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Abstract

Suprahyoid muscle activation and tongue pressure force play a critical role for swallowing function. In addition, dysphagia
limit is one of most important factors indicating swallowing efficiency. The purpose of this study was to compare the effects
of 8-week training sessions of three different exercises including chin tuck against resistance (CTAR), Shaker exercises and
chin tuck exercise with theraband on suprahyoid muscle activity, anterior tongue pressure and dysphagia limit in healthy
subjects. Thirty-six healthy volunteers aged between 18 and 40 years who scored below 3 points from Turkish version of
Eating Assessment Tool (T-EAT-10) were included in the study, and all participants were divided into three groups randomly.
Maximal suprahyoid muscle activations and dysphagia limit of participants were assessed by superficial electromyography.
CTAR and chin tuck exercise with theraband increased the maximum suprahyoid muscle activation (p, =0.004, p,=0.018),
whereas Shaker exercise did not increase maximal suprahyoid muscle activation (p=0.507) after exercise training. CTAR and
chin tuck exercise with theraband increased tongue pressure (p; =0.045, p,=0.041), while Shaker exercise did not increase
anterior tongue pressure (p =0.248). There was no statistically significant difference in dysphagia limits in three groups
between before and after exercise training (p >0.05). As a result, although CTAR seems to be the most effective exercise
in most parameters, chin tuck exercise with theraband can also be used as an alternative to CTAR to improve suprahyoid
muscle activity and tongue pressure.
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Introduction

Swallowing function necessitates effective food transi-
tion from the oral cavity to stomach and airway protection.
Airway protection is the key component for safe swallow-
ing. Problems in airway protection cause serious problems
including aspiration pneumonia, malnutrition, dehydration
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and even death [1]. Impaired laryngeal elevation is usually
the underlying cause of inadequate airway protection. The
suprahyoid muscles are primarily responsible for laryngeal
elevation. Therefore, insufficient contraction of these mus-
cles can result in laryngeal elevation problems, which is a
threatening for airway protection [2].

Shaker exercises are the first exercise developed for
suprahyoid muscles [3]. This exercise, which is character-
ized by patient’s head raising in the supine position, has
been accepted as one of the most basic exercises of dys-
phagia rehabilitation for many years. Then, the chin tuck
against resistance (CTAR) exercise was developed due to
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the implementation/performing difficulty and positional
discomfort of Shaker exercises [4, 5]. Theraband is a popu-
lar material which is frequently used by physical therapists
for muscle strengthening. The ease of transport, low cost
and the ability to adjust its resistance make this exercise
material more popular [6]. Considering the advantages of
theraband, we thought that we may perform resistance train-
ing of chin tuck exercise with theraband. Chin tuck exercise
with theraband involves craniocervical flexion in isometric
and isotonic forms which are performed with the resistance
of theraband attached to the patient’s forehead with a fixed
point at the back. Although there are studies comparing the
effects of CTAR and Shaker exercises on suprahyoid mus-
cle activation, these are experimental studies that include
one-time measurements rather than exercise training effects
[4, 5]. In addition, studies including the comparison effects
of these exercises on the tongue pressure and dysphagia
limit which are other important parameters of swallowing
were not observed. The aim of this study was to compare
the training effects of CTAR exercise, Shaker exercise and
chin tuck exercise with theraband on suprahyoid muscle acti-
vation, anterior tongue pressure force and dysphagia limit.
We hypothesized that chin tuck exercise with theraband is
more effective than CTAR and Shaker exercises to increase
suprahyoid muscle activation, anterior tongue pressure force
and dysphagia limit in healthy subjects.

Methods

The research study was performed at the Faculty of Physi-
cal Therapy and Rehabilitation at Hacettepe University
with the cooperation of the Hacettepe University Swal-
lowing Disorders Research and Application Center. The
ethical permission was obtained from Hacettepe University
Clinical Research Ethics Committee with Decision Number
KA-180002. Written informed consent forms were obtained
from the participants.

Participants

Thirty-six healthy volunteers who aged between 18 and
40 years and scored less than 3 points in the Turkish version
of the Eating Assessment Tool (T-EAT-10) were included in
the study. Participants who had disk herniation, mechanical
neck pain and/or any pathology in the cervical region, any
neurological or systemic disease and had a history of sur-
gery or radiotherapy treatment on head and neck region were
excluded. All participants were divided into three groups by
computer assisted randomization method including CTAR
group, Shaker group and theraband group.
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Measurements

Descriptive information including age, gender, height and
weight of all participants was recorded. The T-EAT-10 ques-
tionnaire was used for inclusion criteria. Obtaining above
two points from this survey indicates a swallowing problem,
and therefore, participants who scored less than 3 points in
the T-EAT-10 were included in the study [7].

Measurement of Maximum Suprahyoid Muscle Activation
(EMG)

Before surface EMG measurement, the skin was cleaned
with alcohol wipes. 1X2.5 cm superficial electrodes with
self-adhesive silver/silver chloride (Ag/AgCl) were placed
on the suprahyoid muscle body after the skin dried (within
30 s). The grounding electrode was fixed to the right clavi-
cle. Cables and electrodes were fixed with adhesive tapes
to prevent artifacts during recording. All participants were
asked to sit in an upright position during performing EMG
assessment. Dual-channel surface EMG device which was
integrated to model swallowing workstation model 7200
(Kay Pentax Corporation, Lincoln Park, NJ) was used.
Output data/values were recoded as microvolt. The high-
filter transition was calculated as 20 Hz, the low-filter
transition was calculated as 2 kHz, and the received signal
was increased 200 times. Signal transition range was set to
20 mV [8].

Semirigid cervical neck orthosis was worn to the subjects.
Subjects were taught the movement before recording. It was
ensured that the movement was done correctly. Recording
was started after 1 s the start command was given. In order
to measure maximum suprahyoid muscle activation, indi-
viduals were asked to perform opening their jaw maximum
as hard as possible for 10 s against the cervical neck ortho-
sis. Test was repeated 5 times with rest intervals of 60 s.
The maximum value in five measurements was accepted for
statistical analysis. Maximum suprahyoid muscle activation
measurement is shown in Fig. 1.

Measurement of Dysphagia Limit

Cervical auscultation device which is integrated into swal-
lowing workstation was placed just above cricoid cartilage
in addition to EMG procedure mentioned above. Recording
systems’ sweep duration at 10 s and its delay line to start
recording at 2 s were set. A total of 1, 3, 5, 10, 15, 20, 25
and 30 ml water were given to all participants, respectively.
Water was delivered into the mouth behind the incisors by a
graduated syringe. In each quantity of water, the participants
began to swallow as soon as the instructions were given.
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Fig. 1 Measurement of maximum suprahyoid muscle activation

After swallowing, the resulting effects were monitored
for 8 s. If piecemeal deglutition or airway aspiration signs
including cough and wet voice were observed, examination
was completed. If there was any suspicion of piecemeal
deglutition, the procedure was repeated a second time with
the same amount of water. The maximum amount of water
was accepted as dysphagia limit in which the symptoms of
the test ending criteria were not observed [9].

Anterior Tongue Pressure Force Measurement

Towa oral pressure instrument (IOPI, IOPI Medical LLC,
WA, 98,072, USA) was used to measure anterior tongue
pressure force. Participants were asked to sit in an upright
position at 90°. The air-filled bulb of the IOPI was placed
to anterior region of tongue. The instruction was given to
all participants as ‘Press the bulb with your tongue against
palate as hard as possible and keep the pressure for 5 s°. This
measurement was repeated for 3 times with 2-min rest inter-
vals. Maximum measured value was recorded as kilopascal,
kPa [10, 11].

All measurements was performed twice including before
and after exercise program by an experienced physical thera-
pist blinded to the group allocation.

Interventions

Another experienced physical therapist was responsible
for teaching the training programs. All exercises were
performed 30 min per a day and 5 days in a week (3 days
with physical therapist and 2 days as home program). A

standardized brochure for each training program was given
to participants for the follow-up of home exercise program.

Chin Tuck Against Resistance (CTAR)

Participants were asked to place the inflatable ball with a
diameter of 12 cm between the chin and the sternum. For
the isometric component of the exercise, the ball was com-
pressed between chin and sternum at maximum force for
60 s. It was repeated 3 times with rest intervals of 60 s. For
the isotonic component, the participants compressed and
relaxed the ball between chin and sternum for 30 times.
The exercise set consisted of three isometric and an isotonic
components [4].

Shaker Exercises

Participants were asked to lie in a supine position. Partici-
pants were first asked to raise their heads and look at their
toes for 60 s and repeat this movement three times with 60 s
rest intervals for isometric component. For isotonic compo-
nent, they were asked to 30 times raise their heads and look
at their toes and return initial position slowly. An exercise set
consists of three isometric and an isotonic component [3].

Chin Tuck Exercise with Theraband

The OMNI Perceived Exertion Scale for Resistance Exercise
with Elastic Bands (OMNI-RES EB) was used to determine
the resistance/color of theraband. This exercise also includes
two sub-components including isometric and isotonic. The
participants were asked to sit in an 90° upright position on
chair. Theraband was placed on the forehead of the partici-
pants and fixed to the back. Participants were warned not to
open their mouths and avoid head flexion during exercises.
In the isometric component, patients performed chin tuck
and hold the position for 60 s against theraband resistance.
It was repeated 3 times with rest intervals of 60 s. In the
isotonic component, patients performed chin tuck against
theraband resistance for 30 times. The exercise set consisted
of three isometric and an isotonic components.
All exercises are illustrated in Fig. 2.

Statistical Analysis

Statistical analysis was performed with SPSS 20.0 software
package (SPSS, Inc., Chicago, IL, USA) statistical program.
Descriptive statistics were calculated as a number/percent
(n/%) for qualitative data and mean =+ standard deviation for
quantitative data. The Wilcoxon signed-rank test was used
to analyze the differences between baseline and post-inter-
vention scores within groups. The Kruskal-Wallis test was
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Fig.2 Chin tuck with theraband exercise

used to compare intergroup differences. The Mann—Whitney
U test was used for the Bonferroni correction.

Results

Thirty-six healthy participants who aged between 18
and 40 years were included in the study, of which 50%
were male. Each group included 12 participants, and the
male—female ratio was equal in all groups. The descriptive
information is shown in Table 1. No difference was found
in terms of descriptive characteristics of the participants
between groups (p > 0.05). There was no statistically differ-
ence between baseline maximum suprahyoid muscle acti-
vation, dysphagia limit and anterior tongue pressure in all
groups (p,0.067, p,0.317, p; 0.367).

Maximum EMG Suprahyoid Muscle Activation

The maximum suprahyoid muscle activation changes in
three groups before and after exercise training are shown
in Table 2. Changes in maximum suprahyoid EMG mus-
cle activity in CTAR and theraband group between pre-
and post-exercise training were statistically significant
(p;=0.004, p;=0.018). No statistically significant differ-
ence was shown in Shaker group (p =0.507). Comparison
of maximum suprahyoid muscle activation changes in three
groups is shown in Table 3. Statistically difference was
found between three groups in terms of maximum suprahy-
oid muscle activity before and after exercise (p <0.001).
Pairwise comparisons of three groups are shown in Table 4.

Table 1 Characteristics of the

a CTAR group mean+SD  Shaker group mean+SD  Thera- 7 P
participants band group
mean=+SD

Age (years) 28.75+5.17 26.72+3.95 28.25+5.78  0.778  0.678
Height (cm) 168.69 +7.26 169.18 +£10.12 171.16+£6.46 4324  0.115
Weight (kg) 64.07 +16.07 62.81+14.62 74.75+£16.09 1.117  0.572
Kruskal-Wallis test
SD standard deviation

Table2 Changes in maximum Maximum EMG suprahy-  Before training mean+SD  After training mean+SD  Z )4

suprahyoid muscle activations
before and after exercise

oid muscle activation (mV)

training

CTAR group 197.59+71.80 275.65+84.53 —-2903  0.004*
Shaker group 240.11+104.09 243.81+121.01 -0507  0.507
Theraband group 130.09+35.79 171.46+35.17 -2336 0.018%*

SD standard deviation

*p <0.05, Wilcoxon test
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Table 3 Comparison of maximum suprahyoid muscle activation changes in three groups

CTAR group 4 mean+SD Shaker group A mean+SD Theraband group A mean+SD 4 p

Maximum suprahyoid muscle acti- ~ 78.05 +60.33

vation difference (mV) A

3.70£5.16

32.36+15.83 8.649 <0.001*

SD standard deviation, A difference of pre—post-exercise training
*p <0.05, Kruskal-Wallis test

Table 4 Pairwise comparisons of groups on maximum suprahyoid
muscle activity difference

p value CTAR group Shaker group Theraband group
CTAR group <0.001* 0.128

Shaker group <0.001* 0.016%*
Theraband group 0.128 0.016*

"p<0.017, Mann-Whitney U test

Dysphagia Limit

There was no difference in all groups before and after exer-
cise (p; =0.162, p,=0.102, p;=0.257).

Anterior Tongue Pressure

Changes in the maximum anterior tongue pressure in groups
before and after exercise training are shown in Table 5.
There was a significant difference in terms of maximum
anterior tongue pressure changes between before and after
training in the CTAR and theraband group (p,=0.041,
p3=0.045). There was no improvement in Shaker group
(p=0.248). There was no difference in terms of maximum
anterior tongue pressure difference between three groups
(p=0.853).

Discussion

In the current study, the CTAR and theraband group showed
an increase in maximum suprahyoid muscle activation and
tongue pressure, whereas there was no change in Shaker

group. No improvement was determined in dysphagia limit
in three groups after exercise program.

Similar to our study results, it was reported that CTAR
exercises activated suprahyoid muscles more than Shaker
exercises [4, 5]. In a study by Watts et al., it was reported
that Shaker exercise caused a lower level of suprahyoid
muscle activation than a resistant mouth-opening exercise
[12]. There are also studies showing that Shaker exercise
increases muscle activation in superficial cervical flexor
muscles rather than suprahyoid muscle [4, 5, 13]. It has been
reported that the Shaker exercise protocol leads to/cause
muscular fatigue and the patient group is able to complete
only average of 50% of isometric components of this pro-
tocol [14]. Studies on the therapeutic effects of exercises to
increase suprahyoid muscle function are very limited. In one
of these studies, Gao et al. showed that CTAR exercise on
patients with cerebral infarction was more effective in pro-
tecting the airway than Shaker exercise. The most important
factor in this difference is thought to be more effective on
suprahyoid muscles that play a key role in airway protection
compared to Shaker exercise [13].

While CTAR and theraband exercises are performed in
sitting position, Shaker exercises are performed in supine
position with lifting head against gravity. This positional dif-
ference creates various biomechanical changes. For activa-
tion of the suprahyoid muscle group and deep cervical flexor
muscles such as longus colli and longus capitis, cervical
movement should occur in the occiput: C1-C2 segments.
This movement is called craniocervical flexion. Cervical
flexion is performed by sternocleidomastoid (SCM) and
anterior scalar muscle, which are more superficial mus-
cles, and it occurs in middle and lower cervical segments
[15-17]. While lifting head and looking at toes movements
in Shaker exercise include cervical flexion, movements in

Table5 Changes in the

) . Tongue pressure (kPa) Before training After training mean +SD V4 )4
maximum anterior tongue mean +SD
pressure in groups before and _
aftter exercise training CTAR group 50.88+10.38 56.50+6.90 -2.041 0.041%*
Shaker group 57.72+10.04 62.14+11.42 —1.156 0.248
Theraband group 54.00+10.24 59.71+10.01 —2.003 0.045*

SD standard deviation, A difference of pre—post-exercise training

*p <0.05, Wilcoxon test
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CTAR and chin tuck with theraband include craniocervical
flexion. In addition, lifting the weight of the head with an
average weight of 4-6 kg in Shaker exercises may cause
more activity of part of superficial cervical flexor muscles
which are stronger than the deep cervical and suprahyoid
muscles, which may result in insufficient suprahyoid muscle
activation. Less activation of suprahyoid muscles of Shaker
group than theraband and CTAR group may be associated
with this biomechanical difference between exercises.

Although there was no difference in improvement of
suprahyoid muscle activation between CTAR and thera-
band group, 39.5% increase was obtained in CTAR group
and 13.1% increase in theraband group. We thought that the
difference of 26.4% between two groups could be clinically
significant. One of the possible causes of the clinical differ-
ence between CTAR and theraband exercises which have
similar biomechanics may be the proprioceptive input and
biofeedback of the ball in direct contact with suprahyoid
muscles in CTAR exercise. In some superficial EMG studies,
the positive effect of proprioceptive input and biofeedback
on increased muscle activation has been reported [18, 19].
Another possible reason that CTAR exercise was slightly
more effective in suprahyoid muscle activation may be that
this exercise provides the contraction of the suprahyoid mus-
cles in the inner range position, because the head needs to be
partially approached to the sternum to fix the ball in starting
position of this exercise. This position may cause the opti-
mum length—tension relationship due to the contraction of
suprahyoid muscles in a relatively shortened position. Opti-
mum length—tension relationship is known to provide much
better muscle activation [20, 21].

However, CTAR exercise requires sufficient upper
extremity function to fix the ball between chin and sternum.
Thus, we thought that chin tuck exercise with theraband
could be preferred in individuals with insufficient upper
extremity function. In addition, some patients with dyspha-
gia are tracheostomized. Therefore, CTAR exercise which
performed with a 12-cm-diameter ball fixed between the
chin and sternum can be a problem for this patient group.
Therefore, we thought that chin tuck exercise with theraband
may be an alternative to CTAR exercise in such patients.

The majority of studies on the dysphagia limit are in the
patients with dysphagia. It has been reported that dyspha-
gia limit reaches normal levels in patients with CVA and
Parkinson’s disease as a result of improvement in general
health status with medical treatment [9, 22, 23]. The reason
for this improvement has been advocated as an improvement
in the neural feedback mechanism mediated by mechanical
and chemical receptors with a high rate of oral cavity and
pharynx, which plays a key role in the dysphagia limit [24].

Decreasing of dysphagia limit was recorded during high-
temperature drinking water and after anesthesia applied to
the oropharyngeal region in studies with healthy subjects. In
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these studies, it was emphasized that mucosal sensory input
affects dysphagia limit [25, 26]. Taking into consideration
these studies, there was no stimulation for oral and pharyn-
geal peripheral receptors in our treatment protocols, which
may be the reason of no change in dysphagia limits. Ertekin
et al. [27] measured the dysphagia limit in different head
and neck postures and showed that these postural changes
affect the dysphagia limit. As a result, they emphasized that
different head and neck postures may affect pharyngeal con-
structive activity which plays an important role in dysphagia
limit. One of the reasons why we did not see any difference
in the dysphagia limit in individuals may be that none of the
exercise protocols aim to strengthen the pharyngeal con-
structor muscles.

Oh and Kwon [28] reported that the resistive jaw-open-
ing exercise improved strength of suprahyoid muscles and
tongue pressures in healthy subjects. In another study by
Oh et al., it has been suggested that effortful swallowing
exercise in head extension position increases both tongue
pressure and suprahyoid muscle activation [29]. In another
study, during tongue pressure against palate, intrinsic and
extrinsic tongue muscles and anterior belly of digastric,
geniohyoid and mylohyoid muscles were investigated with
invasive electrodes. It was found that there was a high cor-
relation between the pressure generated by the tongue and
the electrical activation of the muscles mentioned above
[30]. Pearson Jr et al. [31] reported that stylohyoid muscle
plays a critical role in elevation of the tongue. The main
hypothesis of these studies is that an exercise that increases
suprahyoid muscle activation also contributes positively to
the tongue pressure. In our study, exercises that increase the
maximum suprahyoid muscle activity are CTAR exercise
and chin tuck exercise with theraband. Therefore, only these
exercises improved tongue pressure. In our study, we thought
that the reason for the increase in the suprahyoid muscle
activation of the exercises which increase the tongue pres-
sure is the direct or indirect contribution of the suprahyoid
muscles to the tongue biomechanics which are not tongue
muscles but have common origin and insertion points with
tongue muscles.

Wakabayashi et al. [32] applied a 12-week strengthening
training by giving manual resistance to head flexion in geri-
atric patients in supine position. The results of the study did
not show any change in dysphagia symptoms or tongue pres-
sure. It was seen that the strengthening exercise used in this
study was not in accordance with the principle of suprahyoid
muscle training. Because the patient’s head flexion, which is
made to see the umbilicus in supine position, creates move-
ment in the middle cervical region, in biomechanical aspect,
this exercise is for more superficial flexor muscles, such
as SCM and anterior scalene, rather than deeper muscles
such as suprahyoid. In our study, we think that the reason
of not seeing any improvement in both suprahyoid muscle
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activation and tongue pressure in the Shaker group may be
related to this situation.

The information regarding the development of suprahy-
oid muscle activation that increases laryngeal elevation is
already known [33]. It may be a limitation of this study
that we did not evaluate the increase in laryngeal elevation.
Although we argue that the pressure generated by phar-
yngeal muscles may affect the dysphagia limit, it may be
another limitation that we did not perform a manometric
assessment to these muscles [34].

Future Directions

The study population included healthy individuals. Replica-
tion studies with patients with dysphagia would increase the
understanding of the effect of exercises before clinical usage.
In addition, we measured the maximal voluntary contrac-
tion of the muscles to investigate the effects of 8 weeks of
exercise training. Yet, these effects could also be investigated
by using particular exercise using normalized data in the
future studies.

Conclusion

In conclusion, CTAR exercises and chin tuck with thera-
band exercises could be used to increase suprahyoid muscle
activation and tongue pressure. These findings provide sup-
port for further investigation of the effects of chin tuck with
theraband exercises in patients with dysphagia.

Funding No funding.

Compliance with Ethical Standards

Conflict of interest There is no conflict of interest.

Ethical Approval All procedures performed in the study involving
human participants were in accordance with the Ethical Standards
of the Institutional Research Committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed Consent All participants signed an informed consent form.

References

1. Macht M, White SD, Moss M. Swallowing dysfunction after criti-
cal illness. Chest. 2014;146(6):1681-9. https://doi.org/10.1378/
chest.14-1133.

2. Molfenter SM, Steele CM. Physiological variability in the deglu-
tition literature: hyoid and laryngeal kinematics. Dysphagia.
2011;26(1):67-74. https://doi.org/10.1007/s00455-010-9309-x.

3. Shaker R, Easterling C, Kern M, Nitschke T, Massey B, Dan-
iels S, Grande B, Kazandjian M, Dikeman K. Rehabilitation of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

swallowing by exercise in tube-fed patients with pharyngeal dys-
phagia secondary to abnormal UES opening. Gastroenterology.
2002;122(5):1314-21.

Yoon WL, Khoo JK, Rickard Liow SJ. Chin tuck against resistance
(CTAR): new method for enhancing suprahyoid muscle activity
using a Shaker-type exercise. Dysphagia. 2014;29(2):243-8. https
://doi.org/10.1007/s00455-013-9502-9.

Sze WP, Yoon WL, Escoffier N, Rickard Liow SJ. Evaluating the
training effects of two swallowing rehabilitation therapies using
surface electromyography—chin tuck against resistance (CTAR)
exercise and the Shaker exercise. Dysphagia. 2016;31(2):195-205.
https://doi.org/10.1007/s00455-015-9678-2.

Page PA, Lamberth J, Abadie B, Boling R, Collins R, Linton R.
Posterior rotator cuff strengthening using theraband(r) in a func-
tional diagonal pattern in collegiate baseball pitchers. J Athl Train.
1993;28(4):346-54.

Demir N, Serel Arslan S, Inal O, Karaduman AA. Reliability
and validity of the Turkish Eating Assessment Tool (T-EAT-10).
Dysphagia. 2016;31(5):644-9. https://doi.org/10.1007/s0045
5-016-9723-9.

Yoshida M, Groher ME, Crary MA, Mann GC, Akagawa Y.
Comparison of surface electromyographic (SEMG) activity
of submental muscles between the head lift and tongue press
exercises as a therapeutic exercise for pharyngeal dyspha-
gia. Gerodontology. 2007;24(2):111-6. https://doi.org/10.111
1/j.1741-2358.2007.00164..x.

Ertekin C, Aydogdu I, Yuceyar N. Piecemeal deglutition and dys-
phagia limit in normal subjects and in patients with swallowing
disorders. J Neurol Neurosurg Psychiatry. 1996;61(5):491-6. https
://doi.org/10.1136/jnnp.61.5.491.

Hewitt A, Hind J, Kays S, Nicosia M, Doyle J, Tompkins W,
Gangnon R, Robbins J. Standardized instrument for lingual pres-
sure measurement. Dysphagia. 2008;23(1):16-25. https://doi.
org/10.1007/s00455-007-9089-0.

Stierwalt JA, Youmans SR. Tongue measures in indi-
viduals with normal and impaired swallowing. Am J
Speech Lang Pathol. 2007;16(2):148-56. https://doi.
org/10.1044/1058-0360(2007/019).

Watts CR. Measurement of hyolaryngeal muscle activation using
surface electromyography for comparison of two rehabilitative
dysphagia exercises. Arch Phys Med Rehabil. 2013;94(12):2542—
8. https://doi.org/10.1016/j.apmr.2013.04.013.

Gao J, Zhang HJ (2017) Effects of chin tuck against resistance
exercise versus Shaker exercise on dysphagia and psychological
state after cerebral infarction. Eur J Phys Rehabil Med 53(3):426—
432. https://doi.org/10.23736/S1973-9087.16.04346-X
Easterling C, Grande B, Kern M, Sears K, Shaker R. Attaining
and maintaining isometric and isokinetic goals of the Shaker exer-
cise. Dysphagia. 2005;20(2):133-8. https://doi.org/10.1007/s0045
5-005-0004-2.

Huelke DF, Nusholtz GS. Cervical spine biomechanics: a review
of the literature. J Orthop Res. 1986;4(2):232-45. https://doi.
org/10.1002/jor.1100040212.

Falla DL, Jull GA, Hodges PW (2004) Patients with neck pain
demonstrate reduced electromyographic activity of the deep cer-
vical flexor muscles during performance of the craniocervical
flexion test. Spine (Phila Pa 1976) 29(19):2108-2114
Mayoux-Benhamou MA, Revel M, Vallee C, Roudier R, Barbet
JP, Bargy F. Longus colli has a postural function on cervical cur-
vature. Surg Radiol Anat. 1994;16(4):367-71.

Koskimies K, Sutinen P, Aalto H, Starck J, Toppila E, Hirvonen T,
Kaksonen R, Ishizaki H, Alaranta H, Pyykko I. Postural stability,
neck proprioception and tension neck. Acta Otolaryngol Suppl.
1997;529:95-7.

Santuz A, Akay T, Mayer WP, Wells TL, Schroll A, Arampatzis A.
Modular organization of murine locomotor pattern in the presence

@ Springer


https://doi.org/10.1378/chest.14-1133
https://doi.org/10.1378/chest.14-1133
https://doi.org/10.1007/s00455-010-9309-x
https://doi.org/10.1007/s00455-013-9502-9
https://doi.org/10.1007/s00455-013-9502-9
https://doi.org/10.1007/s00455-015-9678-2
https://doi.org/10.1007/s00455-016-9723-9
https://doi.org/10.1007/s00455-016-9723-9
https://doi.org/10.1111/j.1741-2358.2007.00164.x
https://doi.org/10.1111/j.1741-2358.2007.00164.x
https://doi.org/10.1136/jnnp.61.5.491
https://doi.org/10.1136/jnnp.61.5.491
https://doi.org/10.1007/s00455-007-9089-0
https://doi.org/10.1007/s00455-007-9089-0
https://doi.org/10.1044/1058-0360(2007/019)
https://doi.org/10.1044/1058-0360(2007/019)
https://doi.org/10.1016/j.apmr.2013.04.013
https://doi.org/10.23736/S1973-9087.16.04346-X
https://doi.org/10.1007/s00455-005-0004-2
https://doi.org/10.1007/s00455-005-0004-2
https://doi.org/10.1002/jor.1100040212
https://doi.org/10.1002/jor.1100040212

724

H. E. Kiling et al.: The Effects of Different Exercise Trainings on Suprahyoid Muscle Activation

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

and absence of sensory feedback from muscle spindles. J Physiol.
2019. https://doi.org/10.1113/JP277515.

Herzog W, ter Keurs HE. Force—length relation of in-vivo human
rectus femoris muscles. Pflugers Arch. 1988;411(6):642-7.

ter Keurs HE, Iwazumi T, Pollack GH. The sarcomere length—ten-
sion relation in skeletal muscle. J Gen Physiol. 1978;72(4):565—
92. https://doi.org/10.1085/jgp.72.4.565.

Ertekin C, Aydogdu I, Yuceyar N, Tarlaci S, Kiylioglu N, Pehlivan
M, Celebi G. Electrodiagnostic methods for neurogenic dyspha-
gia. Electroencephalogr Clin Neurophysiol. 1998;109(4):331-40.
Belo LR, Gomes NA, Coriolano M, de Souza ES, Moura DA,
Asano AG, Lins OG. The relationship between limit of dyspha-
gia and average volume per swallow in patients with Parkinson’s
disease. Dysphagia. 2014;29(4):419-24. https://doi.org/10.1007/
s00455-013-9512-7.

Buchholz DW, Bosma JF, Donner MW. Adaptation, compensa-
tion, and decompensation of the pharyngeal swallow. Gastrointest
Radiol. 1985;10(3):235-9.

Selcuk B, Uysal H, Aydogdu I, Akyuz M, Ertekin C. Effect of
temperature on electrophysiological parameters of swallowing. J
Rehabil Res Dev. 2007;44(3):373-80.

Ertekin C, Kiylioglu N, Tarlaci S, Keskin A, Aydogdu I. Effect of
mucosal anaesthesia on oropharyngeal swallowing. Neurogastro-
enterol Motil. 2000;12(6):567-72.

Ertekin C, Keskin A, Kiylioglu N, Kirazli Y, On AY, Tarlaci S,
Aydogdu I. The effect of head and neck positions on oropharyn-
geal swallowing: a clinical and electrophysiologic study. Arch
Phys Med Rehabil. 2001;82(9):1255-60.

Oh JC, Kwon JS. Effects of resistive jaw-opening exercise with
elastic bands on suprahyoid muscle activation in normal sub-
jects. Folia Phoniatr Logop. 2018;70(3-4):101-8. https://doi.
org/10.1159/000491082.

Oh JC. A pilot study of the head extension swallowing exercise:
new method for strengthening swallowing-related muscle activ-
ity. Dysphagia. 2016;31(5):680-6. https://doi.org/10.1007/s0045
5-016-9732-8.

Palmer PM, Jaffe DM, McCulloch TM, Finnegan EM, Van Daele
DJ, Luschei ES. Quantitative contributions of the muscles of the

@ Springer

31.

32.

33.

34.

tongue, floor-of-mouth, jaw, and velum to tongue-to-palate pres-
sure generation. J Speech Lang Hear Res. 2008;51(4):828-35.
https://doi.org/10.1044/1092-4388(2008/060).

Pearson WG Jr, Langmore SE, Yu LB, Zumwalt AC. Struc-
tural analysis of muscles elevating the hyolaryngeal complex.
Dysphagia. 2012;27(4):445-51. https://doi.org/10.1007/s0045
5-011-9392-7.

Wakabayashi H, Matsushima M, Momosaki R, Yoshida S, Mutai
R, Yodoshi T, Murayama S, Hayashi T, Horiguchi R, Ichikawa
H. The effects of resistance training of swallowing muscles on
dysphagia in older people: a cluster, randomized, controlled
trial. Nutrition. 2018;48:111-6. https://doi.org/10.1016/j.
nut.2017.11.009.

Pearson WG Jr, Hindson DF, Langmore SE, Zumwalt AC. Evalu-
ating swallowing muscles essential for hyolaryngeal elevation by
using muscle functional magnetic resonance imaging. Int J Radiat
Oncol Biol Phys. 2013;85(3):735-40. https://doi.org/10.1016/j.
ijrobp.2012.07.2370.

Castell JA, Castell DO, Schultz AR, Georgeson S. Effect of head
position on the dynamics of the upper esophageal sphincter and
pharynx. Dysphagia. 1993;8(1):1-6.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Hasan Erkan Kiling PhD, PT

Selen Serel Arslan PhD, PT

Numan Demir PhD, PT

Ayse Karaduman PhD, PT


https://doi.org/10.1113/JP277515
https://doi.org/10.1085/jgp.72.4.565
https://doi.org/10.1007/s00455-013-9512-7
https://doi.org/10.1007/s00455-013-9512-7
https://doi.org/10.1159/000491082
https://doi.org/10.1159/000491082
https://doi.org/10.1007/s00455-016-9732-8
https://doi.org/10.1007/s00455-016-9732-8
https://doi.org/10.1044/1092-4388(2008/060)
https://doi.org/10.1007/s00455-011-9392-7
https://doi.org/10.1007/s00455-011-9392-7
https://doi.org/10.1016/j.nut.2017.11.009
https://doi.org/10.1016/j.nut.2017.11.009
https://doi.org/10.1016/j.ijrobp.2012.07.2370
https://doi.org/10.1016/j.ijrobp.2012.07.2370

	The Effects of Different Exercise Trainings on Suprahyoid Muscle Activation, Tongue Pressure Force and Dysphagia Limit in Healthy Subjects
	Abstract
	Introduction
	Methods
	Participants
	Measurements
	Measurement of Maximum Suprahyoid Muscle Activation (EMG)
	Measurement of Dysphagia Limit
	Anterior Tongue Pressure Force Measurement

	Interventions
	Chin Tuck Against Resistance (CTAR)
	Shaker Exercises
	Chin Tuck Exercise with Theraband

	Statistical Analysis

	Results
	Maximum EMG Suprahyoid Muscle Activation
	Dysphagia Limit
	Anterior Tongue Pressure

	Discussion
	Future Directions

	Conclusion
	References




