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Abstract

During recent years, our understanding of recovery after stroke has changed dramatically. As a
result, some new approaches and technologies have emerged to help stroke survivors improve
even years after the accident. I am trying to introduce some of the most recent and scientifi-
cally investigated approaches and technologies used in stroke rehabilitation. Technologies and
approaches such as intensive task-specific approach, repetitive Transcranial magnetic stimula-
tion, transcranial direct current stimulation, virtual reality rehabilitation, robotic rehabilitation.
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Introduction

Stroke is the leading cause of disability in
the world and known as one of the most
important causes of death. Most stroke survi-
vors suffer from disabilities which interfere
with their activities of daily living for the rest
of their lives. The most important therapeutic
approach to decrease disabilities and improve
the quality of life after stroke is rehabilitation.
Until recently, stroke rehabilitation has mostly
focused on compensatory techniques to over-
come physical deficits. Also, in most physi-
cal therapy and occupational therapy clinics,
the therapists rely only on a few rehabilita-
tion approaches such as; neurodevelopmen-
tal techniques, proprioceptive neuromuscular
facilitation and electrical stimulation. There
is still a false belief that recovery takes place

only during the first 6 to 9 months after stroke.
However, the latest neurorchabilitation stud-
ies show that the concept of neural plasticity
or the ability of the brain to repair works ef-
fectively long after the impact of stroke.
During recent years, our understanding of re-
covery after stroke has changed dramatically.
As a result, some new approaches and tech-
nologies have emerged to help stroke survi-
vors improve even years after the accident.

In this monograph, we are trying to introduce
some of the most recent and scientifically in-
vestigated approaches and technologies used
in stroke rehabilitation.

Technologies and Approaches

1. Intensive Task-specific Approach:

In a series of elegant experiments on primates,
Nudo showed that neural plasticity and re-
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pair depend on the performance of functional
tasks and not simply on the use of an extrem-
ity [1-4]. In his experiments, monkeys that
only performed range-of-motion exercises
showed minimal improvement, whereas those
performing multiple repetitions of function-
al tasks made greater functional gains. Nudo
also found that adjacent brain areas adopted
the function of the damaged brain area in
monkeys that received a full rehabilitation
program. Schmidt noted that task specific
practice is required for motor learning to oc-
cur [5]. More specifically, Karni et al. used
functional MRI [6] and Classen et al. used
transcranial magnetic stimulation [7]. Both of
them reported a slowly evolving, long term,
experience-dependent reorganization of the
adult primary motor cortex following daily
practice of task-specific motor activities.

Three key factors can be attributed to a suc-

cessful rehabilitation plan:

o The task must be functional. The learning
of a specific skill is required to bring about
significant changes in neural connectivity.
Neural plasticity and repair, therefore, de-
pend on the performance of specific tasks
rather than just using motor activities.

o The task must be exercised repeatedly.
The number of repetitions appears to be
crucial in driving plasticity and learning/
relearning tasks. There is a critical level
of rehabilitation and repetition needed for
a patient to see continued improvement
and to maintain their functional gains out-
side a therapy setting.

o Delays in therapy could result in the de-
velopment of behaviours that interfere
with recovery.

Conclusion for intensive task specific ap-
proach

There is strong evidence (level 1a) that inten-
sive task specific training can improve upper
limb function and gait in patients with stroke.

2. Non-Invasive Brain Stimulation:

Non-invasive brain stimulation is a term to
describe methods by which we can stimulate
some areas of brain cortex non-invasively.
Using different methods of stimulation, the
activity of a certain cortical area could be in-
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creased or decreased. These methods most-
ly include repetitive Transcranial Magnetic
Stimulation (rTMS) and transcranial Direct
Current Stimulation (tDCS).

2.1.Repetitive Transcranial Magnetic Stimu-
lation:

rTMS is a novel approach that has been used
recently in the fields of neurology, psychiatry,
physical medicine and rehabilitation. It uses
repetitive pulses of focal magnetic field ap-
plied over the skull of the patient and produc-
es alterations in brain function lasting beyond
the stimulation time. If the pulses are given
with low frequency (i.e. 1 Hz or lower), the
function of the stimulated brain cortex will be
reduced and if the pulses are given with high
frequency (i.e. 5 Hz or higher) the stimulated
area will be more active. We can use these
features to selectively increase or decrease the
function of brain cortex locally.

One of the mostly recognized applications of
rTMS in the field of neurology and rehabilita-
tion medicine is for stroke patients. It is known
that immediately after stroke, an imbalance
between the inhibitory effects of brain hemi-
spheres over each other will appear and the
sound hemisphere predominates in inhibiting
the function of the lesion side. By understand-
ing this fact, we will have two options to use
rTMS in patients with stroke. The first option
is using high frequency rTMS over M1 area of
the affected side which increases its function
and the second option is using low frequency
rTMS over M1 area of the contralateral hemi-
sphere. Using this technique, the function of
the non-affected M1 region will be decreased,
so its inhibitory effect over the lesion side will
be decreased too. Decreasing the inhibition
over the affected site will increase its function
[8]. This effect has been shown interestingly
using functional Magnetic Resonance Imag-
ing (fMRI) before and after an rTMS session.
A recent meta-analysis by including the re-
sults of 18 RCTs and retrieving the data from
392 patients reported a clinically significant
treatment effect of 0.55 for rTMS (9). Low
frequency rTMS over the unaffected hemi-
sphere appeared to be more effective than
high frequency protocol (0.69 versus 0.41).
Moreover, the treatment effects for acute, sub-
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acute and chronic stages of stroke were 0.79,
0.63 and 0.66, respectively.

Despite positive effects shown in many RCTs,
there are also other investigations that have
shown no or minimal effects for this inter-
vention; so overall, the final drawback needs
more research.

Conclusion regarding rTMS in stroke
There is conflicting (level 4) evidence that
rTMS improves mobility or upper extremity
function following stroke.

2.2 .Transcranial Direct Current Stimulation:
Electrical brain stimulation, a technique de-
veloped many decades ago and then largely
forgotten, has re-emerged recently as a prom-
ising tool for experimental neuroscientists,
physiatrists, clinical neurologists and psy-
chiatrists in their quest to investigate cortical
representations of sensorimotor and cognitive
functions and to facilitate the treatment of var-
ious neuropsychiatric disorders.

tDCS is a newly emerged technique of
non-invasive brain stimulation that has been
found useful in examining cortical function
in healthy subjects and in facilitating treat-
ments of various neurologic disorders. A bet-
ter understanding of adaptive and maladaptive
neuroplasticity and its modulation through
non-invasive brain stimulation have opened
up experimental treatment options using tDCS
for patients recovering from stroke.

The stimulation takes place through appli-
cation of 2 saline-soaked surface electrodes
over the scalp of the areas of interest. There
are two major stimulation techniques. In an-
odal stimulation, the anode will be put over
the cortical area which we want to increase its
activity (M1 area of the affected side in stroke
patients) and in cathodal stimulation, the cath-
ode will be put over the cortical area which
we want to decrease its activity (M1 area of
the non-affected side in stroke patients). The
other electrode will be applied on the contra-
lateral M1 area or the contralateral supra-or-
bital region. The former montage seems to be
superior to the latter [10].

In a meta-analysis conducted recently, the
effect of anodal tDCS was investigated [11].
The results showed a mild to moderate effect
size.
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Conclusion regarding tDCS in stroke
There is strong (level 1a) evidence for the ef-
fect of tDCS in chronic stroke. There is mod-
erate (level 1b) evidence that anodal tDCS is
more effective than cathodal montage.

3. Virtual Reality Rehabilitation

Virtual reality (VR) or virtual environment is a
technology that allows individuals to interact
with objects which do not exist in reality. Us-
ing this technology, the person will be capable
of performing actions which are not available
or possible or are dangerous to perform in real
life. For example, a patient with stroke can
jump from a flying plane and navigate through
the sky or work in a factory and move heavy
objects. The most common forms of virtu-
al environments are conventional computer
monitors or projector screens. A computer-
ized virtual environment has opened the doors
to an exercise environment where the inten-
sity of practice and positive feedback can be
consistently and systematically manipulated
and enhanced to create the most appropriate
individualized motor learning approach [12].
The most important features of VR for stroke
patients are increasing motivation, visual and
auditory feedbacks, computerized tracking of
the changes in patient’s performance and un-
limited types of exercises to be taken.

Some VRs are more immersive than oth-
ers. For example, Head Mounted Displays
(HMDs) uses a technology to show the vir-
tual environment immediately in front of the
person’s eyes, increasing the perception of the
being in the new environment. Although VR
technologies can be used separately to im-
prove the function in stroke survivors, they
can be embedded in other technologies such
as robotic devices to enhance their effective-
ness.

In a systematic review of VR studies, the au-
thors examined both RCTs and observation-
al investigations. According to RCT results,
using VR was associated with significant
improvement of 13.7% to 20% in upper limb
outcome measures. In an analysis of obser-
vational studies, there was a 14.7% improve-
ment in terms of impairment-level measures
and 20.1% in motor function [13].

A Cochrane review including 19 RCTs re-
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ported a moderate treatment effect for VR
technology [14].

Conclusion regarding VR technology in
stroke

There is strong (level 1a) evidence that VR
can improve motor function in the chronic
stage of stroke.

4. Robotic Rehabilitation

During past few years, robots are being used
more and more in the field of rehabilitation.
Robots can aid in passive movement of the
joints to maintain range of motion and flex-
ibility and to help reduce hypertonia. Ro-
bots can also assist in movements when the
patient has some voluntary movement but
has not enough power to complete the task.
In patients who have enough power to do a
certain task, robots can resist the movement
or induce perturbations in movement trajec-
tory to increase strength or equilibrium. Even
though unassisted movement may be the
most effective technique in patients with mild
to moderate impairments, actively-assisted
movement with robotic devices may be bene-
ficial in more severely impaired patients [15].
Major advantages of robotic therapy include
the ability to conduct unlimited number of ex-
ercises without fatigue, embedding with vir-
tual reality environments, the ability to have
fully controlled passive, actively-assisted or
resisted movements with feedback of the pa-
tient’s progress over time and decreasing the
need for special therapists in the clinic which
decreases the costs over time.
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There are also a number of robotic devices
to help rehabilitation of lower limb. These
devices can be used with or without a sling
assembly device to support weight during
gait training. These devices can be classified
as either end-effector robots which have the
patient’s feet placed on foot plates and stim-
ulate the stance and swing phases during gait
training or an exoskeleton robot in which
the patients are outfitted with programmable
drives or passive elements moving their hips
and knees during gait phases.

A systematic review of upper limb robot-aid-
ed therapy on stroke patients included the re-
sults of 8 RCTs. It concluded that robotic ther-
apy can improve short and long term shoulder
and elbow functions more than what can be
achieved by traditional therapy [16].

A Cochrane review including the results of 23
trials (999 participants) concluded that robot-
ic devices are associated with increased odds
of being an independent ambulatory and an
increase in walking capacity but not with an
increase in walking speed [17].

Conclusion regarding the use of robots in
rehabilitation of stroke

There is strong (level 1a) evidence that senso-
rimotor training with robot devices improves
upper extremity functional outcomes and mo-
tor outcomes of the shoulder and elbow but
not motor outcomes of the wrist and hand.
There is conflicting (level 4) evidence that
robotic devices are superior to conventional
gait training in the improvement of functional
walking performance.

References

1. Nudo RJ, Larson D, Plautz EJ, Friel KM,
Barbay S, Frost SB. A squirrel monkey
model of poststroke motor recovery. ILAR
Journal. 2003 ;44(2):161-74.

2. Nudo RJ. Postinfarct cortical plasticity and
behavioral recovery. Stroke. 2007 ;38(2):840-
5.

3. Nudo RJ. Mechanisms for recovery of motor
function following cortical damage. Current
opinion in neurobiology. 2006 ;16(6):638-44.

4. Nudo RJ, Friel KM. Cortical plasticity after
stroke: implications for rehabilitation. Revue
neurologique. 1998 ;155(9):713-7.

5. Schmidt RA. Motor control and performance:
From principles to practice. Champaign, IL:
Human Kinetics. 1991.

6. Ungerleider LG. Functional MRI evidence
for adult motor cortex plasticity during motor
skill learning. Nature. 1995 ;377(6545):155-
8.

GMJ.2016;5(Supp.1):66-70
WWW.gmj.ir

55



Mahmoudi H

10.

11.

12.

Classen J, Liepert J, Wise SP, Hallett M,
Cohen LG. Rapid plasticity of human
cortical movement representation induced by
practice. Journal of neurophysiology. 1998
;79(2):1117-23.

Fregni F, Boggio PS, Valle AC, Rocha

RR, Duarte J, Ferreira MJ, et al. A sham-
controlled trial of a 5-day course of repetitive
transcranial magnetic stimulation of the
unaffected hemisphere in stroke patients.
Stroke. 2006 ;37(8):2115-22.

Hsu WY, Cheng CH, Liao KK, Lee IH,

Lin YY. Effects of Repetitive Transcranial
Magnetic Stimulation on Motor Functions

in Patients With Stroke A Meta-Analysis.
Stroke. 2012 ;43(7):1849-57.

Mahmoudi H, Haghighi AB, Petramfar P,
Jahanshahi S, Salehi Z, Fregni F. Transcranial
direct current stimulation: electrode montage
in stroke. Disability and rehabilitation. 2011
;33(15-16):1383-8.

Butler AJ, Shuster M, O’Hara E, Hurley K,
Middlebrooks D, Guilkey K. A meta-analysis
of the efficacy of anodal transcranial direct
current stimulation for upper limb motor
recovery in stroke survivors. Journal of Hand
Therapy. 2013 ;26(2):162-71.

Merians AS, Jack D, Boian R, Tremaine M,
Burdea GC, Adamovich SV, et al. Virtual
reality—augmented rehabilitation for patients
following stroke. Physical therapy. 2002;
82(9):898-915.

13.

14.

15.

16.

17.

Stroke Rehabilitation

Saposnik G, Levin M, Stroke Outcome
Research Canada (SORCan) Working Group.
Virtual reality in stroke rehabilitation a
meta-analysis and implications for clinicians.
Stroke. 2011 ;42(5):1380-6.

Laver K, George S, Thomas S, Deutsch

JE, Crotty M. Virtual reality for stroke
rehabilitation: an abridged version of a
Cochrane review. European journal of
physical and rehabilitation medicine. 2015
;51(4):497-506.

Lum P, Reinkensmeyer D, Mahoney R,
Rymer WZ, Burgar C. Robotic devices for
movement therapy after stroke: current status
and challenges to clinical acceptance. Topics
in stroke rehabilitation. 2002 ;8(4):40-53.
Prange GB, Jannink MJ, Groothuis-
Oudshoorn CG, Hermens HJ, IJzerman MJ.
Systematic review of the effect of robot-
aided therapy on recovery of the hemiparetic
arm after stroke. Journal of rehabilitation
research and development. 2006 ;43(2):171.
Mehrholz J, Elsner B, Werner C, Kugler J,
Pohl M. Electromechanical-assisted training
for walking after stroke updated evidence.
Stroke. 2013 ;44(10):e127-8.

56

GMJ.2016;5(Supp.1):66-70
WWW.gmj.ir



