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Abstract

Dysphagia is a frequent and potentially life-threatening complication in patients with
neurological disorders. Swallowing is a complex neurophysiological mechanism regulated
by a widespread network of central nervous system regions. The control of swallowing
functions requires the integrity of the central pattern generator located in the brainstem,
the sensorimotor cortex, the basal ganglia, and the cerebellum, but also peripheral nerves
and swallowing muscles. Neurological diseases affecting either central or peripheral
components of this system commonly result in dysphagia. Despite its clinical relevance, the
management of neurogenic dysphagia remains challenging. While rehabilitative strategies
such as swallowing therapy currently represent the main treatment option, emerging
evidence suggests that non-invasive central and peripheral neuromodulation techniques
may provide adjunctive beneficial effects. Further research is warranted to better define
their efficacy, optimal protocols, and long-term outcomes.
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1. Introduction
Swallowing is an innate physiological mechanism that enables the ingestion of liquids

and food without aspiration. It is characterized by a semi-automatic sensorimotor process
that involves the muscles of the mouth, larynx, pharynx, and gastrointestinal tract [1].
Dysphagia, the disruption of the normal swallowing process, is a frequent and severe com-
plication of many neurological disorders. It is associated with an increased risk of severe
complications such as aspiration pneumonia, malnutrition, and prolonged hospitalization
requiring invasive treatments. Dysphagia is also a leading cause of mortality in patients
with neurological disorders [2,3].

An accurate diagnosis and early management of dysphagia can significantly improve
quality of life, while also helping to delay life-threatening complications and the need for
invasive therapeutic interventions [4].

However, the management of dysphagia remains challenging, with rehabilitation—specifically
swallowing therapy—being the main therapeutic approach [5]. Conversely, invasive interventions,
such as upper esophageal sphincter myotomy or percutaneous endoscopic gastrostomy (PEG),
are reserved for selected cases [6]. Recently, non-invasive neuromodulation techniques, including
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peripheral electrical stimulation (PES), transcranial magnetic stimulation (TMS), and transcranial
direct current stimulation (tDCS), have emerged as promising complementary approaches to
rehabilitation [7–9]. Numerous studies suggest that these tools could be beneficial in treating
dysphagia of different etiologies, including stroke, traumatic brain injuries, inflammatory diseases,
and neuromuscular and neurodegenerative diseases.

2. Anatomy and Physiology of Swallowing
Swallowing is a complex physiological process that requires the coordinated activity

of over fifty pairs of muscles in the lower face, larynx, pharynx, and esophagus [10]. This
highly coordinated muscular activity ensures the safe passage of food and liquids from the
oral cavity through the pharynx and esophagus into the stomach, preventing aspiration
into the airway.

Between the end of the pharyngeal phase and the beginning of the esophageal phase,
the upper esophageal sphincter (UES) relaxes and opens, allowing the bolus to pass into the
esophagus. The UES is a high-pressure zone located between the pharynx and the cervical
esophagus [11,12].

The physiological high-pressure zone of the UES corresponds in size and location to
the tonically contracting striated cricopharyngeal (CP) muscle. The role of the UES is to
protect against the reflux of food into the respiratory tract and prevent air from entering
the digestive tract. However, from a clinical point of view, the oral and pharyngeal phases
are generally considered a single phase. The oropharyngeal phase is more frequently
impaired in neurological diseases [13]. This phase is characterized by complex changes
in the morphology of the larynx and pharynx, ensuring protection of the airways and
allowing the passage of the bolus through the upper esophageal sphincter (UES) [13].

Swallowing is regulated by a central pattern generator (CPG) located in the medulla
oblongata. This center is bilaterally represented, and it very likely corresponds to the
nucleus tractus solitarius (NTS) and the nucleus ambiguous (NA). CPG is composed of two
groups of interneurons: the ventral and dorsal swallowing groups [10]. The two hemi-CPGs
integrate peripheral afferent inputs, including sensory and gustatory fibers originating
from the oropharyngeal mucosa, as well as proprioceptive feedback from muscles involved
in swallowing. In addition, CPGs receive central inputs (i.e., ipsilateral and contralateral
corticobulbar projections). Notably, studies using brain fMRI and PET have shown that
voluntary swallowing activates a large bilateral network involving various cortical regions,
the cerebellum, and subcortical nuclei [14]. The efferent pathways of the swallowing circuit
comprise various cranial nerves, including the trigeminal (V), facial (VII), glossopharyngeal
(IX), vagus (X), and hypoglossal (XII) nerves, each controlling specific muscle groups.

The opening of the UES marks the end of the oropharyngeal phase and is deter-
mined by relaxation of the cricopharyngeal (CP) muscle, elevation of the larynx, and the
propulsive action of hypopharyngeal muscles, especially the inferior pharyngeal constric-
tor muscles [15–17]. Inhibition of the tonically activated CP during the hypopharyngeal
phase is controlled by the CPGs and requires integration of both central and peripheral
afferences [18,19].

The tonic inhibition of UES during the hypopharyngeal phase is controlled by afferent
signals from the Xth cranial nerve and requires the integration of central and peripheral
signals [18,19]. The CPG leads to pressure relaxation in the UES region, which effectively
reduces the restrictive forces that impede bolus flow. Intraluminal bolus forces and extrinsic
expansive traction forces exerted by the hyolaryngeal muscles (mylohyoid, anterior digas-
tric, and posterior digastric), as well as changes in intrinsic tissue, induce UES opening
following the pressure increase produced by the palate and larynx. If an impairment affects
the competence of the palate and larynx, the ‘pressure chamber’ will not close [12].
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Proper functioning of this complex neuroanatomical network is essential for functional
swallowing and to prevent potentially life-threatening complications.

3. Pathophysiology of Neurogenic Dysphagia
Neurogenic dysphagia occurs when one or more components of the swallowing

network (i.e., the CPG or its associated afferent and efferent pathways) are affected.
Therefore, neurogenic dysphagia represents a complex syndrome with multiple patho-

genetic mechanisms and different clinical forms [20]. The type and severity of swallowing
deficits vary according to the site of damage and extent of the pathological alterations [21].
In fact, studies using fiberoptic evaluation of swallowing (FEES) have identified different
clinical phenotypes of dysphagia, which associate differently with underlying etiologies.

In stroke patients, the most frequent clinical abnormality is premature bolus spillage,
which results from an oral phase deficit and may lead to preglutitive aspiration [22].
However, this sign is a nonspecific sign observed in neurogenic dysphagia from different
etiologies. In patients with infratentorial stroke, a delayed swallowing reflex is typically
observed and has been specifically associated with sensory deficits (i.e., pharyngeal hy-
poesthesia) that impair swallowing initiation [23]. Pharyngeal motility disorders (e.g.,
with bradykinesia and tremor) are characteristics of Parkinsonian syndromes, particularly
PSP. In the early stages of PD, dysphagia is typically characterized by impairment of the
oral phase. Conversely, in the late stages, pharyngeal phase impairment with impaired
UES relaxation can also occur. Similarly, dysphagia associated with pharyngeal phase
impairment can be observed in the early stages of Parkinsonian syndromes [18]. The pres-
ence of residuals in the valleculae and pyriform sinuses has been mainly associated with
motor deficits in Parkinsonian syndromes and myositis [20]. However, in patients with PD,
dysphagia is often exacerbated by drooling due to reduced saliva clearance resulting from
diminished oro-facial movement [24].

Stroke represents the main cause of neurogenic dysphagia. Dysphagia represents
a frequent complication of cerebrovascular disorders, being associated with prolonged
hospitalization, increased mortality, and higher burden on healthcare systems [25–27].
Lesions directly involving the CPG, as in patients with lateral medullary infarction (i.e.,
Wallenberg syndrome), are associated with severe alteration of the oro-pharyngeal phase of
swallowing and a higher risk of penetration and aspiration [28]. Dysphagia may also result
from ischemic or hemorrhagic lesions of other brain areas, including frontal and insular
cortex, basal ganglia, and cerebellum [29,30]. These regions are part of the swallowing
network, processing sensorimotor information and providing afferent inputs to the CPGs.

Also, dysphagia is frequently observed in patients with multiple sclerosis (MS) and
results from the presence of inflammatory demyelination and neurodegeneration affect-
ing swallowing brain circuits [16]. Demyelinating lesions located in the brainstem and
extensive involvement of the corticospinal tracts have been associated with severe MS
dysphagia [6,16,31–33]. The prevalence of dysphagia is increased in MS patients with
longer disease duration and higher disability. However, swallowing disorders can also be
observed in newly diagnosed patients [34–36].

Moreover, dysphagia represents a severe complication of motor neuron diseases (e.g.,
amyotrophic lateral sclerosis, ALS). In patients with ALS, swallowing deficits may vary,
reflecting the degree of both upper and lower motor neuron dysfunction [15]. Predominant
upper motor neuron involvement has been associated with deficits in triggering swallow-
ing and abnormal prolongation of the oropharyngeal phase due to impaired relaxation
of the CP muscle responsible for the opening of the UES [32,37–39]. Furthermore, an
isolated impairment of the UES opening, accompanied by a lack of EMG features and
clinical signs/symptoms of lower motor neuron involvement at the bulbar level, has been
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considered an indicator of upper motor neuron involvement in the cortico-pharyngeal
tract [32]. Conversely, degeneration of lower motor neurons is associated with weakness
and atrophy of swallowing muscles, leading to impaired contraction and reduced efficiency
of the oropharyngeal phase [40,41].

In Parkinson’s disease (PD) and other extrapyramidal disorders, including multi-
ple system atrophy (MSA) and progressive supranuclear palsy (PSP), dysphagia has a
profound impact on disease course. Evidence suggests that both dopaminergic and non-
dopaminergic mechanisms may contribute to swallowing difficulties in PD. Brain fMRI
studies showed that the basal ganglia are activated during swallowing [30]. Moreover, both
levodopa and deep brain stimulation (DBS) may modulate the activity of swallowing brain
networks, improving dysphagia in PD [42–44]. Other mechanisms include the involvement
of non-dopaminergic brain areas; for example, the CPG may be directly affected by alpha-
synuclein deposition [45]. In addition, post-mortem studies have shown alpha-synuclein
also deposits in pharyngeal nerves and muscles, also indicating a peripheral component in
PD dysphagia [46,47]. In idiopathic PD, slow swallowing, with reduced voluntary involve-
ment of oral and/or submental muscles, is the most common finding. Severe dysphagia,
with dysfunction of the reflex cough and impaired relaxation of the cricopharyngeal muscle,
is observed in PD patients with longer disease duration and higher disability. Conversely,
in patients with MSA and PSP, dysphagia is frequently observed from the early phases and
characterized by impaired relaxation of the cricopharyngeal muscle [18,48].

Traumatic brain injury (TBI) constitutes a significant cause of neurogenic dysphagia.
Individuals affected by TBI may experience either transient or persistent dysphagia, with
the severity depending on the extent and localization of the cerebral damage [49,50]. Dys-
phagia is particularly frequent and severe among patients admitted to intensive care units,
especially those who have undergone invasive mechanical ventilation or who develop
critical illness neuropathy [51]. Moreover, swallowing disorders may arise from periph-
eral pathologies involving the nerves, the neuromuscular junction, or the muscles, with
consequent impairment of both afferent inputs to and efferent outputs from the CPG.

Finally, aging is associated with a progressive decline in swallowing efficiency, pri-
marily due to a slowing of the oropharyngeal phase, which renders swallowing more
susceptible to dysfunction or injury from other causes. Accordingly, presbyphagia should
be considered an important risk factor for the development of neurogenic dysphagia [52].

4. Rehabilitation and Neuromodulation
4.1. Exercise and Sensory Stimulation

The treatment of neurogenic dysphagia relies on an integrated approach that varies
according to the severity of symptoms and the underlying neurological condition. Thera-
peutic strategies targeting the primary disease, by mitigating neuronal damage, as in stroke
and MS, or by alleviating symptoms, as with dopaminergic therapy in PD, play a primary
role in the management of swallowing problems. However, to date, no pharmacological
intervention has demonstrated consistent efficacy in directly improving neurogenic dys-
phagia. Consequently, rehabilitation, combined with compensatory strategies, remains the
main treatment option [53,54].

Therapy for dysphagia typically employs two main approaches: (1) repetitive swal-
lowing exercises and targeted muscle-strengthening exercises, and (2) sensory stimulation
techniques aimed at enhancing sensory input. These two complementary approaches aim
at promoting effective swallowing by modulating the activity of the swallowing brain
network [53,55].

Studies using TMS have demonstrated that swallowing exercises increase corticob-
ulbar excitability [56]. Similarly, it has been shown that different sensory stimulation
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techniques (e.g., with ice or carbonated water) can enhance corticobulbar excitability by
modulating afferent sensory inputs, which are conducted through peripheral nerves to the
CPGs and to the cerebral cortex [57]. These effects are thought to result from long-term
potentiation (LTP)-like neuroplastic changes within cortical and subcortical swallowing
circuits [58].

4.2. Pharyngeal Electrical Stimulation (PES)

Neuromodulation techniques can potentially replicate or enhance the plasticity-related
effects of rehabilitation and are largely employed in the treatment of various neurological
symptoms [59,60]. Previous studies in neurogenic dysphagia have shown that promising
methods include PES and non-invasive brain stimulation (NIBS), including techniques
such as tDCS and repetitive TMS (rTMS).

PES is applied using intraluminal electrodes introduced with a nasogastric catheter
and activates sensory fibers in the pharyngeal wall. Sensory afferent inputs travel with
the IX and X cranial nerves and are transmitted to the NTS and to other brain regions
(including subcortical and cortical areas). High-frequency stimulation (5 Hz) at 75% of
maximum tolerated intensity for 10–20 min promotes neuroplastic changes in swallowing
brain networks and is associated with a significant increase in corticobulbar excitability in
healthy subjects and in patients with neurogenic dysphagia [32,61].

Most PES studies have been conducted in patients with post-stroke dysphagia [61–64].
In patients who had suffered a stroke, daily application of PES for three consecutive days
improved airway protection compared with the control group. It also reduced aspiration
and improved feeding status, resulting in shorter hospital stays [62]. Another study evalu-
ating the long-term effects of PES on post-stroke dysphagia demonstrated that swallowing
was recovered more quickly in the first two weeks after stimulation [64]. A meta-analysis of
PES treatment for post-stroke dysphagia found that PES is related to decreased radiological
aspiration and enhanced dysphagia, potentially reducing the length of hospital stay [63].
Another RCT enrolled 162 patients with dysphagia associated with subacute ischemic or
hemorrhagic stroke. PES or sham stimulation was provided over three consecutive days.
The primary outcome was swallowing efficacy after two weeks. The secondary outcomes
included dysphagia severity, functional quality of life, and the occurrence of serious ad-
verse events at 6 and 12 weeks. The results showed that PES was safe, but there was no
significant improvement in aspiration test scores compared to the placebo. However, these
results may have been influenced by confounding factors, including patients with mild
dysphagia, under-treatment with PES, and active stimulation in the control group [65].
In another pilot study involving 30 tracheotomized patients with dysphagia and more
severe strokes, PES enhanced the remission of dysphagia in 75% of patients, consequently
enabling decannulation [66].

PES has also been applied in dysphagic patients with MS [32]. It has been reported that
pharyngeal stimulation for 5 consecutive days improved swallowing function and reduced
the risk of aspiration [32]. Finally, evidence suggests that PES constitutes a promising
intervention for neurogenic dysphagia resulting from different underlying pathologies,
including TBI and critical illness polyneuropathy [65].

4.3. Non-Invasive Brain Stimulation (NIBS)

The rationale of the application of NIBS in rehabilitation settings has been aimed at
inducing prolonged effects on the neural network. It has been demonstrated that NBI
techniques are able to modulate synaptic connectivity by producing long-term changes
in cortical excitability, like long-term potentiation and long-term depression, which are
considered relevant mechanisms of plastic reorganization [59,67,68]. The amount and the
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duration of the induced neurophysiological changes depend on the stimulation intensity
and duration [67]. NIBS techniques include transcranial direct current stimulation (tDCS),
repetitive transcranial magnetic stimulation (rTMS), and theta burst stimulation (TBS), all
of which can be used to induce long-lasting changes in cortical excitability [59,68,69].

While rTMS shows promise for improving post-stroke dysphagia, current evidence
remains limited and inconclusive due to significant methodological flaws in existing sys-
tematic reviews and meta-analyses [70].

tDCS employs weak electrical currents to induce persistent excitability changes in the
human brain cortex [67,69]. The resulting effects depend on the polarity of stimulation [69].
Anodal tDCS depolarizes cortical neurons and induces LTP-like effects. It has been demon-
strated that anodal tDCS can increase the excitability of the pharyngeal motor cortex and
enhance the sucking activity of a liquid bolus in healthy subjects [71,72].

Different TMS protocols can induce a persistent increase or decrease in cortical ex-
citability. Low-frequency (1 Hz) rTMS of the pharyngeal motor cortex induced a long-
lasting suppression of pharyngeal MEPs resembling long-term depression (LTD) plasticity
phenomena and altered normal swallowing in healthy subjects [73]. Conversely, specific
TMS protocols, including high-frequency (>5 Hz) rTMS and intermittent TBS (iTBS), can
induce a long-lasting increase in corticobulbar excitability and have been associated with
long-term potentiation (LTP)-like effects [74]. iTBS and high-frequency rTMS of the pharyn-
geal motor cortex can restore cortico-pharyngeal excitability and swallowing impairment
induced by 1 Hz rTMS [72]. Notably, similar findings have been reported with cerebellar
rTMS [75–77].

Several studies have examined the role of NIBS in the treatment of neurogenic dys-
phagia. Most studies focused on post-stroke dysphagia. RCTs and meta-analyses of RCTs
have shown that rTMS/TBS and anodal tDCS promoted recovery of swallowing function
in patients with post-stroke dysphagia [78–82].

Studies have demonstrated that NIBS of the pharyngeal motor cortex exerts beneficial
effects both in patients with cortical lesions and in those with brainstem and cerebellar
involvement [83,84].

Notably, the effects are mediated by the potentiation of corticobulbar excitability,
promoting reorganization of swallowing networks. Regarding the site of stimulation, it has
been shown that both unilateral tDCS (applied either to the affected or the unaffected hemi-
sphere) or bilateral tDCS induce a significant improvement in post-stroke dysphagia [78,79].
Also, rTMS has been applied using different protocols in post-stroke dysphagia [84]. Both
unilateral, bilateral, and cerebellar stimulation have been associated with improvement
in swallowing function and reduced complications [85,86]. However, the best stimulation
protocol and site of stimulation according to the type of dysphagia have not been defined.

NIBS has also been explored in other types of neurogenic dysphagia, particularly in
MS, Parkinsonian syndromes, and TBI.

Two previous studies have reported beneficial effects of anodal TDCS of the pha-
ryngeal motor cortex in patients with MS [32,87]. Particularly, it has been shown that
in severely dysphagic MS patients with bulbar lesions, anodal tDCS of the pharyngeal
motor cortex significantly increased cricopharyngeal excitability and reduced the risk of
aspiration [33].

Finally, it has been reported that rTMS and anodal tDCS may significantly improve
swallowing deficits in patients with neurodegenerative conditions, including PD and
PSP [88], and also in elderly patients with primary and secondary dysphagia [89].
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5. Conclusions
Neurogenic dysphagia remains a major clinical concern due to its impact on morbidity

and mortality in patients with neurological disorders. Recent advances in non-invasive
neuromodulation techniques offer encouraging prospects for improving treatment out-
comes. Current evidence, primarily derived from studies in post-stroke patients, supports
the use of PES, rTMS, and tDCS for the management of post-stroke dysphagia.

However, the European Stroke Organization and the European Society for Swallowing
Disorders (ESO-ESSD) guideline for the diagnosis and treatment of post-stroke dyspha-
gia [90] recommends that neurostimulation treatment should preferably be conducted
within a clinical trial setting. Quality of evidence: low. Strength of recommendation: Strong
for intervention (Recommendation 19). Moreover, for patients with post-stroke dysphagia,
they suggest the use of rTMS, TES, tDCS, and PES as an adjunct to conventional dysphagia
treatments to improve swallowing function. Quality of evidence: Moderate. Strength
of recommendation: Weak for intervention (Recommendation 20). Nevertheless, further
clinical trials are necessary to establish standardized protocols and assess the long-term
efficacy of these interventions.
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Abbreviations
The following abbreviations are used in this manuscript:

ALS Amyotrophic lateral sclerosis
CP Cricopharyngeal
CPG Central pattern generator
DBS Deep brain stimulation
FEES Fiberoptic evaluation of swallowing
iTMS Intermittent TBS
LTD Long-term depression
LTP Long-term potentiation
MS Multiple sclerosis
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MSA Multiple system atrophy
NA Nucleus ambiguous
NIBS Non-invasive brain stimulation
NTS Nucleus tractus solitarius
PD Parkinson’s disease
PEG Percutaneous endoscopic gastrostomy
PES Peripheral electrical stimulation
PSP Progressive supranuclear palsy
rTMS Repetitive TMS
TBI Traumatic brain injury
TBS Theta burst stimulation
tDCS Transcranial direct current stimulation
TMS Transcranial magnetic stimulation
UES Upper esophageal sphincter
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