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Abstract

Traditionally, practitioners of stroke rehabilitation are taught that benefits of rehabilitation
are achieved primarily through training patients in new techniques to compensate for
impairments, and that neurological recovery is predominantly spontaneous in nature. Recent
animal and human experiments have, however, indicated that the adult brain is capable of
reorganisation and the term plasticity has been coined to describe this ability. Furthermore,
it has been shown that cerebral reorganisation is use-dependent and can be manipulated via
appropriate stimuli. This has resulted in a paradigm shift in the way stroke survivors should
be rehabilitated and also given rise to several novel rehabilitation techniques.
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Introduction

Stroke is the fourth leading cause of death in Singapore
since 1998.! While mortality due to stroke has steadily
declined over the years with better care, stroke remains the
leading cause of long-term disability in adults and the most
common reason patients are referred for rehabilitation.

The main goal of rehabilitation is to optimise functional
recovery. Conventionally, this is usually achieved through
emphasis on reduction of disability and not impairment.
Thus, if a stroke patient has difficulty caring for himself
because of weakness of the affected arm, the emphasis will
be on teaching him to compensate using the non-affected
arm rather than spending time strengthening and re-
educating the affected arm. Learning compensatory
techniques to reduce disability leads to faster and earlier
functional response compared to impairment reduction
techniques. However, hasty compensation runs the risk of
encouraging disuse in the affected limb which may affect
long-term recovery, as will be discussed later.

The other aspect of conventional stroke rehabilitation
programmes is the reliance on natural or spontaneous
recovery as the basis for treatment protocols. However,
recent animal and human studies indicate that this is not
necessarily the case and rehabilitation is actually capable
of influencing the process of post stroke recovery.
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Mechanisms of Recovery

Advances in neuro-imaging techniques such as functional
magnetic resonance imaging (fMRI), positron emission
tomography (PET) and transcranial magnetic stimulation
(TMS), inadditiontoanimal studies on neurological injury,
have helped further our understanding of how the brain
recovers after an insult such as a stroke. \We now know that
theadultbrainis capable of reorganising itself after suffering
a stroke. This process of change and reorganisation is
referred to as plasticity.

In animal studies, the changes noted include increased
dendritic branching,2synaptogenesis,® reduced GABAergic
inhibition and increased hyperexcitability in both
perilesional and distant cortex.* The process of cerebral
reorganisation is activity or use-dependent and can be
potentially manipulated. Furthermore, it is now known that
even in the chronic stages of a stroke, the brain is still
“plastic” and can reorganise in response to appropriate
stimulus.

These findings have marked implications on the practice
of neurorehabilitation. Firstly, it challenges conventional
wisdom that benefits from rehabilitation can only be
achieved through training patients in new techniques to
compensate for impairment rather than impairment
reduction. Moreover, the fact that cerebral reorganisation

* Department of Rehabilitation Medicine, Changi General Hospital, Singapore
2 Department of Rehabilitation Medicine, Tan Tock Seng Hospital, Singapore

Address for Correspondence: Dr Kong Keng He, Department of Rehabilitation Medicine, Tan Tock Seng Hospital, C/o Ang Mo Kio Hospital, 17 Ang Mo Kio

Ave 9, Singapore 569766.
Email: keng_he_kong@ttsh.com.sg

Annals Academy of Medicine



Emerging Therapies in Stroke Rehabilitation—Sherry Young and Kong Keng He 59

is use-dependent further stresses the importance of
impairment reduction. Secondly, it offers the distinct
possibility of manipulation of neurological recovery through
other means apart from physical therapy. Finally,
rehabilitation should be considered even in patients with a
chronic stroke.

We will next discuss some of the emerging therapies in
stroke rehabilitation.

a. Constraint-induced Movement Therapy (CIMT)

Studies in monkeys showed the phenomenon of “learned
non-use” when a single forelimb is deafferented leading to
deprivation of somatic sensation. Since the animal isunable
to feel, it stops using the affected limb right after injury and
learns to get along with the 3 remaining limbs. As time goes
on, even after the affected limb heals, the monkey exhibits
“learned non-use” when the limb becomes potentially
useful again. This “learned non-use” can be reversed with
restraining of the intact forelimb and training to use the
affected limb.>¢ This forced use of the unaffected limb is
known as constraint-induced movement therapy (CIMT).

The first report of the effectiveness of CIMT for hemi-
paresis in humans was by Ostendorf and Wolf in 1981."
This was followed subsequently by a number of case series
and small randomised controlled trials. CIMT in these
studies consisted of intensive training of the affected upper
extremity for 6 hours a day for 10 consecutive weekdays,
restraint of the less affected extremity for a target of 90%
of waking hours during the 2-week treatment period, and
application of a number of other techniques designed to
produce transfer to the life situation. The results of these
studies were generally impressive. Taken together, they
showed that CIMT can produce alarge improvement in the
amount of use of the impairedarm in patients with chronic
stroke.®2 This improvement is of interest because it is
reported to transfer to the life situation and persist for >2
years. Furthermore, it has been shown on transcranial
magnetic stimulation studies, that after CIMT, there is
almost doubling of the excitable cortex on the affected
hemisphere which parallels clinical improvements.X® De-
spite these, there were still doubts about the efficacy of
CIMT, largely because these studies involved only small
patient numbers and were single centre trials.

In the largest, multicentre, randomised controlled trial of
CIMT to date, 227 patients who had a first stroke within the
previous 3 to 9 months were assigned to either a 2-week
programme of CIMT (wearing a restraining mitt on the
unaffected hand while engaging in repetitive task practice
and behavioural shaping with the hemiplegic hand) or
usual and customary care (this could range from no treatment
to pharmacologic or physiotherapeutic interventions).:®
The outcome measures were the Wolf Motor Function Test
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which measures functional ability of the upper extremity,
the Motor Activity Log which measures how often 30
common daily activities are performed, and Stroke Impact
Scale (hand domain) which measures self-perceived hand
function difficulty. The CIMT group demonstrated
statistically significant improvements in all outcome
measures that persisted for at least 1 year.

For patients to benefit from CIMT, it is recommended
that they have intact cognition and also meet the minimum
motor criteria of being able to extend the impaired wrist and
fingers to 20 and 10 degrees respectively. The challenge
now is to establish the role of CIMT during acute
rehabilitation and the ongoing VECTORS study
(www.strokecenter.org/vectors) should answer this
question.

b. Rehabilitation Pharmacology

Rehabilitation pharmacology refers to the use of
medications in combination with rehabilitative training to
improve function. Several potentially useful medications
have been identified in animal and human experiments and
the 2 most studied are amphetamine and levodopa.

In animal studies, amphetamine has been shown to
enhance post stroke recovery possibly because of increased
noradrenergic neurotransmission and facilitation of activity-
dependent neuro-plasticity.***® It has also been shown to
upregulate neural sprouting and synaptogenesis in peri-
infarct cortex and contralateral cortex.’®* Maximum
improvement occurs when drug administration is coupled
with task-specific practice.'” A dose-response effect has
also been identified and multiple doses on an intermittent
basis appear most effective.

In humans, 10 mg amphetamine facilitates the effects of
motor training on use-dependent plasticity as measured by
transcranial magnetic stimulation, suggesting that this dose
issufficient for producingameasurable neurophysiological
effect.’® Small trials have demonstrated safety, feasibility,
and proof-of-concept for the use of amphetamine in post
stroke rehabilitation for carefully selected patients, but
clinical efficacy is uncertain.**% This uncertainty is probably
a result of the small sample sizes and imbalances in
prognostic variables inherent in these studies. The ongoing
multicentre, randomised, placebo-controlled Amphetamine
Enhanced Stroke Recovery (AESR) study may provide
much needed clarity on the efficacy of amphetamines in
stroke recovery.

Dopaminergic activity is one of the mechanisms
implicated in memory formation. Floel et al?® studied the
effects of a single oral dose of levodopa administered in a
randomised, double-blind, placebo-controlled cross-over
design on formation of a motor memory in patients with a
chronic stroke, and found that levodopa enhanced the
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ability of motor training to encode an elementary motor
memory relative to placebo. They suggested that up-
regulation of dopaminergic function may enhance motor
memory formation, which is crucial for successful
rehabilitation. In a randomised, double-blind study of 53
stroke patients, a single dose of levodopa 100 mg in
combination with physiotherapy for 3 weeks resulted in
better motor recovery compared to placebo, and this was
independent of the initial degree of impairment.?’

Larger studies are needed before one can justify the
routine use of either amphetamine or levodopa to faciliate
post stroke recovery.

c. Transcranial Magnetic Stimulation (TMS)

Repetitive transcranial magnetic stimulation (rTMS) has
recently been used to facilitate motor recovery after stroke.
It is hypothesised that in the normal brain, there is
interhemispheric or transcallosal inhibitory drive between
both motor cortices.? When a motor cortex is damaged as
a result of a stroke, it results in excessive inhibitory drive
of the contralesional motor cortex on the ipsilesional motor
cortex. It is believed that this excessive inhibitory drive
retards recovery of the affected limb and conversely, a
reduction ininhibitory drive should resultin better recovery.

This balance of interhemispheric inhibition can be
manipulated by rTMS. It is known that low-frequency (1
Hz) rTMS has inhibitory effects on the motor cortex while
high-frequency (5 Hz ormore) rTMS has excitatory effects.
Thus, the imbalance in interhemispheric inhibition
theoretically, can be redressed either by low-frequency
rTMS of the contralesional motor cortex or high-frequency
rTMS of the ipsilesional motor cortex. Clinical studies of
rTMS in chronic stroke patients (both low and high-
frequency stimulation) do support the hypothesis of
interhemispheric inhibition.2>*! However, as a potential
therapeutic tool, the overall procedure of rTMS remains to
be optimised, in particular regarding the number of rTMS
sessions. Furthermore, as existing studies only evaluated
patients with a chronic stroke, its role acute and subacute
stroke remains to be defined.

d. Robotics

Over the last few years, there has been considerable
research looking at the role of interactive robotic devices in
rehabilitation, especially inthe area of upper limb recovery.
One such device, developed at Massachusetts Institute of
Technology, involves placing the impaired arm into a brace
that is in turn attached to the “arm” of the robot.32% A
therapist physically guides the patient through a given
exercise and the session is recorded by the robot. The
robotic device is then capable of reproducing the exercise
and guides the patient through it. As the patient begins to
recover and starts to initiate some movement on his own,

the robot can measure how much force the patient is
applying and adjust the amount of resistance it provides.

Body weight supported treadmill therapy (BWSTT) has
also made inroads into the area of post stroke gait training.
Typically, the robotic system consists of a motor driven
exoskeleton which is attached to the patient’s legs, a body
weight support suspension system from which the patient
issuspended and a treadmill. The motor driven exoskeleton
moves the patient’s legs through position-controlled
trajectories that mimic normal human gait patterns. This is
accomplished by utilising high quality computer-controlled
motors thatare precisely synchronised with the speed of the
treadmill.

Compared to conventional exercises that are provided by
a therapist, interactive robotic devices are capable of
delivering repetitive controlled, reproducible sensorimotor
training that not only allows precise intensity and duration
of training but also crucial timely responsiveness that is
correlated with the patient’s sensory experience. Although
preliminary studies evaluating robot-assisted motor
rehabilitation has been encouraging so far,*“° larger,
randomised, controlled studies are necessary before they
can be adopted as standard treatment.

Conclusion

The field of stroke rehabilitation has undergone major
paradigm shifts as a result of our understanding on how the
brain recovers after a stroke. This has also led to new and
promising rehabilitative treatment and modalities and the
future of stroke rehabilitation has never been more exciting.
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