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Abstract

Introduction: The aim of this study was to compare functional restriction of the jaw, swallowing difficulty, tongue
strength and endurance, and quality of life in temporomandibular disorder (TMD) patients with and without oral dys-
phagia (OD) and in healthy individuals.

Material and methods: The TMD group with 20 patients with TMD, and the TMD-OD group with 20 TMD patients
with Eating Assessment Tool-10 (EAT-10) > 3, and presence of pain and difficulty in swallowing as well as control group
comprising 20 healthy volunteers were included in this case-control study. Evaluations were made of pain severity, pain
history, maximum mouth opening, Jaw Function Limitation Scale-20 (JFLS-20), and the Swallowing related-Quality of
Life questionnaire (Swal-QoL). Additionally, the tongue strength and endurance were measured with the lowa Oral Per-
formance Instrument (IOPI).

Results: The history of pain, JFLS, EAT-10 values were significantly higher, and the Swal-QoL were significantly
lower in the TMD-OD group compared to the patients with the TMD group (p < 0.05). The IOPI values of the TMD and
TMD-OD groups were determined to be significantly lower than those of the healthy group (p < 0.05).

Conclusions: Functional restriction of the jaw, swallowing difficulty, and Swal-QoL showed a difference in the pa-
tients with TMD-OD compared to the patients with TMD only. The tongue strength and endurance values of the patients
were different from those of the healthy control group.
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Introduction

Temporomandibular disorders (TMD) is a disorder
reported with irregularities related to the temporoman-
dibular joint (TMJ) and associated musculoskeletal
structures [1,2]. Pain and fatigue in the jaw muscles are
the most frequently seen symptoms and accompanying

symptoms may be seen of limitation of mouth opening,
chewing difficulty, and head and neck pain [3].

The tongue plays a significant role in swallowing
activity and provides normal swallowing function.
Negative effects of the swallowing function as a con-
sequence of impairment of the tongue are pathologies
such as shaping, coordination, and opening movement

This is an Open Access journal, all articles are distributed under the terms of the Creative Commons Attri-
‘@ ®®@ bution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.

org/licenses/by-nc-sa/4.0/).


https://orcid.org/0000-0001-6510-5012
https://orcid.org/0000-0002-5660-1134

10

Guzel HC, Tuncer A

at the oral stage of swallowing. Adequate tongue mus-
cle strength and endurance are determinant factors for
safe and effective swallowing in the oral stage. Im-
pairments in tongue function, such as limited strength,
lack of co-ordination, or slow movement, can lead to
several functional outcomes such as reduced tongue-
palate pressure, weak bolus control, and less effec-
tive bolus transport, which can lead to oral dysphagia
(OD) [4-6].

The prevalence of OD among TMD patients is 9.3%
and is characterized by malpositioning of the tongue
and over-contraction of the perioral and surrounding
muscles [6,7]. Pain on chewing (87.4%) and muscular
fatigue (62%) are common signs of OD among patients
with TMD [7]. Hesitation and difficulty of swallowing,
frequent repeated swallowing attempts, frequent throat
clearance and cough associated with swallowing are
symptoms of OD among TMD patients [8].

Instrumental evaluations are not required for oral-
induced swallowing problems, but pharyngeal or la-
ryngeal-induced swallowing problems as suggested
by Logemann [9]. Videofluoroscopic (VES) evalua-
tion, which is the gold standard in evaluating swal-
lowing disorders, has been used only once in TMD
patients in the literature [10]. Besides, VFS requires
special equipment, trained personnel and is expensive
prevents it from being easily accessible. For this rea-
son, studies have investigated the reliability of sub-
jective dysphagia measurements using scales, such as
EAT-10, by comparing them with objective data. It
has been reported that the EAT-10 scale gives rapid
and meaningful results in the evaluation of dysphagia
and can be used in determining the risk of aspiration
[11-13].

A few comparative studies investigated patients
with OD problems accompanying TMD, by evalua-
tion of correlation within the groups or with a healthy
control group [14-17]. No study could be found in the
literature that has investigated the differences between
TMD patients with and without OD problems. Fur-
thermore, there is no study that has shown the level of
interaction between TMJ functionality in patients with
TMD-OD and quality of life associated with OD. The
hypothesis of this experimental study was that qual-
ity of life together with jaw functionality, dysphagia
symptom severity, tongue strength, and endurance in
TMD-OD patients would be different from those of
TMD patients with no oral dysphagia. Therefore, the
aim of this study was to compare functional restric-
tion of the jaw, symptoms of oral dysphagia, tongue
strength and endurance, and swallowing-related qual-
ity of life in TMD patients with and without oral dys-
phagia and in healthy individuals.

Materials and methods

The Human Research Ethics Committee approved
the study protocol (decision no: 2019-131). All study
procedures were in compliance with the principles of
the World Medical Association Declaration of Helsinki.
Written informed consent was obtained from all 60 par-
ticipants.

Patients diagnosed as TMD by dental practitioners
between October 2020 and February 2021 were includ-
ed in this experimental study. Patients having at least
28 permanent teeth, aged between 18—65 years old with
the diagnosis of Group Ia, Ib, Ila, and III according to
the Research Diagnostic Criteria for Temporomandibu-
lar Disorders (RDC/TMD) were included in the study
[18]. Patients were excluded from the study if they had
a diagnosis of Group II b,c according to the RDC/TMD
[18] evaluation, a history of surgery regardless of TMJ
problems in the cervical region, history of trauma, can-
cer, neurological problems, congenital anomalies, or
musculoskeletal or systemic problems affecting the cer-
vical region. In addition, patients who are edentulous or
with no natural front teeth on which to get measuring
points should be excluded.

The severity of pain in the jaw area was evaluated
using the subjective measurement method of a 10 cm
Visual Analog Scale (VAS) (0=no pain, 10=intolerable
pain) [19]. The maximum mouth opening was meas-
ured using a 15 cm ruler. The subjects were asked to
open their mouth maximally till no further opening was
possible. The distance from the incisal edge of the up-
per incisor teeth to the incisal edge of the lower incisor
teeth was measured and the findings were recorded in
ranges of millimeters. For reliability of the measure-
ment and least error, correction of up to the amount of
overbite was applied to the maximum opening move-
ment value, and the average of 3 measurements was
recorded [20]. The head posture of each subject was
evaluated with the craniovertebral angle. It is the angle
formed by the intersection of a horizontal line along the
spinous process of C7 and the line drawn towards the
ear tragus [21].

For the functionality evaluation, the Jaw Function
Limitation Scale-20 (JFLS-20) was used. This reliable
and valid scale, which was designed to measure the ex-
tent of restricted jaw function during different activities,
consists of 20 items in the areas of chewing, vertical jaw
movement, and verbal and emotional expression [22].
Each item is scored from 0-10, evaluating the restric-
tion related to that item, where 0 indicates no restriction
and 10 indicates a severe restriction.

The diagnosis of oral dysphagia was made according
to a score of 3 and above on the EAT-10 scale and the
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patient’s self-report of pain and difficulty in swallow-
ing. The Eating Assessment Tool-10 (EAT-10) was used
for the evaluation of dysphagia symptoms and sever-
ity. EAT-10 is a validated, patient-reported, symptom-
specific tool designed to rate self-perceived swallowing
impairment. The scale comprises 10 items scored from
0 (no problem) to 4 (severe problem) to give a possi-
ble maximum score of 40. Total points of >3 indicate
a swallowing problem [23].

Quality of life associated with swallowing problems
was evaluated with the Swallowing Quality of Life
Questionnaire (Swal-QoL). The Swal-QoL includes 10
concepts of general burden, food selection, eating dura-
tion, appetite, fear of food, sleep, fatigue, communica-
tion, mental health, and social function. High scores in-
dicate good quality of life. The Swal-QoL is a valid and
reliable test that has been used for the evaluation of the
quality of life in previous studies related to swallowing
disorders [24].

The tongue strength and endurance of the study
subjects were evaluated with the lowa Oral Perform-
ance Instrument (IOPI Medical LLC, Redmond, WA)
[25]. Evaluation is made from the anterior and poste-
rior of the tongue. The subjects are instructed to press
the tongue on the tongue bulb towards the hard pal-
ate as hard as possible for 2 seconds. The maximum
force (Pmax) was recorded as the highest value from
3 attempts. The tongue endurance measurements were
calculated as 50% of the maximum tongue pressure
previously measured, and the subjects were instructed
to hold the tongue bulb with the tongue in the direc-
tion of the hard palate for as long as possible at this
value. With the benefit of visual feedback, the subjects
were instructed to keep the green light showing at the
specified pressure only, and the duration for which it
could be held was measured with a chronometer and
recorded.

The groups were formed as Group 1 — TMD group
(n = 20), VAS score >4; Group 2 — TMD-OD group
(n =20), VAS score >4, with EAT-10 scale points >3,
and presence of pain and difficulty in swallowing,
and Group 3 — control group (n = 20), healthy indi-
viduals.

In calculating the power of the study, the effect size
(0.60) obtained from the arithmetic mean and standard
deviation values of anterior tongue strength in all three
groups were used; the power was found to be 0.974.
The power of the study and the effect size of significant
findings were calculated using G-Power 3.1.

Statistical analysis
Statistical analyses were performed by using Ma-
cOs-based SPSS vn. 26.0 software (SPSS Inc, Chicago,

IL, USA). Continuous variables were stated as mean
+ standard deviation (SD) values and categorical vari-
ables as number (n) and percentage (%). Conformity of
the data to normal distribution was assessed with the
Kolmogorov-Smirnov test. In the comparison of tongue
strength and endurance with maximum mouth opening,
which has normally distributed, One-Way Anova analy-
sis was used. Post-hoc Tukey test was applied for the
grading of significant differences between the groups;
The Independent t-test was used in the comparisons of
pain and Swal-QoL parameters, normally distributed.
Mann-Whitney U-test was used in the comparison of
the JFLS-20 and EAT-10 findings which had not normal
distribution. A value of p < 0.05 was accepted as statis-
tically significant.

Results

The mean age of the patients and control subjects
was 29.40 £+ 5.36 years in the TMD group, 32.15 £ 7.78
years in the TMD-OD group, and 29.55 + 8.46 years in
the control group. The three groups were homogenous
in respect of age, gender, height, weight, body mass in-
dex (BMI), head posture, and marital status (p > 0.05).
The demographic and clinical characteristics of the
groups are presented in Tablel.

No statistically significant difference was deter-
mined between the TMD and TMD-OD groups in re-
spect of anterior and posterior tongue strength and
tongue endurance values (p>0.05). The tongue strength
and endurance values of both the TMD and TMD-OD
groups were determined to be statistically significantly
lower than those of the healthy control group (p<0.05).
The values of maximum mouth opening were found to
be statistically significant difference between the three
groups, with the lowest value in the TMD-OD group
(p<0.05) (Table 2).

There were no significant differences between the
VAS values related to the TMJ between TMD and
TMD-OD groups (p>0.05). The duration of complaints
of pain was significantly longer in the TMD-OD group
than in the TMD group (p<0.05) (Table 3).

In the evaluation of the JFLS-20 values during dif-
ferent activities, jaw function restriction values were
significantly higher in the TMD-OD group than in the
TMD group (p < 0.05). Statistically significantly great-
er difficulty in swallowing was determined in the TMD-
OD patients (p < 0.05) (Table 4).

All the subdimension values of the Swal-QoL dem-
onstrating swallowing problem-related quality of life
were statistically significantly lower in the TMD-OD
group than in the TMD group (p<0.05) (Tab. 5).
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Tab. 1. Demographic and clinical characteristic of the groups

TMD (n =20) TMD-OD (n = 20) Healthy (n = 20) p
Age (years) 29.40 £ 5.36 32.15+7.78 29.55 +8.46 0.416
Height (cm) 168.85 +7.65 165.25+9.32 171.45+7.16 0.060
Weight (kg) 66.25 + 13.81 69.35+12.70 68.40 £ 13.91 0.759
BMI (kg/mz) 23.08 £3.67 25.55+4.71 23.16 +3.94 0.109
Head Posture (degree) 4420+ 2.70 43.90 +£4.24 45.15+£2.10 0.558
N (%)
Sex
Female 12 (60%) 17 (85%) 15 (75%) 0.198
Male 8 (40%) 3 (15%) 5(25%)
N (%)
TMD classification
Myofascial problems 9 (45%) 4 (20%)
Disc problems 6 (30%) 9 (45%)
Joint degeneration 5(25%) 7 (35%)
*p <0.05; BMI: Body Mass Index; TMD:Temporomandibular Disorder; OD: Oral Dysphagia.
Tab. 2. Comparisons of tongue strength, endurance and maximum mouth opening values
T™MD TMD-OD Healthy F Post hoc
X+SD (n:20) X+ SD (n:20) X =+ SD (n:20) comparisons
Anterior Tongue Strength (kPa) 42.50+9.13 40.60 + 8.43 5220+ 6.80 11.56 0.000* 1,2-3
Posterior Tongue Strength (kPa) 36.85 £ 8.65 3530+ 8.87 4730+ 6.96 12.64 0.000* 1,2-3
Tongue Endurance (sn) 19.70 £ 4.73 19.65 + 5.63 26.70+6.75  9.47 0.000* 1,2-3
Maximum Mouth Opening (mm)  38.15+5.14 32.20+4.70 43.00+£3.09 30.16 0.000%* 1-2-3
*p < 0.05; p: One Way Anova, Post hoc comparisons: Tukey test; TMD: Temporomandibular Disorder; OD: Oral Dysphagia.
Tab. 3. Comparisons of pain intensity and pain history of the groups
. T™D TMD-OD .
Pain X £ SD (n:20) X £ SD (n:20) p Effect size
VAS (0-10 cm) 4.75+091 520+ 1.15 0.178 -
Pain History (years) 0.72 £0.39 3.31+241 0.000* 1.506
*p < 0.05, p: Independent t test; TMD: Temporomandibular Disorder; OD: Oral Dysphagia.
Tab. 4. Comparisons of jaw function limitation and swallowing disorder severity values
TMD TMD-OD Effect size
X + SD (n:20) X + SD (n:20) P
JFLS-20 21.25+11.31 47.90 +£16.85 0.000* 1.850
EAT-10 0.45+0.51 12.20+5.29 0.000* 3.126

*p < 0.05; p: Mann Whitney U Test; JFLS-20: Jaw Function Limitation Scale; EAT-10: Eating Assessment Tool; TMD: Temporoman-

dibular Disorder; OD: Oral Dysphagia.
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Tab. 5. Comparisons of the swallowing-related quality of life parameters

TMD

TMD-OD

Swal-QoL X £SD (n:20) X £SD (n:20) p Effect size
General burden 100.00 81.87 £ 11.08 0.000%* 2.313
Food selection 100.00 62.50 + 13.45 0.000* 3.942
Eating duration 95.00 + 8.50 73.12 £4.57 0.000* 3.206
Eating desire 97.00 +5.34 76.52 +7.31 0.000* 3.199
Fear of eating 100.00 76.00 + 10.43 0.000* 3.254
Sleep 93.75+11.10 70.62 +20.38 0.000* 1.409
Fatigue 98.75+5.59 67.07 +10.97 0.000* 3.638
Communication 100.00 83.12+9.31 0.000* 2.564
Mental health 100.00 70.00 £ 12.77 0.000* 3.322
Social Functioning 100.00 84.25+14.19 0.000* 1.569
Total Scale 98.45+1.72 75.38 +8.78 0.000* 3.646

*p < 0.05, p: Independent t-test, Swal-QoL: Swallowing-related Quality of life; TMD: Temporomandibular Disorder; OD: Oral Dys-

phagia.

Discussion

The aim of this study was to compare functional
restriction of the jaw, swallowing difficulty, tongue
strength and endurance, and swallowing-related qual-
ity of life in TMD patients with and without symptoms
of oral dysphagia and in healthy individuals. The study
hypothesis that there would be a difference in jaw func-
tionality, dysphagia symptom severity, and swallow-
ing-related quality of life between TMD-OD patients
and TMD patients without swallowing problems was
partially confirmed, with the exception of the tongue
strength and endurance values. No difference was found
in respect of tongue strength and endurance values in
the group comparisons, but all the patients with TMD
were seen to have significantly lower tongue strength
and endurance, independently of swallowing problems,
compared to the healthy control group.

Objective measurements of the strength and endur-
ance of tongue muscles contribute to the clinical evalu-
ation of dysphagia. Patients with OD have difficulty in
transferring food from the mouth to the pharynx and
esophagus to start the involuntary swallowing process.
The development of TMD may be the cause of changes
in joint movements, a decrease in the mandibular open-
ing movement, and chewing impairment [26]. It has
been hypothesized that eating and swallowing problems
in patients with TMD develop secondary to chewing
disorders [27]. It has also been reported that signs and
symptoms of swallowing problems such as chewing
pain, fatigue, swallowing difficulty, difficulty in fluid

intake, and an increase in neck muscle activity are seen
in approximately 10% of patients with TMD [7].

Previous studies have shown that 95% of the nor-
mal population, including the elderly, have a Pmax
of tongue strength values >34 kPa. Posterior tongue
strength is generally 5-10% lower than anterior tongue
strength. However, there has been reported to be insuf-
ficient data as yet for the norm distributions of tongue
endurance [28,29]. Resistance of <10 secs may be an
indicator that the patient has low resistance and low
endurance, and it has been reported that in such cases,
fatigue is a factor in oral-motor problems [25,28-30].
There are studies in the literature showing a significant
correlation between the maximum isometric pressure
of the tongue and the mean swallowing pressures used
during swallowing [30]. A systematic review that ex-
amined the results of isometric tongue strength train-
ing in patients with dysphagia showed that the tongue
strength of dysphagia patients was lower than that of
healthy individuals [31].

Some researchers have hypothesized that patients
with chronic TMD have irregular or weak tongue func-
tions [14—17]. In another study, it was shown that the
genioglossus muscle, which is closely related to oral
functions such as chewing and swallowing, moved in
coordination with and as a functional connection to di-
gastric muscles, which function in TMJ elevation [32].
In central pattern generators, genioglossus activity has
been found to be associated with the activity of chewing
muscles [33]. Fassicollo et al., compared patients with
chronic TMD with a healthy control group and reported
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that in individuals with TMD, muscle activity during
swallowing activity requires a longer time to reach peak
values, and a longer swallowing time is needed. It was
found that TMD patients contract the jaw elevator mus-
cles more than the control group and the suprahyoid
muscle peak values were significantly lower in fluid
swallowing activity [17]. In the current study, we com-
pared TMD patients with and without oral stage swal-
lowing problems and with healthy subjects. The tongue
strength and endurance values of all the TMD patients
were seen to be significantly lower than those of the
healthy control group. However, the difference in tongue
strength expected in the current study hypothesis was not
determined between the TMD and TMD-OD groups. Al-
though the tongue strength of the TMD-OD patients was
slightly lower than that of TMD patients with no swal-
lowing problems, the difference was not statistically sig-
nificant. This result could have been due to the inclusion
of mixed TMD patients in the study. It can be consid-
ered that the tongue muscular strength and endurance in
TMD patients may cause different responses to emerge
in a muscular, disc, and joint degeneration of the TM1J.
The difference in the duration of pain in the two patient
groups suggested that it was an important factor affecting
tongue strength and endurance. The patients in the TMD-
OD group had a significantly much longer history of pain.
The TMD-OD patients had a mean 3.31-year history of
pain, whereas the time from onset of pain to presenting at
the clinic for treatment was mean 0.72 years in the TMD
patient group without swallowing problems. It can be as-
sumed that there is a relationship between OD and the
chronicity of symptoms and pain. From the results of this
study, there can be an agreement with the hypothesis that
eating and swallowing problems in TMD patients have
formed over time secondary to TMD impairments. In
a study by Huckabee et al., it was similarly reported that
almost half of patients typically experience complaints
for 5 years [27].

In the current study, it was seen that in addition to
eating and swallowing problems developing secondary
to chewing disorders, the maximum mouth opening of
the TMD-OD group was significantly decreased com-
pared to the TMD group with no swallowing problems.
It was thought that this could be a reason for the long-
term chronic pain and increased chewing disorders in
the TMD-OD group. In the JFLS-20 evaluation of jaw
functional activity, the scores related to chewing, swal-
lowing, and difficulties and restrictions in other jaw
movements were found to be higher in the TMD-OD
group. In the EAT-10 scale, the symptoms of difficulty
and pain in swallowing, the extra effort required for
swallowing, adhesion of the bolus to the throat when
swallowing, and coughing while eating were experi-
enced more in the TMD-OD group.

There are few studies that have researched the ex-
tent and effect of eating and swallowing problems that
could accompany TMD. It has been assumed that these
difficulties originate at the oral stage and oral prepara-
tion of swallowing, that patients do not seek acute med-
ical care for swallowing problems, and that clinicians
do not give sufficient importance to these symptoms in
the evaluation of TMD [7]. It has also been reported
that eating and swallowing problems associated with
TMD diminish the quality of life by leading to psycho-
social problems [19]. In a previous study, it was report-
ed that in patients with a mean duration of dysfunction
of 5 years, there were eating and swallowing problems
that could not be effectively managed, and these prob-
lems had a moderate negative effect on participation in
daily, leisure, social and family activities [7]. Gener-
ally, in two-thirds of patients with chronic pain, there
are seen to be several accompanying problems such
as function loss, withdrawal from social life, fatigue,
poor sleep quality, and anxiety [7,27,34]. In the current
study, the quality of life of the TMD-OD patients was
determined to be lower than that of the other groups.
According to the Swal-QoL results, all the categories
of food selection, eating time, appetite, fatigue, anxiety,
sleep quality, and social and mental health parameters
such as social life and communication were seen to be
significantly affected in the TMD-OD group compared
to the patients without dysphagia.

The aim of this study was to determine clinical dif-
ferences between patients with TMD and patients who
develop OD associated with TMD. The results showed
that jaw function, dysphagia symptoms and severity,
and quality of life were different in TMD-OD patients
compared to patients with TMD without swallowing
problems. Moreover, the tongue strength and endurance
values of all the TMD patients, with and without OD,
were observed to be significantly lower than those of
the healthy control group.

In the light of these data, it can be assumed that eat-
ing and swallowing problems in TMD patients have de-
veloped secondary to chewing disorders. Although the
clinical observations and analysis results of this study
did not show that this dysfunction caused discomfort
to patients at a level to require emergency medical sup-
port, it can be considered that over time the quality of
life of the individual will be diminished by physical and
psychological problems. Therefore, eating and swal-
lowing disorders should be evaluated in patients with
chronic TMD in particular, and the inclusion of tongue
muscles in treatment programs would be important.

A limitation of this study was that the measurement
of oral dysphagia was evaluated subjectively in the
clinic environment. A further limitation was that most
of the patients were young, and as the patients included
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had mixed TMD diagnoses, detailed categorization
could not be made.

In future studies of TMD, the inclusion of a greater
number of patients in a wider age range, categorized
according to diagnosis criteria, would provide more
robust results in the evaluation of tongue strength and
endurance in TMD patients with eating and swallowing
problems.

Conclusions

In conclusion, functional restriction of the jaw,
swallowing difficulty, and swallowing-related quality
of life showed a difference in the patients with TMD-
OD compared to the patients with TMD without swal-
lowing problems. Patients with TMD were seen to have
significantly lower tongue strength and endurance,
independently of swallowing problems, compared to
the healthy patients. In terms of increasing the success
of rehabilitation, the importance must be emphasized
of the jaw and swallowing function and evaluation of
tongue strength and endurance in the clinical evaluation
of TMD patients.
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