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Chapter

Movement Rehabilitation in
Physiotherapy after Stroke: The
Role of Constraint-Induced
Movement Therapy

Auwal Abdullahi

Abstract

Stroke is increasingly becoming a global health problem. This is because it may
lead to death, Long-term disability such as in motor function, and significant burden
to the patients and their families. The disability can be prevented or rehabilitated
using a physiotherapy technique known as constraint-induced movement therapy
(CIMT). The CIMT comprises of task practice with the affected limb, constraint
of the unaffected limb, and transfer package to foster compliance and increase the
amount of task repetition. It helps to reestablish normal motor control through
facilitating changes in physiological functions of the brain, improvement in real-
world arm use, and movement precision and quality. However, its protocols vary.
Some protocols use number of hours and others use number of repetitions to deter-
mine the intensity or the amount of task practice. This chapter argued that CIMT is
effective, but the protocols that use a number of hours of task practice are not clear
and are resource intensive; and as such they could interfere with the process of clini-
cal decision making. Consequently, it proposed the use of a number of repetitions of
task practice to determine the intensity or the amount of task practice and extending
the application of CIMT to those with severe impairments after stroke.

Keywords: stroke, motor recovery, neuroscience, constraint-induced movement
therapy, rehabilitation

1. Introduction

This chapter reviews the roles played by constraint-induced movement therapy
(CIMT) in the rehabilitation of movement impairment following stroke. The
chapter discusses these issue under three major sections and a conclusion section.
The sections are overview on stroke, control of human movement, and the role of
CIMT. The section on overview on stroke comprises of definition of stroke, etiology
of stroke, pathophysiology of stroke, epidemiology of stroke, and consequences of
stroke. The section on control of human movement consists only of nervous system
control of movement in health and disease. The section on the role of CIMT consists
of constraint-induced movement therapy: historical background and neurosci-
entific basis, components of CIMT, protocols of constraint-induced movement
therapy, effects of constraint-induced movement therapy, and constraint-induced
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movement therapy: the future perspective. Information from all the sections to be
discussed is needed by the physiotherapist in order to be able to make an effective
clinical decision during application of CIMT in people with stroke.

2. Overview on stroke
2.1 Definition

World over, stroke has become a major public health issue. It is defined as “a
rapidly developing clinical signs of focal (or global) disturbance of cerebral func-
tion, lasting more than 24 h or leading to death, with no apparent cause other than
that of vascular origin” [1]. This definition seems outdated since presently there are
advances in prevention, diagnosis, and management of stroke, which led to so many
people surviving stroke and living with long-term disabilities. Additionally, stroke is
a compendium of neurovascular syndromes with diverse presentations, and the 24 h
time limit is not sacrosanct as minutes or few hours of stroke event can lead to severe
and/or permanent damage [2]. Consequently, attempts were made to reassess the
definition of transient ischemic attack and stroke [2, 3]. A high-powered committee
of experts deliberated and defined the conditions; thus, stroke is classically character-
ized as a neurological deficit attributed to an acute focal injury of the central nervous
system (CNS) by a vascular cause, including cerebral infarction, intracerebral hemor-
rhage (ICH), and subarachnoid hemorrhage (SAH), and is a major cause of disability
and death worldwide [2]. This definition included the vascular causes of the condi-
tion. Thus, from the foregoing, it can be seen that stroke results from various vascular
events and can manifest as varied forms of neurological signs and symptoms.

2.2 Etiology

As stated in the definitions by Hatano and Sacco and his colleagues, the causes of
stroke are of vascular origins [1, 2]. These sources are ischemia and intracerebral and
subarachnoid hemorrhage, which may cause cerebral infarction. Ischemia simply
means reduction in blood supply to brain cells, which could be due to occlusion as a
result of the presence of either thrombus (a blood clot) or embolus (a moving blood
clot) or stenosis (narrowing or reduction in the caliber of the arteries) [4]. The
embolus usually may originate from the arteries or the heart as a result of conditions
such as atrial fibrillation, sinoatrial disorder, recent acute myocardial infarction
(AMI), marantic or subacute bacterial endocarditis, cardiac tumors, and valvular
disorders, both native and artificial [5]. The intracerebral hemorrhage (ICH) and
subarachnoid hemorrhage (SAH), which mean rupture or leakage of the tiny or very
small blood vessels in the brain, are mainly caused by the elevated or increased intra-
cranial pressure and sustained weakening of walls of blood vessels usually as a result
of a long-standing high blood pressure [6]. Although majority of stroke cases are due
to ischemia, in very rare cases, hemorrhagic and ischemic stroke can occur concur-
rently [7]. However, when stroke occurred as either ischemic or hemorrhagic, the
latter usually leads to poor prognosis including mortality than ischemic stroke [8].

2.3 Pathophysiology

The human brain under normal circumstances receives 20% of the cardiac output
[9]. This output is responsible for cerebral blood flow (CBF) whose normal value
in adults is about 50-55 m1/100 g/min. This makes the brain tissues to be rich and
abundant in oxygen and glucose necessary for major metabolic processes at all times.
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Thus, damage to the brain tissues due to reduced blood flow depends on the extent of
the reduction to the tissues and probably for how long the reduction persists. If the
CBF reduced to about 14 + 2 ml/100 g/min, the damage is usually reversible, and the
affected area is known as ischemic penumbra. The penumbra is a region of function-
ally impaired, but structurally intact, tissues. Thus, this area of penumbra is the one
that offers hope for recovery in case of therapy and rehabilitation. On the other hand,
if the CBF reduced to about 6 m1/100 g/min, the damage is usually irreversible, and
the affected area is known as the core. The core is the region of infarction. This is
because the human brain is not endowed with respiratory reserve; it has low capacity
for oxygen reserve, and this makes it to heavily depend on aerobic respiration. Any
event that will alter its circulatory process and interfere with the aerobic respiration
can cause damage to the brain cells. However, the abundant collateral circulation in
the brain ensures that the effect of the damage is limited to some parts of the brain.

The events that bring about the alteration or impairment in blood circulation in
the brain come in two ways: ischemia and hemorrhage. Ischemia is usually in the
form of thrombosis in large and small vessels, embolism with or without cardiac
and/or arterial factor, systematic hypoperfusion, and venous thrombosis. The
mechanism of brain cell damage due to ischemia is through depletion of oxygen and
glucose with attendant reduced capacity to produce energy-releasing compounds
such as the adenosine triphosphate (ATP) [10]. The molecule ATP is important
for cellular metabolic processes. This creates a vicious cycle of lack of essential
molecules such as oxygen and glucose for the survival of the cells and eventually
causes cellular death. The extent of the damage is, however, a factor of the location,
severity, and the duration of ischemia. That is to say, the longer the duration of the
ischemia, the more extensive the damage will be.

The mechanisms of cellular death due to ischemia often come in many ways. One
of these ways comes through the damage or dysfunction of the mitochondria. The
mitochondria are the energy storage or power house of the cells [11]. Dysfunction or
damage of the mitochondria will result in depletion of energy required to initiate and
sustain physiologic processes such as the normal function of ion gradient, which results
in ionic imbalance. The ionic imbalance pertains to the loss of potassium in exchange
of sodium, chloride, and calcium ions [12]. This ionic imbalance leads to intracellular
accumulation of fluid, which manifests as swelling of neuronal cells and glia that will
eventually lead to the death of these cells. Another way in which neuronal cell death
can occur due to ischemia is through excessive release of excitatory neurotransmitters
such as the glutamate and aspartate. These neurotransmitters release will further com-
plicate the damage to the brain cells. Other ways through which cellular death occur
include production of oxygen-free radicals and reactive oxygen species (ROS), and
apoptosis. Free radicals and the ROS react with a number of cellular and extracellular
elements including the vascular endothelium and cause cell death. Apoptosis occurs
in response to release of proapoptotic molecules such as cytochrome c and apoptosis-
inducing factor from mitochondria due to gene expression of Bcl-2 and p53.

The whole process resembles blocking the water supply to a flower. If the block-
age continues, the flower begins to shrink gradually and eventually dies off. Thus,
whatever the pathophysiologic process that takes place, the result is that ischemia or
reperfusion causes cell death, and this in turn causes impairment in brain functions
[13]. The pathophysiologic process of stroke is simplified in Figure 1.

2.4 Epidemiology of stroke
Many people around the world suffer stroke. According to the World Heart

Federation, annually about 15 million people suffer stroke, out of which about
40% die and 33.33% live with long-term disability [14]. This shows that about 60%



Different Areas of Physiotherapy

Impaired cognitive,
motor, and sensory
7y functions, etc.

Stroke Diachisis

A4

Neuronal
Injury/ damage \ 4

/\ Problems with carrying out

activities of daily living

(ADL)
Thromboembolism » Ischaemia Reperfusion

R e

Haemorrhage

A

Sustained
hypertension/
weakening of arteries

Figure 1.
Schematic representation of pathophysiology of stroke and its consequences.

survives stroke probably due to improved stroke management over the last few
decades. Equally, the percentage of those who live with long-term disability also
calls for public health concern. Thus, improving rehabilitation services for stroke
survivors is much needed. However, the incidence of stroke seems to vary between
different regions of the world. In many developed countries, the incidence of stroke
is declining even though the actual number of strokes is increasing because of the
aging population [14, 15]. In contrast, in the developing countries, the incidence of
stroke is increasing. For example, about 1.3 million people suffer stroke every year
with about 75% surviving it, and the incidence is predicted to increase with high
incidence of death in Latin America, the Middle East, and sub-Saharan Africaina
few decades to come probably due to lack of standard care for stroke [14].

Many factors can put one at the risk of developing stroke. The risk factors for stroke
can be divided into modifiable and nonmodifiable ones. The modifiable risk factors
include high blood pressure, heart disease, hypercholesterolemia, physical inactivity,
smoking, alcohol consumption, diabetes mellitus, psychosocial stress and depression,
and kidney diseases [16]. The nonmodifiable risk factors include gender, race, and
genetic factors. For gender as a nonmodifiable risk factor, there are varied reports on
whether stroke occurs more in women or men and vice versa, though they are mostly in
favor of high incidence in women. According to a study by Petrea and colleagues, stroke
occurs more in women than men, though there is no significant difference between
men and women in terms of stroke severity, subtype, and case fatality [17]. These vari-
ations may probably represent the social structure of a given population. Consequently,
the incidence between men and women may be because of one gender reporting to the
clinic more than the other in a given population. Secondly, the distribution of gender
in the population can also play a role. In addition to all that was mentioned, women
tend to have poorer functional outcomes following stroke [18]. Furthermore, whatever
the cause of a stroke, its incidence imposes a huge financial burden on patients and
their families and can cost governments millions of dollars as direct and indirect costs
depending on the country and the particular healthcare system.

2.5 Consequences of stroke

Stroke results in impairment of brain functions, cognitive, motor, and sensory/
perceptual functions [13]. Examples of these impairments include decreased
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movement quality, impaired movement coordination, gait and balance problems,
vascular dementia, memory impairment, emotional disturbances, and hemispatial
neglect. The motor impairment is significant since movement is important for
humans’ daily functioning. The consequences of impairment of brain functions
following stroke include difficulty in carrying out activities of daily living such as
washing, dressing, bathing and difficulty in carrying out previously enjoyed leisure
activities [19]. Normal functions of the brain are required in our daily life activities
and participation. Therefore, rehabilitation is important to help patient recover

or live an independent life as much as possible. In physiotherapy practice, CIMT is
used for the rehabilitation of movement impairment after stroke.

3. Nervous system control of movement in health and disease

One of the major functions of the nervous system is the control of human move-
ment, which is essential for our daily functioning and participation. This control
occurs in top-down, bottom-up, and parallel manner using different parts of the
central nervous system. The CNS structures responsible for the control of human
movement include the cerebral cortex, basal ganglia, brainstem, cerebellum,
and thalamus that are contained in the diencephalon and spinal cord, which are
complemented by the peripheral feedback [20, 21]. The functions of these various
structures are summarized in Figure 2.

The cerebral cortex functions for cognition, perception, and behavior. The
cerebral cortex integrates these aforementioned functions to help execute human
movements. It consists mainly of three important structures that are closely related
with each other, the motor cortex, the premotor area, and the primary motor area.
The main function of the motor cortex is sending inputs/commands through the
corticospinal tract and corticobulbar system to the brainstem and the spinal cord
[20]. The premotor area functions alongside other parts of the brain in movement
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‘N)iencephalon
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Figure 2.

Schematic representation of nervous control of human movement. PM, premotor cortex; MC, motor cortex;
Mz, primary motor cortex.
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programming, selection of what to do, and identification of objects in space [20, 22].
It sends most of its outputs directly to the motor cortex, and some to the brainstem
and the spinal cord [23]. The basal ganglia are a collection of nuclei at the base of the
brain that are involved in higher-order cognitive functions like planning the strate-
gies of movement [24]. These nuclei receive inputs from most parts of the cerebral
cortex and send back their outputs to the motor cortex by the way of the thalamus.
The brainstem is important for the control of posture and locomotion. Postural
control is essential for proper execution of movement. This is possible due to the
presence of important nuclei in the brainstem, which include vestibular nuclei, red
nuclei, and reticular nuclei [20, 21]. The brainstem receives somatosensory inputs
from the skin and muscles of the head and sensory inputs from the vestibular and
visual systems. Similarly, nuclei in the brainstem control outputs to the neck, face,
and eyes. The cerebellum receives inputs from the spinal cord and the cerebral
cortex detailing about movement and planning of movement, respectively. In
addition, it sends output to the brainstem. The main functions of the cerebellum are
comparing the intended movement with sensory signals and update the movement
commands when the movement goes abnormally. Secondly, it helps in modulating
range and force of movements. The thalamus is contained in the diencephalon, and
most of the outputs from the basal ganglia, the spinal cord, the brainstem, and the
cerebellum are processed via it. The spinal cord is at the lower level of the movement
control hierarchy. It receives somatosensory information from the muscles, joints,
and skin and sends information to the higher centers. However, following stroke,
the functions of these various structures of the brain become impaired in such a way
that movement is no longer well planned, coordinated, modulated, and integrated.
The aim of rehabilitation is to reestablish these various integrated functions for
normal movement control. Consequently, constraint-induced movement therapy
(CIMT) is used to reestablish the normal nervous control of human movement.

4. Role of constraint in movement rehabilitation after stroke

4.1 Constraint-induced movement therapy: historical background and
neuroscientific basis

Movement is important in every human’s endeavors; it is essential for the perfor-
mance of most of our daily activities. However, after a stroke, our ability to move may
be impaired. This is due to the impairment in normal movement control as a result
of damage to some areas of the brain. To help reestablish normal movement control
following stroke, constraint-induced movement therapy is used [25, 26]. Constraint-
induced movement therapy (CIMT) is a movement rehabilitation technique, which
aims to counteract learned nonuse acquired after stroke [26, 27]. The learned nonuse
phenomenon is an acquired behavior exhibited by patients following stroke that
makes them not to use the affected limb in functional activities. It is said to be due
to failure to carry out tasks after unsuccessful attempts as a result of depression of
functions of the central nervous system, pain or fatigue following the injury. This
acquired behavior may set off a vicious cycle of impairments comprising of decreased
movement, decreased cortical representation of the affected part of the body, and
compensatory behavior that may also decrease use of the affected part [28]. The
mechanisms of learned nonuse phenomenon are depicted in Figure 3. Please refer to
the articles by Taub and his colleagues for more details on the learned nonuse [27, 28].
Although, the description of the learned nonuse phenomenon by Taub has been
challenged, modified, and expanded to include psychosocial and structural factors
that can lead to the acquired behavior [29], his explanation has provided researchers
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Figure 3.
The learned nonuse phenomenon (veproduced with permission from Edward Taub).

and clinicians with the foundation for designing restorative rehabilitation techniques
enabling people with stroke regain functions. The examples of these techniques have
been seen in forced use and CIMT.

The origin of CIMT has been credited to the work of Edward Taub, though he
acknowledged previous researchers’ contribution to the understanding of this
phenomenon [25]. Here, monkeys received surgical abolition of somatic sensation of
one or the two forelimbs. Thereafter, they were trained based on some learning prin-
ciples. The abolition of somatic sensation conditioned the monkeys to never use the
limbs again. However, the animals were forced to use the affected limb as soon as the
unaffected limb is constrained. Additionally, it was noted that the use of the affected
limb was further strengthened when the animal was rewarded with food after a suc-
cessful attempt. The use of the limb was achieved through breaking task into man-
ageable components in a process known as shaping. Subsequently, this protocol was
first translated to a patient with chronic stroke in which his unaffected upper limb
was constrained for about 90% of the waking hours and patients with chronic stroke
and brain injury [26, 30]. This variant of CIMT is known as forced use. The current
and widely used variant of CIMT was started on chronic patients who received
constraint of the unaffected limb for 90% of the waking hours and task practice with
the affected limb for 6 h for 10 days [27]. So far, there are many variants of CIMT in
forms of randomized controlled trials (RCT), single case experimental studies, case
reports, and so forth. In fact, as of now, there are not less than 500 studies of CIMT
including a highly rigorous multicenter RCT known as the EXCITE trial [31].

In addition to the explanations above, thus far CIMT has been extended to the
rehabilitation of many conditions such as cerebral palsy, brachial plexus injury, spinal
cord injury, multiple sclerosis, aphasia, and hearing impairments [32-36]. All these
reported improvement in the outcomes of interest. Furthermore, currently CIMT is
used for both upper and lower limbs [37, 38]. However, the studies in lower limbs are
still few, and therefore, more studies need to be carried out to determine the effect
of CIMT in lower limb motor impairment after stroke. This will help in translating
the opportunities gained with upper limb CIMT and possibly further researchers’
understanding of the mechanisms of recovery of motor function following stroke.

4.2 Components of constraint-induced movement therapy
The basic components of CIMT include repetitive task/shaping practice with

the affected limb, constraint of the unaffected limb, and transfer package [39].
Task practice involves carrying out the usual everyday tasks or activities such as
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brushing, cooking, washing plates, playing tennis, kicking or throwing a ball, and
picking up a cup and taking it to the mouth to drink from it [40, 41]. In shaping
practice, similar tasks as in task practice are carried out; however, they are broken
down into manageable components in which the participant will have to master a
component before proceeding to another [40-42]. For example, when a partici-
pant is to learn how to pick up a cup and take it to the mouth to drink from it, he
will be taught to learn how to grasp the cup, then pick it up, and the rest follows.
Constraining the unaffected limb involves use of slings, mitts, or any possibly
practicable orthotic device to prevent the use of the limb [42]. Sometimes, this can
be achieved through conscious restriction of the use of the unaffected limb by the
patient. The transfer package is any method used to foster compliance with task/
shaping practice and the constraint components of CIMT [41]. The methods used
include the use of logbook, diary, everyday administration of motor activity log,
monitoring by caregivers, and practice outside the laboratory (e.g., at home).

In the literature, importance of repetitive task/shaping practice in being an
essential component responsible for improvement following CIMT has been under-
scored. However, according to Taub and colleagues, transfer package is very key to
improvement in function following CIMT [43]. This finding probably confirms the
importance of task or shaping repetition as transfer package is meant to foster com-
pliance and use of the affected limb outside laboratory. In essence, transfer pack-
age helps to achieve more repetition. Similarly, constraint ensures that use of the
constrained limb is restricted, while the use of the affected limb is maximized. This
is also akin to encouraging more repetitions with the affected limb. Pooling all these
arguments together, we can see that the other components of CIMT, constraint, and
transfer package work to provide high repetition of task or shaping practice. This is
more especially that it has been reported for the upper limbs that there was no sig-
nificant difference whether constraint is used or not during CIMT [44]. However,
studies on CIMT for the lower limb need to determine whether use of constraint is
necessary, tolerable, or even practicable. Some studies on upper limb have indicated
some compliance or tolerability of the participants with constraint [45, 46].

4.3 Protocols of constraint-induced movement therapy

Constraint-induced movement therapy has evolved over the years to have many
different protocols. The protocols involve either modification of the task/shaping
practice, constraint or both components of CIMT; or even the process or setting of
its administration. These protocols include using hours as measure of intensity of
task/shaping practice, using number of repetitions as measure of intensity of task/
shaping practice, home-based CIMT, use of automated constraint-induced therapy
extension (AutoCITE), and CIMT without constraint [38, 47-50]. See Table 1 for
the details of these different protocols. The protocol that uses number of repetitions
is relatively a new approach. Therefore, its details are represented in Table 2.

One of the concerns about the standard CIMT is the issue of compliance since it
seems to have a long duration of tasks/shaping practice of 6 h or less [51]. However,
studies such as those by Kaplon and his colleagues and Stock and his colleagues have
all indicated that the time spent practicing task/shaping fell short of what is being
claimed [52, 53]. Additionally, many studies have shown that the shorter duration
CIMT, the protocol that uses less than or 3 h of task/shaping practice, provides better
outcomes [54, 55]. In contrast, the protocol using number of repetition has been
touted to be feasible, easier, and may provide better compliance and complements the
transfer package component as it takes on the elements of self-management [45, 56].
Recently, it has been shown to be as effective as the one using number of hours
[48, 49]. Furthermore, a virtual reality-amplified arm training of just 30 minutes
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Protocol Task/shaping practice Constraint Transfer package
Use of hours Practice for 0.5-6 h Constraint for Logbook, diary, everyday
for > 10 days 2 h or more or administration of motor activity

for 90% of the log, monitoring by caregivers,
waking hours practicing at home, etc.

Without Same as above No any Same as above

constraint constraint

Home-based Same as above, but practice is Same as above Same as above

CIMT done at home

Use of Same as in use of hours, but Same as above Same as above

AutoCITE practice is administered through

the use of a computerized
mechanical system

Use of 300-600 repetitions in two or Constraint for Same as above
number of three sessions per day 90% of the
repetitions waking hours

Table 1.

Different protocols of CIMT.

proved very effective at improving motor outcomes at 6 weeks postintervention and
3 months follow-up [57]. This technique known as reinforcement-induced therapy
uses virtual reality system with the sole aim of optimizing proper practice with the
affected arm during rehabilitation. Similarly, an automated delivery of CIMT has
been used [51]. This form of delivery of CIMT is aimed at fostering compliance with
the CIMT protocol. Therefore, the goal of future CIMT protocols should be aimed at
improving compliance in order to achieve the massed practice of the technique. This
type of protocol as reported in some previous studies can be administered in the form
of a distributed practice [48, 58]. A distributed practice is a type of practice in which
the practice is divided into sessions per day [42]. Probably, distributed practice will
help do away with overwhelm; fatigue and possibly anxiety patients may have and
help encourage them perform the required intensity of practice per day.

4.4 Effects of constraint-induced movement therapy
Effectiveness of a given rehabilitation intervention can be said to be sound if it is

evaluated on different outcomes. This will enable the intervention to have a strong
theoretical basis. For CIMT, its effects have been investigated on impairments such as

Tasks No. of repetitions No. of sessions No. of days No. of
per session per day perweek weeks
(1) Writing the letter A 20 2o0r3 Sor7 2or
more
(2) Picking up a cup, taking it to 20 2or3 S5or7 2or
the mouth, and drinking from it more
(3) Drawing a circle 20 2o0r3 Sor7 2 or
more
(4) Transferring an object from 20 20r3 5o0r7 2or
one place to another on a table more
(5) Imitation of teeth brushing 20 2o0r3 S5or7 2or
with the middle or the index finger more
Table 2.

Example of the protocols of tasks/shaping practice for the CIMT using number of vepetitions.
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neurophysiological and behavioral, real-world arm use, motor function, activities of
daily living, quality of life, and kinematics [31, 55, 59-64]. Recently, it has been dem-
onstrated that neurophysiological changes following CIMT well correlate with motor
function [48, 64]. The examples of effects of CIMT and the effects based on the
International Classification of Functioning, Disability and Health (ICF) model are
summarized in Table 3 and Figure 4, respectively. These effects are measured using
outcome measures such as Wolf motor function test (WMFT), action research arm
test (ARAT), nine peg hole test (NPHT'), motor activity log (MAL), motor function
subscale of Fugl-Meyer assessment (FM), upper limb self-efficacy test (UPSET),
functional magnetic resonance imaging (fMRI), and transmagnetic stimulation
(TMS) [27, 30, 65-72]. The WMFT, the ARAT, the FM, and the JPHT are measures
of motor function [30, 68, 69, 73]. The fMRI and TMS are measures of neurophysi-
ological functions [70, 72]. The MAL is a measure of real-world arm use [27, 70, 71].
The UPSET is a measure of confidence in the use of the upper limb after stroke [67].
However, the effects are restricted to only those who have mild to moderate impair-
ment. Consequently, the inclusion criteria used during CIMT include patients who
have 10° and 30° of interphalangeal and wrist joints extension, respectively, or those
that have some level of motor activity enough to enable them practice some tasks
with the limb [40, 59, 73]. Thus, the existing protocol of CIMT is not a one size fits
all kind of rehabilitation technique, though the need to investigate how its applica-
tion can be extended to all forms of degree or level of impairment arises.

Effects Examples

Neurophysiological effects Increase in gray matter, increase in cortical map, increase in cortical
activation, decreased transcallosal inhibition, improvement in central
conduction time, improvement in resting motor threshold, and prolongation
of cortical silent period

Kinematics Efficient temporal and spatial movements, improved preplanned movement
and control

Behavioral Improved real-world arm use, improved use of the hand in activities requiring
fine motor control, improved motor function, improved gait and balance

Table 3.
Effects of constraint-induced movement therapy (CIMT).

<+———International Classification of Functioning, Disability and Health (ICF) ———

Impairment Function Participation

> Neurophysiological
Effects

CIMT » Motor Behaviour » Improved ADLs

v

Participation

» Kinematic Effects

Figure 4.
Schematic representation of the effects of constraint-induced movement therapy (CIMT) in stroke patients.
ADL, activities of daily living.
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4.5 Constraint-induced movement therapy: the future perspective

At the moment, CIMT is administered only to the patients who have mild to
moderate impairment. These are those who can to some extent perform some
motor activity with the affected part. However, it is possible to integrate mental
practice and motor imagery in the existing protocols of CIMT for the benefits of
those with severe impairment bearing in mind the neurophysiological effect of
CIMT and its relationship with motor function [64], and the role of mirror neurons
when actions of a second or third person are observed or when task performance
is imagined [74]. This perspective is for the benefit of those who may have severe
impairment—those who do not have any appreciable motor activity enough to
enable them perform any task. These forms of CIMT may be called passive CIMT
(pCIMT) and imagery CIMT (iCIMT), respectively. For the pCIMT, the task/shap-
ing practice should be carried out in high repetition with the affected limb similar to
the repetition in the standard CIMT, and the unaffected limb should be constrained
for 90% of the waking hours or less depending on the therapist’s clinical deci-
sion. However, the transfer package component may be initiated or deferred until
the patients improve in their motor ability that they can use to practice. This too
depends on the therapist’s clinical decision and reasoning. Similarly, for the iCIMT,
the patient should be made to observe a second person or third person performing
task/shaping practice to the required number of repetition as in the normal CIMT
protocol. Here, the unaffected limb may or may not be constrained.

Another possible perspective is to use the number of repetition as a measure of
intensity of task/shaping practice during CIMT. Already, there are indications that
these types of protocols seem to be easier and have similar effectiveness compared
to the one using number of hours [48, 49]. This is because number of repetition of
task is important for motor recovery [45, 51, 58].

4.6 A hypothetical case to help enhance problem solving, clinical decision
making, and clinical reasoning in constraint-induced movement therapy

Mr. MM is a 67-year-old community dwelling man who had a stroke 10 days
earlier. Before his stroke, he was a very active subsistent farmer. He woke up the
morning he had the stroke and realized that he was unable to move any part of his
body. Upon realizing his condition, his family rushed him to a nearby secondary
health facility where he was diagnosed with a stroke and started receiving care
accordingly. According to clinical assessments and reports, he had ischemic stroke
involving the left hemisphere. Mr. MM’s main presentations were inability to sit or
stand and walk without help from the formal or informal caregivers, and inability
to use his right upper limb for any activity. Other presentations include inability to
maintain his position in sitting without help.

In order to design a rehabilitation program using CIMT say for the upper limb
for this patient, we need to first of all identify his problems. We can identify his
problem by assessing his level of activity with the upper limb using, for example,
Wolf motor function test or motor activity log, and being aware of the degree of
freedom at the joints of the upper limb [27, 31]. Similarly, we can assess the range
of motion (ROM) in the individual joints and assess the limb for spasticity, for
instance, using modified Ashworth scale (MAS) [75]. Thereafter, we can develop
alternative protocols of CIMT for him. For instance, we can decide to plan 6 h or
less of task/shaping practice for the right limb with constraint for 90% or less of the
waking hours, or we can plan for 300 or more of task/shaping practice for the right
limb with constraint for 90% or less of the waking hours divided into two or more
sessions per day. Additionally, we may decide to manage the patient at home, in the
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clinic, or provide him with the skills to self-manage. In particular, self-management
is important for positive outcomes after stroke [76, 77].

After making an informed clinical decision on the choice of the best alterna-
tive or protocol, we can then administer it and reassess or monitor and evaluate its
progress after sometime. If it works fine, we can decide to continue with it; if it does
not provide any appreciable outcome, we can decide to choose another alternative
protocol. This is the clinical reasoning. However, the existing studies on CIMT do
not especially emphasize on clinical reasoning, rather they give a straightjacket
prescription of what should be done throughout the period of care whether the
patients improve better or not. Clinical reasoning is important to physiotherapy
practice [78]. The process of problem solving, clinical decision making, and clinical
reasoning in constraint-induced movement therapy is represented in Figure 5.

Identify the problem
(level of motor
function, etc)

A 4

No
A
Did the protocol
Yes < P
work? v
7Y Develop/plan
alternative CIMT
protocols
i Reassess/ monitor
Make a and evaluate
clinical outcome after some
decision time
A
\ 4
Choose the best
— alternative considerin
Administer the chosen . &
o] N the patient
[ characteristics,
feasibility, etc.
Figure 5.

Problem solving, clinical decision making, and clinical reasoning in CIMT.

5. Conclusion

Constraint-induced movement therapy (CIMT) plays a major role in the rehabili-
tation of movement after stroke. Its effects range from improved real-world use of
the arm, motor function, neurophysiological functions, kinematics, and quality of
life. The problem is that CIMT is not done for all categories of patients with stroke.

It is done for only those with mild to moderate impairment. Additionally, there are
varied protocols of CIMT. Some protocols use number of hours and some others

use number of repetitions of tasks/shaping practice. The protocols that use number
of hours of task practice are not clear and are resource intensive, and as such, they
could interfere with the process of clinical decision making. Consequently, the use
of number of repetitions of task practice to determine the intensity or the amount of
task practice may be more appropriate. Secondly, there is a need to extend the use of
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CIMT application to those patients with severe impairments after stroke probably by
asking the patients to wear constraint on the unaffected limb and imagine they are
practicing tasks with the affected limb. However, skills in problem solving, clinical
decision making, and clinical reasoning are required by the physiotherapist in order
to make an effective use of CIMT. These skills may be acquired through reflective
practice and continuing professional development.
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