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ABSTRACT

Multiple Sclerosis (MS) is a chronic autoimmune condition characterized by
complex motor and cognitive impairments that necessitate intensive, long-term
Physiotherapy. Recentadvances in Physiotherapy have shifted towards technology-
integrated approach, leveraging Virtual Reality (VR), Robot-Assisted Gait
Training (RAGT), and Transcranial Direct Current Stimulation (tDCS) to enhance
neuroplasticity. VR provides immersive, biofeedback-driven environments that
improve postural control and patient adherence through gamification. RAGT
facilitates high-intensity, repetitive gait cycles essential for improving walking
endurance in severely disabled populations. Concurrently, tDCS has emerged as
a potent non-invasive neuromodulatory tool to mitigate Multiple Sclerosis related
fatigue and cognitive dysfunction. This review highlights how the synergy of digital
innovation and evidence-based Physiotherapy is fostering a more personalized,
effective, and accessible rehabilitation model, ultimately aiming to delay disability
progression and improve the quality of life for individuals living with MS.
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INTRODUCTION is frequent in young adults and commonly
causes a lifelong disability.! It is one of the most
common causes of non-traumatic disability in
young adults, more common in women.

Multiple Sclerosis (MS) is an inflammatory
immune-mediated disease characterised by
demyelination of axons within the CNS that
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The pathology of Multiple Sclerosis is
characterised by multiple focal areas of
demyelination, accompanied by various
grades of inflammation and neurodegeneration
within the central nervous system.? The
development of MS results from a combination
of genetic susceptibility and environmental
factors. Genome-wide association studies have
identified over 100 genetic variants linked to
the disease.” Several environmental factors
have also been linked to MS, including Epstein-
Barr virus (EBV) infection, smoking, childhood
obesity, and low vitamin D levels.*

The disease course is heterogeneous,
encompassing  relapsing-remitting MS
(RRMS), primary progressive MS (PPMS),
and secondary progressive MS (SPMS),
each characterized by distinct patterns of
inflammatory activity, neurodegeneration,
and disability accumulation.® Clinically, MS
manifests through a broad constellation of

symptoms, including motor impairments
(muscle weakness, spasticity, impaired
coordination =~ and  balance),  sensory

disturbances, visual deficits, fatigue, pain,
cognitive dysfunction, and affective disorders
such as depression and anxiety.”® Thus,
it results in a variety of musculoskeletal,
respiratory, neurological, cardiovascular and
psychological symptoms.

Physiotherapy Management of Multiple
Sclerosis

Physiotherapy for Multiple Sclerosis is a vital,
evidence-based approach designed to maintain
and enhance patient’s functions by improving
muscle strength, balance, mobility, gait while
reducing fatigue and managing spasticity.
It has been proved that Physiotherapy in
Multiple =~ Sclerosis reduces inflammatory
cytokines in the peripheral immune system,
protects the central nervous system, slows
neurodegeneration, induces neuroplasticity,
and ultimately slows the progression of the
disease.’

A study by White et al. showed that
after rehabilitation training, the levels of
inflammatory mediators such as interleukin-4,
interleukin-10, and  C-reactive  protein
decreased in patients, which can reduce the
inflammatory response of MS.# Physiotherapy
treatment for Multiple Sclerosis integrates
kinesiotherapy, aerobic and resistance exercise,

manual techniques, hydrotherapy, task-
oriented functional training etc. to address
impairments from early to advanced stages of
disability.’

Current Physical activity guidelines for MS
generally recommend at least 150 minutes per
week of moderate-intensity aerobic activity,
complemented by resistance and balance
training, with progressive implementation to
accommodate symptom fluctuations, fatigue,
and heat sensitivity.! A System-oriented
approach aimed at preserving mobility,
promoting participation, and mitigating
secondary complications such as inactivity-
related decline, falls, and social withdrawal is
followed now a days.

Latest Physiotherapy management
of Multiple Sclerosis has shifted from
compensatory care to neurorestorative and
technology-integrated = rehabilitation  and
has evolved toward technology-assisted and
neuroplasticity-based interventions.™

Technological Advances in Physiotherapy

The integration of Technology into
Physiotherapy for Multiple Sclerosisis a clinical
necessity for achieving neuro-restoration
and maintaining functional independence as
traditional manual therapy often lacks high
intensity repetition and objective biofeedback
required to drive Neuroplasticity.

The Technological systems, Transcranial
Magnetic Stimulation (TMS), Virtual Reality
(VR), Robot-Assisted Gait Training (RAGT),
Telerehabilitation, Transcranial Direct Current
Stimulation (tDCS) used in Physiotherapy
are based on Motor learning principles by
providing task-specific and highly repetitive
activities. They provide a systemic approach
as they are task specific, give visual or auditory
feedback, increase the duration, intensity,
and frequency of the treatments and increase
motivation and enhance active participation
along with compliance.'

Transcranial Magnetic Stimulation (TMS)

Transcranial magnetic stimulation (TMS) is a
painless and non-invasive brain stimulation
technique, which has been widely used in
neurological diseases. TMS causes axon
depolarization, increases the excitability
of the corticospinal system, stimulates the
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plasticity of neurons, enhances the ability
of synaptic transmission, and improves the
responsiveness of the nervous system, to
achieve the goal of targeted treatment™. The
TMS device is composed of one or two coils,
and the coil is placed on the surface of the
corresponding brain region. Magnetic field
induce electrical currents in the interneurons
located in the corresponding area of the brain,
causing the neurons to produce excitatory
postsynaptic potential, which generates nerve
impulses. These impulses travel down the axon
to the governing organs and perform relevant
physiological functions, such as improving the
motor function of the controlled muscles.*

Improvement in spasticity has been found
with TMS and in a study by Centonze, a
single session of 5-Hz rTMS of the M1 region
contralateral to the affected limb inhibited the
H-reflex (reducing activity in the spinal cord)
and increased MEP amplitude, hence reducing
also the H/M amplitude ratio and indirectly
increasing  corticospinal  excitability  (by
increasing MEP amplitude); 1-Hz rTMS had
the opposite effect. Individual sessions did not
affect spasticity. A significant improvement
in lower limb spasticity was observed with
daily 5-Hz rTMS over a period of 2 weeks.
This improvement persisted for at least 7 days
after the treatment period ended. However, no
effect was achieved with sham rTMS."

Another research by Petta' et al. studied its
effect on lower urinary tract dysfunction and
evaluated the effects of 5-Hz rTMS of the M1
region in 10 patients with RRMS (McDonald
criteria) scoring 3.0-5.5 on the EDSS and
presenting lower urinary tract symptoms
involving either bladder filling or voiding.
These findings suggest that the increase in
corticospinal excitability after excitatory rTMS
promotes detrusor muscle contraction and/
or external urethral sphincter relaxation,
rather than increasing sphincter activity. The
improvement of nerve conduction function
depends on the enhancement of remyelination.
It has been found that the application of TMS in
the lesion area can promote the remyelination
of neurons with demyelinating lesions by
activating axonal fibers and neurons and
increasing the number of oligodendrocytes.'”

Given the evidence from studies reporting
considerable impairment of gait velocity,
cadence, and step length in patients with MS,
Burhan et al. tested the effects of high-frequency

(6 Hz) rTMS of the prefrontal cortex on gait
parameters in a 51-year-old white man with a
4-year history of RRMS and residual disabling
symptoms consisting of upper and lower
limb spastic weakness, diplopia, nystagmus,
and some cognitive deficits (mainly affecting
attention).

M Leon stated TMS's as a reliable, safe, and
effective treatment for some symptoms of
MS. Application of excitatory electromagnetic
pulses to the affected hemisphere enables
the possibility of optimising the brain’s
functional activity, including the transmission
of nerve impulses through the demyelinated
corticospinal tract.”® Thus, TMS has been proven
as a reliable, safe, and effective treatment for
some symptoms of Multiple Sclerosis like
reduction in spasticity and fatigue, improved
Lower urinary tract dysfunction, manual
dexterity and Gait and cognitive enhancement.

Virtual Reality

Virtual Reality (VR) is a computer-based
simulation of a 3-dimensional environment
in which the individual can interact with the
environment by using additional electronic
equipment. VR technology provides sensory
stimulation and feedback, which alters brain
activity and enhances neuroplasticity, as well
as motor learning.”” This occurs because of
real time visual and sensory stimulation and
feedback, increased exposure to different
environments, heightened engagement and
repetitive movement of functional task.

Virtual reality (VR), have proven effective
in improving motor and cognitive impairment
in neurological patients, including those with
MS.?Virtualreality interventions use computer
programs that allow users to navigate in
and interact with a virtual environment. The
use of virtual reality in rehabilitation offers
several advantages, such as providing fully
controllable, personalised environments and
situations that are too dangerous, expensive or
impossible in real life. Moreover, the level of
difficulty and intensity can be adapted to the
skills of the patient, and virtual reality has the
potential to increase patients’” motivation by
creating more exciting training environments
and providing feedback.”

Massetti conducted a systemic review and
concluded that Virtual Reality represents
a motivational and effective alternative
to traditional motor rehabilitation for MS
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patients. The results showed that VR programs
could be an effective method of patients with
MS rehabilitation in multiple cognitive and/
or motor deficits.?? Virtual reality applications
for physical rehabilitation of neurological
disorders are being used to improve both upper
and lower limb function, cognitive function,
balance and gait training.»* Moreover, when
virtual reality training was compared to
conventional therapy, we found that virtual
reality training was superior in improving
balance and postural control, and participation
and quality of life.”!

Telerehabilitation

Telerehabilitation is a branch of healthcare that
provides remote medical services to patients.
It is defined by various modalities of remote
clinical practice including, but not limited to,
video consultations, audio real-time interfaces,
and remote monitoring.”® The COVID-19
pandemic accelerated the adoption of remote
approaches, demonstrating the feasibility of
neurological assessments, symptom tracking
and treatment optimisation without in-person
visits. Tele-rehabilitation delivers tailored
physical and cognitive exercises directly
to patients’ homes, often achieving high
adherence and satisfaction.” It has emerged
as a promising avenue for monitoring and
managing patients with MS. It is bbeneficial
for patients with geographical remoteness,
economic constraints, and physical disabilities.
It solves the transportation issue and
saves travel time. Moreover, the patient’s
environment is comfortable.

Peter etal concluded that Telemedicine
provides a pathway to improve access to high-
quality, cost-effective care for patients with
MS and their providers. Most providers using
Clinical Video Telemedicine were satisfied,
and the less technically challenging options of
store-and-forward telemedicine and remote
patient monitoring can be better used.”

Robot-Assisted Gait Training (RAGT)

Mobility and gait impairments are some of
the most disabling symptoms in people with
multiple sclerosis, due to their impact on daily
living activities and quality of life.*® Robot-
Assisted Gait Training (RAGT) in Multiple

Sclerosis serves as an intensive rehabilitation
tool to improve walking ability, balance, and
endurance, particularly for patients with severe
gait impairments. It uses robotic exoskeletons
or treadmill-based robotic devices to support
and guide the lower limbs through walking
motions. Thus, it helps in enhancing mobility,
increasing walking speed, and reducing
fatigue by allowing for safe, high-repetition,
and supported locomotion.

Recent systematic reviews further confirm
the clinical value of robotic rehabilitation
in MS. A meta-analysis by Christodoulou et
al. highlighted significant improvements in
fatigue and mental health,” while Facciorusso
et al. confirmed its effectiveness in improving
gait and balance.® The advantages of robotic
devices such as walking exoskeletons include
prolonged gait rehabilitation, maintaining the
sensory afferents of physiological gait through
robotic guidance to lower limb movement,
task-specific training with proprioceptive and
exteroceptive feedback?” and the possibility
of tailoring the training to the subject’s
characteristics. All these aspects make RAGT
particularly useful in the rehabilitation of
patients with Multiple Sclerosis with severe
gaitimpairment, where multiple constraints do
not allow extended and task-specific walking
rehabilitation.*

Transcranial Direct Current Stimulation
(tDCS)

Transcranial Direct Current Stimulation
(tDCS) is a non-invasive, low-risk, and safe
neurostimulation technique used in Multiple
Sclerosis (MS) to manage symptoms by
modulating brain function and neuroplasticity.
Transcranial direct current stimulation (tDCS)
has emerged as an appealing rehabilitative
approach to improve brain function, with
promising data on gait and balance in people
with multiple sclerosis (MS).%

It is a neurorehabilitation technique able
to modulate cortical excitability and cortico-
spinal circuits, inducing a subthreshold
modification of neuronal resting membrane
potentials. Classically, anodal tDCS increases
cortical excitability, whereas cathodal tDCS
reduces it, both leading to long-lasting
changes in neuronal activities of specific brain
networks.® It has been reported that tDCS
causes polarity-dependent shifts of the resting
membrane potential and might consequently
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change neuronal excitability at the site of
stimulation and functionally connected areas.
Paltama concluded that the synergy of tDCS
and exercise can not only improve motor
performance, but also can positively affect
postural control, balance and fall risk.*

tDCS stimulate synaptic plasticity which
allows neurons to adjust connections based on
experiences, but this is impaired in multiple
sclerosis (MS). Interventions that enhance this
plasticity, such as transcranial direct current
stimulation (tDCS), can improve functioning
and quality of life. NMDA receptor. activity
is crucial for the lasting effects of tDCS, with
anodal stimulation increasing cortical activity
and intracellular Ca2+ levels. Modulation
of Ca2+ influences synaptic plasticity, with
low levels leading to long-term depression
(LTD) and higher levels resulting in long-term
potentiation (LTP). In MS, tDCS may help
regulateoveractive LTP, reducingexcitotoxicity
and cognitive deficits, thus enhancing quality
of life.* Transcranial direct current stimulation
(tDCS) has been shown to increase cerebral
blood flow in healthy individuals, with an
intensity-dependent response.

Advanced MS rehabilitation technologies
like VR, RAGT, and tDCS offer powerful
ways to boost neuroplasticity and functional
independence, though they face hurdles in
cost and accessibility. Virtual Reality excels at
increasing patient engagement and improving
balance through safe, simulated environments,
while Robot-Assisted Gait Training provides
the high intensity needed to significantly
improve walking endurance in those with
severe mobility issues. Meanwhile, tDCS offers
a portable and affordable solution specifically
targeting MS-related fatigue and cognitive fog.
Despite their benefits, these tools are often
limited by high equipment costs, potential
side effects like cybersickness, and the need for
frequent sessions to see lasting results.

CONCLUSION

The integration of recent technological
advances represents a transformative shift
in the management of Multiple Sclerosis.
These technologies bridge the gap between
traditional Physiotherapy and neuroplastic
recovery, offering personalized, high-intensity
interventions that address once-difficult
symptoms like chronic fatigue and severe gait
impairment. Ultimately, the future of Multiple

Sclerosis rehabilitation lies in a hybrid
approach —combining the precision of robotic
and digital tools with the clinical expertise
of Physiotherapists to empower patients and
significantly enhance their quality of life.
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