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ABSTRACT

Objective: The aim of this study was to assess the effect of expiratory
muscle training on the stomatognathic system in patients with stroke.

Method: A total of 31 patients with stroke were included in the study: 16
patients  with  stroke  (age=66.63+8.38,  height=166.38+8.59,
BMI=28.094+4.81) as the control group and 15 patients with stroke
(age=65.60+7.62, height=168.20+£8.78, BMI=28.954+6.92) as the study
group. Temporomandibular joint range of motion and dysfunction,
pressure pain threshold of masticatory muscles, facial asymmetry
existence, head posture, oral hygiene, oral hygiene habit, masticatory
performance, intraoral pH, deglutition, and deep neck flexor muscle
endurance of the patients with stroke were assessed. Assessment methods
were in order by digital caliper, the Fonseca Questionnaire, algometry,
labial commissure and craniocervical angle measurement, general oral
health assessment index, and questionnaire, sieve test, digital pH gauge,
repetitive saliva swallow test, Eating Assessment Tool, and deep neck
flexor endurance test. Patients with stroke in the study group were
enrolled in an expiratory muscle training program consisting of 5 sets of
10 repetitions daily for three weeks in addition to conventional
physiotherapy; the control group enrolled in the conventional
physiotherapy program. Patients with stroke in the study group were
called twice a week to assess their compliance with the expiratory muscle
training.

Results: In intragroup comparison significant increase was found in the
inferior portion of the left masseter, mandibular protrusion, and a
decrease in labial commissure angle and Fonseca Questionnaire score of
the control group (p<0.05). In the study group a significant increase was
observed in mandibular depression (p<0.05). In intragroup comparison,
both groups had similar intraoral pH, masticatory performance,
craniocervical angle and neck flexor muscle endurance (p>0.05). While
significant difference was found in lateral deviation, eating assessment
inventory and labial commissure angle in intergroup comparison
(p<0.05), other parameters were similar (p>0.05). Improvement in labial
commissure angle was in favor of the control group (p<0.05).

Conclusion: Expiratory muscle training might be preferred to increase
mandibular lateral deviation and improve deglutition in subacute or
chronic-stage patients with stroke.
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0z
Amag: Bu ¢alismanin amaci ekspiratuar kas egitiminin inmeli hastalarin
stomatognatik sistemine etkisini incelemekti.

Yontem: Calismaya kontrol grubuna 16 inmeli hasta (yas=66.63+8.35,
boy=166.38+8.59, BKI=28.09+4.81), calisma grubuna 15 inmeli hasta
(yag=65.60+7.62, boy=168.20+8.78, BKi=28.95+6.42) olmak iizere
toplam 31 inmeli hasta dahil edildi. inmeli hastalarin temporomandibular
eklem hareket a¢ikligi ve disfonksiyonu, ¢igneme kaslar1 agr1 esigi, fasiyal
asimetri varligi, bas postiirii, oral hijyen ve oral hijyen aliskanliklari,
¢igneme performansi, intraoral pH, yutma ve derin boyun fleksor kaslari
enduransi degerlendirildi. Degerlendirme yontemleri sirasiyla; dijital
kaliper, Fonseka Anketi, algometre, labial kommissiir ve kranioservikal ag1
6l¢limil, genel oral saglik degerlendirme indeksi ve anket, elek testi, dijital
pH 6lger, tekrarli saliva yutma testi, yeme degerlendirme envanteri ve derin
boyun fleksorleri endurans testiydi. Calisma grubundaki inmeli hastalar
konvansiyonel fizyoterapi programina ek olarak ii¢ hafta siiresince, haftada
her giin 5 set 10 tekrardan olusan ekspiratuar kas egitimi programina,
kontrol grubuysa konvansiyonel fizyoterapi programina alindi. Calisma
grubundaki inmeli hastalar haftada iki giin aranarak, ekspiratuar kas
egitimi programina olan uyumlar1 degerlendirildi.

Bulgular: Grup i¢i karsilastirmada kontrol grubundaki bireylerin sol
masseter inferior pargast agri esiklerinde ve protriizyon hareketinde artis,
labial kommissiir agilarinda ve Fonseka Anketi skorlarinda ise azalma
gozlendi (p<0.05). Calisma grubunda yer alan inmeli hastalarin ise
mandibular  depresyonunda artis  bulundu (p<0.05). Grup i¢i
karsilastirmada gruplar benzer intraoral pH, ¢igneme performansi,
kranioservikal a¢1 ve derin boyun fleksorleri enduranst degerlerine sahipti
(p>0.05). Gruplar aras1 karsilagtirmada ise lateral deviasyon, yeme
degerlendirme envanteri ve labial kommissiir agisinda anlamli fark
bulunurken (p<0.05), diger parametreler benzerdi (p>0.05). Labial
kommissiir agisindaki iyilesme kontrol grubu lehineydi (p<0.05)

Sonuc: Ekspiratuar kas egitimi subakut ya da kronik donem inme
hastalarinda mandibular lateral deviasyonun arttirilmasinda ve yutmanin
iyilestirilmesinde tercih edilebilir.

Anahtar Kelimeler: Cigneme, Yutma, Temporomandibular Eklem
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INTRODUCTION

Stroke is defined by the World Health Organization as “caused by the
interruption of the blood supply to the brain, usually because a blood
vessel bursts or is blocked by a clot. This cuts off the supply of oxygen
and nutrients, causing damage to the brain tissue” [1]. A variety of
sensorimotor symptoms develop due to stroke [2,3].

The stomatognathic system is one of the systems affected by the stroke
[4]. The stomatognathic system, consisting of the temporomandibular
joint (TMJ), dental arcs, saliva glands, masticatory muscles, and
cervical muscle groups, plays an active role in vital activities such as
mastication, deglutition, and respiration [5]. The stomatognathic
system's functionality is aided by the interrelationship between the
neuromusculoskeletal and respiratory systems [5,6]. Any disruption in
this dynamic interrelation triggers the cascade that results in the loss
of functions of the stomatognathic system.

As mentioned above, stroke is a disease that triggers the cascade, and
stomatognathic system dysfunction has developed [4]. Respiratory and
orofacial dysfunction due to stroke is mainly responsible for the
compromise of the stomatognathic system. Both dysfunction types
cause stomatognathic system dysfunction by indirectly or directly
affecting mastication and deglutition [7,8].

Orofacial dysfunction is commonly seen in post-stroke symptoms and
is characterized by losses in perioral and lingual muscle strength and
coordination and salivary gland function. Lack of perioral and lingual
muscle strength and coordination leads to impaired mastication,
diminished or impaired lip seal during mastication, and inadequate
bolus transfer to the occlusal surface. Compromise in the salivary
glands gives rise to impairments in the functions of the salivary glands.
Considering mastication participates in the oral phase of deglutition,
orofacial dysfunction may also cause impaired deglutition [7].
Similarly, respiratory dysfunction also commonly develops in patients
with stroke. Respiratory dysfunction causes reductions in the
contralesional diaphragm excursion, forced vital capacity, forced
expiratory volume in the first second, and peak expiratory flow values
[9]. Considering that peak expiratory flow is related to coughing, that
comes into play in the preventing aspiration pneumonia [10].

The dynamic interrelationship between the respiratory system and the
stomatognathic system has established a ground for similar and
common rehabilitative approaches to the dysfunction of these systems.
Expiratory muscle training (EMT), aiming to improve the dynamic
coordination between the respiratory system and deglutition via
strengthening the expiratory muscle, is one of the therapeutic
approaches that developed in this manner [8]. The respiratory system
is also related to the stomatognathic system, considering deglutition is
one of the functions of the stomatognathic system [6]. However, the
existing literature mainly focuses on the effect of EMT on deglutition
[11,12]. From this point of view, this study aims to assess and analyze
the effect of EMT on the stomatognathic system.

METHOD

A power analysis with a 95% effect size and .10+.15 tolerance was
performed based on a previous study [12]. It was found that each group
should at least consist of 15 individuals. A total of 31 individuals were
included in the study: 16 patients as the control and 15 as the study
group. Due to the COVID-19 pandemic, patient participation in the
control group was prioritized. Study group enrollment began after the
control group's enrollment was completed.

Individuals were included in the study if their mini-mental test score
was equal to 24 or above [13], their Fonseca questionnaire score was
20 points or above [14], their stroke onset period was between 3
months and 5 years, they were diagnosed with ischemic stroke, and
they were 55 years of age or older. The following individuals were
excluded from the study: patients who have dysphagia due to
neurological or neurodegenerative diseases except for stroke, multiple
stroke stories, head or neck cancer stories, abdominal or thoracic
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surgery stories, accompanying neurodegenerative disease or infection,
lack of a lower or upper central incisor or lateral canine tooth, and lack
of masticatory performance (Figure 1).

Enrollment

[ Assessed for eligibility (n=146) ]

Control group preassessment Study group preassessment

(n=60) (n=86)

/ \ /[il:lp\c«l time from ~Imkc\
(n=8)
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$a0 (o) tooth (n=5)
Stroke type (n=8)
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. =2)
Surgical history (n=2) Age (=17
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tooth (n=3)
. No TMD (n=4)
No T™D (n=2)
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Control group (n=21) Study group (n=18)
Discharge (n=2)
e (S) g
Discucie (2=3) Quarantine (n=1)

Study group (n=15)

Figure 1. Study flow chart

Cognitive function, temporomandibular joint dysfunction (TMJD),
TMJ range of motion, masticatory muscle pressure pain threshold,
labial commissure and craniocervical angle, deglutition, masticatory
performance, intraoral pH, deep neck flexor muscle endurance, and
general oral health of the individuals were measured or assessed as
described below.

The cognitive function of the individuals was assessed with a mini
mental state examination test. The test consists of 11 items and five
main areas: orientation, registration, attention and calculation, recall,
and language. The total score of the test is 30 points. A total score of
24 or higher indicates no cognitive impairment [13].

The Fonseca Questionnaire was used for the assessment of TMJD. The
Fonseca Questionnaire consists of ten questions. A higher total score
in the questionnaire is directly proportional to the severity of the TMJD
[14].

The TMJ range of motion was measured by a digital caliper.
Individuals were asked to open their jaws as wide as possible for the
depression motion, and then the central incisor distance was measured.
Prior to lateral deviation measurement, the upper central incisor
position relative to the lower central incisor was vertically marked with
a biocompatible pen, and subsequently, individuals were asked to
deviate their jaw as much as possible. When the deviation was
achieved, a second drawing was performed. Then, the horizontal
distance between the two markings was measured for one side’s lateral
deviation value. In protrusion motion measurement, individuals were
asked to move their lower jaw as forward as possible, and then the
horizontal space between the upper and lower incisors was measured
[15]. The reference value for mandibular depression is 40 mm, for
protrusion 6 mm, and for lateral deviation 8 mm [16].

An analogue algometer was used for pressure pain threshold
measurement. The masticatory muscles’ pressure pain threshold was
measured bilaterally on the masseter and temporalis muscles. Four
points were measured: two points in the masseter and two in the
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temporalis. Measurements were repeated four times for each point
starting from the masseter, with a 5-second interval between each
measurement and 2 minutes between the completion of the first
measurement of all areas [17].

The labial commissure angle was measured to evaluate central facial
paralysis. The labial commissure angle was measured by a camera
(Sony SLT- A35 16.2 megapixels) that had been secured on a tripod
and was 1 m away while individuals were sitting on a chair. After
individuals were positioned, photographs were taken without flashlight
and printed in black and white in a 15 cm x 21 cm dimension. Bilateral
chelions, glabella, and gnathion were marked, and drawings that
combined the markings were made on the printed photograph. After
that, the angle between these two drawings was measured with a
protractor. The normal labial commissure angle is 90 degrees [18].

Head posture was assessed via craniocervical angle measurement. The
craniocervical angle was measured while individuals were sitting on a
chair with their heads in a natural position. The spinous process of the
C7 was marked with a marker, and lateral photographs were taken by
a camera (Sony SLT- A35 16.2 megapixels) and printed. The angle
between the two drawings was measured with a protractor
subsequently. The lower the angle, the higher the forward head posture
[19].

Deglutition of the individuals was assessed with the repetitive saliva
swallowing test. For the repetitive saliva swallowing test, individuals
were asked to repeatedly swallow their saliva for 30 seconds. While
individuals were performing the test, the number of swallows was
determined with the finger positioned on the individual’s hyoid bone.
Values equal to or lower than two require further assessment [20].

The eating assessment tool was used for deglutition assessment. The
eating assessment tool consists of 10 questions with zero-to-four-point
scoring answers, and the maximum score is 40 points. The higher the
total score, the higher the deglutition impairment [21].

In the sieve test that assesses masticatory performance, patients were
asked to chew 20 times the pre-weighted 3 g peanut and then spit the
chewed substance into a half-liter beaker. This procedure was repeated
five times; after this, the substance was gathered in a beaker, stirred,
and subsequently sifted through a sieve with ten mesh and 1700 um
openings. After sifting, the substance passed through the sieve, and the
substance piled on the sieve was transferred to a 15-ml centrifuge tube
separately. Then, both centrifuge tubes were placed in the centrifuge
devices and centrifuged for 3 minutes at 1500 rpm. Both centrifuge
tube volumes were calculated after the centrifuge process, after which
the masticatory performance was calculated. The higher the
percentage, the better the masticatory performance [22].

The intraoral pH value of the saliva was measured with a digital pH
gauge (ADWA-ad12). Individuals were asked not to drink anything
except water from the previous evening for the intraoral pH
measurement. Samples were collected later that day between 08:00 and
12:00 a.m. Prior to saliva collection, patients were asked to rinse their
mouths with water, and five minutes later, sample collection started.
Patients were asked to empty the saliva ten times that had been
gathered at a one-minute interval, and then intraoral pH was measured
[23,24]. The average intraoral pH is 6.8 [24].

The deep neck flexor muscle endurance was assessed with an
endurance test. While patients were in the supine position with their
knees and hips flexed, referred to as the hook-lying position. Patients
were asked to retract their chins as maximally as possible, then elevate
their heads one inch and sustain in this position. One hand of the
assessor was placed around the patient’s neck. The chronometer was
started and stopped when the patient’s head touched the hand of the
assessor. The longer the time, the greater the muscle endurance [25].

The individuals’ oral health was evaluated with the general oral health
assessment index. The general oral health assessment index consists of
twelve questions assessing parameters such as mastication, deglutition,
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and dental integrity. A higher score correlates with higher general oral
health loss. The total score of the index ranges from 12 points as the
minimum score to 60 points as the maximum score [26].

Patients in both groups were enrolled in a one-hour daily conventional
physiotherapy program during the study period. The conventional
physiotherapy program consisted of electromuscular stimulation,
neurophysiologic approaches including Brunnstrom and Bobath
concepts, and exercises for lower and upper limb rehabilitation using
proprioceptive neurorehabilitation techniques. Patients in the study
group were further enrolled in the EMT home exercise program during
the study period. EMT was applied with a Philips Respironics device.
Patient-specific resistance was set via the perceived exertion scale at
13-15 points [27]. Devices were handed over to patients for daily use
for three weeks after the proper resistance was set. Patients were asked
to perform five sets of 10 repetitions in each test with a one-minute
interval [28]. EMT was performed daily for three weeks. Compliance
with the training was assessed via phone calls made twice a week [29].

Ethical Approval

This study was approved by the Bolu Abant izzet Baysal University
Clinical Research Ethics Committee (2020/54) and conducted at the
Izzet Baysal Physical Therapy and Rehabilitation Training and
Research Hospital. Prior to participation, individuals were verbally
informed, and written consent was obtained from the participants.

Statistical Analysis

Data analysis was performed using the SPSS 22 program. Continuous
variables were illustrated as average, standard deviation, and
categorical variables as number and percentage. The normal
distribution of the data was evaluated with the Shapiro-Wilk test.
Whether or not the parametric assumptions were achieved, the
independent sample t-test or Mann-Whitney U test was used for the
independent group comparison, and the paired t-test or Wilcoxon
signed-rank test was used for the dependent group comparison.
Differences between the categorical variables were analyzed with the
chi-square test. Statistically, the significance grade was determined as
p<0.05.

RESULTS

Both groups’ physical characteristics and demographic data were
homogeneous (Table 1).

Table 1. Demographic data and physical characteristics of the patients

Characteristics ~ Control group Study group

Mean SD Mean SD ' P
Age (year) 66.63 8.35 65.60 7.62 .356 124
Height (cm) 166.38 8.59 168.20 8.78 -585  .563
Weight (kg) 7682 1665 8091 1219 -777 444
BMI (kg/cm?) 28.09 481 28.95 6.42 -424 .675
Poststroke
elapsed time 13.00 15.82 14.80 13.16  -.343 734
(month)

*p<0.05 independent t test; SD: Standard deviation.

More than half of the patients had right-side stroke in both groups.
Avrteria cerebri media occlusion was in the foreground for both groups.
Hypertension was highly observed in both groups. Antihypertensive
and anticoagulant medication was 94% for the control group; for the
study group, these percentages were 93% and 100%. Patients in both
groups were at least in stage 3, according to the Brunnstrom stage of
stroke recovery. Nearly half of the patients in the control group and
more than half of the patients in the study group were in the chronic
stage of the stroke. Most of the patients in the EMT group were fully
compliant with the training (Table 2).



Karya J Health Sci. 2023; 4(3): 179-186

Table 2. Intergroup comparison of premorbid diseases and stroke
characteristics

Control group  Study group
Characteristics p
n % n %
Right 9 56 8 53
Impaired .870
body side Left 7 44 7 47
Cerebri media 15 94 10 66
Affected Cerebri anterior 1 6 2 13 116
artery
Cerebri posterior - - 3 21
6< months 7 44 3 20
Poststroke .344
elapsed time >6 months 9 56 12 80
Yes 15 94 14 93
Hypertension 962
P No 1 6 1 7
Yes 9 56 5 33
Diabetes .200
mellitus No 7 44 10 67
Stage 3 13 82 8 54
Brunnstrom Stage 4 1 6 3 20
stages
(Upper limb) Stage 5 1 6 3 20
Stage 6 1 6 1 6
Stage 3 9 56 3 20
Brunnstrom Stage 4 4 25 8 53
stages
(Lower limb) Stage 5 3 19 4 27
Fully compliant - - 13 87
Partially
Compliance - - 1 6.5
with EMT compliant
Poorly compliant - - 1 6.5

Chi square test; *p<0.05.

In intragroup comparison, a significant increase in pressure pain
threshold of the left masseter and mandibular protrusion, a significant
decline in the Fonseca Questionnaire score, and a significant
improvement in the labial commissure angle were found in the control
group, and a significant increase in mandibular depression of study
group (p<0.05). Other assessed stomatognathic system parameters
were similar in both groups (i.e., masticatory performance, intraoral
pH) (p>0.05) (Table 3).

In intergroup analysis, a significant decrease was observed in the labial
commissure angle in favor of the control group and a significant
decrease in the eating assessment tool in favor of the study group
(p<0.05) (Table 4).

Baseline values of depression, intraoral pH, labial and craniocervical
angle, deep neck flexor muscle endurance, repetitive saliva swallow
test, eating assessment tool, and general oral health assessment index
were significantly different (p<0.05). Other assessed stomatognathic
system parameters were similar in both groups (i.e., mastication, neck
muscle endurance) (p>0.05). Because the first measurement values of
the groups were different, an analysis of the difference between the
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first and last measurements was performed. As a result of this analysis,
a significant difference was found in the right and left lateral deviation
range of motions in favor of the study group (p<0.05). (Table 5).

DISCUSSION

The aim of this study was to assess the effect of expiratory muscle
training on the stomatognathic system in patients with stroke. This
study showed that EMT is a practical approach to increase mandibular
lateral deviation and improve deglutition in patients with stroke.

A variety of studies report the exercise compliance of the Turkish
population. In a study by Ay et al. [30] the exercise compliance rate of
elderly patients with knee osteoarthritis was reported to be 62.5%. In
our study, exercise compliance of patients with stroke with the EMT
was high. This difference might result from exercise type and patients'
symptoms.

Postural adaptations might cause alterations in mandibular condyle
position. A study by Ohmure et al. [31] points out the effect of
malposture (forward head posture) on mandibular condyle position.
From this point of view, we hypothesized that placement of EMT to
mouth might alter the mandibular condyle position, yet our hypothesis
has been rejected. Considering the post-stroke elapsed time, the
anterior tilt of the head turns into chronic malposture. For this reason,
EMT may have fallen short in improving chronic malposture.

Passive stretching improves mandibular depression range of motion
[32]. The effect of passive stretching on mandibular depression was
characterized by increased mandibular depression, right and left lateral
deviation range of motion in the study group. Although the range of
motion of the control group was below the minimum reference values
except for mandibular depression, significant improvement occurred
in protrusion in the three weeks of follow-up. This might be the
cumulative effect of the improvement in pressure pain threshold of the
inferior portion of the left masseter and masticatory performance.
Increased masticatory performance and pressure pain threshold of the
inferior portion of the left masseter muscle might improve the
protrusion by changing the muscular activity and functional
improvement in the muscle fibers that play a role in protrusion.

A significant difference was observed in the right and left lateral
deviation in the intergroup comparison of pretest and posttest values.
This might be caused by increased lateral pterygoid muscle strength
and coordination. Bilateral activation of the lateral pterygoid is
required to place the EMT device in the mouth. The lateral pterygoid
muscle also participates in contralateral deviation movements [5].
From this perspective, EMT may increase the lateral deviation.

Over the 3-week follow-up, except for the pressure pain threshold of
the inferior portion of the left masseter, the pressure pain threshold of
the masticatory muscles of the control group was similar. We believe
that the improvement in the inferior portion of the left masseter
pressure pain threshold is due to a significant decrease in the total score
of the Fonseca Questionnaire.

It is stated that most of the disc displacement with reduction patients
had no accompanying pain, which supports our claim [33]. The
pressure pain threshold of the masticatory muscles following EMT was
not improved. The type of TMJD probably played a significant role in
this case. Most of the patients in our study had crepitation during
mandibular depression movement, characterized by disc displacement
with reduction. The effect of exercise on facial muscles is reported by
Uchida et al., pointing out that exercise does not only affect the
targeted muscle facial mimicry as well. The finding of Uchida et al.
might be the factor for the improvement in the labial commissure angle
of the control group in the three weeks of follow-up [34]. We believe
this improvement might be caused by the patient's physiotherapy
program and the individual exercises they perform in their free time.
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Table 3. Intragroup comparison of the stomatognathic system component, functions, and questionnaires

Control group Study group
Assessed parameters
First Second First Second
measurement measurement z p measurement measurement 4 p
Right temporalis 1.86 1.86 2.3 2.3
anterior (kg/cm?) (156-256)  (1.66-260)  ~4%6  .648 (1.9-3.06) (2-2.76) 178 .859
Left temporalis anterior 183 18 23 233
(kg/em?) (1.6-2.5) (1.7-2.63) -.306 759 (1.9-2.96) (2-2.66) -867 386
Right temporalis middle 191 195 23 25
(kg/em?) (1.7-2.73) (1.76-2.7) -223 824 (2-3.16) (2-2.86) -178 859
Left temporalis middle 19 19 23 243
Pressure pain (kg/cm?) (1.7-2.7) (1.8-2.73) -.584 559 (2-3.13) (2-2.83) -446 656
threshold 13 13 15 15
Right masseter anterior : : . :
(kg/em?) (1.1-1.76) (12-1.83)  -1.695 090 (1.36-1.86) (12-166)  -1618  .106
Left masseter anterior 13 131 15 15
(kg/em?) (1.1-1.8) (1.2-1.8) -1.873 061 (1.13-1.83) (1.1-166)  -1.643 1
Right masseter inferior 124 13 14 1.46
(kg/em?) (1.1-1.66) (1.2-1.73)  -1.202 229 (1.3-1.8) (1.1-1.73) -867 386
Left masseter inferior 12 13 15 146
(kg/em?) (1.1-1.7) (1.1-2.1) -2.106 030" (1.13-1.7) (1.1-1.6) -1.281 2
40.61 40.20 41.42 42.39
Depression (mm) (31.71- (31.44- -.879 .379 (25.07- (30.99- -1.988  .047*
55.00) 54.88) 45.89) 53.07)
Temporomandibular Right lateral deviation
joint range of motion (m?‘n) 5.54+2.49 5.61+2.15 -.338 .740 7.44+2.04 8.09+2.34 -1.698  .113f
Left lateral deviation 4.36 5.11 711 7.37
(mm) (2.99-10.23)  (3.26-9.21) - 750 453 (3.05-14.13)  (3.86-9.25)  -1.704  .088
3.85 4.24 5.36 5.68
Protrusion (mm) (1.48977)  (2.02-11.76) 2301 .021*  (221.766)  (3.85-7.82) ~682 496
Saliva pH Intraoral pH 6.66+0.4 6.63+.34 399 .696 6.45+.28 6.54+0.30 -1.296 216
Mastication Masticatory 13+.07 161 1424 175 24+.18 025:0.17  -743 470
performance (%)
Central facial Labial commissure 92(89-98)  90.5(89-95) -2521  .012*  91(835-93)  90(85-92)  -1.842  .065
paralysis angle(®)
Head posture Craniocervical angle (°) 29.09+11.95  30.53+11.95 -.490 .631 28.93+12.54  27.07+12.57 .838 416
Neck muscle Deep neck flexormuscle 7 10411 55 27.00410.58  -657 521 240241089 269741425 1533 147
endurance endurance (sV
. Repetitive saliva
Deglutition swallow test 2.5 (2-4) 3(2-4) -.816 414 3(2-6) 3(2-6) 41300  .194
Temporomandibular ) Guestionnaire 20(20-40)  20(15-30)  -2.165  .030*  25(20-40)  25(10-40)  -1.897  .058
joint dysfunction
Deglutition Eating assessment tool 0 (0-5) 0 (0-5) -1.30 194 0 (0-6) 0 (0-4) -1.414 157
Oral health General oral health 52(34-53)  52(34-53)  -1.00 317  52(46-52)  52(46-52)  .000 1

assessment index

*p<0.05; Wilcoxon signed-rank test; Paired samples t test.
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Table 4. Intergroup comparison of baseline and final values

Control group Study group
Assessed parameters ] ]
First Second First Second
measurement — measurement z p measurement  measurement z p
1.86 2.3 1.86 2.3
Right temporalis anterior
gfem) (156-256)  (L9-306) 3415 <001*  (166-260)  (2-276) 3652 <001
1.83 2.3 1.8 2.33
Left temporalis anterior
(kg/cmz)p (1.6-2.5) (1.9-2.96) 3433 <.001*  (1.7-2.63) (2-2.66) 3568 <.001*
1.91 2.3 1.95 25
Right temporalis middle
kgl 17273  (-316) 3113 002  (17627)  (2-286) 3430 <001*
1.9 2.3 1.9 243
Left temporalis middle
(kg/cm?)p (1.7-2.7) (2-3.13) 3.053  .002* (1.8-2.73) (2-2.83) 3445  <.001*
Pressure pain
threshold 13 15 13 15
Right masseter anterior
(kg,cmz) (1.1-1.76) (1.36-1.86) 3909 <001*  (1.2-1.83) (1.2-1.66) ~ 3.150  .002*
1.31 1.5
Left masseter anterior 1.29+.16 1.50+16
(kg/cm?) 3.495 .002* (1.2-1.8) (1.1-1.66) 3.107  .002*
1.24 1.4 1.3 1.46
Right masseter inferior
(kg,cmZ) (1.1-1.66) (1.3-1.8) 3660 <.001*  (1.2-1.73) (1.1-1.73)  3.262  .001*
1.2 1.5 1.3 1.46
Left masseter inferior
(kg/cm?) (1.1-1.7) (1.13-1.7) 3540  <.001* (1.1-2.1) (1.1-1.6) 2777 .005*
41.42 40.20 42.39
40.61
(25.07- (31.44- (30.99-
Depression (mm) (31.71-55) .004 .968 A74 .635
45.89) 54.88) 53.07)
Temporomandibular Fr:]?;‘)t lateral deviation 5544249 7.44+204 2318  .028%  561+215 8094234 3077  .005*
joint range of motion 4.36 711 511 7.37
Left lateral deviation (mm)  (2.99-10.23)  (3.05-14.13) 2412  .016*  (3.26-9.21)  (3.86-9.25) 1996  .046*
3.85 5.36 4.24 5.68
Protrusion (mm) (1.48-9.77) (2.21-7.66) 2.016 044*  (2.02-11.76) (3.85-7.82) 2293  .022*
Saliva pH Intraoral pH 6.66+0.4 6.45+.28 1.640 112 6.63+.34 6.54+0.30 .780 441
Mastication ?"o/j‘)“'ca“’rype”o’ma”‘:e 13£.07 24+18 2108 .049* 161 025£0.17 1823 079
g:;tl;as'igac'a' Labial commissure angle() 92 (89-98)  91(835-93) 1584 113  905(89-95) 90 (85-92)  2.165  .030*
Head posture Craniocervical angle (°) 29.09+11.95  28.93+12.54  .036 971 30.53+11.95  27.07+12.57 787 438
eNnegbr;‘:]‘ézc'e ;e;lﬁ’rgsggg%ormusc'e 27.12411.58  24.02£10.89 766 450  27.92+10.58  26.97+1425 211  .834
Deglutition Eife““"esa""as""a""w 25 (2-4) 3(2-6) 1059 290 3 (2-4) 3 (2-6) 715 475
Leimpd‘;f;’ffgggé%“'ar Fonseca Questionnaire 20(20-40)  25(20-40) 1981  .048*  20(15-30)  25(10-40) 1527  .127
Deglutition Eating assessment tool 0 (0-5) 0 (0-6) 1.653 .098 0 (0-5) 0 (0-4) 2162  .031*
Oral health General oral health 52(34-53)  52(46-52)  .000 1 52 (34-53)  52(46-52)  .000 1

assessment index

*p<0.05; Mann Whitney U test; Paired samples t test.
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Table 5. Comparison of pretest and posttest difference

Control Study
Variables group group u D
(Meanzstandard deviation)

mffséirﬁ;?{g’e 06+.06 05£03 702 488
Right — temporalis 4909 0811  -763 445
Right temporalis middle .08+.09 .08+.11 -.385 .700
Right masseter anterior .06+.07 .08+.07 -721 471
Right masseter inferior .07+.05 .08+.07 1 1

Left temporalis anterior .08+.09 .09+.11 -.061 951
Left temporalis middle .07+.06 .10+.09 -.707 .480
Left masseter anterior .08+.08 .06+.07 -.748 455
Left masseter inferior .08+.06 .05+.07 -1.422 155
Protrusion .7540.63 .93+.79 -.554 .580
Right lateral deviation .61+.53 1.24+1.00 -2.162 .042*
Left lateral deviation .65£.76 1.45+£1.24  -2550 .011*
Fonseca Questionnaire 3.44+3.97 4.33+6.51 -.087 .930

*p<0.05; Mann Whitney U test; Paired samples t test.

Following EMT, the labial commissure angle was similar to the pretest
value. We consider that this might be caused by the setting of the
device’s resistance in a patient-orientated, subjective manner. It is
known that a portable expiratory pressure measurement device is used
for setting the resistance of the EMT device [10].

Following the EMT, no improvement was seen in the craniocervical
angle. This is because EMT did not achieve the desired effect,
characterized by strengthening the muscles taking part in the
malposture, specifically the anterior tilt of the head. It is mentioned
that 20 minutes of steady position ends up with crepitation and
recovers in double time [35]. From this point of view, the importance
of timing and resistance setting of the EMT devices vyields
rehabilitation of the craniocervical component of the post-stroke
developed malposture.

EMT is one of the preferred approaches for the rehabilitation of
deglutition [11]. Following EMT, no change was observed in the
repetitive saliva swallow test. This might be caused by the fact that
EMT was not achieved to increase salivary synthesis by mechanical
stimulation effect. It is known that mechanical stimulation results in an
increased salivary flow rate [36]. Contrary to the repetitive saliva test,
significant improvement was observed in the eating assessment
inventory. This might be caused by the stimulation effect of the EMT
device on the hyoid bone. The placement of an EMT device on the
mouth resulted in hyoid elevation, according to a study by Wheeler-
Hegland et al. [37].

The decline in masticatory performance following stroke was
remarkable. From a shortened dental arc to orofacial dysfunction,
many factors might play a role in the drastic value in the control group
[38,39]. The high rate of prosthesis use and facial asymmetry in the
control group might have reduced masticatory performance.

No improvement was observed in EMT aiming to improve masticatory
performance by reducing the facial asymmetry rate and improving the
perioral muscle strength and coordination. A similar masticatory
performance was observed despite the reduction in facial asymmetry
rate, pointing to the idea that the occlusal surface and dental prosthesis
might be more effective on masticatory performance than the facial
asymmetry rate.

It is known that mechanical stimulation results in an increased salivary
flow rate [36]. From this point of view, we aimed to improve the
intraoral pH by inducing mechanical stimulation by EMT. Similar
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intraoral pH values following EMT indicate that EMT may not be an
option for intraoral pH regulation.

No improvement was observed after EMT, aiming to improve deep
neck flexor muscle endurance by improving the craniocervical angle.
We believe the similar craniocervical angle following the EMT is
responsible for this. A negative correlation between deep neck flexor
endurance and anterior tilt of the head supports our claim [40].

Limitations

The study’s non-randomized nature due to the pandemic and inability
to measure the maximal expiratory pressure value owing to the
pandemic are the study’s limitations.

CONCLUSION

Our study showed that EMT is effective when improvement was aimed
in the TMJ range of motions especially for the right and left lateral
deviation movements, improve deglutition, craniocervical posture, and
other functions and structures of the stomatognathic system.

The effect of EMT on stomatognathic system structures and functions
was assessed in detail. Although current studies exist related to the
topic, our study is the first study that assesses the stomatognathic
system structures and functions in a cumulatively.
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