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Abstract

This study aims to compare the effectiveness of conventional dysphagia therapy (CDT), neuromuscular electrical stimula-
tion (NMES), and transcranial direct current stimulation (tDCS) in the treatment of post-stroke dysphagia. A single-blind
randomized controlled trial was conducted with 40 acute stroke patients — 18 females and 22 males with a mean age of
65.8 +11.9. The subjects were grouped into 4, with 10 individuals in each. The procedures administered to groups were as
follows: the first group, sham tDCS and sham NMES; the second group, tDCS and sham NMES; the third group, NMES and
sham tDCS; and the fourth group, all therapy procedures. CDT was applied to all groups either as a standalone procedure or
combined with one or two of the instrumental techniques. Gugging Swallowing Screen (GUSS) and Videofluoroscopic Swal-
lowing Study (VFSS) were employed to determine the severity of dysphagia and the effectiveness of treatment modalities.
Additionally, the Penetration Aspiration Scale (PAS), Functional Oral Intake Scale (FOIS), and Dysphagia Severity Rating
Scale (DSRS) were administered to interpret VFSS data. Pre- and post-treatment comparisons of all groups have revealed
a statistically significant difference for all parameters except for the PAS scores at International Dysphagia Diet Standardi-
zation Initiative (IDDSI)-Level 4 consistencies. However, the differences between pre- and post-treatment scores of the
fourth group across all parameters were significant — GUSS (p =0.005), FOIS (p=0.004), DSRS (»p =0.005), PAS IDDSI-4
(»=0.027), PAS IDDSI-0 (p =0.004). Inter-group comparisons, on the other hand, pointed out that the difference between
pre- and post-treatment GUSS, FOIS, DSRS, and PAS scores at IDDSI Level-0 consistencies was statistically significant for
all groups — GUSS (p=0,009), FOIS (»p=0,004), DSRS (p =0,002), PAS IDDSI-0 (p =0,049). Closer examination of treat-
ment groups indicated that the tDCS + CDT group, the NMES + CDT group, and the group that underwent the combination
of three modalities made better progress than the one that was treated with only CDT. Though not statistically significant,
the NMES + CDT group achieved better improvement than the tDCS + CDT group. This study has yielded that the group
in which NMES, tDCS, and CDT were applied in combination has achieved better results than all the other groups. All
treatment modalities applied to accelerate the general recovery process in acute stroke patients with dysphagia were found
to be effective for the treatment of post-stroke swallowing disorders. The use of instrumental treatments such as NMES and
tDCS enhanced the effectiveness of the treatment and provided more significant progress. Furthermore, combining treatment
modalities such as NMES and tDCS was more effective when compared to using only conventional therapy. As a result, the
most effective treatment outcomes were obtained by the group receiving CDT, NMES, and tDCS in combination. Therefore,
the use of combined approaches has been recommended in appropriate patients; yet the provisional results should be tested
in randomized trials with more participants.
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Introduction

Swallowing disorder is a common cause of mortality and
morbidity in post-stroke patients [1, 2]. Regardless of the
differences such as the duration of the disease and the
location of the lesion, dysphagia is especially seen in the
first three months after a stroke, which is a critical period
for stroke patients [3].

Studies investigating post-stroke swallowing disorders
generally expand across acute and subacute periods. Dys-
phagia manifests during the acute period in more than half
of the patients [4].

As dysphagia persists after the stroke, patients face
complications such as malnutrition, dehydration, weight
loss, aspiration, and death. Such complications increase
the length and cost of hospitalization. Moreover, when
dysphagia is not treated, the potential problems after dis-
charge turn into a burden for the caregiver, limit the daily-
life skills of the patients, and reduce the quality of life for
both [5]. Early diagnosis and treatment of dysphagia in
stroke patients not only reduces the complications but also
improves the functional status and accelerates the reha-
bilitation of swallowing. The fastest recovery happens in
the first three weeks following the stroke. Thus, initiating
therapy quickly and effectively without waiting for the
natural recovery process will increase the rehabilitation
rate of the treatment for post-stroke swallowing disorders.

Treatment of swallowing disorders aims to prevent
possible complications and to ensure that the patient can
safely take sufficient amounts of fluid and food during the
day [6]. Depending on the cause, symptoms, and type of
the swallowing disorder, different procedures are used for
the treatment, which can be classified into three groups—
conventional swallowing therapy, peripheral stimulation
methods, and central stimulation methods.

Following the acknowledgment of the effect that neural
plasticity has on the rehabilitation of post-stroke swallow-
ing disorders, relevant treatment procedures shifted toward
the neural system and the re-organization of the neural
connections in the brain. Accordingly, the neuromodula-
tor treatment modalities that enhance the brain's capacity
to re-organize its neural connections have proved promis-
ing for the treatment of swallowing dysfunction. These
modalities include peripheral sensorimotor stimulation
like NMES and central stimulation like TMS and tDCS
[7].

The use of NMES in swallowing treatment aims to
facilitate the movement of the muscles involved in the
swallowing function by stimulating peripheral motor neu-
rons. The working principle of NMES is both an imitation
of motor neurons that innervate the muscle fibers and an
indirect stimulation creating muscle contraction via motor
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neurons. In doing so, the overarching aim of the procedure
is to eliminate weakness in the muscles responsible for
swallowing [8]. The stimulation created by the electric
current leads to sufficient innervation in the peripheral
nerves that trigger muscle contraction for healthy swallow-
ing. Such innervation assists re-organization of the neu-
ral connections for the involved muscles [9]. In addition
to strengthening the oropharyngeal muscles, peripheral
electric stimulation also improves the conduction through
afferent pathways, which enhances the oropharyngeal sen-
sory feedback that supports cortical re-organization criti-
cal to the oropharyngeal swallowing [10-12]. It is well
documented that NMES strengthens the contraction of
Type-1I muscle fibers [9, 11, 13, 14]. On the other hand,
the activation of Type-I muscle fibers is achieved by con-
ventional swallowing treatment. Thus, the integration of
NMES into conventional swallowing procedures has been
reported to produce better results on both types of muscle
fibers, which improves the overall quality of the treatment
process [9, 11, 13, 14].

NMES creates sensory and motor stimulations with the
lowest amplitude that clients feel and with the amplitude
that muscle contraction is observable, respectively [15]. Rel-
evant research endeavors suggest that NMES can rehabilitate
both sensory and motor functions involved in swallowing
and can help clients gain better coordination during swal-
lowing [15-17].

Literature is densely populated with studies examining
the effectiveness of NMES. Meta-analysis research inves-
tigating articles published in the relevant body of literature
until 2022 points out that use of NMES together with con-
ventional treatment procedures is more effective than using
only conventional techniques regardless of the duration after
the stroke, number of sessions, and success criteria [18—-20].

In addition to conventional swallowing exercises and
NMES, recently Non-Invasive Brain Stimulation (NIBS)
procedures have been added to the modalities employed to
treat swallowing disorders. In NIBS treatment, the corti-
cal plasticity is improved by directly stimulating the cortex.
Two NIBS methods, Transcranial Direct Current Stimula-
tion (tDCS) and Transcranial Magnetic Stimulation (TMS)
are effectively used for cortical re-organization. Research
results have shown that the non-involved motor cortex re-
organizes itself in clients who recover from post-stroke dys-
phagia, but such a change is not recorded for those with
persisting swallowing disorders [21, 22]. NIBS methods
are acknowledged to rehabilitate clients with a hemispheric
impairment by stimulating the motor cortex [23]. tDCS, one
of the NIBS methods, is a non-invasive brain stimulation
technique that uses direct current to enhance neural plasticity
and allows the combination of swallowing maneuvers and
exercises [24]. The reasons to prefer this method include
ease of use, low cost, tolerability, and safety during both
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acute and sub-acute stages. The literature holds evidence
that tDCS improves motor functions in clients with chronic
stroke and that anodal tDCS applied to the pharyngeal motor
cortex enhances the excitability of the pharynx [25-27].

The highest neurological recovery after the stroke occurs
within the first three months [28, 29]. Great effort is put into
action especially during this period to facilitate the treat-
ment of post-stroke swallowing disorders. Therefore, iden-
tifying the most effective treatment options for post-stroke
dysphagia in the acute and subacute stages is of clinical
significance, especially for inpatient stroke rehabilitation.
In addition to conventional dysphagia therapy, relevant lit-
erature indicates that the most effective therapy modalities
for the treatment of post-stroke dysphagia in the acute and
subacute stages are transcranial magnetic stimulation, tran-
scranial direct current stimulation (TMS and tDCS), both
of which are non-invasive brain stimulation procedures that
modulate the depolarization of the cortical neurons by trig-
gering magnetic or electric fields, and neuromuscular elec-
tric stimulation (NMES), which stimulates the muscle fibers
by activating the peripheral sensory system and increases the
contraction and strength of the muscles [30-32].

In their meta-analysis, Wang et.al (2021) conclude that
non-invasive neurostimulation treatment modalities (TMS,
tDCS, and NMES) are effective for the rehabilitation of post-
stroke dysphagia, and this effect is substantially remarkable
in the acute stage [30], which is compatible with Cheng et al.
(2020) [31].

Since NMES and non-invasive brain stimulation pro-
cedures can improve motor recovery by ameliorating use-
dependent plasticity impairment after stroke [33], the appli-
cation of peripheral and central stimulation techniques in
combination has been deemed to accelerate rehabilitation.

The literature review yields several studies in which non-
invasive brain stimulation techniques and NMES are applied
at the same time or separately from conventional swallow-
ing therapy. However, the studies where non-invasive brain
stimulation techniques and NMES are applied in combina-
tion are relatively fewer. Zhang et.al (2018) tested the use of
rTMS—another non-invasive brain stimulation technique—
with NMES and reported that the combined application of
two instrumental modalities was superior [34]. For this
reason, it was hypothesized that using both peripheral and
central stimulation procedures together for the treatment of
post-stroke dysphagia would be more effective than CDT or
any adjunct therapy alone and could accelerate the recov-
ery process in stroke patients. Besides, there is a scarcity
of comprehensive studies examining the effects of therapy
modalities used in swallowing disorders and the superior-
ity of their combinations over other therapeutic approaches.

This study aims to determine the effectiveness of con-
ventional dysphagia therapy (CDT), neuromuscular elec-
tric stimulation (NMES), and transcranial direct current

stimulation (tDCS) in swallowing disorders after acute
stroke, and to compare the effectiveness of each treatment
modality when used in combination and isolation.

Method
Subjects

This study was conducted at Istinye University Liv Hospital
Stroke Center between January 2020 and April 2021 with a
sample of 40 randomly selected patients who developed a
swallowing disorder after acute stroke (0-30 days).

Patients diagnosed with unilateral hemispheric stroke
(ischemic or hemorrhagic) constitute the research sample.
The exclusion criteria for the subjects were as follows: hav-
ing typical neurological findings for brain stem stroke, lack
of sitting balance for a long time, not being able to maintain
an upright position with or without support, having tumors
or neoplastic disease in the head-neck region and receiving
radiotherapy to the neck, the presence of additional mus-
culoskeletal diseases, having a neurological disease-other
than stroke-that may cause swallowing disorder, wearing a
pacemaker or ear tube, and having a previous stroke and/
or epileptic seizure history. This study was approved by the
Ethics Boards and Commissions of Uskudar University and
conducted following the Declaration of Helsinki (Protocol
Number: 99102440).

Study Design

This study was designed as a “single-blind” randomized con-
trolled clinical trial. A pretest—posttest experimental model
was applied to evaluate the effectiveness of conventional
dysphagia therapy (CDT), neuromuscular electric stimula-
tion (NMES), and transcranial direct current stimulation
(tDCS) for post-stroke swallowing disorders.

24 h after the stroke, the Gugging Swallowing Screen
(GUSS) was administered to the patients for bedside assess-
ment. Patients determined to have swallowing disorder were
further subjected to a Videofluoroscopic Swallowing Study
(VESS) as soon as their medical status was stable (min:
2 days max: 7 days, mean: 3.1 +2.5 days). The patients
to be included in the study were randomly assigned into
4 groups with 10 individuals in each by using a computer-
based software (Random Allocation Software 2.0), and the
treatment sessions started on the same day. 10 treatment ses-
sions were administered to each group for an hour a day, five
days a week, and across two weeks. The first group received
sham tDCS and sham NMES, the second group was admin-
istered tDCS treatment and sham NMES, the third group was
treated with NMES and sham tDCS, and the fourth group
received NMES together with tDCS treatment. All groups
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received Conventional Dysphagia Therapy. Accordingly, the
groups were formed as follows:

Group 1: CDT+Sham tDCS+Sham NMES
Group 2: tDCS+CDT+Sham NMES
Group 3: NMES+CDT+Sham tDCS
Group 4: tDCS +NMES 4+ CDT

Group 1

CDT was applied to the first group for an hour across 10
sessions. During the application, patients first received sham
tDCS for 20 min and then sham NMES for 40 min.

Group 2

The second group received 2 mA anodal tDCS for 20 min
to the pharyngeal motor cortex area on the unaffected hemi-
sphere for 10 sessions, and then a 40-min sham NMES
therapy was applied. In addition, conventional dysphagia
therapy was administered.

Group 3

In the third group, sham tDCS was applied for 20 min after
a 40-min NMES therapy for 10 sessions. Additionally, con-
ventional dysphagia therapy was presented.

Group 4

2 mA Anodal tDCS was applied for 20 min to the pharyn-
geal motor cortex area on the unaffected hemisphere for 10
sessions, which was followed by a 40-min NMES therapy.
Besides, conventional dysphagia therapy was provided.

At the end of the treatment process, the patients were
re-evaluated through a videofluoroscopic swallowing study.
The flowchart showing the course of action for the research
is given in Fig. 1.

Assessment Procedure
Nutritional Status Assessment

The dietary patterns of the patients at the time were clas-
sified in line with the Functional Oral Intake Scale (FOIS)

24 hours after the stroke (+)

Bedside assessment,

Lower than 20 points on GUSS.
VFSS Evaluation for

GUSS application.

patients with 1-19 points

(Pre-Test) )

Patients diagnosed with
swallowing disorder (PAS>2)
are included in the study.

Randomization

No further tests

(20 points on GUSS (+)]

tDCS+CDT

+Sham NMES (n=10)

CDT+ Sham tDCS
+Sham NMES (n=10)

J( )|

+Sham tDCS (n=10)

NMES + tDCS + CDT

NMES+CDT
(n=10)

(Posttest)

[ VFSS Evaluation ]

Fig. 1 Flowchart for Course of Action
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after the VFSS evaluation, and the food intake before and
after the treatment was evaluated accordingly. The FOIS is a
7-step scale developed for the functional assessment of swal-
lowing [35]. According to the FOIS, individuals at levels
1-3 are tube dependent while those at levels 4—7 can take
total oral nutrition [36]

Swallowing Function Assessments

Clinical Assessment The patients' clinical dysphagia assess-
ment was completed with the GUSS, which is a standardized
swallowing screening tests used especially for patients with
acute stroke. Providing dietary recommendations as well as
screening for the aspiration risk, the GUSS is a frequently
used clinical tool [37]. On the GUSS, the patients are scored
over 20 points: 0-9 severe, 10—14 moderate, and 15-19 mild
dysphagia. A maximum score of 20 is considered typical
swallowing [37, 38].

Instrumental Assessment Objective assessment of swal-
lowing before and after the treatment process was com-
pleted through VFSS, which is widely used in the assess-
ment of swallowing disorders and is considered the gold
standard [39].

Philips DuoDiagnost 2008 fluoroscopy device was used
for the VFSS assessment. The subjects were seated upright
in a wheelchair at a 90° angle and 1.5 m away from the X-ray
tube with their heads stabilized laterally. Continuous fluor-
oscopy was used for all examinations. VESS were recorded
and digitally captured at 30 frames per second. The fluoro-
scope was positioned for the following boundaries to be vis-
ible on the images: the lips anteriorly, the posterior pharyn-
geal wall posteriorly, the cervical esophagus inferiorly, and
the nasopharynx superiorly. All the subjects underwent the
same standard VFSS protocol through 3 swallowing trials
with each of the two consistencies. E-Z-HD barium sulfate
powder for suspension (98% w/w) was used as the contrast
agent. In the statistical analysis, 5 ml IDDSI Level-0 for
liquids and 5 ml IDDSI Level-4 for semi-solid consistencies
were used as the criteria (IDDSI—International Dysphagia
Diet Standardization Initiative). The footage recorded during
VESS was evaluated using the Penetration Aspiration Scale
(PAS) and the Dysphagia Severity Rating Scale (DSRS).
Following the administration of VFSS, the nutritional sta-
tus of each subject was determined according to the FOIS
results.

PAS is used to define the severity of penetration and aspi-
ration on an 8-point clinical scale and to determine whether
material entering the airway is expelled [40].

DSRS is a scale between 0 and 6 used to determine the
severity of swallowing disorder and to support the instru-
mental findings. According to this scale, O and 6 indicate
normal swallowing and severe dysphagia, respectively [41].

Following the treatment, the patients were re-evaluated
through another videofluoroscopic swallowing study with
the same standard protocol, and the video footage was
recorded on a digital video file. Before and after the treat-
ment, the footage was evaluated and scored by another
Speech and Language Therapist experienced in the field and
blind to the details about the subjects and therapy groups.

Treatment Procedure
Conventional Dysphagia Therapy (CDT)

For conventional dysphagia therapy, the same standard exer-
cise program was applied to the subjects for an hour a day,
five days a week, and across two weeks. The subjects who
were allowed to receive oral intake were treated through
compensatory methods such as diet modification and appro-
priate head positioning as well as through behavioral maneu-
vers including the Masako maneuver, and supraglottic and
effortful swallowing (42,43). The Masako maneuver was
practiced minimally for 10 repetitions across three sets.

The NPO subjects, on the other hand, were presented with
thermal tactile stimulation to trigger the swallowing reflex,
ROM exercises for the tongue, and resistant tongue base
exercises [44, 45]. Repetitive swallowing exercises were
facilitated with ice chips to increase salivation. The ROM
exercises for the tongue were performed minimally for ten
repetitions in each direction for three sets. The subjects were
given a couple of minutes to rest when transitioning from
one exercise to the next.

tDCS

Produced by ActiveTek Inc. and approved by Food and Drug
Administration (FDA), ActivaDose® 11, a battery-driven
neurostimulator, was used for the tDCS therapy. Sponge
electrodes covering an area of 25 cm? with 5x 5 cm bounda-
ries were immersed into an isotonic solution to reduce the
resistance, the scalp was cleaned by rubbing alcohol, the
electrodes were fixed in their places, and the stimulation was
presented at 2 mA for 20 min.

Important cortical structures related to swallowing
are the insular cortex and the opercular region [48]. The
insula is the most common lesion site in unilateral stroke
patients with dysphagia [46]. The opercular cortex covers
the top of the insula and has a recognized role in swallow-
ing. Studies indicate that lesions of the insular cortex and
the internal capsule are significantly associated with the
risk of post-stroke dysphagia and acute aspiration [47].
Research also shows that the insular cortex is the main
cortical area leading to aspiration after an ischemic stroke
[46, 47]. These findings conclude that the insula has a key
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function in the regulation of both voluntary and automatic
swallowing that determines the risk of aspiration.

In the current study, anodal stimulation was admin-
istered to the pharyngeal motor cortex of the unaffected
hemisphere. It was hypothesized that the opercular region
and the insula, both of which are critical for swallowing
function and located toward the depth of the pharyngeal
cortex area, would indirectly benefit from the stimula-
tion. In line with the International EEG 10/20 system, the
anodal electrodes were placed on C5 for the left hemi-
sphere and C6 for the right one. To determine the C5-C6
areas, the distance between the two tragi was measured,
and an imaginary boundary was outlined by moving
toward the vertex as much as 20% of the calculated dis-
tance between the two tragi. The cathodal electrode, on
the other hand, was placed onto the contralateral hemi-
sphere within the Fp1-Fp2 regions, which are the right-
left supraorbital regions.

Two types of stimulation, real and sham, were used in
the study. The subjects in the real stimulation group were
presented with direct electric current. In this step, the
amplitude of the electric current was gradually increased
to 2 mA within the first 30 s and then stabilized for
20 min. Electrode placement procedures used for real
stimulation were kept the same for the sham group. Sub-
sequently, the electric current was administered and dis-
continued within 30 s after the subjects felt the increase
in amplitude. Both groups were also provided with con-
ventional swallowing therapy within the same session
(Fig. 2).

Fig.2 Positioning of the
electrodes during the tDCS
application

Nasion

. Cathode

. Anode

@ Springer

NMES

VitalStim® (The Chattanooga Group, Hixson, TN) and
appropriate electrodes were used for Neuromuscular Elec-
trical Stimulation. The application was performed by the
researcher who had completed VitalStim® official certifica-
tion program. In each session, the default Vitalstim® pro-
gram (80 Hz frequency and 700 ps fixed biphasic duration)
was administered for 40 min. For the electrical current to
be fully transmitted and to increase surface contact of the
electrodes, the neck area of the male patients where the elec-
trodes would be placed was shaved and wiped with Uni-
Patch™ Pre-TENS Skin Prep Wipes manufactured by COVI-
DENT™, and the electrodes were fixed with elastic bands.

Recently, several studies have investigated the effective-
ness of treatment in terms of electrode placement during
the NMES procedure. In a meta-analysis study, Doan et. al
(2022) report that horizontal placement of electrodes leads
to more effective outcomes compared to other alternatives
[20]. Accordingly, the horizontal plane was chosen among
alternatives in the certification program for electrode place-
ment (Fig. 3).

Two stimulation types, real and sham, were administered
during the NMES application, too. In real stimulation, the
subjects were presented with neuromuscular electric stimu-
lation. During the presentation, the amplitude of the current
was gradually increased until the muscle contraction was
observed, and then it was stabilized at the same level for
40 min.

As for the sham presentation, no electric current was
administered to the subjects. The same placement proce-
dures followed for the real stimulation were exactly repeated

Vertex

. Cathode

. Anode

Inion
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Fig. 3 Positioning of the electrodes during the NMES application

for this group. Subsequently, the electric current was pre-
sented and discarded within 30 s immediately after the
patients felt the increase in amplitude. Both groups were
also treated with conventional swallowing therapy in the
same session.

Statistical Analysis
The change after the application of conventional dysphagia

therapy, neuromuscular electric stimulation, and transcranial
direct current stimulation was statistically analyzed through

SPSS 26.0 package program. The normality distribution of
the data was tested with the Shapiro—Wilk test. The statisti-
cal analysis of change across therapy groups before and after
the therapy was evaluated using the Wilcoxon signed-rank
test.

Kruskal Wallis test was employed to compare the effec-
tiveness of conventional therapy, neuromuscular electric
stimulation, and transcranial direct current stimulation in the
treatment of post-stroke swallowing disorders. Mann Whit-
ney U test was completed to evaluate the effect of treatment
procedures across the parameters. The statistical significance
criterion was set to below 0.05 p-value.

Results

Forty patients with post-stroke swallowing disorders were
included in the current study—4 groups, 10 subjects in each
group. 18 (45%) of the participants were female and 22
(55%) were male. Their mean age was 65.8 (+11.9) years.
As for the stroke types, 36 (90%) were diagnosed with and
ischemic stroke while 4 (10%) had a hemorrhagic stroke
diagnosis. As regards the lesion sites, 14 (35%) and 26 (%65)
patients had lesions in the right and left hemispheres, respec-
tively. The mean stroke severity of the participants was cal-
culated as 10.9 (+4.8). The descriptive characteristics of the
subjects across groups are given in Table 1.

The distribution of the subjects across treatment groups
was homogenous with no statistically significant differ-
ence in terms of age, gender, stroke type, lesion site, and
NIHSS scores (p > 0.05). In addition, the baseline data
were analyzed to figure out if the distribution of the groups

Table 1 Demographic and

L v n(10) CDT tDCS+CDT NMES+CDT NMES+tDCS+CDT 2 p
clinical characteristics of the
subjects in therapy groups Age 66.9+12.5 63.1+142  68.0+10.5 652+11.5 034  0.952
Gender (F/M) 3/7 6/4 3/7 6/4 250 0475
Stroke type 444 0217
Ischemic 8 (%80) 10 (%100) 8 (%80) 10(%100)
Hemorrhagic 2 (%20) 0 (%0) 2 (%20) 0 (%0)
Lesion site 1.25 0.740
Right 2 (%20) 4 (%40) 5 (%50) 3 (%30)
Left 8 (%80) 6 (%60) 5 (%50) 7 (%70)
GUSS 10.2+3.8 94+5.1 8.6+4.5 74+52 336  0.338
FOIS 29+1.6 34+15 20+1.1 25+14 5.00 0.172
DSRS 39+1.3 4.1+09 4.8+0.9 4.7+0.8 571 0.126
PAS (IDDSI-4) 3.1+3.0 19+1.4 2.1+22 35426 245 0483
PAS (IDDSI-0) 69+1.4 5.7+25 69+1.2 72+1.2 4.25 0.233
NIHSS* 8.6+3.7 9.5+3.6 11.7+53 13.8+5.3 6.48  0.090

*NIHSS ((National Institutes of Health Stroke Scale). It is a scale consisting of 11 items that evaluate
stroke severity, each scoring a specific ability between 0 and 4. NIHSS scores range from 0 to 42, with
higher scores indicating greater stroke severity
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was homogeneous or not before the treatment process. As
aresult, groups also had a homogeneous distribution across
the GUSS, FOIS, DSRS, and PAS scores before the treat-
ment started.

Pre- and Post-Treatment Results of Therapy
Modalities

In this study, the effectiveness of treatment was examined
for conventional swallowing therapy (CDT), neuromus-
cular electric stimulation (NMES), and transcranial direct
current stimulation (tDCS), and the findings are presented
in Table 2.

Average scores from the GUSS (p =0.005, p=0.005,
p=0.007, p=0.005), FOIS (p=0.016, p=0.004, p=0.004,
p=0.004), and DSRS (p=0.007, p=0.004, p=0.005,
p=0.005) scales pointed to a statistically significant dif-
ference between pre- and post-treatment conditions for all
groups.

Concerning treatment effectiveness, the PAS scores at
IDDSI Level-4 consistencies improved after the therapy for
the first group receiving conventional dysphagia therapy
(CDT), the second group receiving tDCS and CDT, and the
third group receiving NMES and CDT. Yet, the improve-
ment was not statistically significant (p =0.66, p=0.66,
p=0.102). On the other hand, a statistically significant dif-
ference was determined between pre- and post-treatment
PAS scores at IDDSI Level-4 consistencies (p =0.027)
obtained by the fourth group receiving all three treatment
modalities in combination (tCDS + NMES + CDT). Regard-
ing IDDSI Level-0 consistencies, a significant difference was
found between pre- and post-treatment scores for all groups
(»=0.007, p=0.007, p=0.005, p=0.004). The comparison
of the scores shows that the highest difference between pre-
and post-treatment scores recorded for this parameter was
achieved by the group receiving all three therapy modalities
(tCDS + NMES + CDT).

Comparison of Therapy Modalities Across
Assessment Parameters

Kruskal Wallis test was administered to determine if treat-
ment modalities were effective, and if so, which modality
was the most effective. The results are given in Table 3.
The comparison of the treatment modalities across assess-
ment parameters yielded a statistically significant difference
for the scores obtained from the GUSS (p =0,009), FOIS
(p=0,004), DSRS (p=0,002), and PAS at IDDSI Level-0
consistencies (p =0,049) in favor of the group receiving
three modalities in combination (tCDS +NMES + CDT).
However, the PAS scores at IDDSI Level-4 consistencies
did not significantly differ across the groups (p =0.418).
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Table 3 Comparison of therapy modalities across assessment parameters
N(10) CDT tDCS+CDT NMES +CDT NMES +tDCS +CDT H P
x+SD x+SD x+SD X+SD
Clinical GUSS 55+25 8.0+4.5 9.0t44 11.8+4.6 11.51 0.009%*
Assessment
Instrumental FOIS 14+13 25+1.1 29+12 3.6+1.2.1 13.17 0.004+*
Assessment DSRS -1.6+1.0 —-2.5+0.7 -3.1+1.1 -3.6+1.1 15.08 0.002%*
PAS -15+23 -08+1.3 —-1.1+2.1 -25+26 2.83 0418
(IDDSI-4)
PAS —35+22 -4.0+23 —-5.1+12 -58+1.1 7.85 0.049*
(IDDSI-0)

Results with significant p-value are shown in bold (*p <0.05, **p <0.01 is considered significant)

Individual Comparison of Therapy Modalities Across
Assessment Parameters

To determine which treatment modality was more effective
across the assessment parameters, the results were compared
as shown below. Mann Whitney U test was employed to find
out the difference among the parameters across the treatment
modalities. The results are presented in Table 4.
Accordingly, the group in which NMES and CDT were
applied together showed a greater improvement compared
to the group receiving only CDT. In the GUSS (p=0.03),
FOIS (p=0.02), and DSRS (p =0.007) parameters, the dif-
ference between the groups was statistically significant in
favor of the NMES group. There was no statistically signifi-
cant difference in terms of the PAS scores at IDDSI Level-4
(»p=0.656) and Level-0 consistencies (p=0.114).

When the group receiving only CDT was compared
with the group receiving both tDCS and CDT, the lat-
ter showed greater improvement, yet this difference was
statistically significant only for DSRS but not for GUSS
(p=0.117), FOIS (p =0.69), and PAS scores and IDDSI
Level-4 (p=0.669) and Level-0 (p =0.564) consistencies.
A statistically significant difference was found in favor of
the tDCS group in the DSRS parameter (p =0.037).

The group that received all three treatment proce-
dures together showed much greater improvement than
the CDT group alone. The difference between the groups
concerning GUSS (p =0.004), FOIS (p =0.002), DSRS
(p=0.002), and PAS scores at IDDSI Level-0 (p=0.011)
consistencies were found to be statistically significant
in favor of the group that received all three modalities
together. There was no statistically significant difference

Table 4 Individual comparison of therapy modalities across assessment parameters

CDT {DCS+CDT NMES+CDT NMES +DCS + CDT
N(10) £+SD X+SD £+SD £+SD P! P’ P’ P P P®
Clinical GUSS 55+25 8.0+45 9.0+4.4 11.8+4.6 0.03%  0.117 0.004** 0338 0.023* 0.248
Assessment
Instrumental FOIS 14+13  25+1.1 29+12 3.6+12.1 0.02%  0.069 0.002%% 0460 0.034* 0.158
Assess-  DSRS ~16+10 —25+07 —31x11 —36+L1 0.007* 0.037% 0.002%* 0.175 0.021% 0.272
ment PAS ~ 15423 —08+13 —11+21 —25+26 0.656 0.669 0350 0.859 0.144 0.170
(IDDSI-4)
PAS —35+22 —40+23 —51+12 —58+1.1 0.114 0564 0.011% 0316 0.067 0.130
(IDDSI-0)

Results with significant p-value are shown in bold (¥*p <0.05, **p <0.01 is considered significant)

CDT refers to conventional dysphagia therapy accompanying the instrumental procedures

P!: CDT vs. NMES + CDT

P?: CDT vs. tDCS + CDT

P?: CDT vs. NMES +tDCS + CDT

P*: tDCS + CDT vs. NMES + CDT

P’: tDCS + CDT vs. NMES + tDCS + CDT
PS: NMES + CDT vs. NMES + tDCS + CDT
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regarding PAS scores at IDDSI Level-4 consistencies
(p=0.350).

Likewise, no statistically significant difference was
found when the NMES and tDCS groups were compared
GUSS (p=0.338), DSRS (p=0.460), FOIS (p =0.175),
PAS IDDSI-4 (p =0.859), PAS IDDSI-0 (p =0.316).

The group that received all three therapies together
showed greater improvement than the group that received
tDCS and CDT. The difference between the groups in terms
of the GUSS (p=0.023), FOIS (p=0.034), and DSRS
(p=0.021) parameters was statistically significant in favor
of the group that received all three therapies in combination.
There was no statistically significant difference concerning
the PAS scores at IDDSI Level-4 and Level-0 consistencies
(p=0.144, p=0.067).

Similarly, the difference was not statistically significant
between the group that received NMES treatment and the
group that received three modalities together although the
results for the latter were better—GUSS (p =0.248), FOIS
(p=0.158), DSRS (p=0.272), PAS IDDSI-4 (p=0.170),
PAS IDDSI-0 (p=0.130).

Discussion

This study evaluated the effects of conventional dysphagia
therapy (CDT), neuromuscular electric stimulation (NMES),
and transcranial direct current stimulation (tDCS) proce-
dures in the treatment of swallowing disorders following
an acute stroke.

Pre- and post-treatment assessments of the subjects were
carried out both clinically and instrumentally by using the
GUSS scale and VFSS, respectively. The VFSS images
were evaluated by using the PAS and DSRS. Following the
administration of VFSS, the nutritional status was deter-
mined according to FOIS results of each subject.

Many of the techniques in conventional dysphagia ther-
apy had been scientifically proven to be effective before they
were acknowledged within the relevant body of research
[48]. Since working any muscle system intensely and con-
stantly has been documented to lead to changes in the neural
innervation and patterns of movement [49, 50], functional
exercises involving actual swallowing produce more long-
term gains than other techniques applied within the scope of
conventional dysphagia therapy. The common goal of exer-
cises based on actual swallowing is to support neuroplas-
ticity by re-training the neuromuscular system [48]. In the
current research, effortful swallowing, the Masako exercise,
and supraglottic swallowing exercises were employed as
conventional dysphagia therapy. The results have indicated
that the group receiving only conventional swallowing ther-
apy recorded a statistically significant improvement between
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pre- and post-treatment assessments across all parameters,
which is compatible with the literature. [51, 55].

NMES, the second modality in the study, has been a
frequently preferred treatment procedure for dysphagia
in recent years [4]. So far, many studies have investigated
NMES for its efficacy in the treatment of dysphagia. While
some of the studies reported positive outcomes about
NMES, some indicated either negative results or no effects
at all [52-54].

In their meta-analysis examining the studies available in
the literature until December 2021, Don et al. (2022) found
that adding NMES to the therapy process is superior to fol-
lowing conventional swallowing therapy alone regardless of
the time elapsed after stroke, the number of sessions, and the
outcome criteria [20]. Park et al. (2016) report that effortful
swallowing exercise is effective in the treatment of post-
stroke dysphagia, but this exercise is more effective when
combined with NMES [55].

When the NMES modality and conventional swallow-
ing exercises are applied together, both Type-1 and Type-2
muscle fibers are activated simultaneously [9]. In addition,
NMES, as opposed to using exercises alone, leads to more
and frequent swallows during the treatment session by
increasing the strength and speed of the contraction of the
pharyngeal muscles [9, 57]. Repetitive swallowing is con-
sidered effective for dysphagia treatment [54]. In the same
vein, repetitive and task-specific movements facilitate the
neural plasticity and motor recovery [33].

In the current study, NMES was applied for 40 min in
addition to conventional dysphagia therapy. Analysis of pre-
and post-treatment results across all parameters for the group
receiving NMES and CDT has pointed to statistically sig-
nificant differences. When the NMES group was compared
with the one receiving only conventional dysphagia therapy,
the results have shown that application of NMES and CDT
in combination promoted better improvement as opposed
to using only CDT. The differences between these groups
across the GUSS, FOIS, and DSRS parameters were statis-
tically significant in favor of the NMES group. Regarding
the PAS scores at IDDSI Level-4 and Level-0 consistencies,
the change was better for the NMES group, yet the differ-
ence was not significant. In line with the relevant body of
research, the results of the current study also underline that
conventional dysphagia therapy applied in combination with
NMES is more effective than administering conventional
dysphagia therapy in isolation.

The neuromodulator treatment techniques that help
the brain re-organize its neural connections are known to
facilitate the rehabilitation of disordered swallowing func-
tion [7]. These techniques include both central stimulation
methods such as TMS or tDCS and peripheral methods such
as NMES [7]. While NMES stimulates the peripheral sen-
sory system, the methods such as tDCS and TMS support
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rehabilitation by stimulating the central system. Recent stud-
ies have concluded that central and peripheral treatments can
modify the excitability of the motor representations of the
swallowing muscles both on their own and in combination
with other treatment modalities [7].

This study also examined the effectiveness of tDCS in the
treatment of post-stroke swallowing disorders. One of the
cortical stimulation methods, tDCS provides a non-invasive
brain stimulation to the cerebral cortex by sending weak
direct electric current via the electrodes placed on the target
cortical region over the skull to modulate the brain functions
for the cortical excitability and neuroplasticity [56].

Studies have shown that tDCS leads to improvement in
the motor functions of patients with chronic stroke [25, 58].
Recent studies on healthy human subjects have reported
that anodal tDCS applied to the pharyngeal motor cor-
tex increases its excitability and provides support for the
rehabilitation of patients with dysphagia [27]. Kumar et al.
(2011) revealed that the swallowing function of patients with
post-stroke dysphagia significantly improved after applying
2 mA anodal tDCS for 30 min to the non-involved hemi-
sphere for five consecutive days [59]. Suntrup-Kruger et al.
(2017) reported a significant gain in swallowing function for
patients with brain injury compared to the sham-stimulated
group after applying 1 mA anodal stimulation for 20 min
to the pharyngeal motor cortex in the non-involved hemi-
sphere for four consecutive days [60]. In their meta-analysis
examining the studies published until 2021, He et al. (2022)
reported a positive effect of tDCS on post-stroke dyspha-
gia regardless of the time elapsed after stroke, the type of
stimulation, the stimulation dose, and the preference for the
hemisphere to which tDCS would be applied [61].

In this study, 2 mA anodal tDCS was applied for 20 min
to the unaffected hemisphere pharyngeal motor cortex area
for ten sessions. The findings could not be fully compared
with the results of previous studies due to the heterogeneity
of the modalities employed in those studies. However, when
the group presented with conventional dysphagia therapy
with unilateral anodal tDCS was compared to the group that
received only conventional dysphagia therapy and sham
tDCS, the post-treatment change was found numerically
higher in the tDCS group, yet there was a significant differ-
ence only in the DSRS parameter between the two groups,
and no statistically significant difference was found for the
other parameters.

The literature suggests that NMES, which stimulates the
muscle fibers and increases the muscle contractions by acti-
vating the peripheral sensory system with non-invasive brain
stimulation technique, and TMS & tDCS, which modulate
the cortical neurons magnetically or electrically, are very
effective therapies for the treatment of post-stroke dysphagia
in the acute and subacute period. Ching-Fang et al. (2018), in
their meta-analysis study, examined non-invasive treatment

modalities used for post-stroke dysphagia and reported that
TMS, tDCS, and NMES were the most effective treatments.
They also stated that NMES was more effective than tDCS
treatment, but the difference was not statistically significant
[32].

In this study, statistically significant changes were identi-
fied in many parameters following the comparison between
the group receiving NMES and the one receiving only con-
ventional dysphagia therapy. Yet, there was a statistically
significant difference in only one parameter between the
group receiving tDCS and the one provided with only con-
ventional dysphagia therapy, which could be explained by
the physiological effect of the instrumental treatments.

NMES treatment aims to eliminate the weakness in the
muscles that function during swallowing, to stimulate the
swallowing center in the brain through the neural networks,
and to ensure the re-organization of swallowing. In this con-
text, NMES stimulates the structures in which the movement
is initiated and terminated. However, tDCS is a procedure
that influences the cortical excitability and neuroplasticity by
stimulating the cerebral cortex. In this sense, tDCS, unlike
NMES, only stimulates the structure that initiates the act
of swallowing and has no effect on the muscles that func-
tion during swallowing. Although the results of the current
study revealed no clear superiority, the improvement in the
NMES group was greater than in the tDCS group. This can
be attributed to the fact that there was no statistically sig-
nificant difference between the two groups, but there was a
difference between them when compared in terms of using
conventional dysphagia therapy additionally.

Several studies in the literature separately compare non-
invasive brain stimulation techniques and NMES with con-
ventional dysphagia therapy. However, there is a dearth of
research in which peripheral and central treatment methods
are employed together for the treatment of dysphagia. Simi-
lar to the current study, Zhang et al. (2018) employed non-
invasive brain stimulation techniques, rTMS and NMES, in
combination for the treatment of dysphagia, and reported
that the combination was more effective than either NMES
or r'TMS as a standalone procedure in the treatment of post-
stroke dysphagia [34]. The current study has concluded
that the group receiving all three treatment modalities in
combination achieved more effective results than both
NMES and tDCS groups. The comparison of the outcomes
of the group in which three procedures were administered
in combination with those of the one in which tDCS was
applied with CDT has yielded statistically significant dif-
ferences across the GUSS, FOIS, and DSRS parameters.
In the same vein, a similar comparison with the group in
which NMES was presented with CDT has pointed to higher
scores across all parameters in favor of the group receiv-
ing all three modalities, yet the difference is not statistically
significant. Cross-comparison of groups within the scope
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of this study has shown that the greatest difference has been
recorded for the subjects treated with the three modalities
(tCDS+NMES + CDT). Those groups treated with the addi-
tion of either NMES or tDCS achieved the second and third
better results, respectively, whereas the gains for the group
in which only conventional dysphagia therapy was adminis-
tered were the least. The analysis of pre- and post-treatment
average PAS scores at IDDSI Level-4 consistencies has
indicated that the difference was of statistical significance.
Improvement was also recorded for the other groups, but pre-
and post-treatment results were not significantly different.
During the pre-treatment assessment, penetration and aspi-
ration were not experienced much by the subjects at IDDSI
Level-4 consistencies, and thus, the difference between pre-
and post-treatment scores was not large, which can account
for the lack of a statistically significant difference in favor
of post-treatment scores. However, pre- and post-treatment
scores for the GUSS, FOIS, DSRS, and IDDSI Level-0
consistencies across all groups were significantly different.
The treatment gains achieved by the group in which three
therapy modalities (tCDS + NMES + CDT) were adminis-
tered in combination are better across all parameters, and it
is the only group that achieved a statistically significant dif-
ference at IDDSI Level-4 consistencies. The reason why the
group receiving all three therapy procedures made the great-
est progress can be attributed to the integrated use of both
peripheral and central stimulation methods as opposed to
applying only CDT or CDT supported with one of the assis-
tive modalities, which provides support for the hypothesis of
this study. In conclusion, the results suggest that employing
all three therapy methods in combination stands as the most
effective treatment alternative for post-stroke dysphagia.

Limitations

There are studies in the literature showing that the effect
of tDCS is directly proportional to the time elapsed after
treatment [62, 63]. One of the limitations of this study is the
lack of an evaluation of the long-term effects together with
immediate effects, especially for the tDCS group. Future
studies regarding the treatment of post-stroke swallowing
disorders are advised to perform a re-evaluation for the long-
term effects together with immediate effects following the
tDCS therapy.

In studies evaluating therapies, the severity of the prob-
lem is acknowledged as a valid sign of the effectiveness of
that therapy. During the planning stage of this research, the
patients with swallowing disorders were included, but an
inclusion criterion regarding the severity of the swallowing
disorder was not predetermined. Therefore, another limita-
tion of the study is the lack of predetermined inclusion crite-
rion for the severity of the swallowing disorder. However, by
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the end of the research process, it was clear that all the sub-
jects had moderate-to-severe swallowing disorders, and their
distribution was homogeneous across the groups. This limi-
tation bears no negative influence over the research results.

The number of participants in the therapy groups is
another limitation of the study. The superiority of the ther-
apy groups over each other can be demonstrated more clearly
by conducting studies with more subjects.

The patients in the acute stage were included in this study
to determine the effectiveness of therapy modalities in the
treatment of post-stroke swallowing disorders. However,
there is a spontaneous recovery effect in the acute period
after stroke. Therefore, it is recommended to conduct a simi-
lar study during subacute and chronic periods to eliminate
the effect of natural recovery, which will add precision to the
efficacy of the procedure.

Conclusion

Early rehabilitation is essential in the treatment of swallow-
ing disorders after acute stroke. Delaying the rehabilitation
process in the first month of rapid recovery may have nega-
tive long-term effects. One of the strongest aspects of the
study is selecting all cases in the acute period for active reha-
bilitation. In addition, administering both real and/or sham
instrumental treatments to all groups is another strength of
the study. Besides, this is the first-ever research effort where
two non-invasive brain stimulation techniques, tDCS and
NMES, were applied together for dysphagia treatment.
Research results indicate that the importance of CDT in
the treatment of swallowing disorders cannot still be denied.
However, when the group receiving only conventional dys-
phagia therapy was compared with the other groups, those
assisted with instrumental treatment procedures showed
greater improvement. This indicates that swallowing therapy
combined with instrumental treatments such as NMES and
tDCS is superior to conventional swallowing therapy alone.
The results revealed that assisting conventional swallow-
ing therapy with instrumental treatments such as NMES and
tDCS in the treatment of post-stroke swallowing disorders
increases efficiency. The effectiveness of NMES therapy,
frequently used in stroke-related dysphagia treatments, is
a widely accepted fact. Apart from that, among the central
stimulation methods, tDCS is considered an effective option
in the treatment of post-stroke swallowing disorders in the
acute period due to its cost-effectiveness and ease of use.
Combining instrumental procedures with conventional dys-
phagia therapy is more effective than conventional therapy
alone, but it is difficult to make a firm judgment about the
superiority of peripheral or central stimulation in the treat-
ment. Therefore, combining conventional dysphagia therapy
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with one of the peripheral or central stimulation techniques
provides an advantage in swallowing rehabilitation. Sup-
porting conventional dysphagia therapy with instrumental
stimulation modalities in clinical settings can accelerate the
recovery of swallowing function and has the potential to
provide advantages in terms of time and cost.

In conclusion, the results showed that therapies were
effective in each group. The use of instrumental treatments
such as NMES and tDCS increased the efficiency of the
treatment and provided a more significant improvement. As
a result of the study, it is reasonable to conclude that the
most effective treatment group is the one in which CDT,
NMES, and tDCS were used in combination.
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