in place, 32 patients with
a history of tracheostomy, 34 patients with a current nasogas-
tric tube, and 9 patients with possible dysphagia on the water
swallow test but not on FEES. Finally, a total of 60 patients
were included in the analysis, with 30 (15 men) in the non-
dysphagic group and 30 (15 men) in the sarcopenic dysphagic
group. There were no missing data. The patients with dyspha-
gia could drink 1 mL of water without choking on sSEMG
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assessment. There was no other adverse event during SEMG
assessment. Table 1 shows the patient characteristics. The
mean age (SD) in all patients was 87.12 (6.70) years. In the
sarcopenic dysphagic group, 96.7% of patients showed mal-
nutrition status, and 53.3% in the non-dysphagic group. The
median FOIS level was 6 (total oral diet with multiple con-
sistencies without special preparation, but with specific food
limitations) in the non-dysphagic group and 5 (total oral
diet with multiple consistencies but requiring special prepara-
tion/compensations) in the sarcopenic dysphagic group.
Furthermore, 63.3% of the patients in the sarcopenic dyspha-
gic group had all meals by mouth. Regarding primary diseases,
22 patients had orthopedic conditions (hip fracture, 10 in the
non-dysphagic group and 6 in the sarcopenic dysphagic group;
lumbar compression fracture, 3 in each group). Digestive
disorders (n = 14) included intestinal obstruction (2 in the non-
dysphagic group and 6 in the sarcopenic dysphagic group),
cholecystitis (1 in the non-dysphagic group and 4 in the
sarcopenic dysphagic group), and appendicitis (1 in the sarco-
penic dysphagic group).

Table 2 shows the comparison of submental muscle
activity between the two groups. All parameters, except
duration A, were significantly different between the two
groups. The duration B and total duration were longer, and
the mean and maximum amplitudes were higher in the

Table | Characteristics of Study Participants

Table 2 Comparison of sSEMG Parameters and Lingual Pressure

in the Non-Dysphagic and Sarcopenic Dysphagic Groups

Non-Dysphagic Dysphagic Group | p-value
Group (n =30)
(n=30)
Age (years) 88 [79.75-91.00] 89 [85.00-90.00] 0.58
Ccl 1 [0-2] 1 [1-2] 0.16
CRP (mg/dl) 0.40 [0.093-0.94] 0.60 [0.22-1.73] 0.25
SMI (kg/m?) 5.04 [4.69-6.36] 4.39 [3.16-5.02] 0.002
Fat percentage (%) 25.7 [21.20-35.5] 19.1 [16.95-24.7] 0.003
Grip strength (kg) 17.4 [12.70-23.00] 12.0 [8.40-13.50] <0.001
Sarcopenia 24 (80.0) 30 (100.0) 0.02
Malnutrition 16 (53.3) 29 (96.7) <0.001
FOIS 6 [6-7] 5 [2.25-5] <0.001
Bl 66.5 [41.25-85.00] 30 [5.00—40.00] <0.001
MMSE 23 [21.00-27.75] 21 [21.00-24.00] 0.02
BMI (kg/m?) 19.6 [16.98-21.30] 16.7 [14.38-17.75] <0.001
Primary Disease 0.05
Orthopedics 13 (43.3) 9 (30.0)
Digestive disorder | 3 (10.0) 11 (36.7)
Heart failure 14 (46.7) 10 (33.3)

Note: Data are expressed as n (%) or median [interquartile range].

Abbreviations: Bl, Barthel Index; BMI, body mass index; CCI, Charlson
Comorbidity Index; CRP, C-reactive protein; FOIS, functional oral intake scale;
MMSE, Mini-Mental State Examination; MNA-SF, Mini Nutritional Assessment
Short-Form; SMI, Skeletal Muscle Mass Index.

Non-Dysphagic Dysphagic p-value
Group Group
Duration A (s) 0.27 [0.20-0.33] 0.31 [0.22-0.49] 0.15
Duration B (s) 1.00 [0.87-1.46] 2.54 [1.86-4.99] <0.001
Total duration (s) 1.35 [1.14-1.75] 3.023 [2.27-5.85] <0.001
Mean amplitude 95.29 169.33 0.014
(% JOC) [69.12-143.77] [86.36-230.85]
Max. amplitude 224.64 451.81 <0.001
(% JOC) [143.40-342.90] [247.62-729.93]
Lingual pressure 26.75 [21.43-31.78] 18.10 <0.001
(kPa) [14.20-23.075]

Note: Data are expressed as median [interquartile range].
Abbreviations: Max., maximum; s, second; sEMG, surface electromyograph; JOC,
jaw opening contraction.

sarcopenic dysphagic group than in the non-dysphagic
group (p = 0.014 for mean amplitude, p < 0.001 for
others). Figure 2 shows the sEMG patterns in a patient
without dysphagia and with sarcopenic dysphagia. Table 3
shows the AUC, cut-off value, sensitivity, specificity, and
DOR. The AUCs were excellent for duration B (AUC
0.94, 95% CI 0.87-0.98) and total duration (AUC 0.95,
95% CI 0.89-0.99), very good for lingual pressure (AUC
0.81, 95% CI 0.69-0.91), good for maximum amplitude
(AUC 0.76, 95% CI 0.63-0.87), and sufficient for duration
A (AUC 0.61, 95% CI 0.45-0.75) and mean amplitude
(AUC 0.61, 95% CI 0.47-0.75).

Table 4 shows the results of the simple linear regression
analysis with total duration and maximum amplitude as
dependent variables and other sarcopenia-related factors
and lingual pressure as independent variables. The total
duration was significantly associated with BI, malnutrition,
grip strength, and lingual pressure, but maximum amplitude
was associated with only SMI. Figure 3 shows the ROC
curves for the total duration and maximum amplitude that
have the highest AUCs for each parameter, and lingual
pressure for the diagnosis of sarcopenic dysphagia. In the
comparison of the AUCs between the total duration, in which
the AUCs were highest for the SEMG parameters, and lingual
pressure, the difference was significant (p = 0.02). The intra-
class correlation coefficient (ICC) for intra-rater reliability
(ICC 1, 3) was 0.73 (good) for duration A, 0.88 (very good)
for duration B, 0.74 (good) for total duration, 0.86 (very
good) for mean amplitude, and 0.88 (very good) for max-
imum amplitude. The ICC for inter-rater reliability (ICC 2, 3)
was 0.70 (good) for duration A, 0.82 (very good) for duration
B, 0.71 (good) for total duration, 0.81 (very good) for mean
amplitude, and 0.86 (very good) for maximum amplitude.
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Figure 2 Submental surface electromyography (sEMG) patterns in patients without and with dysphagia. (A) sEMG pattern in a patient without dysphagia. (B) SEMG pattern
in a patient with sarcopenic dysphagia. Left-most blue vertical line, swallow onset; middle blue vertical line, maximum amplitude point; right-most blue vertical line, end of the

swallowing activity.

Discussion

This study revealed differences in submental muscle activ-
ity assessed by duration and amplitude using SEMG during
swallowing between patients with sarcopenic dysphagia
and without dysphagia. The muscle activity duration was
longer and the amplitude was higher in patients with
sarcopenic dysphagia. The diagnostic accuracy of activity
duration for sarcopenic dysphagia assessed using AUC
was excellent and the maximum amplitude was good.

A previous study that assessed swallowing physiology
using sEMG in healthy adults showed that there was
a significant linear increase with age in the duration of swal-
lowing in older adults.?® Although the results of our study did
not reveal a significant association between age and the total
submental muscle activity duration, these prior data suggest
that submental SEMG signals can change due to sarcopenia.”®
In our study, ADL, malnutrition, and grip strength were asso-
ciated with the total duration of submental muscle activity.
Thus, secondary sarcopenia due to inactivity and malnutrition

may affect submental muscle activity duration during swal-
lowing. Regarding amplitudes, a previous study showed that
older adults had lower amplitude of submental muscle activity
compared to the younger adults during swallowing.*® Our
study showed higher amplitudes during swallowing in patients
with sarcopenic dysphagia. This finding may be due to differ-
ences in the study subjects. Most of our study subjects had
sarcopenia, and patients with sarcopenic dysphagia had lower
muscle mass and fat percentage than those without dysphagia.
Since subcutaneous tissue attenuates sEMG amplitude,
higher amplitudes may be associated with thin subcutaneous
tissue, especially with lower muscle mass.

The reliability of SEMG measurements was high in
both inter-rater and intra-rater assessments. This is consis-
tent with previous studies that showed high reliability in
sEMG amplitude and
duration.>® Another study demonstrated the accuracy and

measurements of submental

reliability of identifying swallows from submental sSEMG
shapes.”” SEMG can be a reliable tool to assess suprahyoid

Table 3 Diagnostic Accuracy of SEMG Parameters and Cut-Off Values for Sarcopenic Dysphagia

AUC (95% CI) Cut-Off Sensitivity Specificity DOR
Duration A (s) 0.61 (0.45-0.75) 0.44 0.33 0.9 4.5
Duration B (s) 0.94 (0.87-0.98) 1.61 0.9 0.83 45
Total duration (s) 0.95 (0.89-0.99) 1.96 0.93 0.87 9l
Mean amplitude (% JOC) 0.61 (0.47-0.75) 143.32 0.57 0.73 3.60
Max. amplitude (% JOC) 0.76 (0.63-0.87) 387.09 0.57 0.83 6.54
Lingual pressure (kPa) 0.81 (0.69-0.91) 24 0.7 0.8 9.33

Abbreviations: AUC, area under the curve; Cl, confidence interval; DOR, diagnostic odds ratio; JOC, jaw opening contraction; Max., maximum,; s, second; sEMG, surface

electromyograph.

submit your manuscript

1996

Dove

Clinical Interventions in Aging 2020:15



http://www.dovepress.com
http://www.dovepress.com

Dove

Sakai et al

Table 4 Association Between Duration, Amplitude, and
Sarcopenia-Related Factors

Dependent Independent Coefficient p-value

Variables Variables (SE)

Total duration Age (years) 0.02 (0.05) 0.64
Bl -0.03 (0.01) <0.001
Malnutrition 1.80 (0.71) 0.0l
Grip strength (kg) —0.19 (0.05) 0.001
SMI (kg/m?) ~0.34 (0.24) 0.16
Fat percentage (%) —0.08 (0.04) 0.07
Lingual pressure (kPa) | —0.08 (0.04) 0.04

Maximum amplitude Age (years) 0.54 (7.20) 0.94
Bl —2.95 (1.60) 0.07
Malnutrition 144.52 (108.82) | 0.19
Grip strength (kg) —17.22 (8.69) 0.05
SMI (kg/m?) —78.74 (33.91) 0.02
Fat percentage (%) —6.43 (6.26) 0.31
Lingual pressure (kPa) | —8.59 (5.50) 0.12

Abbreviations: Bl, Barthel Index; SE, standard error; SMI, Skeletal Muscle Mass Index.

muscle function during swallowing for patients with sar-
copenic dysphagia.

The pathophysiology of the suprahyoid muscles in older
people with sarcopenia has been rarely studied. In one study
using ultrasound, patients with sarcopenic dysphagia demon-
strated higher brightness of the geniohyoid muscles, which are
part of the suprahyoid muscle group.*® Muscle quality change
may impact submental SEMG values. In addition to muscle
quality, suprahyoid muscle strength may also be associated
with amplitude and/or activity duration on submental SEMG.
Since patients with sarcopenic dysphagia had lower grip
strength and lingual pressure, they may also have lower
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Figure 3 Receiver operating characteristic curve for the diagnosis of sarcopenic
dysphagia.

suprahyoid muscle strength. These patients may need to gen-
erate more power to swallow water safely with more muscle
fiber activation to compensate for suprahyoid muscle weak-
ness, which could result in higher amplitude and/or longer
activity duration on submental SEMG.

A limitation of our study was that we excluded patients
who were positive for dysphagia on the WST, but did not
undertake FEES. Thus, the diagnostic accuracy in this study
may be overestimated, and the generalizability of our findings
needs to be considered with care. Moreover, 63.3% of the
patients with sarcopenic dysphagia in this study took all
meals by mouth. It is possible that results may have been
different if more patients with severe dysphagia not able to
take all meals by mouth were included in this study. Lastly, the
diagnostic method for sarcopenic dysphagia in this study may
have contributed to non-differential misclassification bias
which would have the effect of underestimating the strength
of association.

Conclusions

This study showed that patients with sarcopenic dysphagia
had longer submental SEMG activity duration and higher
amplitude of the suprahyoid muscles during swallowing
compared to patients without sarcopenic dysphagia. The
diagnostic accuracy was excellent for activity duration on
SEMG and good for the maximum amplitude. The findings
of this study are useful for understanding the pathophysiol-
ogy of sarcopenic dysphagia and improving its diagnosis.
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