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ABSTRACT

Introduction: Children suffering from primary dysphagia require enteral nutrition due to a lack of sufficient
skills in oral feeding and swallowing. There are no data on neuromuscular electrical stimulation (NMES) in
primary dysphagia treatment. Our aim was to identify possible changes in the swallowing function in children
with limited cooperation and compare functional oral intake before and after NMES therapy.

Material and methods: A prospective study was performed to assess the effects of therapy among children
with primary dysphagia and lack of progress in the development of swallowing function. The therapy was
introduced for 30 minutes twice a day for 5 consecutive days. Such an intense cycle of therapy was repeated
every one/two months. Each participant was scheduled for 10 therapeutic cycles. Evaluation was based on
parents’ and therapists’ clinical observations, analysis of changes in several aspects of swallowing function,
videofluoroscopic examination and the functional oral intake scale (FOIS).

Results: The studied group consisted of 34 children (mean age 33 months). Only 10 patients completed the full
10 cycles of therapy. The average number of cycles was 3.5 +2.3. 23/34 patients improved their feeding abilities.
There was a significant improvement on the FOIS scale [1 (1; 2) vs. 2.5 (2; 6); baseline vs. final; median (lower;
upper quartile); p < 0.0001]. Additionally, we observed a positive change in the following aspects of swallowing
function: effectiveness of defensive laryngeal reactions (15/34); control of saliva (9/34); reduction of gurgling
breath (9/34); enhancement of facial and tongue muscle tonus (12/34); coordination between swallowing and
breathing (6/34); initiation or increasing frequency of oral feeding (14/34).

Conclusions: Electrical stimulation improves functional oral intake. It may increase the frequency of oral
feeding and reduce enteral nutrition regardless of the children’s age at the beginning of the therapy.
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INTRODUCTION

Children suffering from feeding difficulties require
enteral nutrition due to a lack of sufficient skills in oral
feeding and swallowing. They need a nasogastric tube or
gastrostomy tube for enteral nutrition, which tends to re-
main in place for years at a time — the median time for
tube removal is 10 years [1].

ADDRESS FOR CORRESPONDENCE:

Treatment of pediatric dysphagia can cause many dif-
ficulties for both parents and therapists, especially in cas-
es of primary dysphagia, which entails a lack of cortical
representation of swallowing function. It is vital to under-
stand oral-motor dysfunction and its influence on primary

dysphagia and, therefore, it will be helpful to explore
some of the conceptual frameworks to review the current
treatment of sensory-motor problems of swallowing.
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Children suffering from primary dysphagia are de-
fined as a group of patients who never had normal swal-
lowing or had a congenital condition known to be as-
sociated with dysphagia or an unknown condition with
prenatal onset [2]. Swallowing is a function that involves
the nervous system at many levels, using sensory-motor
experiences. Traditional neural maturation theories pro-
pose a gradual cephalocaudal development, where cor-
tical control follows a predetermined time course that
eventually replaces neonatal reflexes [3]. When children
with major physical and physiological problems are pre-
vented from initial oral feeding in the same time frame
as their more typically developing peers, many demon-
strate prolonged delays and additional significant diffi-
culty with oral feeding [4]. Some infants may become
disorganized, exhibiting signs of fatigue with feeding
progression. Infants with neurogenic dysphagia may also
show increased disorganization as feeding progress [4].
The dynamic system theory proposes that motor devel-
opment is a process of self-organization of many factors
such as body weight, muscle strength, joint configura-
tion, mood, environmental condition, and brain devel-
opment [5]. It shows that swallowing is a function and
not only a chain of reflexes. Examinations performed in
adults using functional magnetic resonance imaging sug-
gested bilateral activations in a large neural network, in-
cluding the primary motor cortex, primary sensorimotor
cortex, supplementary motor cortex, prefrontal cortex,
Heschl’s gyri, cingulate gyrus, insula, Broca’s areas, and
superior temporal gyrus [6, 7]. Other research indicated
that pharyngeal components of swallowing (such as la-
ryngeal closure) rely strongly on subcortical networks,
whereas oral components of swallowing (such as tongue
elevation) depend more on cortical sensorimotor cortex
innervation [8, 9].

It is worth stressing that intellectual disability and
communication disorders are important and frequent
difficulties that significantly limit cooperation with chil-
dren. It is very challenging to find a therapeutic method
that can be used in children at an early age or in chil-
dren whose cooperation is limited. Often, traditional or
otherwise common swallowing therapy is impossible in
such cases. Neuromuscular electrical stimulation (NMES)
is a method used for adults with dysphagia after brain
injury or cancer treatment, i.e., acquired dysphagia. This
form of therapy can improve the trophic parameters
of muscles involved in swallowing, as well as their endur-
ance and strength, and can improve the sensory sensitiv-
ity of the swallowing reflexes [10]. The findings of some
studies suggest that NMES might improve the cortical
representation of swallowing function and might induce
the recruitment of new cortical areas [11, 12]. In the pe-
diatric population, there is a lack of studies describing
the effects of therapy in relation to specific causes of dys-
phagia. There are also no clear guidelines regarding
the execution of therapeutic procedures.

For this reason, we wanted to evaluate whether NMES
- as a new treatment opportunity - is applicable and ef-
ficacious in the therapy of swallowing disorders in chil-
dren with primary dysphagia. To answer this question,
we compared the functional oral intake before and after
the NMES therapy and looked for swallowing function
changes in pediatric patients with primary dysphagia who
received NMES swallowing therapy.

MATERIAL AND METHODS

DESIGN

A prospective study assessing swallowing function
under NMES treatment due to primary dysphagia was
designed and performed in the Department of Gastroen-
terology, Hepatology, Nutritional Disorders, and Pediat-
rics. Our department takes care of children with feeding
problems from all over the country including those with
dysphagia. Participation in the study was offered to care-
givers of children who came to our outpatient clinic due
to a lack of progress in the development of swallowing
function.

All patients qualified for swallowing therapy were
examined by a speech-language therapist specializing in
dysphagia, a pediatric gastroenterologist, and a pediatric
neurologist. A medical interview concerning neurological
and developmental disturbances was performed, as were
neurological examinations. In cases where active epilep-
sy or an oncological process of the central nervous sys-
tem was suspected, electroencephalography or magnetic
resonance imaging of the brain was performed. This was
necessary because epilepsy and oncological diseases may
be contraindications to performing NMES.

After medical evaluation, the final decision on partic-
ipation in the study was made by the child’s carers.

The procedure of the study involved admitting pa-
tients to the department of gastroenterology for 5-day
stays for a cycle of therapy. The therapy was applied for
30 minutes twice a day for 5 consecutive days (a total
of one hour of electrostimulation per day). This intense
cycle was repeated every one or two months. The project
assumed that each participant was entitled to complete
100 therapeutic sessions within a year (a total of 50 ther-
apy days with 2 sessions each day).

We used the VitalStim Plus device (a new version
with VMS and sEMG Triggered Stimulation, produced by
Chattanooga in 2016). For the first session, we set the pa-
rameters accepted by the Food and Drug Administration
(FDA) in 2002 as the VitalStim Protocol [13]. The pulse
duration was 700 microseconds and the phase duration
was 300 microseconds. During this session, we aimed to
improve the blood supply to muscles and their endurance.
The second session was focused on improving the elasticity
and speed of reaction and was conducted using VMS Pro-
tocols with a phase duration of 100-300 microseconds - as
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accepted by the FDA in 2016 [14]. We used only one fre-
quency value for all therapeutic sessions — 80 Hz. In some
cases, we used the trigger. We were unable to use the SEMG
function for biofeedback exercises due to the poor coop-
eration of the patients.

The current that flows between electrodes first stim-
ulates the sensory neurons in the skin. By increasing its
intensity, we can reach deeper motor neurons with si-
multaneous contraction of the muscle fibers. Electrodes
were placed on the skin surface of the face and the neck.
The placement depended on the group of muscles to be
stimulated. In total, 7 different electrode combinations
were used [13]. The electrode arrangement used was differ-
ent every day during the 5 days of the cycle and was adapt-
ed to the main problem identified by the speech therapist
during the diagnosis [13]. For example, in one patient, we
managed to determine that the main problem was the lack
of laryngeal defenses, whereas in another, the issue was
the limited mobility of the tongue. In such cases, the elec-
trode arrangements used addressed the specific nature
of the problem. The therapy was conducted by a speech
therapist who is certified to perform VitalStim Therapy.

Based on the literature describing the effects of this
therapy in adults, the best effects are obtained when NMES
is associated with functional tasks [15, 16]. For this rea-
son, some elements of conventional therapy such as oral
feeding, chewing exercises, drinking from a cup or Kine-
sio Taping therapy were also performed during the NMES
therapy or in between its cycles. This approach was used in
cases where cooperation with the patient made it possible
to maintain the effects of the therapy and involve parents
in the process of observing changes. If possible, the chil-
dren were fed orally during the NMES session. However,
in most of our patients, only Kinesio Taping could be used
as a therapy to support the first NMES cycle.

The therapeutic procedure did not involve perform-
ing a predetermined number of procedures. Instead,
the number was determined taking into account:

« ending the therapy if the results satisfy the carers,
« not exceeding the limit of 10 cycles of therapy per child.

PARTICIPANTS

Participation in the study was offered to caregiv-
ers of children who came to our outpatient clinic due
to a lack of spontaneous progress in the development
of swallowing function, or the classical therapy provided
at home was not effective, and feeding difficulties were
not the result of behavioral feeding disorders or avoidant
restrictive food intake disorders (ARFID). Eligibility also
included an assessment of swallowing problems and ulti-
mately patients presenting with the following symptoms
of swallowing disorders were included in the study:

« no swallowing reflex response or a very poor response
(only enteral feeding or needing frequent saliva suc-
tion),

« unsafe swallowing (aspiration into the lower respiratory
tract or significant throat clearing problems),

o inefficient swallowing and age-inappropriate eating
(diet inadequate for age and significantly prolonged
duration of meals as a result of lack of motor skills for
oral feeding).

Children who in the past had been fed orally without
objections from their doctor or parents, but had lost this
ability completely or partially as a result of their illness,
were not eligible for the study because they did not meet
the eligibility requirements for primary dysphagia.

According to previous arrangements, the therapy was
terminated if its effects were already to the satisfaction
of the caregivers or the caregivers themselves decided to
end it, or the patient completed 10 therapy cycles (each
consisting of five days repeated every 1-2 months).

OUTCOME MEASURES

Outcomes were personalized in terms of the main
issue with swallowing. The evaluation was based on
parents’ and therapists’ clinical observations as well as
a videofluoroscopic swallow study (VESS). Parents” ob-
servations were recorded by the therapist after each cycle
of therapy and then confirmed by clinical observation
of the patient. Parents were not focused on noticing pre-
defined aspects of improvement. The therapist created
a list of all observations, and then chose and named those
that were common to several children and/or were re-
peated at different stages of the therapy, and/or occurred
as persistent changes during the therapy. This is in line
with qualitative research methodology.

We usually tried to conduct VFSS at the beginning
of the therapy, as well as after about 2-5 cycles, and at
the end of the therapy. We were unable to perform VESS
at the onset of the therapy in all patients because some
of them did not display swallowing reactions at all and
carrying out VESS was unsafe. Over time, as their condi-
tion improved and their swallowing reactions were more
pronounced, the test was performed. During the study,
we used the penetration-aspiration scale [17]. Videofluo-
roscopic swallow study was used to assess the swallowing
function on an ongoing basis and as a tool to help make
decisions regarding the extension of oral feeding.

The overall therapy results were determined using
the functional oral intake scale (FOIS) [18] with ad-
justments for use in children (Table 1) [19]. The thera-
pist used FOIS to evaluate the patients before and after
the NMES therapy. Higher FOIS scores show better feed-
ing abilities.

STATISTICAL ANALYSIS

We compared the baseline against the final FOIS scale
results. We used medians and quartiles to present the re-
sults as they were not normally distributed. The patients
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TABLE 1. Functional oral intake scale

Level Level description

1 Nothing by mouth

2 Tube dependent, with minimal attempts at liquid or food

3 Tube dependent, with consistent intake of liquid or food

4a Total oral diet, but requiring special preparation of liquid (i.e., thickened liquids) +/— compensations (e.g., special feeding
equipment, feeder uses special strategies)

4h Total oral diet, but requiring special preparation of solid (e.g., liquid supplements or food of different texture than those required
by peers) +/— compensations (e.g., special feeding equipment, feeder uses special strategies)

5 Total oral diet, without special preparation (i.e., reqular thin fluids, foods of same texture as peers, no additional liquid
supplements) but with compensations (e.g., special feeding equipment, feeder uses special strategies)

6 Total oral diet, with no restrictions relative to peers

TABLE 2. Characteristics of participants

Parameters Status of FOIS before therapy
FOIS 1 FOIS 2 FOIS 3 FOIS 4a FOIS 4b FOIS 5

Ages (years)

<1 10 9 1 - - - -

1-3 1 5 2 - 2 - 2

3 13 7 2 1 1 - 2
Gender

Male 18 8 4 1 1 - 4

Female 16 13 1 - 2 - -
Primary disorders

Neurologic problem® n 6 2 1 1 - 1

Genetic multiorgan disorders 17 10 3 - 2 - 2

Anatomic problems? 6 5 - - - - 1

«ltis difficult to precisely delineate the distinctions between categories of primary disorders because many genetic diseases also involve symptoms within the neurological system or structural abnormalites.

Many structural disorders also co-occur with psychomotor developmental delays. Therefore, the selection of categories was based on predomi ptoms related to swallowing difficulties.
b e.g. Moebius syndrome, cerebral palsy, muscular dystrophy, extreme prematurity, perinatal hypoxia

“e.g. chromosomopathy, CHARGE syndrome, DiGeorge synd

?e.g. condition after anastomosis of esophageal atresia (oro-pharyngeal dysphagia), Pierre-Robin syndrome, abnormalities in the larynx or palate area

FOIS — functional oral intake scale

TABLE 3. Number of patients participating in successive cycles of therapy

Number of cycles 1 2 3 4 5 6 7 8 9 10
Number of patients 34 28 17 14 7 5 5 4 3 2
Percentage of patients 100 82 50 40 20 15 15 12 8 5

were used as their own controls for comparison, which 7 years). Table 2 provides detailed information on this sub-
was justified by the fact that earlier therapy applied before  ject. All children suffered from primary dysphagia and none
the initiation of NMES had no effect. We used the Wil-  of them had ARFID or behavioral feeding disorders. During
coxon paired test to compare endline and baseline results ~ enrollment for the study, one patient was excluded due to
using Statistica for Windows software (TIBCO Software  symptoms of refractory epilepsy. Before starting NMES
Inc. 1984-2017). therapy, none of the patients showed symptoms of epilepsy.
One patient discontinued therapy due to epilepsy, which
manifested after the fourth cycle of treatment. None of our

RESULT

SULTS patients had a history of oncological issues.

We recruited 34 children with primary dysphagia caused Only 2 out of 34 patients completed the entire planned
by neurologic problems, genetic multiorgan disordersoran-  intervention (10 cycles). The average number of cycles

atomic problems. The mean age was 33 months (2monthsto ~ was 3.5 £2.3. Table 3 provides detailed information on
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this subject. The reasons for early termination of partic-
ipation in the study were either satisfactory therapy out-
comes for the parents or the parents’ decision to interrupt
therapy due to the need for medical procedures in other
departments or medical facilities, or discouragement due
to the lack of rapid progress. In children with severe neu-
rological deficits, complex problems, and requiring mul-
tidisciplinary medical care, which could explain the poor
initial therapy outcomes, there was discouragement to
continue therapy and ultimately the parents decided to
withdraw from the study. Children who discontinued
therapy after 1-2 cycles by parental decision had a low
initial FOIS score (7 patients at FOIS level 1, 3 patients at
FOIS 2, and 1 patient at FOIS 3).

Twenty-three out of 34 children participating in
the study saw improvements in their oral feeding. Before
training with NMES, 24 children were fed only by the en-
teral route, 7 were fed only orally, and 3 received partial
enteral nutrition. After training, only 13 children were on
total enteral nutrition, 12 were on exclusively oral nutri-
tion, and 9 received partial enteral nutrition (Figure 1).
In many cases, we did not see changes in the child’s func-
tioning at the onset of the therapy, i.e. after 1-2 cycles.
Only after subsequent cycles, i.e., 3-4 months after starting
the therapy, did changes begin to appear, making it pos-
sible to apply functional tasks and start oral feeding tests.

No improvement or further deterioration was noted
in 11 out of 34 patients.

There was a significant improvement on the FOIS scale
[1(1;2) vs. 2.5 (2; 6); baseline vs. final; median (lower;
upper quartile); p < 0.0001]. The progress recorded
on the FOIS scale was as follows: improvement by
1 level - 12 patients; by 2 levels - 5 patients; by 3 levels —
2 patients; by 4 levels — 1 patient; by 5 levels - 2 patients; by
6 levels — 1 patient. The greatest improvement, by 6 levels
on the FOIS scale, was noted in 1 patient (Figure 2).

Additionally, we analyzed certain factors that can in-
fluence swallowing function, as reported by parents and
checked by the therapist. We observed a positive change
in the following aspects of swallowing function: effec-
tiveness of defensive laryngeal reactions (15/34); control
of saliva (9/34); reduction in gurgling breathing (9/34);
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FIGURE 1. Method of feeding before and after neuromuscular elec-
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FIGURE 2. Progress in oral feeding after neuromuscular electrical
stimulation therapy regarding functional oral intake scale score

improved facial and tongue muscle tonus (12/34); co-
ordination between swallowing and breathing (6/34);
initiation or increased frequency of oral feeding (14/34)
(Figure 3).

DISCUSSION

In this prospective open study, we observed improve-
ment in feeding and swallowing in neurologically im-
paired patients and children suffering from genetic mul-
tiorgan disorders or anatomical problems who received
NMES treatment. We analyzed the variable components
of swallowing since swallowing dysfunction results in
various clinical problems in this group of patients. Our
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FIGURE 3. Improvement of swallowing factors reported by parents synthesized by speach language therapist (N = 34)
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study significantly adds to recent reports on the efficacy
of this therapy.

The description of the nature of the eating and swal-
lowing process, neurological components, and the risk
factors of oral eating impairments demonstrated how
specific the intervention needs to be in primary dyspha-
gia therapy. Rehabilitative interventions must include an
exercise program that aims directly to improve the neu-
romuscular anatomy, physiology, or neural circuity, thus
directly influencing the biological underpinning of swal-
lowing [20]. The literature regarding the use of electro-
stimulation in the treatment of pediatric dysphagia is cur-
rently limited and most of it describes non-randomized
studies in small groups of patients [21]. Our study was
designed to ascertain whether the treatment of swallow-
ing disorders using NMES can be effective. It also helps
to determine the elements that should be researched in
greater detail in the field of dysphagia therapy according
to the specific nature of swallowing disorders in children,
such as the effectiveness of defensive laryngeal reac-
tions, control of saliva, reduction in gurgling breathing,
improved facial and tongue muscle tonus, coordination
between swallowing and breathing, and initiation or in-
creased frequency of oral feeding.

Unlike in pediatrics, NMES has been confirmed to be
effective in the therapy of adults, which has been prac-
ticed for over 20 years, in numerous randomized trials
and meta-analyses [22, 23]. However, therapies for chil-
dren require a different approach. In the case of adult
patients, we mainly deal with acquired dysphagia, while
in children it is usually primary dysphagia. In children,
oral feeding difficulties have a broader context, which is
predominantly due to the lack of experience and the lack
of understanding of feeding. This is particularly evident
in severely neurologically impaired children with genet-
ic syndromes and with severe intellectual disabilities. In
such cases, the main difficulty in the field of therapy is
cooperating with the patient.

In our opinion, NMES gives such opportunities.
The placement of electrodes on the skin surface and ad-
justing the current parameters do not require the child to
understand the situation, unlike in the case of traditional
therapy and functional tasks. In our study, we noted an
improvement in function, not only in patients with suf-
ficient intellectual development to undertake functional
tasks but also in those unable to do so. We assumed that
the central organization of the food intake function is
shaped by the child’s development and is supported by
the presence of a window of opportunity. It transforms
from reflex reactions into volitional function. It is difficult
to predict whether it will be possible to reach a motor level
or sensitive level of stimulation before starting the thera-
py; however, it is worth emphasizing that NMES can also
be effective at a sensitive level only [24, 25]. The superfi-
cial stimulation awakens the peripheral motor neurons,
leading to stimulation of the brain at different levels. It

makes it possible to create a cortical representation and
neural networks of swallowing function, which is crucial
for patients with primary dysphagia.

Therefore, the goal of our therapy was to provide
sensory and motor experiences from the peripheral
stimulation to transfer activation to the upper struc-
tures of the nervous system. In our study, NMES ther-
apy was spaced out over time, with 1-2-month breaks
between intensive therapeutic cycles. In contrast, most
previous studies were focused only on treatments last-
ing 1-3 months [21]. Our study was based on the the-
ory that feeding function requires the creation of corti-
cal representation for the functioning and development
of the neural network, which we believe takes time and
indicates that there may be no changes in swallowing
function at the early stages of the therapy.

In our study, we found that 11 patients did not make
progress in terms of oral feeding. The lack of progress in
the therapy may also be related to the nature of the neuro-
logical damage and the degree of brain damage. The avail-
able literature does not provide evidence on how long
NMES therapy should be continued and how often it
should be repeated [26]. In our initial observations, we also
did not record significant progress after 4 cycles in 3 chil-
dren who were diagnosed with neuromuscular conduction
disorders (congenital cranial dysinnervation disorders),
which seems understandable considering that NMES
is a therapy that relies on neuromuscular conduction.

The first study on the use of NMES in the treatment
of pediatric dysphagia [2] proposed a breakdown of pe-
diatric dysphagia into acquired and primary dysphagia.
This study did not confirm whether NMES brings im-
provement in function in children with primary dyspha-
gia. The negative results can be explained by the early ter-
mination of therapy (an average of 22 treatment sessions
over 10 weeks), as well as the fact that the subjects were
very heterogeneous in terms of age range, etiology, and
pathophysiology of dysphagia.

Recent studies have shown the beneficial effects
of NMES. In one of them, VESS confirmed the positive
effects of therapy in 5 children with cerebral palsy (CP)
over the age of 5 [27]. Another study, also in a small
group of patients (7 children under 2 years of age), con-
firmed the improvement of function in all patients. Inter-
vention effects, as before, were assessed using VESS [28].
Our team also used VFSS during the implementation
of the study, though for us, it was a tool used to facilitate
clinical decision-making rather than to define the final
results of therapy. In a heterogeneous group of children
with various swallowing problems, it is very difficult to
establish a single method to assess the treatment effects
that would apply to all study participants. That is why we
focused on personalizing the impact of the therapy and
measured various effects with FOIS [29].

One vital outcome of our study is the qualitative
determination of factors that affect the improvement
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of swallowing function. The relevant data were extracted
from parents’ reports and synthesized into dominant
specific factors influencing swallowing improvement.
The meaning of these factors was emphasized using
the FOIS. No similar lists have been made before. Fu-
ture studies aiming to assess the effectiveness of NMES
swallowing therapy should consider not only the general
scope of improvement of function but also its specific el-
ements. The authors of a study that focused on improving
biting function using NMES used a similar assumption
as their basis. Unlike the previous studies, they used
a control group and a large group of patients with CP.
The experimental group saw such improvements as an in-
creased volume of meals, reduced symptoms of salivation,
increased range of tongue movements, and decreased
symptoms of dysphagia [30].

In contrast to the therapy methodology presented
in the previous studies, we used different methods
of electrode application. In our patients, we applied
7 different electrode arrangements according to the spe-
cifics of the patient’s swallowing problems recognized by
the speech-language therapist. All above-mentioned stud-
ies used only one or at most two different electrode posi-
tions. It should also be noted that we used different ther-
apy modes in our patients, i.e., not only FDA-approved
parameters like the VitalStim Protocol but also a program
that makes it possible to change the intensity and all other
parameters. This is important because in patients with
muscle diseases the frequency of the current can be de-
creased if signs of muscle fatigue are observed. In chil-
dren with sensory hypersensitivity, on the other hand, it is
possible to reduce phase duration, which makes the effect
of the current less perceptible and the voltage can be in-
creased to extend its reach to deeper muscles [13]. This
functionality was enabled by the device we used.

The limitation of our study is the lack of a control group
from a randomized trial. Apart from confirming the ther-
apy’s effectiveness, its advantages include a large group
of patients, a list of factors that improve swallowing func-
tion, and a description of therapy methodology adapted
to the specific problems arising from primary dysphagia.
Further research should focus on investigating the impact
of NMES on individual factors that build the function
of swallowing and food intake in children, and it should
consider homogeneous groups of patients. This approach
should be compared to other standard procedures used in
children suffering from primary dysphagia.

CONCLUSIONS

Evidence that NMES is effective in treating pediatric
dysphagia remains weak. Our study should be seen as an
attempt to find effective therapies for children who, due
to their limitations and impairments, cannot participate
in conventional therapy, adding to the limited data from
pediatric studies. Neuromuscular electrical stimulation

in our study has shown promising results during therapy
focused on the improvement of oral and swallowing func-
tion. Electrical stimulation improves functional oral intake
and may increase the frequency of oral feeding and reduce
enteral nutrition. It can be a chance for children who show
limited cooperation or are unable to handle dietary mod-
ifications and undergo conventional oral motor training.
Still, further controlled trials, focused on a more selected
group of patients and possibly implementing methods de-
veloped and described in our study, are needed.
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