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Abstract

Background: Oral sarcopenia is a significant risk factor for dysphagia. While the lowa
Oral Performance Instrument (IOPJ) is effective for rehabilitation, its high cost limits
accessibility. This study evaluated a low-cost wooden tongue depressor tool using
a fixed-fulcrum lever system to improve tongue function in older adults.

Objective: To evaluate the efficacy of a calibrated wooden tongue depressor
technique for enhancing tongue pressure and endurance.

Methods: A randomized controlled superiority trial was conducted with 41 participants
aged 50 and older (intervention n=23, control n=18). The intervention group also
performed twice-daily training for 8 weeks using a wooden tool calibrated to 60%
of their maximum tongue pressure (MTP). Outcomes included MTP and endurance
tongue pressure (ETP) measured by IOPI. Statistical analysis compared change
scores from baseline.

Results: After 8 weeks, the intervention group showed significantly greater ETP
improvement than the control group (p = .008). Mean MTP improvement in the
intervention group (3.35 kPa) was higher than in the control group (0.21 kPa).
Within-group improvement for the intervention group approached significance
(p = .054).

Conclusion: The wooden tongue depressor technique effectively improves tongue
endurance. This accessible, low-cost tool provides a practical alternative for

home-based rehabilitation to prevent the progression of oral frailty.

Keywords: tongue strengthening, wooden tongue depressor, older adult, dysphagia, frailty
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Introduction

Swallowing is a complex sequence of
actions that takes place within the confined
anatomy of the head and neck, relying on
coordinated function of multiple systems,
including motor control, sensory input, reflexes,
and cognitive processing™ The goal of this
intricate process is to form a cohesive bolus and
effidently transport it to the esophagus while
preventing aspiration or misdirection into the
avay™ A dysfunction in any of these
components can result in dysphagia. Among its
diverse causes, sarcopenia is one of commons”
9 A a consequence, safe and effective
swallowing depends on adequate muscle
strength, range of motion, and coordination.
Management strategies for dysphagia typically
involve either compensatory techniques or
rehabilitative  training.  These may include
postural - adjustments, dietary modifications,
sensory stimulation, and targeted exercises to
strengthen the oropharyngeal muscles® %

The increasing prevalence of age-
related conditons presents a  significant
challenge. The global aging population is
growing rapidly, with the elderly population
expected to more than double in the next 30
years™ This demographic shift is accompanied
by an increase in age-related frailty, including

[2, 11-12]

oral sarcopenia. I Such a decline in oral

muscle functions can lead to difficulties in
swallowing and speech. The consequences
negatively impact nutritional intake, cognitive

13-14]

function, and overall quality of life™* In all

various frailty-related factors, reduced tongue
function

is a sienificant contributor  to

188

dysphagia.™

Therefore, strengthening  the
tongue is one key therapeutic approach.

This focus on tongue strengthening is
based on the tongue's crudial role throughout
most of the swallowing process. In the oral
phase, it manages the food bolus during
mastication and propulsion. The tongue also
aids in generating the pressure needed to
move the bolus through the pharynx during
the pharyngeal phase™ Tongue elevation
pressure is typically generated by the upward
movement of the tongue against the hard
palate, a caitical mechanism for bolus
formation and for ecenerating the force

necessary to initiate upper

sphincter (UES) opening*"*®

esophageal

Maximum Tongue Pressure (MTP)
measures the peak strength of the tongue,
whereas Endurance Tongue Pressure (ETP)
reflects the ability to sustain force over time.
Both parameters typically decline with age.™”
Hara et al. identified a significant association
between tongue pressure and chewing ability
in healthy individuals™ furthermore, several
studies have linked higher MTP with improved
swallowing outcomes@? Similarly, ETP has
been found to positively influence chewing
efficiency and meal consumption, though
these results require further investigation.”
Yen-Fang Chou et al. suggest that both metrics
play a vital role in swallowing function, noting
that ETP may be even more sensitive than
MTP for detecting oropharyngeal dysphagia
among community-dwelling older adults.*”
Collectively, this evidence indicates that MTP

and ETP are essential components of
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swallowing physiology and serve as reliable
indicators for identifying dysphagia.

Preventive measures are  most
effective when implemented early. Hong HL et
al. recommend beginning interventions at age
50, when early signs of oral frailty typically

emerge®

Consequently, evaluating and
strengthening tongue function is essential for
the early prevention of dysphagia.

Variety of effective methods for
increasing tongue pressure ranging from using
medical-grade equipment to home-based

230 A systematic

tools, have been widely used.
review confimed that tongue-strengthening
exercises effectively increase pressure, with
significant  improvements  typically observed
after an 8-week intervention.”"a resistive load of
MTP is

employed, aligning with general skeletal muscle

approximately  60% commonly
training principles ® Issues related to their cost,
accessibility, and ease of use remains significant
bariers to widespread  implementation,
espedally in limited-resource areas® The
wooden tongue depressor technique is a
simple, low-cost method that requires minimal
resources. Despite its practicality and potential
advantages, this technique has yet to be
assessed using objective outcome measures.
More research is needed to validate its
effectiveness and determine its role in clinical
and home-based rehabilitation programs.

The primary aim of this study was to
evaluate the efficacy of a calibrated wooden
tongue depressor as a low-cost tool for lingual
strengthening in older adults. We conducted a
randomized superiority trial to compare this

intervention against a standard oropharyngeal
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exercise control group. The null hypothesis
was that there would be no difference in the
improvement of MTP or ETP between the two
groups.

Objective

This study ams to evaluate the
effectiveness of the wooden tongue depressor
technique in improving MTP and ETP among
older adults through a randomized controlled
trial. The findings are expected to support the
integration of tongue-strengthening exercises
into clinical practice as a practical, accessible
strategy for managing frailty and enhancing
quality of life.

Methods

Study Design

A two-parallel-group  randomized
controlled  superiority trial was conducted
following the CONSORT guidelines at a regional
health center during January-May, 2025. Ethical
approval was obtained from the institutional
review board prior to research conduction. IRB
approval number: KEF67036. This study was
registered in the Thai Clinical Trials Registry
the code  TCTR20250610003:
https.//thaiclinicaltrials.org/export/pdf/ TCTR20
250610003. Registered on June 10, 2025.
Participants

under

Inclusion criteria consisted of adults
aged 50 years and older with no prior diagnosis
of dysphagia or motor deficits. By including
both late middle-aged and older adults, the
study aims to assess the efficacy of the
intervention as a preventive measure before
the onset of significant age-related swallowing

impairment.
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Conversely, exclusion criteria included
moderate to severe dementia, an inability to
follow the exercise protocol, or significant
communication difficulties. Recruitment was
conducted between January and February
2025, and informed consent was obtained
from all participants prior to their enrolliment.
Sample size

A clinically meaningful difference was
defined as a 10% increase in MTP from
baseline® Given a reported average baseline
MTP of 495 klopascals (Pa)®® a 10%
improvement comesponds to an absolute
increase of approximately 5 kPa. Using a two-
tailed test with an alpha level of 0.05 and a
power of 80%, the minimum required sample
sizes for the control and intervention groups
were 15 and 19 participants, respectively. To
account for a potential 20% dropout rate, the
final allocation target was at least 18
participants for the control group and 23 for

the intervention group.

Randomization and Blinding

Participants were randomized (1:1) via
a computer-generated sequence in Microsoft
Excel 2010. Alocation concealment was
maintained by an independent third-party
who  collected

demographics before assigning participants to

coordinator baseline
groups. To ensure a double-blind protocol,
both the primary assessor (utilizing the IOPI)
and the data analyst remained unaware of
group identities until the final analysis. While
participants were aware of their tasks, they
remained blinded to the study hypotheses to
minimize expectation bias.

Intervention Standard Care and Intervention

190

Al participants performed a standard
oropharyngeal home program including neck
stretches, mouth-opening, cheek puffing, and
CTAR.  The

intervention group additionally Completed a

chin-tuck-against-resistance

twice-daily tongue-strengthening regimen for
eight weeks using a custom wooden tongue

depressor.

Tongue Strengthening Instrumentation

To provide a quantifiable and
reproducible resistive load, the tool was
designed as a fixed-fulcrum lever system (15
cm in total length). A variable stack of medical-
grade wooden depressors is secured at the
exact mid-length (7.5 cm) to act as the fulcrum,
creating a mechanical gap at the anterior end.
Resistance is generated by the elastic modulus
of the wood. As the participant presses the
ams together, the material provides counter-
pressure until the gap is closed. This ensures
that the resistance is a direct result of the
stack's height and stiffness. Also, the tongue
must exert the full 60% MTP to successfully
close the tool. Figure 1 shows a wooden

tongue depressor tool.

7.5 cm mid-length
fulcrum stack

N Mouthpiece

Mechanical gap
Fig. 1 Structural design and components
of the calibrated wooden tongue

depressor tool.

Calibration Protocol
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To ensure therapeutic dosing, the
tool was individually calibrated for each
participant using the IOPI. The air-filled IOPI
bulb was positioned on the superior
surface of the upper lever arm tip, and a
vertical downward force was applied until
the anterior tips of both arms achieved full
contact. The height of the central fulcrum
stack was systematically adjusted by
adding or removing depressors until the
force required to close the device's gap
reached the specific target threshold of
60% MTP.

Training Protocol and Dosage

To the
participants positioned the distal end of
the calibrated tool between the hard

palate and the dorsal surface of the

perform exercise,

anterior tongue. A vertical upward force
was applied against the inferior lever arm
until the arms achieved full contact; this
tactile cue signified that the 60% MTP
resistance threshold had been met.

established,

participants performed an isometric hold,

Once contact was

maintaining tip-to-tip closure for as long as
possible. The duration of each hold was
measured in seconds and documented in
a standardized daily exercise log to track
progress and adherence. The protocol
permitted up to two sessions per day. To
prevent excessive lingual fatigue and

ensure safety, participants were
encouraged to incorporate self-paced rest
intervals between repetitions, allowing for
recovery without compromising task
intensity.

Regarding equipment and hygiene,

each participant received eight identical
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tools, with instructions to use one tool per
week. Following each session, the device
was washed with water and placed in a
clean rack to air-dry completely. Figure 2
shows how to

perform  tongue

strengthening exercise using the tools.

Harg Palate

Fig. 2 Lingual exercise technique and

participant positioning.

An independent researcher blinded to
the group allocations conducted weekly
randomized reminder calls to verify exercise

adherence and screen for adverse events.

Outcome Measurements

MTP and ETP were assessed at
baseline and week 8 using the IOPI. MTP
was recorded in kPa, choosing the highest
value from three trials. ETP was measured
as the duration in seconds that participants
sustain  60% of their MTP. To

minimize fatigue, ETP testing was limited to

could

one trial per session.

Statistical Analysis
All the
intention-to-treat principle, including all

analyses  followed
participants according to their original
group allocation.

Normality and Descriptive Statistics
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The distribution of continuous data
(MTP and ETP) was assessed for normality
using the Shapiro-Wilk test. Descriptive
statistics are presented as means and
(SD)

distributed data, and as medians and

standard deviations for normally
interquartile ranges (IQR) for non-normally
distributed data. Categorical variables, such
as sex and the presence of underlying
diseases, are presented as frequencies and

percentages.

Within-Group Comparisons

To evaluate the change from
baseline to the 8-week endpoint within
each group, a dependent t-test was used
for normally distributed variables. For non-
distributed the
Wilcoxon signed-rank test was employed.

normally variables,

Between-Group Comparisons

Baseline demographic characteristics
and baseline tongue pressures were compared
between the intervention and control groups
using the independent t-test, the Mann-Whitney
U test, and the Chi-square test.

192

The
between groups was conducted by comparing

difference in  improvement
the "change scores" (Week 8 value minus
Baseline value). As a superiority trial, the null
hypothesis was that there would be no
difference in improvement between groups.
Between-group comparisons of MTP and ETP
improvements were conducted using the
independent t-test or the Mann-Whitney U test,
depending on the results of normality testing.

A significance level of p < .05 was considered

statistically significant for all analyses.
Results

A total of 50 individuals were screened
for eligibility. Of these, 9 were excluded: 5 did
not meet inclusion crteria, 2 declined to
participate, and 2 were excluded due to severe
dementia. The remaining 41 participants were
randomized into the intervention group (n = 23)
or the control group (n = 18). All participants
reported completed at least 80% of the
prescribed session. There was no loss to follow-
up or discontinuation; all 41 participants
completed their allocated protocols and were

included in the final analysis (Figure 3).
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Assessed for eligibility
(n=50)
§ Excluded (n=9)
E
s Not meeting inclusion
z criteria
u (n=5)
Refusedto participate
(n=2)
Severe dementia (n = 2)
; Randomized (n=41) |
§ N
-1 Allocated to Alocated to control
8 intervention (n=18)
< n=23)
=8 - i
3 Lost to follow up Lost to follow up
H (n=0) (n=0)
°
" Discontinued Discontinued
intervention (n=0) intervention(n=0)
i ‘Analyzed (n =23) Analyzed (n = 18) i
z Excluded from analysis Exciuded from analyss
< n=0) n=0)

Fig. 3 Flow diagram of participant recruitment, allocation, and follow-up.

Baseline Characteristics

As detailed in Table 1, the groups
demonstrated high baseline comparability.
There were no significant differences in age (p =
862), BMI (p = .367), or sex distribution (p = .834).
Similarly, baseline lingual metrics showed no
significant differences between the control and
intervention groups for MTP (39.72 +16.87 kPa
vs. 43.17 + 1397 kP; p = .478) or ETP (Median
6.39 s vs. 578 5; p = .968).
Within-Group Comparisons

Within-group changes over the 8-week
period are summarized in Table 2. The control
group exhibited no significant changes in MTP
(o = .704) or ETP (p = .097). In contrast, the

intervention group demonstrated a significant
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improvement in ETP (p = .043), while the
increase MTP statistical
significance (p = .054).

Between-Group Comparisons

in approached

Comparison of improvements between
groups revealed a significantly greater increase in ETP
for the intervention group (Median 7.25 s, IQR: 2.00-
27.32) compared to the control group (Median 1.26
s, IQR: 0.00-2.94; p = .008). While the intervention
group showed a higher mean improvement in MTP
(335 £ 4.71 kPa) than the control group (0.21 + 2.35
kPa), this difference did not reach statistical
significance (p = .106).

Safety and Tolerability
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Regarding safety, 87% of participants (n
= 20) in the intervention group reported mild
lingual discomfort or muscle fatigue during the
first two weeks. These symptoms were transient
and resolved spontaneously as the study
progressed. No serious adverse events were
reported.

Discussion

Baseline Characteristics and Oral Pre-frailty

In healthy individuals, normative lingual
metrics typically exceed 30 kPa for MTP and 10
seconds for ETP” Our participants exhibited
preserved strength (approx. 40 kPa) but reduced
endurance (approx. 6 seconds), a profile
consistent  with pre-oral frailty who just
beginning to experience functional decline. This
profile aligns with the absence of reported
dysphagia symptoms. Building a “functional
resernve" may prevent or delay the progression
to clinical oral frailty, which is associated with

malnutrition,
1314, 353]

adverse outcomes such as

aspiration, and cognitive decline!

Our
improvement in ETP (p = .008) and a strong
trend toward increased MTP (p = .054).

Specifically, the intervention group achieved a

study found a significant

mean increase of 3.35 kPa, whereas the control
group improved by only 021 kPa. This
difference shows that the wooden tongue
depressor tool has a real effect on tongue
strength. While a larger cohort may be needed
to reach statistical significance for peak strength,
these results suggest that the tool is useful for
improving both endurance and strength in the

early stages of oral frailty.

These outcomes are best understood

when compared to current common
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interventions,  particularly in terms  of
physiological load, feedback mechanisms and

accessibility.
Similarities in Physiological Load

The protocol utilized a 60% MTP

resistive load, aligning with standard IOPI-based
[29,37-38] This

principles of hypertrophy by requiring the

regimens. intensity adheres to
tongue to exert force against a pre-calibrated
resistance, while optimizing strength gains

without inducing excessive muscle”
Differences in Feedback Mechanisms

Unlike the digital visual biofeedback of
the 0PI, our tool provides mechanical tactile
feedback. The "all-or-nothing" physical contact
of the lever arms ensures every repetition meets
the target threshold, offering an objective

alternative to subjective manual resistance.
Device Cost and Accessibility

While the IOPI is often restricted in

,[31] our tool

some clinical settings due to its cost
uses medical-grade wooden depressors. The
simplicity of the tool, combined with weekly
randomized reminder calls, contributed to high
B0 This makes the

protocol highly accessible for home-based

participant  adherence.

rehabilitation and resource-limited  settings
without sacrificing loading precision or the
biofeedback.
Limitations and Future research

This study has several limitations. First,
including participants aged 50 and older
resulted in a healthier cohort than a typical "frail"
population, which may limit the generalizability
of results to patients with established dysphagia.
Second, the 8week duration may be the

minimum  threshold required to observe
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significant MTP gains® Finally, while self-
reported logs are susceptible to bias, they
remain a pragmatic necessity for home-based
protocols. The high frequency of reported
muscle fatigue suggests strong participant
adherence.

Future research should explore the
differential effects of this technique on pre-frail
frail to better

interventions. Larger sample sizes and longer

Versus individuals tailor
training durations can help clarifying the
timeframe needed for MTP gains. Finally,
incorporating functional outcome measures,

such as Modified Barium Swallow studies or

Table 1 Participant Demographics Data

aspiration rates, would provide a more
of the
intervention’s long-term impact on swallowing

safety.

comprehensive  understanding

Conclusion
The wooden tongue depressor
technique tends to improve tongue endurance
pressure in  older adults. s ease of

implementation and accessibility suggest its
potential as a practical tool for swallowing
rehabilitation. Future studies should evaluate its
long-term benefits and applicability in frail

populations

Control Group Intervention Group p-value
(n =18) (n = 23)
Age (years)1 67.94 + 12.77 68.57 + 9.97 .862°
BMI (kg/m?2)" 22.65 + 2.89 23.77 £ 4.51 367°
Sex (M/F), n 4/14 6/18 834°
Baseline MTP (kPa)" 39.72 + 16.87 43.17 + 13.97 478°
Baseline ETP (sec)’ 6.39 [2.95, 18.25] 5.78 [5.05, 15.02] .968°

Underlying disease
(n) (1)

Osteoporosis (1)
Asthma (1)

Deep vein thrombosis

Benign prostate hyperplasia
(2)
Rheumatoid arthritis (1)
Colon cancer (1)
Gout (1)

' Mean+SD, “Median [IQR]

“ndependent t-test, °Chi-square test, “Mann-Whitney U test.

BMI, body mass index; M, male; F, female; n, number; MTP, maximum tongue pressure; ETP, endurance

tongue pressure
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Table 2 Outcomes Comparisons

Group Mean/Median Within-Group ~ Between-
Change p° Group p°
MTP (kPa)" Control 0.21 + 2.35 704 106
Intervention 335+4.71 .054
ETP (sec)” Control 1.26 [0.00,2.94] 097 .008*
Intervention 7.25[2.00,27.32] .043*

! Mean+SD, 2Median [IQR]

Dependent t-test (MTP) or Wilcoxon Signed-Rank test (ETP) for within-group comparison. °Independent t-

test (MTP) or Mann-Whitney U test (ETP) for between-group comparison of change.

*Statistically significant (p < .05)

MTP, maximum tongue pressure; ETP, endurance tongue pressure; kPa, kilopascals; sec, seconds.
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