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Multiple sclerosis (MS) is a chronic and inflammatory disease of the brain and spinal cord
characterized by focal demyelination and axon destruction. MS causes many symptoms such as
motor, sensory, visual, and autonomic disorders, and also impairs physical and cognitive
functions. Balance problems and limited gait cause fear of falling and decreased multitasking
performance. Physiotherapy is one of the most important treatment options and is frequently
used for managing symptoms in patients with MS. It is critical that rehabilitative interventions
should comprehensively manage and control abovementioned symptoms in the patients with MS.
New technological based approach has provided new possibilities for neuro-rehabilitation. Along
with technological developments, the multiple symptoms of MS can be managed. Here, the
clinical goal is to reach an important principle of neuro-rehabilitation and motor learning, the
“concept of practice". The concept of practice is known as a critical principle in neuro-
rehabilitation that should contain three main characteristics modified in MS, including "optimal
intensity", "optimal repetition" and "functional". Technology-based rehabilitation, as a sensory-
motor-cognitive network, provides multisensory feedback and allows therapist to control
quantitatively and adjust the therapeutic parameters such as duration, intensity and frequency in
a planned manner. It also allows to create an intensive and motivational context to transform the
patients from a passive element to an active participant in compliance with the treatment regimen.
Therefore, new technological approach provides various advantages in patients with MS with
providing goal-specific training based on motor learning principles, and enabling objective
evaluation of functional performance.
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interventions should comprehensively manage and control
many symptoms of neurologic patients. New technological-

Introduction

Multiple sclerosis (MS) is an autoimmune disease of many
regions of the central nervous system characterized by
inflammatory demyelination and axonal damage that causes
many symptoms such as motor, sensory, visual, and
autonomic disorders, impairs physical functions and balance
(1). Tremor, coordination disorder, muscle weakness, sensory
disorders, and spasticity seen in patients with MS have been
found to decrease dual-task performance (1).

Physiotherapy is one of the most important rehabilitation
options and frequently used for managing symptoms in
patients with MS (2). It is critical that the neuro-rehabilitation

based approach has provided new possibilities for neuro-
rehabilitation (3,4). Along with technological developments,
the various symptoms in MS could be managed. Here, the
purpose is reaching to the important principle of neuro-
rehabilitation and motor learning as the "concept of practice"
that should contain 3 main characteristics modified for MS:
optimal intensity, optimal repetition, and function, that
induce neuroplastic changes and motor recovery in patients
with  MS (4). Technology-based rehabilitation allows
therapists to control the beginning, continuation and end of
training in a planned way, and adjust the therapeutic
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parameters such as duration, intensity, and frequency of the
treatments. It allows to create motivating background to
convert the patients from a passive individual to an active
participant (5).

On the other hand, based on many research increased in the
last 10 years which still persists, given the fact that this
approach is not used across the board in clinical routine.
Despite being challenging in terms of cost and accessibility, it
is promising and has enormous potential for the future to
engage patients and their families in the development of
technology for rehabilitation. The optimal therapeutic
paradigm regarding technology-based rehabilitation in
patients with MS, amount of treatment dosage, and duration
still has to be established in order to maximize clinical
effectiveness of intensive rehabilitation. However, doubts
emerged that the underlying rationale of the inter- and multi-
disciplinary models in intensive hospitalized rehabilitation
may be unnecessary and postulates that leads to the potential
overwork damages and unhelpful. Whilst, perhaps going even
beyond the application of new technological rehabilitation
with intensive rehabilitation may be achieved by applying
brain stimulation approach like transcranial electrical
stimulation (tES), virtual reality training (VRT), applying
aerobic exercises during mechanotherapy, combination of
exercise and electrotherapy and electro-mechanical
components or robotic devices for gait training. As a result,
this purpose is to describe what new neuro-rehabilitation
practices focus on the principle of motor learning with high-
intensity, repetitive and functional exercise training.

Recommendations for Intensive Rehabilitation

Transcranial Electrical Stimulation (tES)

Transcranial ~ Electrical ~ Stimulation  (tES), as a
neuromodulation technique, consists of low intensity brain
stimulation with applying a transcranial direct current
stimulation (tDCS), or a transcranial alternating current
stimulation (tACS) or a transcranial random noise stimulation
(tRNS) using anode and cathode electrodes (Figure la). The
tES could have short- and long-term effects due to underlying
neuronal mechanisms including change in membrane
polarization, prolonged opening of the voltage-gated sodium
channels, neuro-transmitters releases, neurogenesis, more
synaptic connectivity, cortical reorganization and eventually
neuroplasticity (6,7). The tDCS application in symptoms of
the patients with MS focused on fatigue reduction when
targeting the prefrontal or sensorimotor cortex (8,9). tDCS
also appear to be effective method for pain through
stimulation of the left dorsolateral prefrontal, as a critical zone
in pain processing, and primary motor cortex (M1) with an
antidromic modulation of thalamocortical pathways (7,10).
Finally, it seems coupling tES and other therapeutic
interventions would help improve the symptoms in the
patients with MS.

Robotic Devices for Gait Training
A commonly reported criteria of the disease progression in MS
patients is the slower walking speed and worse gait quality

with more energy consumption. For this reason, a potential
benefit from exercise training in severe disability conditions of
MS patients towards improving mobility is essential. Usually,
the gait disability presents a sensory deficit, lack of muscle
strength, impaired muscle control, and reduced aerobic
capacity (Figure 1b).

However, few studies have shown that robotic rehabilitation
was more effective than conventional methods in functional
mobility, cognitive processing, and improvement of daily
activities, gait parameters (11,12), but conceptually, robotic
rehabilitation can help individuals with MS disability actively
engage in exercise training by correcting impaired gait
patterns (13,14). A key characteristic of robotic rehabilitation
is that it promotes motor recovery within an enriched
sensorimotor network for neuroplasticity as a primary
mechanism (15). A beneficial changes in mobility, fatigue, and
quality of life have been reported with treadmill training while
body weight support (16,17). Also, an improvement of
extensor muscle strength in the lower limbs, walking
endurance, and fatigue were conducted with an robotic
exoskeleton (18,19). However, the robotic devices used in
spastic patients should have an active assisted movement when
the patient cannot complete the active movement and have
active resistance exercise mode.

Virtual Reality Training (VRT)

Virtual Reality (VR) as a simulation system, allows interaction
between the patient and computer- constructed environment
with the feeling of moving in the real world (Figure 1c). The
main advantage of VRT is multi-sensory input and feedback
including somatosensory, visual and auditory, that is suitable
for motor learning with high-intensity, motivation of patient
and enhancing active participation of the patient in the
treatment regimen with a positive attitude, and simplifying
complex movements. However, it is possible to create a
headache, disorientation, lethargy, fatigue, ataxia and vertigo
in the immersive type of VRT (4,20).

The role of VRT as a rehabilitation method in MS patients, has
been discussed in the literature. Many studies have reported
that VRT may significantly improve motor ability and
cognitive functions, and can recover functional deficiencies in
patients with MS (21-23). Furthermore, VRT can affect
fatigue, fear of falling, balance disorders (24,25). Also, VRT
interestingly has a sensory-integration optimization in the
central nervous system (26).

Exercise Training with Electrical Stimulation

Many evidence state MS patients experience various
symptoms such as fatigue, weakness and poor conditioning
that likely limit the engagement of patients in physical activity,
exacerbated by the association of physical inactivity with an
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Figure 1. Examples of the new technological-based approaches for physical therapy in MS; a) Transcranial Electrical
Stimulation (tES), b) Robotic Devices for Gait Training and c) Virtual Reality Training (VRT).

increased relative risk of cardiovascular and metabolic diseases
(27). Therefore, exercise therapy and physical training will be
important in these patients for designing effective intensive
rehabilitation, either in the form of aerobic, endurance, or
resistance exercise training. Additionally, the application of
functional training programs has underlined the necessity of a
multidimensional protocol regarding conventional protocols.
Specially, the combination of task-oriented and functional
training with aerobic exercise, has been shown to improve
balance and walking indexes (28).

On the other hand, the application of electrically powered
cycling with the assistance of functional electrical stimulation
(FES) is a promising method for improving function without
an increase in spasticity, fatigue and pain in people with MS
who need a wheelchair for mobility (29,30). FES cycling is
potentially helpful intervention for increasing physi—cal
activity level, as well as reducing fatigue and improving
capacity of neuromuscular conditioning, based on clinical
characteristics and progressive status of MS). FES cycle
training improves symptoms of spasticity but approximately
48 hours after training (31,32). However, cycling is basically
considered to be aerobic, stimulate modest increases in
muscular strength (33). Actually, to strengthen skeletal muscle
in healthy people with aerobic training, the efficient intensity
should be as a minimum of 70% heart rate reserve, four-times
a week for thirty minutes. Also, FES is applied peripherally to
the nerve supply of weak foot extensors muscles to prevent
foot drop and recover function and improvement in walking
speed (30,34).

Bio-Feedback Training

In bio-feedback therapy, body signals are exposed to the
patients in real-time, so that the person with perception of
physical processes, can learn how to affect the output
functions in order to improve the mental, psychosomatic and
physical situations (35). Jensen et al. (36) showed a positive
influence on the chronic pain in MS patients using EEG-based
biofeedback therapy. Prosperini et al. (37) investigated the
effects of visual-sensorimotor biofeedback training on risk of
falling in patients with MS, while visual feedback of their
postural control on a balance board was displayed. They

reported a significant increase in postural stability and a
significant reduction of falls after six weeks of training.

The biofeedback therapy would be effective with measuring
the breathing rate and muscle tension, causing reductions in
self-reported fatigue, especially when combined with training
in mindful breathing awareness to increase regulation of
emotion. Promisingly, for relapse-remit courses in MS
patients the biofeedback therapy was shown to be effective in
reducing anxiety, fatigue, and stress. There was also a trend
toward significant reduction of breathing rate and muscle
tension in favor of biofeedback (38).

Conclusion and Future Directions

Numerous studies have presented the standards of
physiotherapeutic methods in MS. Intensive inpatient
rehabilitation and usage of goal-oriented training seems to be
more efficient and plays an important role in neuro-
rehabilitation. The role of daily inpatient rehabilitation, which
is related to the functional situation of the patient, has been
concentrated on the cardiopulmonary, neuromuscular,
musculoskeletal, and psychosocial status. Intensive
rehabilitation provides many advantages for functional
training, motor learning and implementation of practice
concept. However, it is recommended that therapists with
proper clinical experience apply these approaches and seek
them for the patients.
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