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Abstract

Constraint induced movement therapy (CIMT) is an effective rehabilitative intervention for motor recovery of the
affected upper extremity in post stroke patients. However, this concept is not directly applicable in a resource scarce
setting. Using the principle of CIMT in the patients' home utilizing a trained caregiver can modify this. The aim of this
study was therefore to determine the role of the caregiver in modified Constraint Induced Movement Therapy in a
patient with sub-acute stroke Methodology: The study was conducted at the patient's home in Uasin-Gishu County,
Kenya. A 52-year-old woman, with a medical history of hypertension, and presented with left-sided hemiplegia. The
unaffected hand was constrained in a mitten during working hours, except for bathing and toileting. For 6 weeks,
patient spent 4.30 hours performing supervised tasks with paretic arm. Wolf Motor Function Test and the Motor
Activity Log were used for data collection. Result: All except two tasks of the timed component of the WMFT had
scores above the Minimal Detectable Change; however, the patient could not complete 2 tasks. The Factional Ability
Scale and MAL indicated improvement. Conclusion: Support from caregiver increased therapy time, and was a

significant factors in improved upper-limb functions.

Keywords: Hemiplegia; Stroke; Constraint induced movement
therapy; Physiotherapy; Caregiver

Introduction

Stroke is the third leading cause of death and disability worldwide
[1-3] and the leading cause of death and disability in many Western
nations [4-6]. It is estimated that 16 million people are affected by
disability secondary to stroke whilst 6 million deaths are recorded
globally [3].

The impacts of strokes are severely taxing. Post stroke impairments,
activity limitations and decreased participation, can cause inability to
return to work [7]. The most common impairments are motor-related
(impaired muscle tone, impaired coordination, poor balance, impaired
sensation, poor bladder control, impaired cognition), affecting
mobility and agility [8]. A study by Hoyle [9] asserts that other body
functions impaired after stroke includes consciousness, orientation,
mental functions of language and memory functions. Additionally,
Ostwald [10] suggested that stroke related structural impairments lead
to psychological and physiological malformations. These instigate
complex social and economic effects on individual, households and
communities due to indirect productivity losses [11,12].

Conventionally, stroke rehabilitation has concentrated on traditional
exercises. Nonetheless, in recent years, stroke rehabilitation has
advanced with complexity in neuroscience, and rehabilitation. This has
shown the potential for the neural system to augment recovery after
stroke related brain damage [13]. Contemporary theories suggest that
post stroke recovery is a process whereby patient regain, via practice,
an ability to meet and overcome task demands [14]. This process has
led to the development of new rehabilitation research interventions to
restore post-stroke upper extremity motor function [6,15,16].

Arm weakness post stroke occurs in 70% to 80% of patients, and
persists in 40% [17]. Utmost recovery of paretic arm occurs in the
initial 3 months post stroke [18,19]. After onset of stroke, the brain
immediately begins reorganization [20-22] and in the chronic phase
there is little probability of spontaneous neuronal plastic changes [23].

The recovery process for upper extremity functions is often slower
than the lower extremity [7,24]. This has led to the development of
constraint induced movement therapy [6]. Constraint induced
movement therapy (CIMT) is a form of rehabilitation that improves
upper extremity functions in stroke and other patients with central
nervous system damage by increasing the use of the affected upper
extremity. CIMT combines restraint of the unaffected limb and intense
use of the affected limb with the goal of promoting purposeful
movements. CIMT stimulates cortical-re-organization. The purpose
for this treatment is to overcome the “learned non-use” of the affected
arm [25]. Wolf 6 examined forced use in 25 individuals with
hemiplegia due to CVA and traumatic brain injury. The researcher
studied the effectiveness of restraining the unaffected upper extremity
during working hours in the subjects’ home over a 2 week period. The
result exhibited improvement in movement of the upper extremity in
19 of 21 functional task measures, and improvements endured at 1 year
follow up. The continued improvement through the follow-up period
provides evidence that forced use of the affected extremity appears to
reverse the learned “non-use” phenomenon.

CIMT can be expedited by involvement of a caregiver. A study by
Galvin [26] found that majority of individuals with stroke (87%) and
their family members (91%) were willing to participate in
unsupervised exercises in both hospital and community settings.
Likewise, systematic reviews have shown that greater intensities of
physical therapy, and occupational therapy during stroke rehabilitation
result in improved functional outcomes [26-28]. Waldt and Mothabeng
[29], in a similar study reported greater improvements in mobility for
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patients with stroke who had family members participating in
treatment. Additionally, Van Peppen [30] and Barreca [31] reported
statistically significant results for increased time spent in treatment on
ADL and upper-limb function scores.

Physical therapists have reported that support for family
involvement could help maintain treatment gains, and be an avenue for
family management of stroke-related disability [26]. A study by Harris
[32] reported that a 4 week, inpatient, upper-limb exercise program
(Graded Repetitive Arm Supplementary Program [GRASP])
significantly improved Upper-limb functions in individuals with sub-
acute stroke. An important aspect of this program was encouragement
of family members or friends as they become involved in the exercise
program. The role of family members in stroke rehabilitation has
gained attention as a method for clinicians to increase treatment time
as a potential factor in improved functional outcomes.

CIMT is an effective treatment that has been studied extensively in
highly resourced settings where patients are able to spend hours in
health facilities with therapists and in settings where insurance often
covers the cost of the intensive rehabilitation. In Kenya, where the
effects of stroke are just as devastating, the typical patient has limited
access to such therapies. Patients often cannot afford to pay out of
pocket for the daily outpatient sessions; likewise patients often have to
travel long distances to access the available services. Given these
barriers, as well as others, there is great need for researches into
effective treatment that takes into account the challenges faced by
patients in resource scarce settings. This study therefore sorts to follow
the philosophies of CIMT, but focused significant treatment at the
patients’ home utilizing a trained caregiver.

Case Report

The patient was a 52-year-old woman from Uasin-Gishu County.
The lady had a past medical history of hypertension. She developed a
sudden onset of left-sided weakness approximately 6 weeks before the
time of data collection. An initial head computed tomography scan
showed a right ischemic lacunar infarct in the posterior internal
capsule. When admitted to the Hospital, gross motor tests revealed 5/5
in the right extremities, 2/5 in the left upper extremity, and 3+/5 in the
left lower extremity. The patient had forearm pronation and wrist
flexion, 15 degrees of active metacarpal phalangeal, and intercarpal
phalangeal joint extension, and 25 degrees of active wrist extension

These measurements were taken during a standard inpatient clinical
evaluation. She received 19 days of inpatient rehabilitation, including
both physical therapy and occupational therapy. In discharge, she was
independent with bed mobility, but required supervision with transfers
and ambulation within household distances. Straight cane was used for
ambulation. She exhibited a predominant flexor synergy in her left UE
through approximately 3/4 of the range against gravity at the shoulder
and elbow, with trace movement at the wrist and finger flexors. Two
months post-CVA, she was independent with all activities of daily
living, but ambulated without an assistive device. She was living with a
caregiver who could provide some assistance with meal preparation
and cleaning. She displayed no effort to initiate any activity with her
impaired limb, suggestive of “learned none use”. She was selected for
the CIMT intervention, and consequently for the case report, since she
met the established inclusion criteria as suggested by Taub and Wolf.
The patient was likewise motivated and willing to adhere to
intervention protocol.

Data Collection Procedure

The wolf motor function test (WMFT), and motor activity log
(MAL) were used for data collection. WMFT and the MAL collected
data before the treatment (baseline Data) and at the end of
intervention (at 6 weeks).

Intervention

The caregiver was initially taken through one-hour orientation
sessions for four days by a physiotherapist. The caregiver learnt the
principles of CIMT, safety procedures and how to sequence
components of the functional tasks selected by the patient. The
caregiver supervised the patient during the entire day monitoring
wearing of the mitt and providing verbal encouragement.

Initially the patient was asked what activities she had participated in
prior to the stroke and whether she had a preference of tasks she would
like to practice. These activities included but not limited to grooming,
writing, dressing, playing games, gardening, and sewing. The caregiver
subdivided the task in to hierarchy to minimize failure or frustration.

The patient wore a mitt on the uninvolved hand during working
hours except when travelling, sleeping, and dressing or during toileting
for a period of six weeks. The patient participated in task practice using
the affected hand at home supervised by a caregiver for at least 4.30
hours a day. The patient also visited outpatient physiotherapy
department once a week for supervised task practice in an outpatient
setting for 4 hours a day. The physiotherapist observed therapy session,
as the patient worked with the caregiver to ensure correctness. The
therapist had no input to the patient. The researcher likewise visited
the patient at home once a week to ensure that the tasks were correctly
performed in the home setting. Every day use of the hand on activities
of daily living was the primary focus.

Based on the protocol established by Taub, a typical day started with
the patient practicing a task related to her activities of daily living for
one hour, followed by a break, then playing a game for the next one
hour followed by another break, then household cleaning for one hour.
Lunch lasted an hour (including food preparation) and was followed
by three, 30 minutes sessions separated by rest breaks. During these
sessions the patient practiced sewing, gardening, and simple household
cleaning. The patient was also monitored during meals, she was asked
to keep an activity log that described all tasks performed with the
paretic limb while away from the rehabilitation facility. No
standardized form of activity log was found in literature, therefore a
self-developed form was provided to the patient by the researcher.
Each morning the caregiver reviewed the activity log with the patient,
discussing use of the affected arm during the previous day. The
patient’s family member was recruited to supervise daily tasks.

Objective Finding

All except two tasks of the timed component of the WMFT had
scores above the Minimal Detectable Change (0.7 seconds). Forearm to
table (side) (1.24), Extend elbow (side) (4.62), Extend elbow (weight)
(1.58), Hand to table (front) (2), Hand to box (front) (0.92), Lift can
(17,82), Stack checkers (9.92), Flip cards (10.61), Turn key in lock
(15.64). However, three tasks had scores below the Minimal Detectable
Change. Forearm to table (side) (0.4), Lift pencil (0.29), and Reach and
retrieve (0.4). Likewise, the patient could not complete the 2 most
difficult tasks of folding a towel and lifting a basket.
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All measurements expressed in seconds. A maximum score of 120
seconds was given when patient was unable to complete the task. One
trial was given for each task task (Tables 1-4).

The factional ability scale (FAS) component of the WMFT, change
score also indicated improvement, (MDC of the FAS component the
WMEFT is 0.1 points). Table 3 shows the results of FAS component of
the WMFT whose change score also indicated improvement

The MAL evaluation indicated improvement in the use of the
affected limb in daily functional activities. Table 3 shows the pre-

treatment and post-treatment scores (of all 30 functional items) on the
amount of use component of the MAL and Table 4 shows the scores of
the how well component of MAL. Prior to treatment, the patient stated
that she used her affected limb only occasionally for 20 of the 30
activities. After treatment, she was using her limb at least half as much
as before the stroke in all except 10 of the activities. Those activities
that were most difficult included writing and buttoning a shirt.

Time Activity Time Activity
0800 hrs to 0830 hrs Caregiver and patient reviews activities of the previous| 1230 hrs to 1330 hrs Lunch Break
day discussing performance of these activities
0830 hrs to 0930 hrs Patient practices activities of daily living of his choice e.g.| 1330 hrs to 1400 hrs Simple household
grooming cleaning
0930 hrs to 1000 hrs Break 1400 hrs to 1430 hrs Break
1000 hrs to 1100 hrs Patient plays a game of choice 1430 hrs to 1500 hrs Gardening
1100 hrs to 1130 hrs Break 1500 hrs to 1530 hrs Break
1130 hrs to 1230 hrs Sewing 1530 hrs to 1600 hrs Sewing
Table 1: The breakdown of hours on a typical day.
Task Pre-treatment | Post-treatment Change score Lift paper clip Unable 10.53 N/A
Forearm to table (side) | 1.75 0.51 1.24 Stack checkers 17.44 7.52 9.92
Forearm to table (side) | 1.16 0.76 0.4 Flip cards 23.09 12.48 10.61
Extend elbow (side) 5.04 0.42 4.62 Turn-key in lock 20.77 5.13 15.64
Extend elbow (weight) | 2.1 0.52 1.58 Fold towel Unable Unable N/A
Hand to table (front) 2.53 0.53 2 Lift basket Unable Unable N/A
Hand to box (front) 1.68 0.76 0.92 Weight to box (lIb) Not tested N/A N/A
Reach and retrieve 1.14 0.74 0.4 Grip strength (kg) Not tested N/A N/A
Lift can 20.17 2.35 17.82
Table 2: Pre and post intervention scores of the timed component of
Lift pencil 5.09 4.8 0.29 the WMFT.
Task Pre-treatment Post-treatment Change score
Forearm to table (side) 3 4 1
Forearm to box (side) 3 4 1
Extend elbow (side) 2 4 2
Extend elbow (weight) 2 3 1
Hand to table (front) 3 4 1
Hand to box (front) 3 4 1
Reach and retrieve 3 4 1
Lift can 1 2 1
Lift pencil 2 3 1
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Lift paper clip 1 2 1
Stack checkers 1 1 0
Flip cards 1 2 1
Turn-key in lock 1 2 1
Fold towel 1 1 0
Lift basket 1 1 0
Weight to box (IIb) Not tested N/A N/A

Table 3: Pre-treatment and post-treatment scores of the FAS component of the WMFT.

Activity Pre-treatment score Post-treatment score Change score
Turn on a light switch 1 3 2
Open drawer 1 3 2
Remove an item of clothing from drawer 1 4 3
Pick up phone 1 3 2
Wipe off a kitchen counter or another surface 1 3 2
Get out of a car 1 4 3
Open refrigerator 1 3 2
Open door by turning a door knob handle 1 2 1
Use T V remote control 1 2 1
Wash your hands 1 3 2
Turn water on/off 1 2 1
Dry your hands 1 3 2
Put on your socks 1 2 1
Take off your socks 1 3 2
Put on your shoes 1 2 1
Take off your shoes 1 3 2

Table 4: Pre-treatment and post-treatment scores of the MAL (Amount of use score).

Discussion

Following a 6 weeks period of CIMT using task oriented practice;
there was improvement on the patients motor abilities. Increased
exercises time, and caregiver involvement in rehabilitation showed a
positive association, with enhanced upper-limb functions. These are
factors that are amenable to change and can be utilized by resource
scarce setting to improve therapy outcome.

The results of the current study showed that intensity of therapy is a
predictor of functional outcome consistent with [7]. Kwakel [2] and
Vanpeppen [30], in systematic review, showed that an increase in
therapy time has a positive effect on activities of daily living and
mobility. The authors suggested that an additional 16 hours of therapy
is required for improvements in lower-limb and activities of daily
living outcomes. Additional time that utilizes one-on-one treatment

principles is not always feasible in either an inpatient or outpatient
settings in Kenya. The result of the current study suggest that adding
supplementary upper-limb activities by using alternate means such as
homework or family members may be required to facilitate increased
exercise time upper-limb severity was not a significant predictor of
improved upper-limb ability when exercise intensity and support were
integrated. This is contrary to studies done by Hashimoto [33] Smania
[34], and Suzuki [35], who asserts stroke severity as a major predictor
of the recovery. The reason for this difference could be that the
previous studies used the baseline motor impairment score to predict
the post intervention score, whereas in the current study the researcher
used the change score (the difference between baseline score and post
intervention score). The findings indicates that the more time spent
doing the prescribed activities in the treatment protocol, the more the
patient can and does use her paretic upper limb in daily activities.
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In the current study, caregiver support with the CIMT protocol
produced a significant main effect for upper-limb functions. These
findings are supported by Nudo [13] who demonstrated that
augmented therapy time (an additional 15 hours of upper-limb therapy
over 4 weeks) has a significant effect on upper-limb functions and use.
Correlation analyses have revealed a significant relationship between
support and exercise intensity, indicating that those individuals
without support were more likely to spend an increased amount of
time completing the upper-limb exercises [26]. Furthermore, group
comparison between those with support and those without support
demonstrated that even in the low-intensity group, support was a
significant element of improved scores of upper limb functions [36].
These findings may suggest that involvement of caregiver in upper-
limb treatment will produce improved outcomes beyond those seen
with increased time in treatment alone. These findings support those of
studies that have linked positive family and social support to improved
post stroke recovery [37], and encourage the involvement of caregiver
in rehabilitation. Other studies that support these findings have
revealed the critical importance of social and family support to quality
of life in individuals with stroke [38]. A plausible explanation may be
that family support may contribute to upper limb recovery by
increasing confidence and motivation, and decreasing stress and
depression [34]. Involving caregivers in rehabilitation may help
patients increase participation in rehabilitation thus increasing the
potential for improvement [19]. The impact of support not only on
paretic upper-limb performance (WMFT) but also on use of the upper
limb outside of therapy time (MAL amount of use scale) is a vital new
finding. The ultimate goal of rehabilitation is for patients to not only
use their paretic upper limb during therapy but also transfer these
skills to everyday living. Any element that can affect this goal is highly
relevant to physical therapists, as well as other members of the clinical
team. Evidence suggests that individuals who are encouraged to use
the affected upper limb are often able to do so [30,31]. Consequently,
CIMT may not be changing actual movement potential, but may be
changing behavior so that individuals are willing to use their limb
more, thus achieving their real movement capabilities [39].

Another possible explanation for improved use may lie in the theory
of neural re-organization, perhaps due to axonal sprouting as a
precursor to improved motor performance [29]. This explanation
remains improbable because of the short duration of treatment and
rapid improvement of the subject. Alternatively, one cannot dismiss
the importance of enhanced synaptic efficacy [40], as mechanisms that
can be engaged with repetitive activity to promote improved task-
specific limb usage. Thus, perhaps the constraint portion of the
intervention addresses the behavioral issues of learned nonuse, and the
supervised task practice portion incorporates the theories of long-term
potentiation or enhanced synaptic efficacy. In combination, these
interventions may be effective in improving motor capabilities after
neurological insult.
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