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ABSTRACT

Background / Purpose: The upper limb function of a stroke survivor
following stroke recovery is essential for their functional independence and
quality of life. Several studies have been done on the effectiveness of CIMT
on upper limb function among hemiplegic stroke patients, however published
articles on the effectiveness of CIMT on upper-limb function among
hemiplegic stroke survivors in Nigeria are scanty or not available.The study
aimed to evaluate the effectiveness of Constraint-Induced Movement Therapy
(CIMT) on upper limb function among hemiplegic stroke survivors in a

tertiary institution in Benin City.

Methods: Simple random sampling technique was used based on the inclusion
and exclusion criteria to recruit the 52 participants and they were randomly
assigned into a control group and an experimental group. Descriptive and
Inferential statistics using One-Way ANOVA Tukey’s post-hoc test to pinpoint
specific differences. Alpha level was 0.05.

Results: The results showed that CIMT demonstrated significant
improvements in upper limb function compared to those who received
conventional therapy. The CIMT group showed higher gains in all measured
parameters after the eight- week intervention. Statistical analysis revealed a

significant difference at p < 0.05 between the groups.

Conclusion: The experimental group demonstrated significant increase in
muscle strength, muscle endurance, joint flexibility and hand function.
Participants also reported higher engagement and motivation throughout the
intervention period. These results suggest that CIMT enhances motor recovery
and functional performance among stroke survivors, promoting a more

effective rehabilitation experience.

Keywords: Stroke, CIMT, hemiplegic, upper-limb function.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Stroke is objective evidence of permanent brain, spinal cord or retinal cells death
due to vascular cause based upon pathological or imaging evidence with or
without the presence of clinical symptoms (American Heart Association,
American Stroke Association, 2013). Despite numerous preventive efforts over
the years, the incidence of stroke remains a significant public health concern.
Stroke is the second biggest cause of death worldwide, and the third major cause
of disability (Collaborators, 2021). In-hospital stroke death rates for general ward
and stroke unit admissions are approximately 14.7% and 6.9%, respectively (Shah
et al., 2017). Stroke-related mortality and disability-adjusted life years in low- and
middle-income countries continue to rise (Owolabi et al., 2015). Age, stroke type,
side and location of the lesion, level of consciousness, degree of neurological
impairment and disability at baseline, medical risk factors (hypertension,
diabetes), premorbid state, fever, baseline blood pressure, and prior stroke have all
been shown to predict outcome, including independence after stroke (Nakibuuka
etal., 2015).

Low- and middle-income nations have greater rates of stroke-related disability
and mortality than high-income ones (Lanas et al., 2021). Individuals of African
descent are more likely to get a stroke than Caucasians (Prapiadou et al., 2021).
The slow pace of acute stroke management in low- and middle-income countries
makes it difficult to reduce the burden of acute strokes in hospitals. To adequately
manage individuals who have had an acute stroke, it is necessary to understand

the underlying risk factors and the origin of the stroke (Berkowitz et al., 2016).

1



Some of the consequences of stroke include paralysis or weakness, dysphagia,
pain, spasticity and contracture, Aphasia, memory loss, depression, urinary
incontinence, etc. Strokes are classified into two types based on blood flow
disruption: ischaemic stroke (blockages in blood vessels supplying the brain
caused by blood clots or plaque) and haemorrhagic stroke (when an artery in the
brain leaks or ruptures, causing pressure on brain cells and damage) (Centres for
Disease Control and Prevention,2022).

Early stroke therapies date back to the 1800s, when surgeons began operating on
the carotid arteries, which feed blood to the brain (Karenberg, 2020). Traditional
stroke medicine in Nigeria relies heavily on herbal care and spiritual interventions,
with scant available literature (Jarvis, 2022). In Nigeria, traditional medicine is
frequently preferred over medical care due to its perceived availability and the
idea that it is safer due to its natural origin (Okoro et al., 2021). Modern medical
stroke management takes a multidisciplinary approach, with doctors, nurses,
physiotherapists, occupational therapists, neuropsychologists, speech specialists,
audiologists, and nutritionists all contributing at different stages of the process
(Sanchetee, 2021). Recognising the need of assisting stroke survivors in regaining
mobility, strength, and coordination, which are typically compromised following a
stroke, physical therapy was adopted as an integral component of stroke
management. Physical therapy aims to enhance range of motion, balance, and
functional abilities while improving motor control, reducing muscle stiffness, and
promoting neuroplasticity and the relearning of essential movements (Shahid et

al., 2023).



According to the CDC (2022), stroke management consists of three stages:
diagnosis, treatment, and rehabilitation. The diagnostic phase includes studies to
determine the kind of stroke, while therapy consists of preserving or restoring
homeostasis, delivering thrombolytic medicines, anticoagulants (which are
contraindicated in haemorrhagic CVA), and surgery (Jarvis, 2022). Rehabilitation
begins early after the stroke and can span weeks, months, or even years, focussing
on speech, physical, and occupational therapy to retrain speech, movement,
coordination, and daily tasks (Babawale et al., 2022). The primary goal of stroke
rehabilitation is to restore limb motor function, thus it is critical to investigate
effective ways that can aid in the rehabilitation of limb motor function after a
stroke (Zhang et al., 2020). Rehabilitation techniques that promote neuroplasticity
and functional recovery are critical for regaining upper-limb function in affected
patients.

The global burden of stroke has shifted from industrialised to developing
countries in recent decades (Kalkonde et al., 2018). In Nigeria, the increased
stroke burden can be linked to a lack of facilities and human resources for stroke
prevention, diagnostic procedures, acute care, and rehabilitation. As a result,
patients had restricted access to rehabilitation treatments and overall stroke care
(Kalavina, 2019). Furthermore, the lack of established national guidelines for
stroke therapy has resulted in decreased coordination among healthcare
practitioners and the use of varied stroke management treatment modalities
(Abdullahi 2020).

Upper limb function recovery following a stroke is critical for patients'
independence and quality of life (Johnson et al., 2016;GBD, 2016;Bernhardt et al.,

2020). An accurate and complete assessment of bilateral upper extremity use in



everyday life is required (Schwarz ef al., 2019). The degree of impairment in the
patient's paretic upper limb is determined by comparing it to the non-paretic side
(Kwakkel et al., 2019). The Fugl-Meyer Assessment (FMA) tests motor
separation and coordination, whereas the Action Research Arm Test (ARAT)
assesses grab and manipulation skills (Santisteban et al., 2016). Evaluating upper
limb function on both the paretic and non-paretic sides is also necessary for
forecasting the bilateral upper limbs' efficient usage potential in ADL.

Hemiplegia is partial or full paralysis of one side of the body caused by
impairment to the brain's motor circuits (Fan et al., 2020). This neurological
illness typically develops after a stroke, traumatic brain injury (TBI), or other
central nervous system problems that impair motor control on one side of the
body (Fu et al., 2020). Stroke, whether ischaemic or haemorrhagic, is the leading
cause of hemiplegia, accounting for a sizable number of cases worldwide
(Barthels & Das, 2020). Other causes include traumatic brain injuries from
accidents, tumours affecting the brain regions responsible for motor control, and
infections such encephalitis or meningitis (Boulton and Al-Rubaie, 2024). These
disorders cause a loss of voluntary control over the muscles on the affected side of
the body, limiting patients' capacity to perform ADLs. The effects of hemiplegia
go beyond muscle weakness and paralysis. Patients frequently have stiffness, poor
coordination, and sensory abnormalities on the affected side, which limits their
movement and independence (Costa et al., 2023).

Despite the well-established efficacy of rehabilitation in improving stroke
survivors' outcomes, rehabilitative health initiatives are frequently overlooked in
favour of treatment-focused approaches (Momsen et al., 2022). Traditional

rehabilitation treatments such as neurodevelopmental treatment, proprioceptive



neuromuscular facilitation, constraint-induced movement therapy (CIMT), and
task-oriented training continue to be important in stroke recovery, with the goal of
improving functional capacities and quality of life. CIMT, in particular, which
involves restraining the unaffected limb to encourage use of the affected limb, has
showed promise not just in improving upper extremity function but also in
balance, implying a broader application in motor function enhancement (Tedla e?
al., 2022).

Motor recovery often plateaus between 3 and 6 months after stroke, emphasising
the significance of optimising rehabilitation therapies during the subacute phase.
CIMT has been shown to improve motor function in stroke patients, particularly
those in chronic phases, by targeting the phenomena of "learnt non-use," in which
patients become unduly reliant on their unaffected limb for daily activities. The
therapy, which consists of restricting the unaffected limb for a set period of time
(typically 6 hours per day), encourages the use of the affected limb in motor tasks.
This strategy is both practicable for residential settings and cost-effective, making
it an appealing alternative for widespread adoption (Nesin et al., 2019). The
continuation of upper limb impairments in around two-thirds of stroke survivors,
with a minority reaching full recovery six months after the stroke, emphasises the
need for appropriate rehabilitation procedures (Doumas et al., 2021). Both CIMT
and proprioceptive neuromuscular facilitation can improve upper limb function,
although CIMT is more effective for addressing chronic deficits (Abba et al.,
2020).

Constraint-induced movement therapy (CIMT) is a neurological rehabilitation
technique that enhances upper extremity motor function after stroke (Dong et al.,

2022). The goal of CIMT is to improve the function of the affected limb following



a stroke by limiting the use of the healthy limb and forcing the use of the affected
side. The primary strategy of CIMT is to use movement techniques, behavioural
techniques, and restriction methods to increase the frequency of use of the
affected limb in stroke patients, improve the quality of movement of the affected
limb in real-life scenarios, prevent or correct learnt non-use of the affected limb,
and promote motor function recovery in the affected limb. This therapy
encourages the use of the dysfunction limb, corrects or reverses chronic disuse
and neglect, and provides structural and functional training as well as
opportunities for repeated practice. Many studies have confirmed the efficacy of
CIMT, a rchabilitation strategy that involves repetitive rigorous unilateral limb
training, in improving motor function in the afflicted limb (Hu & Bai, 2020).
According to Simon-Martinez et al. (2020) and Ramey et al. (2021), constraint-
induced movement therapy (CIMT) is a successful rehabilitation treatment for

injured upper limbs.

1.2 Statement of the problem

One of the main causes of disability is stroke, which frequently leaves victims
with hemiplegia, or weakness or paralysis on one side of their body. One frequent
outcome is upper limb dysfunction, which severely lowers a patient's quality of
life and makes it difficult for them to carry out daily tasks. By restricting the
unaffected limb, CIMT, an evidence-based intervention, promotes the use of the
affected limb to enhance motor function. Several studies have been done on the
effectiveness of CIMT on upper limb function among hemiplegic stroke patients
(Areerat et al., 2004, Sana ef al., 2015, Raj et al., 2016, Muhammad et al. 2020).

To the best of the researcher’s knowledge, published articles on effectiveness of
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CIMT on upper limb function among hemiplegic stroke survivors in Nigeria,
especially in Benin City are either scanty or not available.

The study was designed to evaluate the effectiveness of CIMT on upper limb
function among hemiplegic stroke survivors in University of Benin Teaching

Hospital, Benin City.

1.3 Research Questions

The following research questions were raised to guide this study:

What is the effect of CIMT on upper extremity muscle strength among stroke
survivors ?
What is the effect of CIMT on upper extremity muscle endurance among stroke
survivors ?
What is the effect of CIMT on upper extremity joint flexibility among stroke
survivors ?
What is the effect of CIMT on upper extremity hand function (grip strength and

pinch strength) among stroke survivors ?

1.4 Aim of the study

To evaluate the effectiveness of CIMT on upper limb function among hemiplegic

stroke survivors in a tertiary institution in Benin City.

1.4.1 Specific Objectives
The specific objectives are to:
Determine whether there is a difference in upper extremity Muscle strength in

stroke survivors who undergo CIMT compared to those who do not.
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ii. Determine whether there is a difference in upper extremity Muscle endurance in
stroke survivors who undergo CIMT compared to those who do not.

iii. Determine whether there is a difference in upper extremity Joint flexibility in
stroke survivors who undergo CIMT compared to those who do not.

iv. Determine whether there is a difference in upper extremity Hand function (Grip
strength and pinch strength) in stroke survivors who undergo CIMT compared to

those who do not.

1.5 Hypotheses

1.5.1 Main Hypotheses

There is no significant effect of CIMT on upper limb function among hemiplegic

stroke survivors.

1.5.2 Sub Hypotheses

The following Hypotheses were formulated and tested at 0.05 level of

significance:

There is no significant difference in upper extremity Muscle strength in stroke
survivors who undergo CIMT compared to those who do not.
There is no significant difference in upper extremity Muscle endurance in stroke
survivors who undergo CIMT compared to those who do not.
There is no significant difference in upper extremity Joint flexibility in stroke
survivors who undergo CIMT compared to those who do not.
There is no significant difference in upper extremity Hand function (Grip strength
and pinch strength) in stroke survivors who undergo CIMT compared to those

who do not.



1.6 Significance/Justification of the study
Clinical practice and stroke patient rehabilitation tactics can be greatly impacted
by knowledge of how well CIMT improves upper limb function. The purpose of

this study are:

This study could present empirical evidence showing CIMT improves upper limb
function in hemiplegic stroke patients. It would therefore be of assistance to
clinicians within Nigeria and also similar settings. They could then be able to
make educated judgments which are based on local facts.

Rehabilitation protocols at UBTH along with elsewhere may see future
improvements from the study's findings. The adoption of CIMT may be able to be
helped. It may then be a standard part of stroke care.

This study shows that it can improve motor recovery, also quality of life, for
hemiplegic stroke survivors since it proves all the benefits of CIMT, especially in
situations where rehabilitation alternatives are limited.

Study findings are helpful to policymakers and administrators at hospitals for
allocating resources to CIMT plus therapies that work well, improving recovery
results plus burden of impairment.

This study could be a platform for academic research later because Nigeria has
had few CIMT investigations, and clinical trials on stroke rehabilitation in low-

and middle-income nations.

1.7 Scope and Delimitation of the study
The study concentrated on hemiplegic stroke survivors undergoing rehabilitation
at a tertiary hospital (University of Benin Teaching Hospital) in Benin City, Edo

State, Nigeria. The study measured the impact of CIMT on upper limb function



before and after the intervention. Adult patients with hemiplegia following a

stroke was included in the trial.
The study is delimited to:

Adult patients diagnosed with hemiplegia after a stroke and undergoing
rehabilitation at a single tertiary healthcare centre in Benin City.

Primarily upper-limb rehabilitation; lower-limb function was not evaluated.
Patients with significant cognitive impairment, aphasia, or any other comorbid
condition that would preclude participation in CIMT was excluded from the trial.

The therapy and follow-up was confined to a specific time frame of 8 weeks.
1.8 Limitations of the study

Difficulty in monitoring participants’ home activities, which could have positively

or negatively influenced the study outcomes, was a limitation of this study .

1.9 Definition of Terms
Stroke: Stroke occurs when there is a rupture in the blood vessels of the brain

(haemorrhagic) or a blockage to the blood vessels supplying the brain (ischemic).

Constraint Induced Movement Therapy (CIMT): CIMT is a rehabilitation
technique used to improve the use of an affected limb while restricting the

unaffected limb.
Hemiplegia: Total weakness or paralysis of one side of the body.

Upper-limb Function: Upper-limb function is the use of the upper extremities to

carryout activities of daily living without any restriction or impairment.

10



Muscle Strength: Muscle strength is defined as the maximal force a muscle or
muscle group can generate at a specified or determined velocity. (Knuttgen and

Kraemer, 1987).

Muscle Endurance: Muscle endurance is the ability of a muscle or muscle group

to exact force over a period of time.

Joint Flexibility: Joint flexibility is the ability of a joint to go through it’s full

range without any restriction or pain.

Hand Function: Hand function is the use of the hand to perform activities like

grasping, holding, pinching etc.

1.10 List of Abbreviations

ADL- Activities of Daily Living

AHA- American Heart Association

ASA- American Stroke Association

CDC- Center for Disease Control and Prevention

CIMT- Constraint-induced Movement Therapy

CVA- Cerebrovascular Accident

TBI- Traumatic Brain Injury

UBTH- University of Benin Teaching Hospital

11
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CHAPTER 2

LITERATURE REVIEW

CONCEPTUAL FRAMEWORK

CIMT therapy is based on research by psychologist, Dr. Edward Taub and
collaborators at the University of Alabama. Dr. Taub demonstrated that monkeys
with a surgical deafferentation (i.e. where somatic sensation was abolished) of a
forelimb, ceased using the affected extremity. Through failed attempts to use the
deafferented forelimb, the monkeys developed compensation methods to avoid
using the affected limb, that is, they effectively learned not to use their affected
extremity. Dr. Taub hypothesized that the non-use was a learning mechanism and
calls this behavior “Learned non-use”. [(Uswatte et al., 2006), (Taub and

Uswatte)]

In the original concept and application in patients, the less affected arm-hand of a
patient was immobilized in a sling (Wolf et al., 1989;Taub et al., 1993). This soon
progressed to an emphasis on intensive, repetitive training - massed practice - of
the more affected arm-hand. In the current application of the method, patients
wear a mitt on the less-affected arm 90% of their waking hours and perform
repetitive exercises with the more affected arm six to seven hours per day during

two to three weeks (Taub & Wolf, 1997;Taub et al., 2002).
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Overcoming learned non-use
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Figure 1: Overcoming learned non-use

Imagesource:

https://www.physiopedia.com/Constraint Induced Movement Therapy

2.1 STROKE

2.1.1 Introduction

In 1970, the World Health Organization defined stroke as 'rapidly developed

clinical signs of focal (or global) disturbance of cerebral function, lasting more

than 24 hours or leading to death, with apparent cause other than of vascular

origin' (Aho et al.,1980).Although still widely used, the World Health

Organization definition relies heavily on clinical symptoms and is now considered

outdated by the American Heart Association and American Stroke Association due

to significant advances in the 'nature, timing, clinical recognition of stroke and its

mimics, and imaging findings that require an updated definition' (Sacco et al.,

2013). In 2013, the American Heart Association/American Stroke Association

updated their endorsed definition of stroke to one that includes silent infarctions

(inclusive of cerebral, spinal and retinal) and silent haemorrhages (Sacco et

14




al.,2013). The 'traditional' clinical definition of stroke is still included by the
American Heart Association/American Stroke Association, but the inclusion of
'silent’ pathology is a significant addition. The rationale behind such a change was
to move towards a radiological demonstration (tissue-based definition) of
infarction or haemorrhage. According to the Centres for Disease Control and
Prevention (CDC), common stroke symptoms observed in both men and women
include sudden weakness, numbness, or paralysis affecting the arm, leg, or a
specific part of the body, abrupt confusion, difficulty speaking, facial drooping on
one side, vision impairment in one or both eyes, difficulty walking, dizziness, loss

of balance and coordination, and a sudden, severe headache.

2.1.2 Epidemiology

Globally, stroke is the second leading cause of death and a significant contributor
to long-term disability (Mira & Luft, 2018). According to the Global Burden of
Disease Study 2020, the global prevalence of all stroke subtypes of 89.13 million
cases and the age-standardized stroke prevalence rates were highest in sub-
Saharan Africa and in certain regions of the Southeast United States and East and
Southeast Asia. More specifically the global prevalence of ischemic stroke was
68.16 million cases and the age-standardized stroke prevalence rates were highest
in sub-Saharan Africa and in the Eastern United States. The global prevalence of
intracerebral hemorrhage was 18.88 million cases with the age-standardized
stroke prevalence rates being highest in Southeast Asia, western sub-Saharan
Africa, and Oceania. Subarachnoid hemorrhage has a global prevalence of 8.09
million cases and the age-standardized stroke prevalence rates were highest in
Latin, America and Japan (Tsao ef al., 2022). Regarding incidence, the global

incidence of stroke was 11.71 million people, and the incidence of ischemic
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stroke, intracerebral hemorrhage, and subarachnoid hemorrhage was 7.59 million,
3.41 million, and 0.71 million people, respectively (Tsao et al., 2022). Globally, in
terms of mortality, of the 7.08 million people who died from stroke in 2020, 49%
of total deaths were due to ischemic stroke. Intracerebral hemorrhage and
subarachnoid hemorrhage were the cause of 46% and 5% of total stroke-related
deaths, respectively (Tsao et al., 2022). In the United States alone in 2021, 1 in 6
cardiovascular disease-related deaths were due to stroke. Furthermore, someone
has a stroke every 40 seconds and someone dies from a stroke every 30 minutes
and 14 seconds (CDC, 2023). Undoubtedly, on a local and international level,
stroke has placed a significant burden on the lives of stroke patients and the

surrounding community.

In Africa, the occurrence of stroke is 316 per 100,000 individuals, while in
Nigeria it was reported to be 26 per 100,000 individuals annually (Akinyemi ef al.,
2021). Stroke has emerged as the leading cause of adult neurological admissions
in various studies conducted within the West African sub-region, constituting as
much as 65 percent of such admissions (Ekenze, 2010). Additionally, it stands out
as the primary reason for admissions linked to hypertension-related issues,
contributing to 40% of hypertensive complications (Onwuchekwa & Chinenye,

2010)

Research on the epidemiology of stroke in Nigeria has been limited. Enwereji et
al, (2014) reported a prevalence of stroke at 1.63 per 1,000 population in 2011.
They found a higher prevalence in males, reaching 1.99 per 1,000 compared to
females at 1.28 per 1,000 population In a study conducted by Adeloye et al.
(2019), the annual incidence of stroke in Nigeria was reported at 26.0/100,000

population, with a higher rate observed among men (34.1/100, 000 population per
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year) compared to women (21.2/100,000 population per year). Additionally,
Adeloye et al. (2019) noted that the prevalence of stroke survivors in Nigeria was
6.7/1000 population of stroke victims, with a higher prevalence among men
(6,4/1000) compared to women (4.4/1000 population of stroke victims).
Furthermore, Adeloye et al. (2019) highlighted regional disparities, indicating that
the prevalence of stroke survivors was highest in the South-south region at

13.4/100,000 population and among, rural dwellers at 10.8/100,000.

2.1.3 Pathophysiology

A stroke is described as an abrupt neurological outburst caused by inadequate
blood vessel perfusion to the brain. Understanding neurovascular anatomy is
essential for studying the clinical manifestations of stroke. The blood supply to
the brain is controlled by two internal carotids anteriorly and two vertebral
arteries posteriorly (the Willis circle). Ischaemic strokes are caused by insufficient
blood and oxygen delivery to the brain, whereas hemorrhagic strokes are caused

by bleeding or leaky blood vessels.

Ischemic occlusions contribute to around 85% of casualties in stroke patients,
with the remainder due to intracerebral bleeding. Ischemic occlusion generates
thrombotic and embolic conditions in the brain (Musuka et al., 2015). In
thrombosis, the blood flow is affected by narrowing of vessels due to
atherosclerosis. The build-up of plaque will eventually constrict the vascular
chamber and form clots, causing thrombotic stroke. In an embolic stroke,
decreased blood flow to the brain region causes an embolism; the blood flow to
the brain reduces, causing severe stress and untimely cell death (necrosis).

Necrosis is followed by disruption of the plasma membrane, organelle swelling
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and leaking of cellular contents into extracellular space (Broughton et al., 2009)
and loss of neuronal function. Other key events contributing to stroke pathology
are inflammation, energy failure, loss of homeostasis, acidosis, increased
intracellular calcium levels, excitotoxicity, free radical-mediated toxicity,
cytokine-mediated cytotoxicity, complement activation, impairment of the blood—
brain barrier, activation of glial cells, oxidative stress and infiltration of
leukocytes (Woodruff et al., 2011;Gelderblom et al., 2009;Suh et al.,

2008, Qureshi et al., 2003, Wang et al., 2007).

Hemorrhagic stroke accounts for approximately 10—15% of all strokes and has a
high mortality rate. In this condition, stress in the brain tissue and internal injury
cause blood vessels to rupture. It produces toxic effects in the vascular system,
resulting in infarction (Flaherty et al., 2005). 1t is classified into intracerebral and
subarachnoid hemorrhage. In ICH, blood vessels rupture and cause abnormal
accumulation of blood within the brain. The main reasons for ICH are
hypertension, disrupted vasculature, excessive use of anticoagulants and
thrombolytic agents. In subarachnoid hemorrhage, blood accumulates in the
subarachnoid space of the brain due to a head injury or cerebral aneurysm (7estai

et al., 2008; Aronowski et al., 2011).

2.1.4 Risk factor
Non-modifiable risk factors
i. Age

Advanced age is a non-modifiable risk factor for stroke. Risk increases with age
due to the cumulative effect of other risk factors. As individuals grow older,

changes occur in blood vessels, increasing susceptibility to stroke (Sacco et al.,
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2013). Stroke is a disease of aging. The incidence of stroke increases with age,

with the incidence doubling for each decade after age 55 (Roger et al., 2012).

ii. Sex

The relationship of sex to stroke risk depends on age. At young ages, women have
as high or higher risk of stroke as men, though at older ages, the relative risk is
slightly higher for men (Kapral et al., 2005). The higher stroke risk among
women at younger ages likely reflects risks related to pregnancy and the post-
partum state, as well as other hormonal factors, such as use of hormonal
contraceptives. Overall, more strokes occur in women than men, due to the longer
lifespan of women compared to men (Roger et al., 2012;Reeves et al., 2009) . A
study performed in 8 different European countries found that the risk of stroke

increased by 9% per year in men, and 10% per year in women (4splund et al.,

2009)

iii. Race

There are well-documented racial disparities in stroke (Cruz-Flores ef al., 2011).
African Americans are at twice the risk of incident stroke when compared to their
white counterparts, and have higher mortality associated with stroke (Cruz-Flores
et al., 2011). Black race has been identified as a factor in the relationship between
rurality and stroke risk, (Howard et al., 2011; Joubert et al., 2008), but this could
be attributed to issues with access to healthcare [ (Cruz-Flores et al., 2011),
(Stansbury et al., 2005), (Kimball et al., 2014). Other factors that may influence
racial-ethnic differences in stroke risk include other social determinants of disease,
language, and nativity [(Kleindorfer et al., 2012), (Moon ef al., 2012)]. The racial

disparity in stroke mortality is being driven by the racial disparities in stroke
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incidence, highlighting the importance of stroke prevention interventions aimed at
minority groups (Howard ef al., 2016). Interestingly, the association seen between
black race and stroke, while strong for incident stroke, does not remain for
recurrent stroke (Howard et al., 2016). This could be due to stroke risk factors

being addressed upon discharge from the primary stroke event.

iv. Genetics

Genetic factors are also known to be non-modifiable risk factors for stroke with
parental history and family history increasing the risk of stroke. (Seshadri ef al.,

2010;Schulz et al., 2004;Touze et al., 2008).

Modifiable risk factors

The modifiable risk factors are of utmost importance, as intervention strategies
aimed at reducing these factors can subsequently reduce the risk of stroke. Early
identification and modification of risk factors is imperative (Testai et al., 2008).
Modifiable risk variables are further classified into medical illnesses and
behavioural risk factors. Many "traditional" risk factors for stroke, such as

hypertension, diabetes, hyperlipidaemia, and smoking, have long been recognised.

i. Hypertension

Respondents who have a history of hypertension are at risk of 75% strokes
(Wayunah & Saefulloh, 2016). High blood pressure can cause severity in
atherosclerosis and cause intracerebral lesions due to affected autoregulation of
blood flow to the brain (Martiningsih, 2016). Hypertension is also one of the most

severe stroke risk factors encountered in stroke patients (Nugraha et al., 2018).

ii. Diabetes Mellitus and Blood Sugar Levels
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The relative risk of stroke in people with DM ranges from 1.8-6 with a tendency
to occur in young patients (Nugraha et al., 2018). The explanation of diabetes
mellitus also states that DM triggers atherosclerosis and increases hypertension
event because of the 2-fold risk of cerebral infarction resulting in changes in the

vascular system (Martiningsih, 2016).

iii. Smoking

Smoking is one of the bad lifestyles and can increase the risk of stroke by 1.5
times (Simbolon ef al., 2018;Faisal et al., 2015). Smoking also results in
atherosclerosis, thus increasing the occurrence of thrombus, (Wayunah &
Saefulloh, 2016). In addition, smoking can cause blood viscosity, fibrinogen, and

platelet aggregation as well as lower HDL cholesterol and raise blood pressure

(Nugraha et al., 2018).

iii. Dyslipidaemia and Cholesterol Levels

Plasma lipids and proteins increase the risk of cerebral infarction (Nugraha et al.,
2018). LDL levels exceeding 150 mg/dL increase the risk of brain blood vessel

blockage (Wayunah & Saefulloh, 2016).

iv. Obesity

The World Health Organisation (WHO) defines obesity as an excess accumulation
of body fat, commonly defined as having a body mass index (BMI) greater than
30 kg/m?. Obesity has become a major global public health concern in recent
decades, and adopting healthy lifestyle choices alone can significantly reduce the
risk of developing cerebrovascular diseases like stroke by up to 55% (Horn et al.,

2021). Reducing the risk of obesity includes exercising, being physically active,
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eating a diet high in fruits and vegetables, losing excess weight, and changing

lifestyle choices by cutting back on alcohol and quitting smoking.
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vi. Alcohol

One of an unhealthy lifestyle is consuming alcohol. Alcohol consumed will enter
the blood and damage body tissues, especially the liver, trigger stress, thrombosis
in the blood circulation, atherosclerosis, the rhythm of circadian is disrupted
causing sleep disturbances, decreased memory, and increasing the sugar and fat

levels (Cahyati & Rosdiana, 2017)
vii. Physical Inactivity

Living a sedentary lifestyle increases the risk of hypertension, diabetes, obesity,
and cardiovascular disease, all of which are risk factors for stroke. Increased
physical activity levels may reduce the risk of stroke in older persons (Willey et al.

2017).

2.1.5 Types of Stroke

Ischaemic stroke is the most common kind, accounting for more than 80% of all
stroke occurrences, while haemorrhagic stroke accounts for less than 20%
(Grysiewicz et al., 2008). However, there is continuous discussion among
scholars about these figures. A study found that the occurrence of haemorrhagic
stroke increased significantly in a specific population when compared to previous
findings (Shiber et al., 2010). This increase was ascribed to greater accessibility
and use of CT scans. It is worth noting that haemorrhagic stroke has a greater

death rate than ischaemic stroke (Andersen et al., 2009).
Ischaemic Stroke

Ischemic stroke results from the blockage of cerebral vessels by plaques or clots.

This process can be progressive, with plaques slowly forming and decreasing
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blood flow (Sacco et al., 2013). Ischaemic stroke is divided into three types:
bigger vessel stroke (thrombotic and embolic), smaller vessel stroke (Lacunae

stroke), and cardioembolic stroke.

i. Thrombetic Stroke: This type of ischaemic stroke results from the formation
of a thrombus within the cerebral arteries, which is mostly caused by
atherosclerosis. Plaque buildup in arterial walls narrows the lumen, lowering
blood flow and limiting oxygen supply to brain areas. If the plaque fully stops the
arterial, the tissue supplied by the artery may experience a cerebral infarction

(Martin & Kessler, 2015).

iii. Embolic Stroke: An embolic stroke occurs when a thrombus forms in
extracerebral arteries and lodges in the lumen of cerebral arteries. The stuck
embolus might block a brain blood artery, causing tissue injury. These strokes are
frequently related with cardiovascular conditions, particularly atrial fibrillation

(Martin & Kessler, 2015).

iv. Lacunae Stroke: Arises from occlusion of smaller deep-penetrating branches
of cerebral vessels. While often without symptoms, an accumulation of multiple

infarcts can result in symptom manifestations (Gore et al., 2020).

v. Cardioembolic Stroke: This group comprises patients with arterial blockages
likely caused by an embolism originating in the heart. Cardiac sources are
categorized into high-risk and medium-risk groups based on their propensity for
embolism. At least 1 cardiac source of an embolus must be identified to consider a
possible or probable diagnosis of cardioembolic stroke. Clinical and brain
imaging findings resemble those described for large-artery atherosclerosis.

Evidence of a previous transient ischemic attack (TIA) or stroke in more than 1
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vascular territory or systemic embolisms supports a clinical diagnosis of
cardiogenic stroke. Possible large artery atherosclerotic sources of thrombosis or
embolism should be ruled out. A stroke occurring in a patient with a medium-risk
cardiac source of embolism and no other apparent cause of stroke is categorized

as a possible cardioembolic stroke (Spence, 2018).

Haemorrhagic Stroke

This type of stroke happens when blood arteries rupture, causing bleeding and
increased intracranial pressure. It can also manifest as bleeding from orifices

(Parmar, 2018).

i. Intracerebral Haemorrhage (ICH): ICH stands as the second most prevalent
form of stroke. ICH is typically caused by the rupture of small arteries, often due
to hypertensive vasculopathy, cerebral amyloid angiopathy (CAA),
coagulopathies, and other vasculopathies. Hypertensive vasculopathy is
predominantly associated with non-lobar ICH (in regions such as the basal
ganglia, thalamus, cerebellum, and brainstem), whereas CAA is more commonly
linked to lobar ICH (Kremer ef al., 2015). Several risk factors contribute to ICH,
including advancing age, hypertension, CAA, smoking, excessive alcohol intake,
sympathomimetic drugs, anticoagulants, and antiplatelet drugs (An et al.,

2017;Magid-Bernstein et al., 2022).

ii. Subarachnoid Haemorrhage (SAH): Approximately 5% of all strokes are
caused by spontaneous SAH due to a ruptured aneurysm in 85% of patients. Other
causes of spontaneous SAH include drug use (such as amphetamines and cocaine),

coagulopathy, a ruptured arteriovenous malformation, and vessel rupture due to a
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dural venous sinus thrombosis. Various risk factors are associated with SAH,
including smoking, hypertension, excessive alcohol consumption, advancing age,
personal history of another type of aneurysm or SAH, and family history of an

intracranial aneurysm (Sweeney et al., 2016;Mabhar et al., 2020).

Transient Ischemic Attack (TIA)

This is a type of stroke which involves a transient or temporary obstruction of
blood flow, presenting with symptoms similar to a stroke but resolving within 24

hours, without signs of focal brain damage or infarction (Panuganti et al., 2022).

2.1.6 Anatomy of the brain

The Brain

The human brain is perhaps the most complex of all biological systems, with the
mature brain consisting of around 100 billion information-processing cells known
as neurones. (Stiles & Jernigan, 2010). The brain is an organ made up of nerve
tissue that controls task-related responses, movement, senses, emotions, language,
communication, thinking, and memory. The human brain has three primary parts:

the cerebrum, cerebellum, and brainstem.

The Cerebrum

The cerebrum is the largest component of the brain. It is divided into right and left
hemispheres. The corpus callosum is the collection of white matter fibers that
joins these hemispheres.

Each of the cerebral hemispheres is further divided into four lobes: the frontal,

parietal, temporal, and occipital lobes. The medial temporal lobe structures are

26



considered by some to be part of the so-called limbic lobe. Some texts divide the

brain into five lobes, insula being the fifth one (Chauhan et al., 2021).

Frontal lobe - The frontal lobe is distinguished from the parietal lobe posteriorly
by the central sulcus (see the image below). It is involved in high-order cognitive
processes, control of voluntary movement, and perception of sensory stimuli. The
precentral gyrus within the frontal lobe houses the primary motor cortex, essential
for voluntary movement. The frontal lobe also plays a key role in speech (Broca's

area). (Netter, 2022;Herculano-Houzel, 2013;Chauhan et al., 2021).

Parietal lobe - It is located posterior to the frontal lobe and is separated from the
frontal lobe by the central sulcus and from the occipital lobe by the parieto-
occipital sulcus on the medial surface. The parietal lobe processes sensory
information such as touch, temperature, and pain. The postcentral gyrus here
contains the primary somatosensory cortex. (Netter, 2022;Herculano-Houzel,

2013;Chauhan et al., 2021).

Temporal lobe - It is located inferior to the frontal and parietal lobes, separated by
the lateral sulcus (or the Sylvian fissure). The temporal lobe is crucial for auditory
processing and memory formation, particularly via the hippocampus. It has other
important roles, including speech, hearing, and vision (temporooccipital

junction). (Netter, 2022;Herculano-Houzel, 2013;Chauhan ef al., 2021).

Occipital lobe - It is located in the posterior part of the cerebrum. The occipital
lobe is primarily responsible for visual processing, including color perception,
visuospatial processing, facial recognition, and memory formation. (Netter,

2022;Herculano-Houzel, 2013;Chauhan et al., 2021).
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The Cerebral Cortex

The outermost layer of the cerebrum is the cortex, which has a slightly gray
appearance — hence the term "gray matter." The cortex has a folded structure;
each fold is termed as a gyrus, while each groove between the folds is termed as a
sulcus. This cortical folding is now known to enhance cognitive functions and

neural connectivity (Netter, 2022;Dziedzic et al., 2021;Chauhan ef al., 2021).

The Brain Stem

Positioned in the middle of the brain, the brainstem serves as a link connecting the
cerebrum to the spinal cord, comprising the midbrain, pons, and medulla

(Fernandez- Gil et al., 2010).

Midbrain

The midbrain, also termed as the mesencephalon, is the superior most aspect of
the brainstem and plays a crucial role in various functions, particularly related to
movement, vision, and hearing. Structurally, the midbrain consists of several key

components. (Netter, 2022;Ruchalski and Hathout, 2012).

Cerebral peduncles - These are bundles of nerve fibers that connect the forebrain
to the hindbrain. They contain motor pathways that transmit signals from the
cortex to the spinal cord, facilitating movement control. Between these peduncles,
the third cranial nerve (oculomotor nerve) exits ventrally, contributing to eye

movement control. (Netter, 2022;Ruchalski and Hathout, 2012).

Tectum - The posterior region contains two pairs of protrusions known as the
superior and inferior colliculi. The superior colliculi are involved in processing

visual information and mediating eye movements, while the inferior colliculi
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manage auditory information and sound localization. (Netter, 2022;Ruchalski and

Hathout, 2012).

Cranial nerves - The third cranial nerve (oculomotor) exits from the ventral aspect,
and the fourth cranial nerve (trochlear) exits dorsally — this unique dorsal exit is
one of the distinguishing features of the trochlear nerve. The trochlear nerve then
wraps around the brainstem to assist in eye movement. (Netter, 2022;Ruchalski

and Hathout, 2012).

The posterior aspect of the midbrain has two pairs of characteristic protrusions,
the superior and inferior colliculi. The superior colliculi are involved in mediating
the vestibulo-ocular reflex, whereas the inferior colliculi are involved in sound
localization. The midbrain also houses several important nuclei and gray matter
structures, including the substantia nigra, which produces dopamine that is crucial
for motor function and is affected in Parkinson's disease. Additionally, it contains
the red nucleus, which plays a role in motor coordination. Overall, the midbrain
integrates sensory information and coordinates motor responses, playing a pivotal
role in maintaining bodily functions and facilitating interaction with our

environment. (Netter, 2022;Ruchalski and Hathout, 2012).

Pons

The pons is a critical structure in the brainstem, located above the medulla and
below the midbrain. It plays a significant role in connecting various parts of the
brain, notably acting as a bridge between the cerebellum and cerebrum. The blood
supply to the pons primarily comes from branches of the basilar artery [(Netter,
2022), (Arraga et al., 2016)]. Its ventral surface has a characteristic band of

horizontal fibers. These fibers are the pontocerebellar fibers that are in turn

24



projections from the corticopontine fibers. They cross to enter the contralateral

middle cerebellar peduncle and thus enter the cerebellum.

On either side of the midline, there are bulges that are produced by the descending
corticospinal tracts. At the pontomedullary junction, the sixth cranial nerve
(abducens) can be seen exiting the brainstem. Laterally, but anterior to the middle
cerebellar peduncle, the fifth cranial nerve (trigeminal) is seen exiting the
brainstem. Below the middle cerebellar peduncle, the seventh and eighth cranial
nerves (facial and vestibulocochlear) can be seen exiting. Dorsally, the pons forms

the floor of the fourth ventricle.

The pons is divided into two main parts: the ventral (basilar) pons and the pontine
tegmentum. The ventral pons contains the pontine nuclei and the transverse
pontocerebellar fibers, while the pontine tegmentum houses the cranial nerve
nuclei and various ascending and descending tracts. (Netter, 2022;Arraga et al.,

2016).

The pons is a vital component of the brainstem anatomy, serving as a conduit for
signals between various parts of the nervous system while housing critical nuclei
that influence numerous physiological functions. (Netter, 2022;Arraga et al.,

2016).
Medulla oblongata

The medulla oblongata, or simply medulla, is continuous and superior to the
cervical spinal cord. There are several external anatomical features of the medulla
that can be visible grossly. Ventrally, the pyramids and pyramidal decussation is
visualized just below the pons. These are the descending corticospinal tracts. Just

lateral to the pyramids, the rootlets of the hypoglossal nerve can be seen as they
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exit the brainstem. Lateral to the rootlets of the hypoglossal nerve is the inferior
olive. Dorsolateral to the inferior olive, the rootlets of the ninth and tenth cranial

nerves (glossopharyngeal and vagus) exit.

Dorsally, two pairs of protrusions are visible, which are the gracile tubercles
medially and the cuneate tubercles just lateral to those. These represent the nuclei
where sensory information from the dorsal columns is relayed onto thalamic
projection neurons. Just superior to these protrusions is the floor of the fourth
ventricle, which bears several characteristic impressions. The vagal trigone is the
dorsal nucleus of the vagus nerve (cranial nerve X) and lies inferiorly, just below

the hypoglossal trigone.

The medulla oblongata also houses the nuclei of the four inferior most cranial
nerves: the glossopharyngeal nerve (CN IX), vagus nerve (CN X), accessory
nerve (CN XI), and hypoglossal nerve (CN XII). The medulla oblongata serves as
a critical hub for autonomic control and sensory-motor integration. Its complex
anatomy reflects its multifaceted roles in maintaining homeostasis and facilitating
communication between various parts of the nervous system. (Netter, 2022;Diek

etal., 2022).

The Cerebellum

The cerebellum occupies the posterior fossa, dorsal to the pons and medulla. It is
involved primarily in modulating motor control to enable precisely coordinated
body movements. Similar to the cerebrum, which has gyri and sulci, the

cerebellum has finer folia and fissures that increase the surface area.

The cerebellum is divided into three main lobes — anterior, posterior, and

flocculonodular — each of which contributes to various functional regions such
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as the vestibulocerebellum (involved in balance and eye movements),
spinocerebellum (posture and coordination), and cerebrocerebellum (planning and

voluntary movements). (Netter, 2022;Zhang et al., 2023;Aparicio et al., 2021).

The cerebellum consists of two hemispheres, connected by a midline structure
called the vermis. In contrast to the neocortex of the cerebrum, the cerebellar
cortex has three layers: molecular, Purkinje, and granular. There are four deep
cerebellar nuclei: the fastigial, globose, emboliform, and dentate nuclei, in
sequence from medial to lateral. These deep nuclei interact with other brain
regions to coordinate movement (Netter, 2022;Zhang et al., 2023;Aparicio et al.,
2021). The afferent and efferent pathways to and from the cerebellum exist within
the three cerebellar peduncles: superior, middle, and inferior. These pathways
carry both afferent and efferent signals essential for motor coordination and

sensory processing. (Netter, 2022;Zhang et al., 2023;Aparicio et al., 2021).

2.1.7 Arterial Blood supply of the Brain

The brain receives blood from two sources: the internal carotid arteries, which
arise at the point in the neck where the common carotid arteries bifurcate, and
the vertebral arteries . The internal carotid arteries branch to form two major
cerebral arteries, the anterior and middle cerebral arteries. The right and left
vertebral arteries come together at the level of the pons on the ventral surface of
the brainstem to form the midline basilar artery. The basilar artery joins the
blood supply from the internal carotids in an arterial ring at the base of the brain
(in the vicinity of the hypothalamus and cerebral peduncles) called the circle of
Willis. The posterior cerebral arteries arise at this confluence, as do two small

bridging arteries, the anterior and posterior communicating arteries.
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Conjoining the two major sources of cerebral vascular supply via the circle of
Willis presumably improves the chances of any region of the brain continuing to

receive blood if one of the major arteries becomes occluded (Purves et al., 2001).

Circle of Willis

Structure and Function

Structure

The circle of Willis is a ring of vessels connecting the anterior and posterior
circulations of the brain. The ring is bounded anteriorly by a single anterior
communicating artery (ACom), which connects the bilateral anterior cerebral
arteries (ACA). The ACAs course posterolaterally until reaching their lateral-most
connection to the ICA, which runs cephalically through the neck and into the
brain. As each Internal Carotid Artery (ICA) runs its course, they
individually give off an ophthalmic artery. At the point of connection between the
ACA and the ICA, the lateral continuation of the ICA becomes the middle
cerebral artery (MCA). Coursing posteromedially from each ACA-ICA junction is
the posterior communicating artery (PCom). The PCom connects the MCA with
the posterior cerebral arteries (PCA), which form the posterior-most aspect of the
CoW. The bilateral PCAs fuse to become the basilar artery (BA). The BA courses
caudally along the anterior pons, giving off many branches, including the superior
cerebellar arteries, and pontine arteries, and the anterior inferior cerebellar artery.
The BA then divides into the bilateral VAs, which each gives off a posterior
inferior cerebellar artery (PICA) and contributes to the formation of a single
anterior spinal artery. (Prince and Ahn, 2013;Menshawi et al,

2015;Krishnaswamy et al. 2010;Robben et al., 2016).
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Function
The circle of Willis acts to provide collateral blood flow between the anterior and
posterior circulations of the brain, protecting against ischemia in the event of

vessel disease or damage in one or more areas.

2.1.8 Clinical Signs, Symptoms and Complications of Stroke

The common manifestations of an ischemic stroke include the abrupt onset of
weakness or numbness in the face, arm, or leg, challenges in speech or
comprehension, visual disturbances, dizziness, lack of balance and coordination,
and intense headaches. Conversely, a hemorrhagic stroke is identified by a sudden
and severe headache, accompanied by symptoms like nausea, vomiting. weakness
or numbness in the arms, legs, or face, seizures, and a loss of consciousness
(Johnston et al., 2018). Additional indications of a stroke encompass difficulties
in swallowing, difficulty speaking, sensory and cognitive deficit, hemineglect,

and a tendency to push away from the weaker side (Martin & Kessler, 2015).

When the blood supply to an area of the brain is compromised, it leads to
dysfunction in the functions controlled by that specific region. The clinical

manifestations of arterial occlusion can vary depending on the affected artery.

2.1.9 Diagnosis of Stroke
A review of medical history, coupled with a thorough physical examination and
several diagnostic tests, can aid in the diagnosis of a stroke, determining its type,

location, and severity (Choi et al., 2022).

Patient History: Gathering a thorough patient history is crucial for uncovering
underlying pathology and guiding clinical decisions. Open-ended questions allow

patients to express their thoughts, symptoms, and concerns, providing essential
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information. Key aspects of history taking include the onset, symptoms, course,

duration, associated factors, and the initial response to illness (Nichol et al., 2023).

Physical Examination: A systematic and continuous process, physical
examination involves objectively assessing anatomical deviations. The clinician
observes the patient's gait, use of ambulatory aids, orthotic devices, speech, and
extremity manipulation. Beginning with observation and followed by palpation,
the examination aims to identify signs such as lacerations, redness, swelling,
muscle atrophy, asymmetry, and deformities.

Neurological Assessment: Neurological assessment evaluates an individual's
neurological integrity, covering mental status, cranial nerves, motor coordination,

sensory examination, and gait assessment.

Mental Status Assessment: Assesses consciousness, alertness, orientation,
cognitive ability, memory, speech, and language. Tools like mini-mental status
exam scale (MMSE), Glasgow coma scale (GCS), Grady coma scale, and others
aid in assessing different aspects of mental status.

Cranial Nerves Examination: The evaluation of cranial nerves, an integral
aspect of neurological assessment, ensures the proper functioning of cranial
nerves. These nerves. originating from distinct areas of the brain play crucial roles
in motor, sensory, and autonomic functions within the head and neck. Any
compromise in the associated brain regions can lead to impaired cranial nerve

function (Reese et al., 2023).

Motor Examination: Assessing muscle integrity and function is central to the
motor examination. Overlying muscles are carefully examined for signs of

lacerations, bruises, swelling, muscle atrophy, and deformities. Muscle strength
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and muscle tone testing using the Oxford Muscle Grading System and the
modified Ashworth scale (MAS) are some outcome measures used. Additionally,

ROM is compared between the affected and unaffected sides.

Sensory Examination: This examination involves assessing responses to stimuli,
identifying any absent, diminished, exaggerated, or delayed responses. Possible
causes include issues with peripheral nerve endings, the spinal cord, tracts,
thalamus, brainstem, or cortex (Shahrokhi & Asuncion, 2023). Distinct sensations

are classified

based on sensory receptors.

* Superficial Sensation: Originating from the environment, these stimuli are

detected by exteroceptors, including pain, temperature, and touch.

Assessment methods include pin-prick for pain, thermal discrimination testing for

temperature, and light touch using the tail end of a cotton swab.

* Deep Sensation: Arising from joints, muscles, ligaments, tendons, and fasciae,
responses are elicited by proprioceptors. Kinesthesia, vibration sense, and position
sense (proprioception) are evaluated using joint movement tests and Romberg's

test.

Cortical Sensation: Generated from both proprioceptors and exteroceptors,
sensations like stereognosis, barognosis two-point discrimination, graphesthesia,

recognition of texture, and tactile localization are assessed.

Coordination:
Assesses motor coordination through tests like dysmetria and dysdiadochokinesia,

evaluating rhythm and rapidly alternating movements.
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Gait:
Begins with the patient's entrance, observing gait abnormalities that may indicate
underlying issues. Specific gait patterns, such as high steppage gait, provide

insights into potential weaknesses or abnormalities.

Radiological investigations

Neuroimaging is crucial in the assessment of stroke patients, particularly those
with acute ischemic stroke. It serves a vital role in distinguishing stroke from
other conditions that mimic its symptoms, such as migraine headaches, tumors,
seizures, metabolic disturbances, and peripheral or cranial nerve disorders.
Additionally, neuroimaging aids in the early detection of hemorrhagic stroke,
differentiation between irreversible infarcted tissues and salvageable tissue,
identification of vascular malformations, planning for intravenous thrombolysis

and intra-arterial thrombectomy, and predicting outcomes (Hand et al., 20006).

Some radiological imaging techniques include Computed Tomography (CT),

Magnetic Resonance Imaging (MRI), Ultrasonography, and Angiography.

Laboratory Investigations

Laboratory investigations are a good tool for diagnosing stroke and ruling out
other conditions as well as guiding treatment choices. Some of these laboratory
tests include:

* Full Blood Count (FBC): This involves assessing platelet levels, crucial for
blood clotting. The examination also includes measuring clectrolyte levels to
evaluate kidney function.

* Coagulation Assessment: Through tests like Prothrombin Time (PT) and Partial
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Thromboplastin Time (PTT), the rate of blood clotting can be determined.

Prolonged clotting time may indicate potential bleeding issues.

2.1.10 Management of Stroke
Physiotherapy management

Rehabilitative physiotherapy main goal is to lessen impairment and disabilities so
that stroke victims can resume their regular selfcare and daily activities as
independent as possible(Dobkin & Dorsch, 2013). There are different
physiotherapy approaches or concepts that have been developed to manage stroke
patients. Generally, physiotherapy techniques in stroke management include:
Strengthening exercises, Functional Electrical Stimulation, Balance and
coordination training, Proprioceptive Neuromuscular Facilitation, Sustained

Passive Stretching, Mirror Therapy, Virtual Reality (Dobkin & Dorsch, 2013).

Constraint-induced movement therapy (CIMT): CIMT seeks to counteract
"learned non-use" by restricting the movement of the unaffected limb while
intensively training the affectedlimb. By doing so, it encourages the use and
relearning of motor skills in the affected limb, promoting functional recovery

(Dobkin & Dorsch, 2013).

2.2 CIMT

2.2.1 Definition

Constraint-Induced Movement Therapy (CIMT), also known as CI, is a
"rehabilitative strategy". It is aimed at improving the functional use of an affected
extremity for those who are impacted by stroke or other neurological conditions.
It uses principles of mass practice while restraining the neurologically stronger

limb.(Fritz et al., 2012) It has also been defined as a behavioural approach to
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neurorehabilitation, making use of simple behavioural techniques - shaping being

a predominant theme. (Taub & Uswatte, 2006)

CIMT has been described as including the essential components of rehabilitation

following neurological injury, which comprise of: (Taub & Uswatte, 2006)

* Repetition - task orientated in manner.

* Constraining of patients, so as to induce use of the impaired limb or function.
* Application of a "package of behavioural methods" which allow the
transference of skills learned in the clinical settings to that of the real-world

environment.

While initially developed for the stroke population, it is also being used in
populations affected by cerebral palsy, traumatic brain injury, phantom limb pain,

focal hand dystonia in musicians and multiple sclerosis.(Barghi et al., 2017)

2.2.2 CIMT Candidates

Diagnoses which may benefit most from CIMT are:

* Stroke (Cerebrovascular accidents)

* Traumatic Brain Injury

* Spinal cord injury

* Multiple sclerosis

* Cerebral palsy (Hemiplegia)

Stroke
In a Swedish paper published in 2006, participants who benefitted from CIMT

were those who had suffered a stroke and had: (Brogardh, 2006)
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* Some hand function

* High motivation

* Minimal cognitive dysfunction
 Adequate balance

» Adequate walking ability while wearing the restraint to be eligible to participate
in CIMT interventions. In a paper published in 2006 by Taub & Uswatte,
commenting on CIMT on the upper limb for stroke patients, the 10 x 10 x 10

eligibility criteria could be used in selecting a patient for CIMT:

* 10 degrees active wrist extension on the affected hand

* 10 degrees active thumb abduction on the affected hand

* 10 degrees active extension of any other two digits on the affected hand

Also in order for CIMT be most beneficial in the stroke population, it was

suggested that these candidates demonstrated the following: (Brogardh, 2006)
* Limited spasticity (0,1,17) according to modified Ashworth scale.

* Ability to move the affected arm 45 degrees of shoulder flexion and abduction,

and 90 degrees of elbow flexion and extension.
* Adequate balance.

* Minimal cognitive dysfunction.

2.2.3 Components of CIMT

There are 3 major components of CIMT:(Uswatte et al., 2006)

* Shaping
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* Task practice

* Packaging of behavioural techniques.

* Shaping is a training method in which a motor task is gradually made more
difficult. Shaping programs are individualized, consisting of 10-15 tasks selected
primarily from a basic battery of tasks. Each task is usually performed in a set of
10-30 sec trials. At the end of each set of 10 trials, the task is changed. Only one
shaping parameter is changed at a time. Requires shaping constant therapist

involvement.

» Task practice is repetitive practice of individual functional tasks that takes
roughly 15-20mins. Rest is provided as required. Encouragement is given on an
infrequent basis (i.e. every 5 mins) with feedback at the end of the task as well

about how they performed. Task practice requires less therapist involvement.

* Packaging of behavioural techniques (or the administration of a transfer
package) is designed to transfer gains from the clinic to daily life. It includes a
behavioral contract that improves adherence to the rehabilitation process. It also
includes components such as a log book daily assignments and engaging patients
in problem solving. Furthermore, this allows for the identification of barriers and
problem-solving to overcome these obstacles. The daily administration of a motor

activity log promotes adherence.

2.2.4 Restraints

The restraints commonly used for CIMT includes (Charles et al., 2005):

* Sling

* Plaster cast
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* Triangular bandage

* Splint

* Sling combined with a resting hand splint
* Half glove

*Mitt

2.2.5 Models of CIMT

The treatment models are commonly explained in two methods:

1. Unmodified CIMT: Uses a variety of approaches that promote the affected
limb for 90% of the individuals waking hours. Only activities involving toileting,
hygiene and bathing are permitted. This is done by constraining or reducing the
use of the unaffected extremity for 2-3 weeks. The most common form of
constraints used for the upper extremity are slings, mitts with velcro or resting

hand splints. (Gauthier et al., 2009;Page ef al., 2002)

2. Modified CIMT: This is more pragmatic model. The program consists of 3
hour per day for 5 days/week, for a minimum of 4 successive weeks. In total there
will be 20 treatment sessions totaling to 60 hours. The client is expected to use
his/her affected extremity for a minimum of the five “top arm use hours” at home

during each week day. (Brogardh & Sj6lund, 2006)

2.2.6 Advantages to CIMT
The following have been identified as advantages in the use of CIMT: (Richards

et al., 2006;Sterr et al., 2002)

* Overall greater improvement in function than traditional treatment.
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* Highly researched and highly credible treatment approach.

* There are brain activity and observed gray matter reorganization in primary

motor, cortices and hippocampus.
* Increase social participation.

» Decrease in medical cost over lifetime.

2.2.7 Side Effects

Few studies have reported harms associated with CIMT, such as burns, minor skin
lesions and muscle soreness (stiffness and discomfort) in the affected upper
extremity (Hakkennes & Keating, 2005). Shoulder pain in the acute phase after

stroke has not been shown to increase after wearing a constraint. Patient endures

many hours of frustration (Ploughman & Corbett )
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2.3 EMPIRICAL REVIEW OF LITERATURE

Azevedo et al. carried out a study in 2022 to Identify whether CIMT is superior to
usual techniques to enhance activity and participation outcomes in stroke
survivors. Systematic Review & Meta-Analysis were used as the study design. A
total of 21 studies were included for analysis. The results show that CIMT results
in more significant gains in the functional use of the upper limb in ADL and
functional independence, demonstrating superior activity and participation results

in stroke survivors when compared to conventional therapies.

Ghanzafar et al., carried out a study in 2024 to assess and compare the
effectiveness of Constraint-Induced Movement Therapy (CIMT) and
Proprioceptive Neuromuscular Facilitation (PNF) in improving upper limb
function in patients with hemiplegic stroke, based on randomized controlled trials
(RCTs) conducted between 2020 to 2024. The inclusion criteria focused on
randomized controlled trials (RCTs) involving hemiplegic patients who received
either Constraint-Induced Movement Therapy (CIMT) or Proprioceptive
Neuromuscular Facilitation (PNF). Four studies were selected based on the
inclusion criteria. The primary assessment tools were the Fugl-Meyer Assessment
(FMA), Motor Activity Log (MAL), functional motor, and spasticity tests. The
review identified and compared the effects of Constraint-Induced Movement
Therapy (CIMT) and Proprioceptive Neuromuscular Facilitation (PNF) on upper
limb motor function in stroke patients. All four studies reported improvements in
motor function, with results favoring CIMT over PNF. The Functional Mobility
Assessment (FMA) scores indicated significantly greater improvements in

patients receiving CIMT than those undergoing PNF.
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Hyoseon Choi and Hyun Jung Kim carried out a study in 2024 to evaluate the
effect of constraint-induced movement therapy (CIMT) on arm function and daily
living compared with conventional rehabilitation in stroke patients with
hemiplegia, a systematic review and meta-analysis were the study design used. A
total of 34 randomized controlled trials (RCTs) were included herein. Specifically,
21 RCTs regarding arm motor function, 13 on upper limb motor impairment, and
12 on activities of daily living (ADL) performance were analysed. The results of
the meta-analysis demonstrated that CIMT was significantly more effective than
conventional therapy in improving arm motor function, reducing upper limb

motor impairment, and enhancing ADL performance.

Lingling Marinda Palupi et al., carried out a study in 2020 to discover the
combination effects of Range of Motion Exercise (ROM) and Constraint Induced
Movement Therapy (CIMT) to the changes of upper extremity functional ability
by using a measuring tool Chedoke Arm and Hand Activity Inventory form
(CAHAI) to stroke patients with hemiparesis. The research uses Quasi
Experimental with non-Equivalent Control Group design. The respondents were
chosen by using Consecutive Sampling technique with a total of 34 respondents
divided into two groups. 17 respondents as the treatment group were given
combination therapy of ROM and CIMT and 17 respondents as control group
were given ROM therapy only.. The Statistical test was done by using Paired T-
test and Independent T-test. The research concluded that the combination of
Range of Motion Exercise (ROM) and Constraint Induced Movement
Therapy (CIMT) can increase the upper extremity functional ability so that it can
be used as an alternative of exercise therapy to increase the upper extremity

functional ability of stroke patients.
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Miki Kurnia Fitrizah et al., carried out a study in 2025 to determine the effect of
Constraint Induced Movement Therapy on gripping strength in stroke patients.
The study used a type of quantitative research with a pre-experimental design
approach with a one-group pre-test-post test design, namely research carried out
for a population group of 60 patients and a sample of 10 patients. The bivariate
statistical analysis method used in this study is the Paired T Test.The results of the
study obtained the average value of grasping strength before Constraint Induced
Movement Therapy, which was 9,150. The results obtained the average value of
grasping strength after Constraint Induced Movement Therapy which was 12,950.
The results of the bivariate analysis test with the T test showed that there was an
effect of Constraint Induced Movement Therapy on grasping strength in stroke
patients with a p value = 0,000. The results of the study suggest to provide
Constraint Induced Movement Therapy exercises with longer application and are
expected to be used to administer Constraint Induced Movement Therapy to

stroke patients who experience grasping weakness.

Rodriguez et al., carried out a study in 2024 to determine the effectiveness of
CIMT through Telerehabilitation for upper extremity function in stroke patients.
30 post-stroke participants were selected on the basis of inclusion and exclusion
criteria, and allocated into group A and group B. Group A was treated with CIMT
in the physiotherapy department and group B was treated with CIMT through TR.
Outcome measures were the Fugl-Meyer Assessment scale for upper extremities
(FMA-UE), the Wolf Motor Function Test (WMFT), and the Motor Activity Log
(MAL).CIMT via TR was equally effective than CIMT in physiotherapy

department for upper extremity function in stroke.
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Vandhana carried out a study in 2012 to investigate the effectiveness of constraint
induced movement therapy and conventional physiotherapy in improving hand
and wrist function in the hemiparetic stroke patients. Descriptive analytical study
was done by using paired‘t’ test and unpaired‘t’ test. 20 patients with hemiparetic
stroke were included in this study and randomly divided into two groups A and B
each group consist of 10 subjects. Group A was treated with Constraint induced
movement therapy. Group B was treated with Conventional physiotherapy. Wrist
and hand functions were assessed before and after intervention by Fugl-meyer
scale. The statistical result shows that there is improvement in both the groups.
But when comparing both it was found that Constraint induced movement therapy

is more effective than conventional physiotherapy in hemiparetic stroke patients.

Zafar et al., carried out a study in 2023 to compare the effectiveness of CIMT and
traditional OT in enhancing upper limb function in stroke survivors. The
comparison was based on changes in the Fugl-Meyer Assessment for Upper
Extremity (FMA-UE) and the Stroke Impact Scale (SIS). Randomized clinical
trial involved 40 adult stroke survivors, who were assigned to either CIMT (n=20)
or traditional OT (n=20). Assessments using FMA-UE and SIS were conducted
before and after the intervention. Both CIMT and traditional OT were effective in
improving upper limb function and reducing stroke impact. Traditional OT,

however, demonstrated a slightly greater improvement.
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2.4 SUMMARY OF REVIEWED LITERATURE

This chapter offered a comprehensive overview of the theoretical, clinical, and
rehabilitative circumstances around stroke and Constraint-Induced Movement
Therapy (CIMT). It began talking about the theoretical underpinning of CIMT,
which is based on Dr. Edward Taub's concept of "learnt non-use" and the
importance of intensive practice in rehabilitating the damaged limb following a
stroke. It also covered the definition, epidemiology, pathophysiology, risk factors,
and forms of stroke, stressing both ischemic and hemorrhagic strokes, their
processes, and clinical implications. It emphasised the global and local prevalence
of stroke, notably in Sub-Saharan Africa and Nigeria, and identified both
modifiable and non-modifiable risk factors for stroke occurrence. A complete
anatomical review of the brain and its arterial blood supply was presented.
Additionally, clinical indicators, diagnostic techniques, and sequelae of stroke
were investigated, as well as detailed neurological and functional assessments
important to physiotherapy. This chapter then turned focus to stroke management,
with a special emphasis on physiotherapy. Several rehabilitation approaches were
presented, with a major focus on CIMT. CIMT was defined, along with its
fundamental components (shaping, task practice, and behavioural packing),
appropriate patient profiles, and treatment models (modified and unmodified
CIMT). This chapter also discussed the benefits and potential adverse effects of

CIMT.

Finally, an empirical evaluation of current studies found that CIMT is more
effective than standard rehabilitation approaches and alternative physiotherapy
procedures. These trials consistently shown CIMT's greater effect on upper limb

function and daily activity performance in stroke patients. Most of these studies
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where carried out among the Caucasian population, this study was therefore done
to know the effectiveness of CIMT among the black population especially in

Benin City.
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CHAPTER 3
MATERIALS AND METHODS

3.1 Participants

This study population consist of 60 hemiplegic stroke survivors treated at the
Physiotherapy Department of the University of Benin Teaching Hospital (UBTH)
in Benin City, (UBTH Medical Records, 2025). Participants included both male
and female survivors between the ages of 18 to 65 years, who had hemiplegia.
They were recruited from the outpatient stroke rehabilitation clinic and educated

about the study's nature before giving their agreement.

3.1.1.1 Inclusion Criteria
1. Adults between ages of 18 to 65 diagnosed with their first stroke.
11. Hemiplegia combined with mild to moderate upper limb motor impairment.
iii.  Capable of actively extending the wrist and fingers by at least 10°.

iv.  The ability to understand and follow simple directions.

3.1.1.2 Exclusion Criteria
i. Severe stiffness or contractures in the affected upper limb (modified Ashworth
Scale >2).
ii. Cognitive impairments or aphasia causing difficulty understanding.
iii. Upper limb problems that coexist with neurological or orthopaedic disorders.

iv. Unstable medical conditions (e.g., uncontrolled hypertension, cardiac conditions).

3.2 Materials

3.2.1 Apparatus/Instruments

Medical Research Council (MRC) Scale for Muscle Strength
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Universal Goniometer
Handheld Dynamometer
Pinch Gauge
Soft Mitt Restraint (Bandage)
3.2.2 Description of Instruments
Medical Research Council (MRC) Scale for Muscle Strength

The MRC Scale for Muscle Strength is a commonly used scale for assessing
muscle strength from Grade 5 (normal) to Grade 0 (no visible contraction). It was
originally described by the Medical Research Council in 1943. It helps clinicians

determine the level of muscle function by testing against resistance or gravity.

Validity: Bohannon (2005) noted its clinical utility but emphasized its inability to

detect small, clinically important changes, especially in moderate strength ranges.

Reliability: Vanhoutte er al. (2012) showed inter-rater reliability improved
significantly with training and standardized protocols but remained moderate for

grade 4.

Score: The score is graded from grade 0 to 5.
0: No contraction

1: Flicker or trace of contraction

2: Active movement, with gravity eliminated
3: Active movement against gravity

4: Active movement against gravity and resistance
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5: Normal power

Universal Goniometer

Description: Goniometry is the art and science of measuring joint ranges in all
planes of the joint. (viraj et al., 2020). The term 'goniometry' is derived from the
Greek words 'gonia' meaning angle and 'metron' meaning measure; thus,
goniometry refers to the measurement of angles, which in rehabilitation contexts
means the measuring of angles in each plane at the body's joints. The goniometer
is the most commonly used instrument for measuring range of motion. (viraj et al.,
2020) To assess a patient's range of motion in a specific joint, the therapist can use
a goniometer at the initial assessment and again in subsequent sessions to ensure

the intervention is effective. It has movable arm, fulcrum and a stationery arm.

Validity: Gajdosik et al. (2015) in a systematic review concluded that while more
sophisticated tools exist (like motion capture), universal goniometry demonstrates
"good criterion validity" when compared to radiographic measurements for many

joints, especially when strict protocols and anatomical landmarks are followed.

Reliability: Rothstein et al. (1983) demonstrated that standardized training
significantly improves inter-tester reliability for elbow flexion/extension

measurements.

Score: The score is the measured angle in degree.

Electronic Handheld Dynamometer (EHD)

Description: Camry EHD, EH101 Model (Camry Scale-USA, 2020) is a portable
device which was used to the grip strength. Grip strength is a measure of

muscular strength or the maximum force/tension generated by one’s forearm
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muscles. It can be used as a screening tool for the measurement of upper body

strength and overall strength.

Validity: Validity refers to how accurately the dynamometer measures what it is
intended to measure. Wikholm and Bohannon (1991) found a high correlation (r =
0.90) between hand-held dynamometer scores and isokinetic dynamometry in

measuring quadriceps strength.

Reliability: Reliability refers to the consistency of the measurement across time
and different assessors. Katoh and Yamasaki (2009) found intra-rater ICCs > 0.90

when using a hand-held dynamometer to measure hip abductor strength.

Score: The device would be recorded in kilograms.

Mechanical Pinch Gauge (MPG)

Description: MPG, PG-30 Model (North Coast Medical, Inc., 2020) is a hand-
held instrument used to measure the strength of the pinch grip, typically in
pounds (Ibs.) or kilograms (kg). It is a clinical instrument used to measure the
force generated by the fingers and thumb during pinch grips, providing an
objective assessment of fine motor strength and hand function. The device
typically measures force during various pinch types—such as tip pinch (thumb
pulp to fingertip), key or lateral pinch (thumb pulp to lateral aspect of index
finger), and palmar or three-jaw pinch (thumb pulp to index + middle finger
pulps) by registering the maximal voluntary contraction when the patient
pinches the gauge.

Validity: The extent to which the instrument measures what it is supposed to
measure (i.e. true pinch strength, and how well it correlates with related
constructs). In 2024 systematic review observed strong to very strong
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correlations between pinch strength and grip strength (r = 0.72 to 0.92) across
studies, which supports convergent validity (i.e. pinch strength is related to
general hand strength). They also reported moderate to strong correlations
between pinch strength and dexterity assessments (e.g. fine motor tasks) (r =
0.78-0.80). However, correlations with patient-reported outcome measures
(PROMs) are weaker (r = 0.03—0.50), suggesting that pinch strength is only
one component of patient-perceived hand function. (American Society of
Hand Therapists, 2024).

Reliability: The consistency or repeatability of the measurements (e.g. test—
retest, inter-rater, intra-rater). In 2024 systematic review “Reliability, validity,
and responsiveness of pinch strength assessment” found that most reliability
studies report good to excellent reliability (ICC > 0.75) for both healthy and
clinical populations. In healthy or musculoskeletal populations, reliability can
reach excellent levels (ICC > 0.90). For neurological populations, reliability is
more variable, but generally still good (ICC > 0.75). (American Society of
Hand Therapists, 2024).

Score: It is measured in Kilograms (Kg).

Soft mitt restraint (Bandage)

It was used to restrict the unaffected upper-limb in the CIMT group.

3.3 Methods

3.3.1 Research Design
A Randomized Controlled Trial, pretest-posttest control group experimental
design was used in this study. The design was adopted because it was appropriate

for comparing the differences in upper extremities muscle strength, muscle
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endurance, joints ROM and hand function (grip strength and pinch strength) of
stroke survivors prior to and following 8-week CIMT. The design provided

avenue through which differences were checked. The design is illustrated as

follows:
R O 02
R O X (0))

Where;

R= Randomization
O=Pretest
O,= Posttest

X=CIMT

3.3.2 Sampling Technique

A total of 52 participants were recruited using a simple random sampling
technique based on specific inclusion and exclusion. In this method, every patient
had an equal chance of being selected in the sample from the population. Simple
random sampling ensures that each patient in a population has an equal chance of
being chosen. Furthermore, in this strategy, participants picked a group
symbolized by letters A or B written on a piece of paper from a bag with A
representing control and B representing experimental. Participants were randomly
assigned into either the experimental (CIMT) or control group, with 28

participants in the experimental group and 24 participants in the control group.
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About 12 of the participants (8 experimental and 4 control) withdrew from
participating in the research, leaving the total number of participants that

participated in the research to 40 (20 experimental and 20 control).
The sample size was determined using cochran’s formula (Cochran, 1977).

3.3.3 Sample size

Calculated using Cochran’s formula (Cochran, 1977)

To calculate the sample size using Cochran’s formula, we use the following

formula:

no=(Z>*p*(l-p)/e

Where:

- no = initial sample size (before finite population correction)
-n = population size is 110 (UBTH Medical Records, 2025)
- Z = Z-score (1.96 for 95% confidence level)

- p = estimated proportion of an attribute (use 0.5 if unknown for maximum

variability)

- ¢ = desired level of precision (margin of error, e.g., 0.05 for £5%)
Step 1: Calculate no

Assuming:

-72=1.96

-p=0.5

-e=0.05
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no=(1.96)2 * 0.5 * (1 - 0.5) / (0.05)

=3.8416 * 0.25/0.0025

=0.9604 /0.0025

=384.16

So, no = 384

Step 2: Apply Finite Population Correction

Since the population size (n) is 60, we apply the finite population correction

formula:

n=no/[1+((no-1)/N)]

n=384/[1+((384-1)/60)]

— 384 /[1 + (383 / 60)]

=384 /[1 +6.38]

=384/7.38

=52.03

Sample size = 52 participants (rounded up)

3.3.4 Research Procedure/Procedure for Data Collection

Following ethical approval and permission, baseline assessments were carried out

using the MRC scale, goniometer, electronic handheld dynamometer and

mechanical pinch gauge. The experimental group underwent CIMT, which
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involved: Using a bandage to restrain the unaffected hand for 30 minutes.
Performing task-specific training with the affected limb for 30 minutes each day,
three times per week, for eight weeks. The control group received conventional
physiotherapy (infra red radiation, functional electrical stimulation, soft tissue
mobilization, muscle strengthening exercises, active and passive range of motion
exercises). Following the eight weeks intervention, both groups underwent post-
test assessments using the same tools (MRC scale, goniometer, electronic

handheld dynamometer and mechanical pinch gauge).

3.3.5 Procedure for Assessment/Measurements

Medical Research Council (MRC) scale was used to access the patient's
muscle strength, the patient was put in a right and comfortable position for
testing the specific muscle group. The patient was then asked to perform
specific movements, like flexing elbow or extending the elbow etc. If the
patient can move fully against gravity, the researcher will slowly push against
the limb, at the distal end, to test how strong the muscle is. How much
resistance a patient can handle helps show the difference between grades 3, 4,
and 5. If the patient cannot move against gravity, the patient will then have to
lie on their side, where gravity has less effect. This helps to check for some
movement (grade 2) or feel the muscle contract (grade 1). If there is no muscle

activity, the muscle gets a grade of 0.

Goniometric measurement (for ROM). The patient was placed in a
comfortable, relaxed, and in the right anatomical position. The joint that was
measured was exposed and placed according to standard measuring rules.

Usually, the joint was placed in a neutral position, allowing it to move fully in
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the direction being measured. The anatomical landmarks was identified by the
researcher, that guided the placement of the goniometer’s arms. These are
usually the axis of rotation (fulcrum) and the proximal and distal bony
landmarks. The center (fulcrum) of the goniometer is carefully aligned with
the joint’s axis (for example, the lateral epicondyle for elbow flexion). The
stationary arm was then aligned with the proximal segment of the limb, and
the movable arm was aligned with the distal segment. The patient was then
instructed to perform the desired active or passive movement, such as flexion,
extension, while the researcher maintained the position of the fulcrum and
stationary arm. Once the movement was complete, the movable arm was
adjusted to match the new position of the limb, and the angle of motion was

read from the goniometer’s scale. The measurement was documented.

Muscle endurance (Arm curl up). The patient sat on a chair, with their back
straight, feet flat on the floor, the arm was stationary while the forearm was
placed in a supine position, the patient was asked to bend the elbow towards
him or herself and returning back to the starting position which completed one
repetition this was done for 30 seconds. After 30 seconds the number of

repetition was recorded.

Electronic hand-held dynamometer (for grip strength). The patient was placed
in a stable, standardized posture that focused on the muscle group that was
tested, usually seated or lying down to minimize compensatory movements.
The researcher then placed the dynamometer’s sensor pad against the distal
portion of the limb segment being tested, such as just above the wrist for
elbow flexion. While stabilizing the proximal part of the limb to prevent

movement, the clinician instructed the patient to exert maximal isometric force
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against the device for a set duration, usually 3 to 5 seconds. Counter-resistance
was provided, either by holding the dynamometer stationary or resisting the
patient's forceful movement. After the contraction, the force displayed on the

dynamometer was recorded in kilograms.

Mechanical pinch gauge (pinch strength). The patient was seated with the
shoulder adducted and neutrally rotated, the elbow flexed at 90 degrees, the
forearm in a neutral position, and the wrist slightly extended, as this posture
minimizes compensatory movement and promotes consistency in testing. The
pinch gauge was positioned between the appropriate fingers, and the patient
was asked to squeeze with maximum effort without using the other hand or
body for support. The researcher then stabilized the device without adding
resistance or support that can affect the reading, and ensured the patient
maintains correct form throughout the attempt. The patient held the pinch for
about 3-5 seconds while the gauge registers the peak force, which was then
recorded. This process was typically repeated two more times with rest
intervals to prevent fatigue, and the average of the three trials was calculated

to represent the patient’s pinch strength.

All instruments was administered and the scores obtained for each group was

recorded for pre intervention and post intervention.

3.3.6 Ethical Considerations

The University of Benin Teaching Hospital (UBTH) Research Ethics Committee
provided ethical approval. All subjects provided informed consent prior to
enrolment. The confidentiality of participants' information was preserved by

giving identifying codes rather than utilising names. Participants were informed
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of their right to withdraw from the study at any time, with no impact on their

ongoing treatment.

3.3.7 Data Analysis
The frequency and constituent ratio (%) were used to describe the categorical data.
The measurement data used the Shapiro-Wilk normality test. The mean + standard
deviation was used to describe the data that conforms to a normal distribution.
One-way ANOVA was used to analyse the effect of CIMT on upper limb function
among hemiplegic stroke survivors. Moreover, p < 0.05 indicated a statistical
significance. All the analyses were performed with the use Statistical Package for

the Social Sciences (SPSS) version 27.
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CHAPTER 4

RESULTS

4.1 Results

The main purpose of this study was to evaluate the effectiveness of Constraint-
Induced Movement Therapy (CIMT) on upper limb function among hemiplegic
stroke survivors. A total of 40 participants with 20 per group were recruited from
the neurology out-patient unit, Department of Physiotherapy, University of Benin
Teaching Hospital. Participants were randomly distributed into 2 groups of

experimental (CIMT) and control.

4.1.1 Sociodemographic characteristics of the participants

A total of 40 participants were recruited for this study. 52.5% of the
participants were male and 47.5% of the participants were female. The age of
the participants ranged between 27 and 65 years with a mean value of 55.78
and standard deviation of 8.30. About 70% of the participants had Ischemic
stroke while 30% of the participants had Hemorrhagic stroke. This is reflected

in Table 1.
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Table 1: Descriptive Statistics of the Demographic Parameters
of the Participants N =40

Variables Frequency Percentage(%) Mean Standard
Deviation

Gender

Male 21 52.5

Female 19 47.5

Age 55.78 8.30

Types of Stroke

Ischemic 28 70.0

Hemorrhagic 12 30.0
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4.1.2 Overall Main Effects of CIMT on Upper - Limb Muscle

Strength (One -Way ANOVA)

In table 2, the overall effect of intervention between the two groups and their
corresponding pretest and posttest treatment scores showed that the ANOVA
results were consistent and significant across all 6 assessed parameters of
upper limb muscle strength. The F-statistics of shoulder flexion muscle
strength (10.069) was large implying that the variance between groups is much
larger than the variance within groups and a significant level of p<0.001. The
F-statistics of shoulder extension muscle strength (10.178) was large implying
that the variance between groups is much larger than the variance within
groups and a significant level of p<0.001. The F-statistics of elbow flexion
muscle strength (12.830) was large implying that the variance between groups
is much larger than the variance within groups and a significant level of
p<0.001. The F-statistics of elbow extension muscle strength (10.117) was
large implying that the variance between groups is much larger than the
variance within groups and a significant level of p<0.001. The F-statistics of
elbow flexion muscle strength (13.100) was large implying that the variance
between groups is much larger than the variance within groups and a
significant level of p<0.001. The F-statistics of wrist extension muscle
strength (9.185) was large implying that the variance between groups is much

larger than the variance within groups and a significant level of p<0.001.
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Table 2: One -Way ANOVA showing the Main and Interaction Effects of CIMT
on

Muscle Strength of Upper Limb of the Participants

Sum of Mean
Squares df Square F Sig.
Shoulder flexion MS Between 12.938 3 4313 10.069 <.001
Groups
Within Groups 32.550 76 428
Total 45.488 79
Shoulder extension Between 11.450 3 3.817 10.178 <.001
MS Groups
Within Groups 28.500 76 375
Total 39.950 79
Elbow flexion MS Between 12.737 3 4.246 12.830 <.001
Groups
Within Groups 25.150 76 331
Total 37.887 79
Elbow extension MS Between 12.500 3 4.167 10.117 <.001
Groups
Within Groups 31.300 76 412
Total 43.800 79
Wrist flexion MS Between 24.200 3 8.067 13.100 <.001
Groups
Within Groups 46.800 76 616
Total 71.000 79
Wrist extension MS  Between 15.137 3 5.046 9.185 <.001
Groups
Within Groups 41.750 76 .549
Total 56.887 79

MS- Muscle Strength
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4.1.3 Post-Hoc Comparison of Mean Difference for Muscle
Strength

Table 2 shows the results of the variate test. A statistically significant (p<0.05)
difference was found in the muscle strength of the participants exposed and
not exposed to CIMT. Since the result is significant the hypothesis 1 is
rejected. This therefore, brought about probing into the post-hoc test to
investigate the interaction effects of the independent intervention groups on
muscle strength of the participants. The results of these interactions are

presented in Table 3.
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Table 3: Tukey's Honestly Significant Difference (HSD) Post-
Hoc Comparison of Mean Difference for Muscle Strength of
Upper Limb Function of the Participants

Mean
Difference (I-

Dependent Variable () ANOVA  (J)ANOVA 1)) Std. Error  Sig.
Shoulder flexion MS  Pretestcont  Posttestcont -.350 207 335
Pretestexp  -.150 207 .887

Posttestexp  -1.050" 207 .000

Posttestcont  Pretestcont  .350 207 335

Pretestexp ~ .200 207 .769

Posttestexp  -.700" 207 .006

Pretestexp ~ Pretestcont .150 207 .887

Posttestcont  -.200 207 769

Posttestexp  -.900" 207 .000

Posttestexp  Pretestcont  1.050" 207 .000

Posttestcont .700" 207 .006

Pretestexp  .900" 207 .000

Shoulder extension Pretestcont  Posttestcont -.150 194 .866
MS Pretestexp  .350 194 278
Posttestexp  -.700" 194 .003

Posttestcont  Pretestcont  .150 194 .866

Pretestexp  .500 .194 .056

Posttestexp  -.550" 194 .029

Pretestexp ~ Pretestcont  -.350 .194 278

Posttestcont  -.500 194 .056

Posttestexp  -1.050" 194 .000

Posttestexp  Pretestcont  .700" 194 .003

Posttestcont .550" 194 .029

Pretestexp ~ 1.050" 194 .000

Elbow flexion MS Pretestcont ~ Posttestcont -.350 182 227
Pretestexp  -.400 182 133

Posttestexp  -1.100" 182 .000

Posttestcont  Pretestcont  .350 182 227

Pretestexp  -.050 182 993

Posttestexp  -.750" 182 .001

Pretestexp ~ Pretestcont  .400 182 133

Posttestcont  .050 182 993

Posttestexp  -.700" 182 .001

Posttestexp  Pretestcont  1.100" 182 .000

Posttestcont .750" 182 .001

Pretestexp  .700" 182 .001

Elbow extension MS  Pretestcont  Posttestcont -.350 203 318
Pretestexp  -.200 203 758

Posttestexp -1.050" 203 .000

Posttestcont  Pretestcont  .350 203 318

Pretestexp  .150 203 881

Posttestexp  -.700" 203 .005
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Pretestexp ~ Pretestcont  .200 203 758
Posttestcont -.150 203 881
Posttestexp  -.850" 203 .000
Posttestexp  Pretestcont  1.050" 203 .000
Posttestcont .700" 203 .005
Pretestexp  .850° 203 .000
Wrist flexion MS Pretestcont  Posttestcont -1.100" 248 .000
Pretestexp  .000 248 1.000
Posttestexp -1.100" 248 .000
Posttestcont  Pretestcont  1.100° 248 .000
Pretestexp  1.100" 248 .000
Posttestexp  .000 248 1.000
Pretestexp ~ Pretestcont .000 248 1.000
Posttestcont -1.100" 248 .000
Posttestexp -1.100" 248 .000
Posttestexp  Pretestcont  1.100° 248 .000
Posttestcont .000 248 1.000
Pretestexp  1.100" 248 .000
Wrist extension MS ~ Pretestcont  Posttestcont -.300 234 578
Pretestexp  .200 234 .829
Posttestexp  -.950" 234 .001
Posttestcont  Pretestcont  .300 234 578
Pretestexp  .500 234 152
Posttestexp  -.650" 234 .034
Pretestexp  Pretestcont  -.200 234 .829
Posttestcont  -.500 234 152
Posttestexp -1.150" 234 .000
Posttestexp  Pretestcont  .950" 234 .001
Posttestcont .650" 234 .034
Pretestexp  1.150" 234 .000

MS- muscle strength, Pretestcont- Pretest control, Posttestcont- Posttest control, Pretestexp-
Pretest experiment, Posttest experiment
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4.1.4 Interpretation of Post-Hoc Comparison of Mean

Difference for Muscle Strength

Tukey's Honestly Significant Difference (HSD) Post-Hoc Test was carried out
to determine the interaction effects of the independent intervention groups on
muscle strength of upper limb of the participants. The upper limb muscle
strength, some of the pair wise of mean difference were found to be
statistically insignificant (p>0.05) except Shoulder flexion pretestcont versus
posttestexp (-1.050%), Shoulder flexion posttestcont versus posttestexp (-.700%),
Shoulder flexion pretestexp versus posttestexp (-.900%), Shoulder flexion
posttestexp versus pretestcont (1.050%), Shoulder flexion posttestexp versus
posttestcont (.700%), Shoulder flexion posttestexp versus pretestexp (.9007),
Shoulder extension pretestcont versus posttestexp (-.700%), Shoulder extension
posttestcont versus posttestexp (-.550%), Shoulder extension pretestexp versus
posttestexp (-1.050"), Shoulder extension posttestexp versus pretestcont
(.700%), Shoulder extension posttestexp versus posttestcont (.550%), Shoulder
extension posttestexp versus pretestexp (1.050%), Elbow flexion pretestcont
versus posttestexp (-1.100%), Elbow flexion posttestcont versus posttestexp (-
.750%), Elbow flexion pretestexp versus posttestexp (-.700), Elbow flexion
posttestexp versus pretestcont (1.100%), Elbow flexion posttestexp versus
posttestcont  (.750%), Elbow flexion posttestexp versus pretestexp (.7007),
Elbow extension pretestcont versus posttestexp (-1.050%), Elbow extension
posttestcont versus posttestexp (-.700), Elbow extension pretestexp versus
posttestexp (-.850%), Elbow extension posttestexp versus pretestcont (1.050%),
Elbow extension posttestexp versus posttestcont (.700%), Elbow extension

posttestexp versus pretestexp (.850%), Wrist flexion pretestcont versus
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posttestcont (-1.100%), Wrist flexion pretestcont versus posttestexp (-1.1007),
Wrist flexion posttestcont versus pretestcont (1.100%), Wrist flexion
posttestcont versus pretestexp (1.100%), Wrist flexion pretestexp versus
posttestcont (-1.100%), Wrist flexion pretestexp versus posttestexp (-1.1007),
Wrist flexion posttestexp versus pretestcont  (1.100%), Wrist flexion
posttestexp versus pretestexp (1.100%), Wrist extension pretestcont versus
posttestexp (-.950%), Elbow extension posttestcont versus posttestexp (-.6507),
Wrist extension pretestexp versus posttestexp (-.1.150%), Wrist extension
posttestexp versus pretestcont (.950%), Wrist extension posttestexp versus
posttestcont (.650%), Wrist extension posttestexp versus pretestexp (1.150%) as
shown in the Table 3. This implies that the entire pair wise mean had variation.
Therefore, conventional treatment had no substantial influence on the upper
limb muscle strength of the participants. However, CIMT had substantial

influence on the upper limb muscle strength of the participants.
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4.1.5 Overall Main Effects of CIMT on Upper - Limb Muscle
Endurance (One -Way ANOVA)

A highly significant main effect was found across the comparison groups in
the muscle endurance ANOVA (Table 4). A significant level of p<0.001 was

linked to the resulting F- statistics of 7.179.
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Table 4: One-Way ANOVA showing the Main and Interaction
Effects of CIMT on Muscle Endurance of Upper Limb of the
Participants

Sum of

Squares df Mean Square F Sig.
Between 637.237 3 212.412 7.179 <.001
Groups
Within Groups  2248.650 76 29.587
Total 2885.887 79
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4.1.6 Post-Hoc Comparison of Mean Difference for Muscle
Endurance

Table 4 shows the results of the variate test. A statistically significant (p<0.05)
difference was found in the muscle endurance of the participants exposed and
not exposed to CIMT. Since the result is significant the hypothesis 2 is
rejected. This therefore, brought about probing into the post-hoc test to
investigate the interaction effects of the independent intervention groups on
muscle endurance of the participants. The results of these interactions are

presented in Table 5.

73



Table S5: Tukey's Honestly Significant Difference (HSD) Post-
Hoc Comparison of Mean Difference for Muscle Endurance of
Upper Limb Function of the Participants

() ANOVA  (J)ANOVA  Mean Difference (I-J) Std. Error  Sig.

Pretestcont Posttestcont ~ -3.300 1.720 229
Pretestexp -.400 1.720 996
Posttestexp ~ -7.050" 1.720 .001
Posttestcont ~ Pretestcont 3.300 1.720 229
Pretestexp 2.900 1.720 338
Posttestexp -3.750 1.720 138
Pretestexp Pretestcont 400 1.720 .996
Posttestcont ~ -2.900 1.720 338
Posttestexp ~ -6.650" 1.720 .001
Posttestexp Pretestcont 7.050" 1.720 .001
Posttestcont ~ 3.750 1.720 138
Pretestexp 6.650° 1.720 .001

Pretestcont- Pretest control, Posttestcont- Posttest control, Pretestexp- Pretest experiment,
Posttest experiment
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4.1.7 Interpretation of Post-Hoc Comparison of Mean
Difference for Muscle Endurance

Tukey's Honestly Significant Difference (HSD) Post-Hoc Test was carried out
to determine the interaction effects of the independent intervention groups on
muscle endurance of upper limb of the participants. The upper limb muscle
endurance, all the pair wise of mean difference were found to be statistically
insignificant (p>0.05) except pretestcont versus posttestexp (-7.050%),
pretestexp versus posttestexp (-6.650%), posttestexp versus pretestcont(7.050%),
posttestexp versus pretestexp (6.650%) as shown in Table 5. This implies that
the entire pair wise mean had variation. Therefore, conventional treatment had
no substantial influence on the upper limb muscle endurance of the
participants. However, CIMT had substantial influence on the upper limb

muscle endurance of the participants.
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4.1.8 Overall Main Effects of CIMT on Upper - Limb Joint
Flexibility (One -Way ANOVA)

In table 6, the overall effect of intervention between the two groups and their
corresponding pretest and posttest treatment scores showed that the ANOVA
results were consistent and significant across all 6 assessed parameters of
upper limb joint flexibility. The F-statistics of shoulder flexion joint flexibility
(6.040) was large implying that the variance between groups is much larger
than the variance within groups and a significant level of p<0.001. The F-
statistics of shoulder extension joint flexibility (7.744) was large implying that
the variance between groups is much larger than the variance within groups
and a significant level of p<0.001. The F-statistics of elbow flexion joint
flexibility (10.521) was large implying that the variance between groups is
much larger than the variance within groups and a significant level of p<0.001.
The F-statistics of elbow flexion joint flexibility (3.901) was large implying
that the variance between groups is much larger than the variance within
groups and a significant level of p=0.012. The F-statistics of wrist extension
joint flexibility (4.746) was large implying that the variance between groups is

much larger than the variance within groups and a significant level of p=0.004.

76



Table 6: One-Way ANOVA showing the Main and Interaction Effects of CIMT
on Joint Flexibility of Upper Limb of the Participants

Sum of Mean
Squares df Square F Sig.
Shoulder flexion RM Between 6212.500 3 2070.833 6.040 <.001
Groups
Within Groups 26055.700 76 342.838
Total 32268.200 79
Shoulder extension Between 1467.850 3 489.283 7.744 <.001
RM Groups
Within Groups 4802.100 76 63.186
Total 6269.950 79
Elbow flexion RM  Between 7099.938 3 2366.646 10.521 <.001
Groups
Within Groups 17095.750 76 224.944
Total 24195.688 79
Wirist flexion RM Between 2343.937 3 781.312 3.901 .012
Groups
Within Groups 15222.550 76 200.297
Total 17566.488 79
Wrist extension RM  Between 1608.737 3 536.246 4.746 .004
Groups
Within Groups 8586.750 76 112.984
Total 10195.488 79

RM- Range of Motion
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4.1.9 Post-Hoc Comparison of Mean Difference for Joint
Flexibility

Table 6 shows the results of the variate test. A statistically significant (p<0.05)
difference was found in the joint flexibility of the participants exposed and not
exposed to CIMT. Since the result is significant the hypothesis 3 is rejected.
This therefore, brought about probing into the post-hoc test to investigate the
interaction effects of the independent intervention groups on joint flexibility of

the participants. The results of these interactions are presented in Table 7.
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Table 7: Tukey's Honestly Significant Difference (HSD) Post-
Hoc Comparison of Mean Difference for Joint Flexibility of

Upper Limb Function of the Participants

Mean
Difference (I-
Dependent Variable () ANOVA (J) ANOVA 1)) Std. Error Sig.
Shoulder flexion RM  Pretestcont ~ Posttestcont -7.900 5.855 535
Pretestexp  -1.850 5.855 989
Posttestexp  -22.450" 5.855 .001
Posttestcont  Pretestcont ~ 7.900 5.855 535
Pretestexp ~ 6.050 5.855 731
Posttestexp  -14.550 5.855 .070
Pretestexp ~ Pretestcont  1.850 5.855 .989
Posttestcont  -6.050 5.855 731
Posttestexp  -20.600" 5.855 .004
Posttestexp  Pretestcont  22.450" 5.855 .001
Posttestcont  14.550 5.855 .070
Pretestexp  20.600" 5.855 .004
Shoulder extension Pretestcont  Posttestcont -5.750 2.514 110
RM Pretestexp ~ 3.500 2.514 508
Posttestexp  -7.050" 2.514 .032
Posttestcont  Pretestcont  5.750 2.514 110
Pretestexp  9.250" 2.514 .002
Posttestexp  -1.300 2.514 955
Pretestexp ~ Pretestcont  -3.500 2.514 508
Posttestcont  -9.250" 2.514 .002
Posttestexp  -10.550" 2.514 .000
Posttestexp  Pretestcont  7.050" 2.514 .032
Posttestcont  1.300 2.514 955
Pretestexp ~ 10.550" 2.514 .000
Elbow flexion RM Pretestcont  Posttestcont -7.900 4.743 .349
Pretestexp  -7.850 4.743 355
Posttestexp  -25.700" 4.743 .000
Posttestcont  Pretestcont ~ 7.900 4.743 .349
Pretestexp .050 4.743 1.000
Posttestexp -17.800" 4.743 .002
Pretestexp ~ Pretestcont  7.850 4.743 355
Posttestcont  -.050 4.743 1.000
Posttestexp  -17.850" 4.743 .002
Posttestexp  Pretestcont  25.700" 4.743 .000
Posttestcont  17.800° 4.743 .002
Pretestexp  17.850° 4.743 .002
Wrist flexion RM Pretestcont  Posttestcont -4.450 4.475 753
Pretestexp ~ 8.150 4.475 272
Posttestexp  -5.650 4.475 .589
Posttestcont  Pretestcont  4.450 4.475 753
Pretestexp  12.600" 4.475 031
Posttestexp  -1.200 4.475 .993
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Pretestexp ~ Pretestcont  -8.150 4.475 272
Posttestcont  -12.600" 4.475 031

Posttestexp  -13.800" 4.475 015

Posttestexp  Pretestcont  5.650 4.475 .589
Posttestcont  1.200 4.475 .993

Pretestexp  13.800° 4.475 015

Wrist extension RM  Pretestcont ~ Posttestcont  -4.200 3.361 598
Pretestexp  6.550 3.361 217

Posttestexp  -4.600 3.361 523

Posttestcont Pretestcont  4.200 3.361 598
Pretestexp  10.750" 3.361 011

Posttestexp  -.400 3.361 .999

Pretestexp  Pretestcont  -6.550 3.361 217
Posttestcont  -10.750" 3.361 011

Posttestexp  -11.150" 3.361 .007

Posttestexp  Pretestcont  4.600 3.361 523
Posttestcont .400 3.361 999

Pretestexp  11.150" 3.361 .007

RM- Range of Motion, Pretestcont- Pretest control, Posttestcont- Posttest control, Pretestexp-

Pretest experiment, Posttest experiment
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4.1.10 Interpretation of Post-Hoc Comparison of Mean
Difference for Joint Flexibility

Tukey's Honestly Significant Difference (HSD) Post-Hoc Test was carried out
to determine the interaction effects of the independent intervention groups on
joint flexibility of upper limb of the participants. The upper limb joint
flexibility, all the pair wise of mean difference were found to be statistically
insignificant (p>0.05) except Shoulder flexion pretestcont versus posttestexp
(-22.450%), Shoulder flexion pretestexp versus posttestexp (-20.600%),Shoulder
flexion posttestexp versus pretestcont(22.450%),Shoulder flexion posttestexp
versus pretestexp (20.600%), Shoulder extension pretestcont versus posttestexp
(-.7.050%), Shoulder extension posttestcont versus pretestexp (9.250%),
Shoulder extension pretestexp versus posttestcont (-9.250%), Shoulder
extension pretestexp versus posttestexp (-10.550%),Shoulder extension
posttestexp versus pretestcont(7.050%),Shoulder extension posttestexp versus
pretestexp (10.550%), Elbow flexion pretestcont versus posttestexp (-25.700%),
Elbow flexion posttestcont versus posttestexp (-17.800%), Elbow flexion
pretestexp versus posttestexp (-17.850%), Elbow flexion posttestexp versus
pretestcont  (25.700%), Elbow flexion posttestexp versus posttestcont
(17.800%), Elbow flexion posttestexp versus pretestexp (17.850%), Wrist flexion
posttestcont versus pretestexp (12.600%), Wrist flexion pretestexp versus
posttestcont (-12.600%), Wrist flexion pretestexp versus posttestexp (-13.800%),
Wrist flexion posttestexp versus pretestexp (13.800%), Wrist extension
posttestcont versus pretestexp (10.750%), Wrist extension pretestexp versus
posttestcont (-10.750%), Wrist extension pretestexp versus posttestexp (-
11.150%), Wrist extension posttestexp versus pretestexp (11.150), as shown in

Table 5. This implies that the entire pair wise mean had variation. Therefore,
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conventional treatment had no substantial influence on the upper limb joint
flexibility of the participants. However, CIMT had substantial influence on the

upper limb joint flexibility of the participants.
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4.1.11 Overall Main Effects of CIMT on Upper - Limb Hand

Function (One -Way ANOVA)

The ANOVA for hand function (Table 8) demonstrated highly significant
overall effects for both grip strength. The F-statistics for grip strength (F=

16.436) and pinch strength (F= 14.047) yielded a p value < 0.001.
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Table 8: One-Way ANOVA showing the Main and Interaction Effects of
CIMT on Hand function (Grip strength and Pinch strength) of Upper Limb

of the Participants
Sum of
Squares df Mean Square F Sig.
Grip Strength Between 13.300 3 4.433  16.436 <.001
Groups
Within Groups 20.500 76 270
Total 33.800 79
Pinch Between 11.700 3 3.900 14.047 <.001
Strength Groups
Within Groups 21.100 76 278
Total 32.800 79
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4.1.12 Post-Hoc Comparison of Mean Difference for Hand
Function

Table 8 shows the results of the variate test. A statistically significant (p<0.05)
difference was found in the hand function of the participants exposed and not
exposed to CIMT. Since the result is significant the hypothesis 4 is rejected.
This therefore, brought about probing into the post-hoc test to investigate the
interaction effects of the independent intervention groups on hand function of

the participants. The results of these interactions are presented in Table 9.
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Table 9: Tukey's Honestly Significant Difference (HSD) Post-
Hoc Comparison of Mean Difference for Hand function (Grip
strength and Pinch strength) of Upper Limb Function of the
Participants

Mean
Difference (I-

Dependent Variable (I) ANOVA (J) ANOVA )} Std. Error Sig.
Grip Strength Pretestcont  Posttestcont -.500" 164 017
Pretestexp .050 164 .990
Posttestexp -.950" 164 <.001
Posttestcont  Pretestcont .500° 164 017
Pretestexp 550" 164 .007
Posttestexp -.450" 164 038
Pretestexp  Pretestcont -.050 164 .990
Posttestcont -.550" 164 .007
Posttestexp -1.000" 164 <.001
Posttestexp  Pretestcont 950" 164 <.001
Posttestcont 450" 164 038
Pretestexp 1.000" 164 <.001
Pinch Strength Pretestcont ~ Posttestcont -.150 167 .805
Pretestexp .050 167 991
Posttestexp -.900" 167 <.001
Posttestcont  Pretestcont 150 167 .805
Pretestexp 200 167 .629
Posttestexp -.750" 167 <.001
Pretestexp  Pretestcont -.050 167 991
Posttestcont -.200 167 .629
Posttestexp -.950" 167 <.001
Posttestexp  Pretestcont 900" 167 <.001
Posttestcont 750" 167 <.001
Pretestexp 950" 167 <.001

Pretestcont- Pretest control, Posttestcont- Posttest control, Pretestexp- Pretest experiment,

Posttest experiment
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4.1.13 Interpretation of Post-Hoc Comparison of Mean
Difference for Hand Function

Tukey's Honestly Significant Difference (HSD) Post-Hoc Test was carried out
to determine the interaction effects of the independent intervention groups on
hand function (grip strength and pinch strength) of upper limb of the
participants. The upper limb hand function (grip strength and pinch strength),
some of the pair wise of mean difference were found to be statistically
insignificant (p>0.05) except Grip strength pretestcont versus posttestcont (-
.500%), pretestcont versus posttestexp (-.950%), posttestcont versus pretestcont
(.500), posttestcont versus pretestexp (.550%), posttestcont versus posttestexp
(-.450%), pretestexp versus posttestcont (-.5507), pretestexp versus posttestexp
(-.1000%),  posttestexp versus pretestcont  (.950%), posttestexp versus
posttestcont  (.450%), posttestexp versus pretestexp (.1000%). Then for the
Pinch strength pretestcont versus posttestexp (-.900%), posttestcont versus
posttestexp (-.750%), pretestexp versus posttestexp (-.950%), posttestexp
versus pretestcont (.900%), posttestexp versus posttestcont (.750%), posttestexp
versus pretestexp (.950%) as shown in Table 7. This implies that the entire pair
wise mean has no variation. Therefore, conventional treatment had substantial
influence on the upper limb grip strength but not on the pinch strength of the
participants. However, CIMT had substantial influence on the upper limb grip

strength and pinch strength of the participants.

87



4.2 Hypothesis Testing

Hypothesis 1: There is no significant difference in upper extremity Muscle
Strength in stroke survivors who undergo CIMT compared to those who do
not.

Alpha level: 0.05

Test Statistics: One-Way ANOVA

Observed: p<0.05

Since the observed p value was less than 0.05 Alpha level. The hypothesis
was therefore REJECTED

Hypothesis 2: There is no significant difference in upper extremity Muscle
Endurance in stroke survivors who undergo CIMT compared to those who do
not.

Alpha level: 0.05

Test Statistics: One-Way ANOVA

Observed: p<0.05

Since the observed p value was less than 0.05 Alpha level. The hypothesis
was therefore REJECTED

Hypothesis 3: There is no significant difference in upper extremity Joint
Flexibility in stroke survivors who undergo CIMT compared to those who do
not.

Alpha level: 0.05

Test Statistics: One-Way ANOVA

Observed: p<0.05

Since the observed p value was less than 0.05 Alpha level. The hypothesis

was therefore REJECTED
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Hypothesis 4: There is no significant difference in upper extremity Hand
function (Grip strength and Pinch strength) in stroke survivors who undergo
CIMT compared to those who do not.

Alpha level: 0.05

Test Statistics: One-Way ANOVA

Observed: p<0.05

Since the observed p value was less than 0.05 Alpha level. The hypothesis

was therefore REJECTED

84



CHAPTER 5

DISCUSSION, CONCLUSION AND
RECOMMENDATIONS

5.1 Discussion

This study examined how upper limb function was affected by Constraint-
Induced Movement Therapy (CIMT) in hemiplegic stroke survivors at the
University of Benin Teaching Hospital, Benin City. Muscle strength, muscle
endurance, joint flexibility (range of motion), and hand function (grip and
pinch strength) were the primary variables that were accessed. Comparing
participants who received CIMT to those who received conventional
physiotherapy, the results showed statistically significant improvements in all
evaluated variables. This section discusses the findings of the present study in
relationship to some previous empirical findings. For clarity, the findings of

this study are discussed under the following sub-headings;

e Effect of CIMT on muscle strength
e Effect of CIMT on muscle endurance
e Effect of CIMT on joint flexibility

e Effect of CIMT on hand function (grip strength and pinch strength)

Effect of CIMT on Muscle Strength

The results of the One-Way ANOVA, the experimental group's shoulder, elbow,
and wrist muscle strength significantly increased after the intervention (p <
0.05). This is in agreement with the findings of Azevedo et al. (2022), who
found that CIMT produces better improvements in upper limb functional use

and independence in activities of daily living (ADL) than conventional therapy.
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Their meta-analysis and systematic review of 21 studies supported their
findings and the outcome measure used were Fugl-Meyer Assessment, Wolf
motor function test, Modified Barthel Index, Motor Activity log, Amount of
use, Quality of movement, Action research arm test, and FIM. From these
studies the outcome measure used were different from the ones used in this
study, but even with the different in outcome measure CIMT still had a better
improvement than the conventional therapy. The study findings show that
repetitive, task-specific training, which is a component of CIMT, successfully
restores voluntary motor control are supported by the observed increase in
muscle strength. In a comparable manner, Ghanzafar et al. (2024) found that
CIMT improved motor function scores on the Fugl-Meyer Assessment (FMA)
more than proprioceptive neuromuscular facilitation (PNF). This is supported
by the current study, which demonstrates that subjects exposed to CIMT had
greater post-test strength values than control who received conventional
therapy. This implies that the rigorous, focused methodology of CIMT more

effectively promotes muscle re-education and motor unit recruitment.

Effect Of CIMT on Muscle Endurance

The results of the One-Way ANOVA on the effectiveness CIMT on muscle
endurance of the experimental group showed considerable improvement. This
result is in line with Choi and Kim (2024), in a meta-analysis of randomized
controlled trials, confirmed that CIMT improves both movement quality and
task endurance in hemiplegic patients, they explained that the repeated and
prolonged use of the affected limb in CIMT strengthens muscle fibers and

improves their ability to resist fatigue during daily living tasks.
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Effect of CIMT on Joint Flexibility

The results of the One-Way ANOVA on the effectiveness of CIMT on joint
flexibility in experimental group's shoulder, elbow, and wrist joint range of
motion significantly improved following CIMT. This result is consistent with
that of Lingling Marinda Palupi et al. (2020), who found that CIMT in
conjunction with Range of Motion (ROM) exercises resulted in a higher
functional improvement of the upper extremities than ROM exercises alone.
The coherence of these results emphasises the dual advantage of CIMT, which
involves repeated, intentional activity that strengthens muscles and restores
joint mobility. Choi and Kim (2024), who performed a meta-analysis of 34
randomised controlled trials and came to the conclusion that CIMT
significantly improves upper limb motor function and reduces impairment,
provide further credence to this finding. The present study's improvement in
range of motion may be explained by the repetitive, goal-oriented movements
that are promoted during CIMT sessions, which improve joint flexibility and

coordination.

Effect of CIMT on Hand Function

The results of the One-Way ANOVA on the effectiveness of CIMT on hand
function in the experimental group showed notable improvement in grip and
pinch strength over the control group. This study is in alignment with
Vandhana (2012), who discovered that CIMT improved hand and wrist
function more than conventional physiotherapy. By increasing the frequency
and quality of use of the affected hand in daily tasks, CIMT can improve fine

motor skills, as demonstrated by the improved hand function seen here.
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Similarly, Fitrizah et al. (2025) found that CIMT significantly increased grip
strength from 9.15 to 12.95 (p < 0.001), which is consistent with the
improvement in grip strength of F-statistics (F= 16.436). Both studies
highlight how CIMT reverses learnt non-use and promotes neuroplastic
recovery by effectively activating underused muscles by requiring functional
use of the affected limb. Rodriguez et al. (2024) also showed that CIMT
significantly improved upper extremity function and motor activity log scores
in stroke patients, even when it was administered through telerehabilitation. As
long as patient adherence and intensity are maintained, CIMT can improve
hand coordination and strength regardless of the delivery setting, according to

the results of the current study.

Furthermore, findings of this study support the superiority of CIMT over
conventional rehabilitation techniques and are in line with the majority of the
empirical studies that were reviewed. This study found that the CIMT group
had better overall motor outcomes, which may be related to differences in
study duration, participant adherence, and session intensity. Zafar et al. (2023)
found that traditional OT produced slightly greater improvement in some ADL
scores. Similar to Azevedo et al. (2022) and Choi & Kim (2024), but the
current study shows that CIMT's advantages go beyond motor recovery to
include increased independence and functional participation. Together, these
results show that CIMT is both clinically successful and sufficiently adaptable

to be used in Nigerian rehabilitation environments.
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5.2 Conclusion

It was found that hemiplegic stroke survivors upper limb function
considerably enhanced by CIMT than conventional physiotherapy alone,
CIMT demonstrated a significant improvement in hand function, joint
flexibility, muscle strength, and muscle endurance. According to the results,
CIMT may be a realistic and successful treatment choice for stroke recovery in
tertiary hospitals in Nigeria and elsewhere. Its methodical, task-oriented
approach promotes the affected limb's neuroplastic adaptation and functional

recovery.

5.3 Recommendations
The findings of this study suggest that CIMT would need to be incorporated
into the standard physiotherapy treatment of stroke patients in Nigerian

medical facilities, especially those who have upper limb hemiplegia.

To meet the needs of each patient, physiotherapists should receive specialised

training in the application, monitoring, and modification of CIMT.

Hospitals and rehabilitation centres need to allocate resources on the supplies

and schedules needed to carry out CIMT procedures effectively.

To achieve the best results, stroke patients and their carers should be informed

about the importance of motivation and compliance during CIMT.

Health policymakers should support the inclusion of CIMT in national stroke
rehabilitation guidelines in order to guarantee uniformity of care across

institutions.
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5.4 Implication for Physiotherapy

The study's conclusions have multiple implications for physical therapy:

To improve upper limb function and independence in stroke survivors,

physiotherapists can employ CIMT as their main rehabilitation technique.

This study reinforces evidence-based decision-making in stroke rehabilitation
by offering empirical support for the application of CIMT in Evidence-Based

Practice.

Physiotherapists can use neuroplasticity-promoting CIMT, which emphasises

repetitive, task-specific training, to promote brain reorganisation and recovery.

This study supports the integration of behavioural, cognitive, and physical
aspects of rehabilitation in holistic patient care, which is comparable to the

biopsychosocial approach in physiotherapy.
5.5 Contribution to knowledge
This study contributes to knowledge in the following ways:

It presents empirical evidence that CIMT improves upper limb motor function

among hemiplegic stroke patients in Nigeria.

It contributes to current literature by demonstrating that CIMT can be
successfully implemented in resource-constrained settings, such as the

University of Benin Teaching Hospital.

It provides support to the hypothesis of learnt non-use and how it can be

reversed through task-specific motor retraining.

as



It provides a foundation for local comparative research in stroke rehabilitation

that employ advanced therapy modalities.
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5.6 Suggestion for future studies

Future research should:

Look into the long-term impact of CIMT on functional independence and

quality of life following a stroke.

Consider comparing CIMT with other therapeutic approaches including mirror

therapy, electrical stimulation, or VR (Visual Reality).

Investigate the applicability of CIMT in patients with conditions other than
stroke, such as multiple sclerosis, cerebral palsy, traumatic brain injury, and

spinal cord injury.

a7



REFERENCES
Abba M, Muhammad A, Badaru U, Abdullahi A. Comparative effect of constraint-
induced movement therapy and proprioceptive neuromuscular facilitation

on upper limb function of chronic stroke survivors. Physiotherapy

Quarterly. 2020;28(1):1-5.

Abdullahi A. (2020). Stroke Rehabilitation in Nigeria: Challenges and

Opportunities. https://doi.org/10.29102/clinhp.2103

Adeloye, D., Ezejimofor, M., Auta, A., Mpazanje, R. G., Ezeigwe, N., Ngige, E. N,
Harhay, M.O., Alemu, W., & Adewole, L. F. (2019). Estimating morbidity
due to stroke in Nigeria: a systematic review and meta-analysis. Journal of

the neurological sciences, 402, pp.136-144.

Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE and Strasser T.
Cerebrovascular disease in the community: results of a WHO collaborative

study. Bull World Health Organ 1980; 58: 113-130.

Akinyemi, R. O., Ovbiagele, B., Adeniji, O. A., Sarfo, F. S., Abd-Allah, F.,
Adoukonou, T., Ogah, O. S., Naidoo, P., Damasceno, A., Walker, R. W.,
Ogunniyi, A., Kalaria, R.N., & Owolabi, M. 0. (2021). Stroke in Africa:
profile, progress, propriorities. Nature reviews. Neurology, 17(10), pp.634-

656.

American Society of Hand Therapists (ASHT). (2024). Reliability, validity, and
responsiveness of pinch strength assessment: A systematic review.

Retrieved from https://asht.org

a8



An SJ, Kim TJ, Yoon BW. Epidemiology, Risk Factors, and Clinical Features of

Intracerebral Hemorrhage: An Update. J Stroke. 2017 Jan;19(1):3-10

Aparicio SAL, Fierro AJL, Morgado-Valle C, et.al. Latest Research on the

Anatomy and Physiology of the Cerebellum. Neurol Perspect. 2021. 2 (1)

Areerat Suputtitada, Nijasri C Suwanwela, Suwita Tumvitee. Effectiveness of
constraint-induced movement therapy in chronic stroke patients. J Med

Assoc Thai 87 (12), 1482-90, 2004.

Aronowski J., Zhao X. Molecular pathophysiology of cerebral hemorrhage:
Secondary  brain  injury.  Stroke. 2011; 42:1781-1786.  doi:
10.1161/STROKEAHA.110.596718. [DOI] [PMC free article] [PubMed]

[Google Scholar]

Arraga RG, Possatti LL, Alves RV, Ribas GC, Tire U, de Oliveira E.
Microsurgical anatomy and internal architecture of the brainstem in 3D

images: surgical considerations. J Neurosurg. 2016 May. 124 (5):1377-95.

Asplund K, Karvanen J, Giampaoli S, Jousilahti P, Niemela M, Broda G, et al.
Relative risks for stroke by age, sex, and population based on follow-up of
18 european populations in the morgam project. Stroke. 2009; 40:2319—
2326. doi: 10.1161/STROKEAHA.109.547869. [DOI] [PubMed] [Google

Scholar]

Azevedo, L. A., dos Santos, A. C., Lima, L. A. C., de Andrade, K. R. S., & Brito, T.
R. P. (2022). Constraint-induced movement therapy on upper limb motor
function and activities of daily living in post-stroke adults: A systematic
review and meta-analysis. Frontiers in Human Neuroscience, 16, 987061.
https://www.frontiersin.org/articles/10.3389/fnhum.2022.987061/full

aq



Babawale Arabambi O, Oshinaike SA, Ogun C, Eze AH, Bello S, Igetei. Yakub
Yusuf, Rashidat Amoke Olanigan, Sikirat Yetunde Ashiru, 2022 stroke units
in Nigeria: a report from a nationwide organizational cross-sectional survey.

Res| Volume 42, Article 140.

Barghi A, Mark VW, Taub E. Constraint-Induced Movement Therapy: When
Efficacious Motor Therapy Meets Progressive Disease. InNutrition and
Lifestyle in Neurological Autoimmune Diseases 2017 Jan 1 (pp. 143-155).

Academic Press.

Barthels D, Das H. Current advances in ischemic stroke research and therapies.
Biochim Biophys Acta Mol Basis Dis. (2020) 1866:165260. doi:10.

1016j.bbadis.2018.09.012

Berkowitz AL. Managing acute stroke in low-resource settings. Bull World Health

Organ. 2016 Jul 1;94(7):554—6.

Bernhardt J, Urimubenshi G, Gandhi DBC, Eng JJ. Stroke rehabilitation in low-
income and middle-income countries: a call to action. The Lancet. Oct

2020;396(10260):1452-1462. [CrossRef]

Bernhardt J, Urimubenshi G, Gandhi DBC, Eng JJ. Stroke rehabilitation in low-
income and middle-income countries: a call to action. The Lancet. Oct

2020;396(10260):1452-1462. [CrossRef]

Bohannon, R.W., 2005. Manual muscle testing: does it meet the standards of an

adequate screening test? Clinical Rehabilitation, 19(6), pp.662—667.

10C



Boulton M, Al-Rubaie A. Neuroinflammation and neurodegeneration following
traumatic braicn injuries. Anat Sci Int. (2024) 100:3-14. doi: 10.1007/s1

2565-024-00778-2

Brogardh C and Sjolund BH (2006). Constraint induced movement therapy in
patients with stroke: a pilot study on effects of small group training and of

extended mitt use. Clin Rehabil (20) 218-227.

Brogérdh C. Constraint Induced Movement Therapy : influence of restraint and
type of training on performance and on brain plasticity [Internet] [PhD
dissertation]. [Umed]: Samhéllsmedicin och rehabilitering; 2006. (Umeé
University medical dissertations). Available from:

http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-763

Broughton B.R., Reutens D.C., Sobey C.G. Apoptotic mechanisms after cerebral
ischemia. Stroke. 2009;40:e331-e339. doi:

10.1161/STROKEAHA.108.531632. [DOI] [PubMed] [Google Scholar]

Cahyati, Y & Rosdiana, I 2017, Faktor Yang Berkontribusi Terhadap Kejadian

Stroke Ulang, Poltekkes Kemenkes Tasikmalaya.

Centers for Disease Control and Prevention. (2022). Treat and Recover from
Stroke. Available at: https//www.cdc.gov.htm [Accessed: 18th January

2023].

Charles, Jeanne; Gordon, Andrew M. (2005). "A Critical Review of Constraint-
Induced Movement Therapy and Forced Use in Children with Hemiplegia".

Neural Plasticity. 12 (2-3): 245-61; discussion 263—72.

101



Chauhan P, Rathawa A, Jethwa K, Mehra S. The Anatomy of the Cerebral Cortex.

Pluta R. Cerebral Ischemia. Exon Publications; 2021.

Cochran, W.G., 1977. Sampling techniques. 3rd ed. New York: John Wiley &
Sons.Choi, E.Y., Nieves, G.A. and Jones, D.E., 2022. Acute stroke

diagnosis. American Family Physician, 105(6), pp.616-624.

Choi, Y. J., & Kim, H. (2024). Efficacy of constraint-induced movement therapy
on upper limb function in stroke: A meta-analysis of randomized controlled
trials. Journal of Stroke Rehabilitation.

https://www.ncbi.nlm.nih.gov/pmc/articles PMC11621666/

Collaborators GS. Global, regional, and national burden of stroke and its risk
factors, 1990-2019: a systematic analysis for the global burden of disease

study 2019.

Costa GC, Dal Corso S, Silva SM, Teodosio ADC, Simada Pelosi R, Elicio VDC, et
al. Validation and reproducibility of the Glittre activities of the daily living
test for evaluation of functional capacity after a stroke. Physiother Theory

Pract. (2023) 39:887-94. doi: 10.1080/09593985.2022.2029651

Cruz-Flores S, Rabinstein A, Biller J, Elkind MS, Griffith P, Gorelick PB, et al.
Racial-ethnic disparities in stroke care: The american experience: A
statement for healthcare professionals from the american heart

association/american stroke association. Stroke. 2011; 42:2091-2116. doi:

10.1161/STR.0b013¢3182213¢24. [DOI] [PubMed] [Google Scholar]

Diek D, Smidt MP, Mesman S. Molecular Organization and Patterning of the
Medulla Oblongata in Health and Disease. Int J Mol Sci. 2022 Aug 17. 23
(16):9260.

102



Dong Wang, Junlu Xiang, Ying He, Min Yuan, Li Dong, Zhenli Ye, Wei Mao. The
Mechanism and Clinical Application of Constraint-Induced Movement
Therapy in Stroke Rehabilitation. Front. Behav. Neurosci., 21 June 2022.

https://doi.org/10.3389/fnbeh.2022.828599

Doumas I, Everard G, Dehem S, Lejeune T. Serious games for upper limb

rehabilitation after stroke: a meta-analysis. Journal of neuroengineering and

rehabilitation. 2021; 18:1-16.

Dziedzic TA, Bala A, Marchel A. Cortical and Subcortical Anatomy of the Parietal

Lobe from the Neurosurgical Perspective. Front Neurol. 2021. 12:727055.

E Vandhana. (2012). A comparative study to assess the effectiveness of constraint
induced movement therapy and conventional physiotherapy in improving

hand and wrist function in the hemiparetic stroke patients.

Ekenze, 0. S., Onwuekwe, 1. O., & Ezeala Adikaibe, B. A. (2010). Profile of
neurological admissions at the University of Nigeria Teaching Hospital
Enugu. Nigerian journal of medicine: journal of the National Association of

Resident Doctors of Nigeria, 19(4), pp.419-422.

Faisal, H, Rachmawati, K & Musafaah 2015, Tingkat Faktor Risiko Stroke dengan
Pengetahuan Masyarakat terhadap Deteksi Dini Penyakit Stroke, Dunia

Keperawatan: Jurnal Keperawatan dan Kesehatan, Volume 3(2), pp 79-85.

Fan ZY, Li BJ, Liao LY, Chen Y, Gao Q. Effects of trunk control training on
dynamic sitting balance and trunk function in hemiplegia patients after
acute stroke. Sichuan DaXue Xue Bao Yi Xue Ban. (2020) 51:847-52. doi:

10.12182/202011160201

103



Feigin, V.L., Roth, G.A., Naghavi, M., Parmar, P., Krishnamurthi, R., Chugh, S.,
Mensah, G.A., Norrving, B., Shiue, 1., Ng, M. and Estep, K., 2016. Global
burden of stroke and risk factors in 188 countries, during 1990-2013: a
systematic analysis for the Global Burden of Disease Study 2013. The

Lancet Neurology, 15(9), pp.913-924.

Fernandez-Gil, M. A.. Palacios-Bote, R., Leo-Barahona, M. and Mora-Encinas, J.P.,
2010, June. Anatomy of the brainstem: a gaze into the stem of life. In
Seminars in Ultrasound, CT and MRI (Vol. 31, No. 3, pp. 196-219). WB

Saunders.

Flaherty M.L., Woo D., Haverbusch M., Sekar P., Khoury J., Sauerbeck L.,
Moomaw C.J., Schneider A., Kissela B., Kleindorfer D., et al. Racial
variations in location and risk of intracerebral hemorrhage. Stroke. 2005;
36:934-937. doi: 10.1161/01.STR.0000160756.72109.95. [DOI] [PubMed]

[Google Scholar]

Fritz SL, Butts RJ, Wolf SL. Constraint-induced movement therapy: from history

to plasticity. Expert review of neurotherapeutics. 2012 Feb 1;12(2):191-8.

Fu J, Song L, Wang R, Ping E Dong S. Effect of comprehensive rehabilitation
nursing intervention on hemiplegia patients in sequela stage of stroke. J

Pak Med Assoc.(2020) 70:38-44.

Gajdosik, R.L. and Bohannon, R.W., 1987. Clinical measurement of range of
motion: review of goniometry emphasizing reliability and validity. Physical

Therapy, 67(12), pp.1867—1872. https://doi.org/10.1093/ptj/67.12.1867

104



Gauthier LV, Taub E, Mark VW, Perkins C, Uswatte G. Improvement after
constraint-induced movement therapy is independent of infarct location in

chronic stroke patients. Stroke. 2009 Jul 1;40(7):2468-72.

GBD 2016 Lifetime Risk of Stroke Collaborators T. Global, regional, and country-
specific lifetime risks of stroke, 1990 and 2016. N Engl J Med. Dec 20,

2018;379(25):2429-2437. [CrossRef]

GBD 2016 Lifetime Risk of Stroke Collaborators T. Global, regional, and country-
specific lifetime risks of stroke, 1990 and 2016. N Engl J Med. Dec 20,

2018;379(25):2429-2437. [CrossRef]

Gelderblom M., Leypoldt F., Steinbach K., Behrens D., Choe C.U., Siler D.A.,
Arumugam T.V., Orthey E., Gerloff C., Tolosa E., et al. Temporal and
spatial dynamics of cerebral immune cell accumulation in stroke. Stroke.
2009; 40:1849-1857. doi: 10.1161/STROKEAHA.108.534503. [DOI]

[PubMed] [Google Scholar]

Ghazanfar, 1., Khan, S. E., Elahi, A., Naveed, A., Sultan, T., Talat, A., & Sakina, R.
(2024). Effectiveness of constraint-induced movement therapy vs.
proprioceptive neuromuscular facilitation in upper limb rehabilitation for

hemiplegic patients

Hakkennes S, Keating JL. (2005). Constraint-induced movement therapy following
stroke: a systematic review of randomised controlled trials. Aust J

Physiother. 51(4):221-31.

Hand, PJ., Kwan, J., Lindley, R.l., Dennis, M.S. and Wardlaw. Distinguishing

between stroke and mimic at the bedside: the brain attack J.M., 2006.

105



Herculano-Houzel S. The Remarkable, Yet Not Extraordinary, Human Brain as a
Scaled-Up Primate Brain and Its Associated Cost. Striedter GF, Avise JC,
Ayala FJ. In the Light of Evolution: Volume VI: Brain and Behavior.

Washington (DC): National Academies Press; 2013.

Horn. J. W., Feng. 1, Morkedal, B., Strand, L. B.. Horn. J. Mukamal. K.. & Janszky,
1.(2021). Obesity and Risk for First Ischemic Stroke Depends on Metabolic

Syndrome: The HUNT Study. Stroke, 52(1 1), pp.3555-3561.

Howard G, Kissela BM, Kleindorfer DO, McClure LA, Soliman EZ, Judd SE, et a!.
Differences in the role of black race and stroke risk factors for first vs.
Recurrent stroke. Neurology. 2016; 86:637—642. doi:
10.1212/WNL.0000000000002376. [DOI] [PMC free article] [PubMed]

[Google Scholar]

Howard G, Moy CS, Howard VJ, McClure LA, Kleindorfer DO, Kissela BM, et al.
Where to focus efforts to reduce the black-white disparity in stroke
mortality: Incidence versus case fatality? Stroke; a journal of cerebral
circulation. 2016; 47:1893—-1898. doi: 10.1161/STROKEAHA.115.012631.

[DOI] [PMC free article] [PubMed] [Google Scholar]

Howard VI, Kleindorfer DO, Judd SE, McClure LA, Safford MM, Rhodes JD, et
al. Disparities in stroke incidence contributing to disparities in stroke
mortality. Annals of neurology. 2011; 69:619—627. doi: 10.1002/ana.22385.

[DOI] [PMC free article] [PubMed] [Google Scholar]

Hu, J., Liu, P. L., Hua, Y., Gao, B. Y., Wang, Y. Y., Bai, Y. L., et al. (2021).

Constraint-induced movement therapy enhances AMPA receptor-dependent

10¢



synaptic plasticity in the ipsilateral hemisphere following ischemic stroke.

Neural Regener. Res. 16, 319-324. doi: 10.4103/1673-5374.290900

Jarvis S. (2022). Cerebrovascular Events: Differential Diagnosis; Investigations;
CVA treatment and Management. Patient [Online]. Available at: [Accessed

18th January 2023].

Jarvis S.  (2022). Cerebrovascular Events: Differential  Diagnosis;
Investigations;CVA treatment and Management. Patient [Online]. Available

at: [Accessed18th January 2023].

Johnson W, Onuma O, Owolabi M, Sachdev S. Stroke: a global response is needed.

Bull World Health Organ. Sep 01, 2016;94(9):634-634A. [CrossRef]

Johnson W, Onuma O, Owolabi M, Sachdev S. Stroke: a global response is needed.

Bull World Health Organ. Sep 01, 2016;94(9):634-634A. [CrossRef]

Johnston, S. C.. Easton. J. D.. Farrant, M., Barsan, W., Conwit, R. A., Elm, J. J., &
Hemphill, J. C. (2018), Clinical presentation of acute ischemic stroke.

Continuum, 24(6).Pp.1599-1622.

Joubert J, Prentice LF, Moulin T, Liaw ST, Joubert LB, Preux PM, et al. Stroke in
rural areas and small communities. Stroke; a journal of cerebral circulation.
2008;39:1920-1928. doi: 10.1161/STROKEAHA.107.501643. [DOI]

[PubMed] [Google Scholar]

Kalavina R. The challenges and experiences of stroke patients and their spouses in

Blantyre, Malawi. Malawi Med J. 2019;31(2):112-7.

Kalkonde YV, Alladi S, Kaul S, Hachinski V. Stroke prevention strategies in the

developing world. Stroke. 2018;49(12):3092-7.

107



Kapral MK, Fang J, Hill MD, Silver F, Richards J, Jaigobin C, et al. Sex
differences in stroke care and outcomes: Results from the registry of the
canadian stroke network. Stroke; a journal of cerebral circulation. 2005;
36:809-814. doi: 10.1161/01.STR.0000157662. 09551.e5. [DOI] [PubMed]

[Google Scholar]

Karenberg A. Historic review: select chapters of a history of stroke. Neurol

ResPract. 2020,2(1). htps://doi.org10.1186/s42466-020-00082-0

Katoh, M. and Yamasaki, H., 2009. Comparison of reliability of isometric leg
muscle strength measurements made using a hand-held dynamometer with
and without a belt. Journal of Physical Therapy Science, 21(1), pp.37-42.

https://doi.org/10.1589/jpts.21.37

Kelechi Enwereji,Cosmas Nwosu, Adesola Ogunniyi, Po Nwani,Lasbrey
Asomugha, Ezinna Enwereji (2014). Epidemiology of stroke in a rural
community in southeastern Nigeria.

http://dx.doi.org/10.2147/VHRM.S57623

Kimball MM, Neal D, Waters MF, Hoh BL. Race and income disparity in ischemic
stroke care: Nationwide inpatient sample database, 2002 to 2008. Journal
of stroke and cerebrovascular diseases: the official journal of National
Stroke Association. 2014; 23:17-24. doi:
10.1016/j.jstrokecerebrovasdis.2012.06.004. [DOI] [PubMed] [Google

Scholar]

Kleindorfer D, Lindsell C, Alwell KA, Moomaw CJ, Woo D, Flaherty ML, et al.

Patients living in impoverished areas have more severe ischemic strokes.

108



Stroke. 2012; 43:2055-2059. doi: 10.1161/STROKEAHA.111.649608.

[DOI] [PMC free article] [PubMed] [Google Scholar]

Knuttgen, H.G. and Kraemer, W.J., 1987. Terminology and measurement. Journal

of Applied Sport Science Research, 1(1), pp.1-10.

Kremer PH, Jolink WM, Kappelle LJ, Algra A, Klijn CJ., SMART and ESPRIT
Study Groups. Risk Factors for Lobar and Non-Lobar Intracerebral
Hemorrhage in Patients with Vascular Disease. PLoS One. 2015;10(11):

e0142338.

Krishnaswamy A, Klein JP, Kapadia SR. Clinical cerebrovascular anatomy.

Catheter Cardiovasc Interv. 2010 Mar 01;75(4):530-9

Kwakkel, G.; van Wegen, E.E.H.; Burridge, J.H.; Winstein, C.J.; van Dokkum,
L.E.H.; Alt Murphy, M.; Levin, M.F.; Krakauer, J.W.; Lang, C.E.; Keller, T;
et al. A Standardized measurement of quality of upper limb movement after
stroke: Consensus-based core recommendations from the second stroke
recovery and rehabilitation roundtable. Neurorehabilit. Neural Repair. 2019,

33, 951-958. [Google Scholar] [CrossRef]

Kwakkel, G.; van Wegen, E.E.H.; Burridge, J.H.; Winstein, C.J.; van Dokkum,
L.E.H.; Alt Murphy, M.; Levin, M.F.; Krakauer, J.W.; Lang, C.E.; Keller, T.;
et al. A Standardized measurement of quality of upper limb movement after
stroke: Consensus-based core recommendations from the second stroke
recovery and rehabilitation roundtable. Neurorehabilit. Neural Repair. 2019,

33, 951-958. [Google Scholar] [CrossRef]

Lanas F, Seron P. Facing the stroke burden worldwide. The Lancet Global Health
2021;9(3):E235 - E236.

1049



Lancet Neurol. (2021) 20:795-820. doi: 10.1016/S1474-4422(21)00252-0

Lingling Marinda Palupi, Sulastyawati Sulastyawati, Cintia Tri Wulandari. Rom
And Cimt Treatment Effects to Stroke Patients’s Upper Extremity
Functional Ability, Journal: Jurnal Ners dan Kebidanan Indonesia, 2020,

ISSN: 2354-7642

Magid-Bernstein J, Girard R, Polster S, Srinath A, Romanos S, Awad IA, Sansing
LH. Cerebral Hemorrhage: Pathophysiology, Treatment, and Future

Directions. Circ Res. 2022 Apr 15;130(8):1204-1229.

Maher M, Schweizer TA, Macdonald RL. Treatment of Spontaneous Subarachnoid
Hemorrhage: Guidelines and Gaps. Stroke. 2020 Apr;51(4):1326-1332.

[PubMed]

Martin, T.S., & Kessler, M. (2015). Neurological intervention for physical therapy.

(3rd Eds). Saunders. University of Evansville, Indiana. pp. 15- 520

Martiningsih, AH 2016, Identifikasi Faktor Resiko Terjadinya Stroke di RSUD

BIMA Tahun 2015, Jurnal Kesehatan Prima, Volume 10(1), pp 1610-1617.

Menshawi K, Mohr JP, Gutierrez J. A Functional Perspective on the Embryology

and Anatomy of the Cerebral Blood Supply. J Stroke. 2015 May;17(2):144-

58.

Miki Kurnia Fitrizah, Agus Riyanto, Cindy Septarini. The Effect Of Constraint
Induced Movement Therapy (Cimt) On Gripping Strength In Stroke
Patients At Siti Aisyah Hospital, Lubuklinggau City, Journal: Journal of

International Public Health, : 2025, ISSN: 2985-4156

11cC



Mira K, Luft A. Global Burden of Stroke. Seminars in neurology 38 (2018): 208-

211.

Momsen A-MH, Fox JC, Nielsen CV, Thuesen J, Maribo T. Rehabilitation research
in Denmark between 2001 and 2020: a scoping review. Frontiers in

Rehabilitation Sciences. 2022; 3:849216.

Moon JR, Capistrant BD, Kawachi I, Avendano M, Subramanian SV, Bates LM, et
al. Stroke incidence in older us hispanics: Is foreign birth protective?
Stroke. 2012; 43:1224-1229. doi: 10.1161/STROKEAHA.111.643700.

[DOI] [PMC free article] [PubMed] [Google Scholar]

Muhammad Abba, Abubakar Muhammad, Umar Badaru, Auwal Abdullahi.
Comparative effect of constraint-induced movement therapy and
proprioceptive neuromuscular facilitation on upper limb function of

chronic stroke survivors. Physiotherapy Quarterly 28 (1), 1-5, 2020.

Musuka T.D., Wilton S.B., Traboulsi M., Hill M.D. Diagnosis and management of
acute ischemic stroke: Speed is critical. CMAJ. 2015; 187:887-893. doi:
10.1503/cmaj.140355. [DOI] [PMC free article] [PubMed] [Google

Scholar]

Nakibuuka J, Sajatovic M, Nankabirwa J, Ssendikadiwa C, Furlan AJ, Katabira E,
et al. Early mortality and functional outcome after acute stroke in Uganda:

prospective study with 30-day follow-up. Springerplus. 2015 Aug 25; 4:450.

Nesin SM, Sabitha K, Gupta A, Laxmi T. Constraint induced movement therapy as
a rehabilitative strategy for ischemic stroke—Linking neural plasticity with
restoration of skilled movements. Journal of Stroke and Cerebrovascular
Diseases. 2019;28(6):1640-53.

111



Netter FH. Atlas of Human Anatomy. 8th ed. Elsevier; 2022. 53, 54, 73, 162, 163,
164, 165, 166, 167, 168, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179,
180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 199,

212, 281.

Nichol JR, Sundjaja JH, Nelson G. Medical History. [Updated 2023 Sep 4). In:

StatPearls Chological rehabilitation, 29(5), pp.723-738.

Nugraha, DP, Bebasari, E & Wardani, Y 2018, Profil Pa sien Stroke di RSUD

Arifin Achmad Provinsi Riau, JIK, Volume 12(1), pp 52-56.

Ohemu T, Shalkur D, Ohemu B, Daniel P. Knowledge, attitude and practice of
traditional medicine among people of Jos South Local Government Area of
Plateau State, Nigeria. J Pharm Bioresources. 2021; 18:147-54.

https://doi.org 10.4314/jpb. v1812.7

Okoro FO, Nwoha CO, Ogoko NC, Nwoha EC, Amadi CC, ef al. Stroke survivors'
preference of Herbal Center to Hospital. Int J Complement

Med.2021;1(1):29-41.

Onwuchekwa A.C.. & Chinenye, S. (2010), Clinical profile of hypertenston at a
University Teaching Hospital in Nigeria. Vascular health and risk

management, 6. Pp.511-516.

Owolabi MO, Akarolo-Anthony S, Akinyemi R, Armett D, Gebregziabher M,
Jenkins C, Tiwari H, Arulogun O, Akpalu A, Sarfo FS, Obiako R, Owolabi
L, Sagoe K, Melikam S, Adeoye AM, Lackland D, Ovbiagele B; Members
of the H3Africa Consortium. The burden of stroke in Africa: a glance at the
present and a glimpse into the future. Cardiovasc J Afr. 2015 Mar-Apr;26(2
Suppl 1): S27-38. doi: 10.5830/CVIA-2015-038.

112



Page S, Levine P, Sisto SA, Bond Q and Johnston MV (2002). Stroke patients” and
therapists” opinions of constraintinduced movement therapy. Clin Rehabil

(16) 55-60.

Panuganti KK, Tadi P, Lui F. Transient Ischemic Attack. [Updated 2023 Jul 17]. In:

StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing, 2023
Parmar, P., 2018. Stroke: classification and diagnosis. Clinical Pharmacist, 10(1). "

Ploughman M, Corbett D. (2004). Can forced-use therapy be clinically applied
after stroke? An exploratory randomized controlled trial. Arch Phys Med

Rehabil. 85(9):1417-23.

Prapiadou S, Demel SL, Hyacinth HI. Genetic and Genomic Epidemiology of
Stroke in People of African Ancestry. Genes (Basel). 2021 Nov

19;12(11):1825.

Prasad, K., Kaul. S. Padma, M.V., Gorthi, S.P., Khurana, D. and Bakshi, A., 2011.
Stroke management. Annals of Indian Academy of Neurology, 14(Suppll),

p.S82.

Prince EA, Ahn SH. Basic vascular neuroanatomy of the brain and spine: what the
general interventional radiologist needs to know. Semin Intervent Radiol.

2013 Sep;30(3):234-9

Purves D, Augustine GJ, Fitzpatrick D, et al., Neuroscience. 2nd Edition.

Sunderland (MA): Sinauer Associates; 2001.

Qureshi AL, Ali Z., Suri M.F., Shuaib A., Baker G., Todd K., Guterman L.R.,
Hopkins L.N. Extracellular glutamate and other amino acids in

experimental intracerebral hemorrhage: An in vivo microdialysis study. Crit.

113



Care Med. 2003; 31:1482-1489. doi:

10.1097/01.CCM.0000063047.63862.99. [DOI] [PubMed] [Google Scholar]

Raj Kumar Yadav, Rajendra Sharma, Diganta Borah, SY Kothari. Efficacy of
modified constraint induced movement therapy in the treatment of

hemiparetic upper limb in stroke patients: a randomized controlled trial.

Journal of clinical and diagnostic research: JCDR 10 (11), YCO01, 2016.

Ramey, S.L., DeLuca, S.C., Stevenson, R.D., Conaway, M., Darragh, A.R., Lo, W.,
2021. Constraint-induced movement therapy for cerebral palsy: a
randomized trial. Pediatrics 148 (5). https://doi.org/10.1542/peds.2020-

033878.

Reese, V., M Das, J.. & Al Khalili, Y. (2023). Cranial Nerve Testing. In StatPearls.

StatPearls Publishing.

Reeves MJ, Fonarow GC, Zhao X, Smith EE, Schwamm LH, Get with The
Guidelines-Stroke Steering C ef al. Quality of care in women with ischemic
stroke in the gwtg program. Stroke; a journal of cerebral circulation. 2009;
40:1127-1133. doi: 10.1161/STROKEAHA.108.543157. [DOI] [PubMed]

[Google Scholar]

Richards, L., Gonzalez Rothi LJ, Davis S, Wu SS, Nadeau SE. (2006) Limited
dose response to Constraint-Induced Movement Therapy in patients with

chronic stroke. Clinical Rehabilitation. 20: 1066-1074

Robben D, Tiiretken E, Sunaert S, Thijs V, Wilms G, Fua P, Maes F, Suetens P.
Simultaneous segmentation and anatomical labeling of the cerebral

vasculature. Med Image Anal. 2016 Aug; 32:201-15

114



Rodriguez, J., Singh, M., Chen, L., & Onwuegbuzie, K. (2024). Telerehabilitation
constraint-induced movement therapy for stroke survivors: A comparative
effectiveness study. Archives of Physical Medicine and Rehabilitation,
105(3), 255-263.

https://www.sciencedirect.com/science/article/pii/S2324242624000159

Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et al.
Executive summary: Heart disease and stroke statistics--2012 update: A
report from the american heart association. Circulation. 2012; 125:188—197.

doi: 10.1161/CIR.0b013e3182456d46. [DOI] [PubMed] [Google Scholar]

Rothstein, J.M., Miller, P.J. and Roettger, R.F., 1983. Goniometric reliability in a
clinical setting: elbow and knee measurements. Physical Therapy, 63(10),

pp-1611-1615.

Ruchalski K, Hathout GM. A medley of midbrain maladies: a brief review of
midbrain anatomy and syndromology for radiologists. Radiol Res Pract.

2012.2012:258524.

Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A, et al. An
updated definition of stroke for the 21st century: a statement for healthcare
professionals from the American Heart Association/American Stroke

Association. Stroke 2013: 44: 2064-2089.

Sana Batool, Nabila Soomro, Fareeha Amjad, Rabia Fauz. To compare the
effectiveness of constraint induced movement therapy versus motor
relearning programme to improve motor function of hemiplegic upper
extremity after stroke. Pakistan journal of medical sciences 31 (5), 1167,

2015.

115



Sanchetee P. Current trends in Stroke Rehabilitation. In: Sanchetee P, editor.
Ischemic stroke. London: IntechOpen; 2021.

https://doi.org/10.5772/Intechopen.95576

Santisteban, L.; Térémetz, M.; Bleton, J.P.; Baron, J.C.; Maier, M.A.; Lindberg,
P.G. Upper limb outcome measures used in stroke rehabilitation studies: A
systematic literature review. PLoS ONE 2016, 11, e0154792. [Google

Scholar] [CrossRef]

Santisteban, L.; Térémetz, M.; Bleton, J.P.; Baron, J.C.; Maier, M.A.; Lindberg,
P.G. Upper limb outcome measures used in stroke rehabilitation studies: A
systematic literature review. PLoS ONE 2016, 11, e0154792. [Google

Scholar] [CrossRef]

Schulz UG, Flossmann E, Rothwell PM. Heritability of ischemic stroke in relation
to age, vascular risk factors, and subtypes of incident stroke in population-
based studies. Stroke. 2004; 35:819-824. doi:

10.1161/01.STR.0000121646.23955.0f. [DOI] [PubMed] [Google Scholar]

Schwarz, A.; Kanzler, C.M.; Lambercy, O.; Luft, A.R.; Veerbeek, J.M. Systematic
review on kinematic assessments of upper limb movements after stroke.

Stroke 2019, 50, 718-727. [Google Scholar] [CrossRef] [PubMed]

Schwarz, A.; Kanzler, C.M.; Lambercy, O.; Luft, A.R.; Veerbeek, J.M. Systematic
review on kinematic assessments of upper limb movements after stroke.

Stroke 2019, 50, 718-727. [Google Scholar] [CrossRef] [PubMed]

Seshadri S, Beiser A, Pikula A, Himali JJ, Kelly-Hayes M, Debette S, et al.
Parental occurrence of stroke and risk of stroke in their children: The
framingham  study.  Circulation.  2010;  121:1304-1312.  doi:

1llec



10.1161/CIRCULATIONAHA.109.854240. [DOI] [PMC free article]

[PubMed] [Google Scholar]

Shah B, Bartaula B, Adhikari J, Neupane HS, Shah BP, Poudel G. Predictors of In-
hospital Mortality of Acute Ischemic Stroke in Adult Population. J

Neurosci Rural Pract. 2017;8(4):591-4.

Shahid J, Kashif A, Shahid MK. A Comprehensive Review of Physical Therapy
interventions for Stroke Rehabilitation: impairment-based approaches and
functional  goals. Brain Sci [online]. 2023;13(5):717. https:

doi.org10.3390brainscil3050717

Shahrokhi, M. & Asuncion, R. M. D. (2023). Neurologic Exam. In StatPearls.

StatPearls Publishing.

Simbolon, P, Simbolon, N& Siringo- ringo, M 2018, Faktor Merokok dengan

Kejadian Stroke di Rumah Sakit Santa

Simon-Martinez, C., Mailleux, L., Jaspers, E., Ortibus, E., Desloovere, K.,
Klingels, K., Feys, H., 2020. Effects of combining constraint-induced
movement therapy and action-observation training on upper limb
kinematics in children with unilateral cerebral palsy: a randomized
controlled trial. Sci. Rep. 10 (1), 10421. https://doi.org10.103841598-020-

67427-2.

Spence JD. Cardioembolic stroke: everything has changed. Stroke Vasc Neurol.

2018 Jun;3(2):76-83.

Stansbury JP, Jia H, Williams LS, Vogel WB, Duncan PW. Ethnic disparities in

stroke: Epidemiology, acute care, and postacute outcomes. Stroke; a journal

117



of cerebral circulation. 2005; 36:374-386. doi:

10.1161/01.STR.0000153065. 39325.fd. [DOI] [PubMed] [Google Scholar]

Sterr, A., Elbert T., Berthold I., Kolbel S and Rockstroh B.(2002). Longer versus
shorter daily constraint-induced movement therapy of chronic hemiparesis:

and exploratory study. Archives of Physical Medicine & Rehabilitation.

83:1374-1377.

Stiles J, Jernigan TL. The basics of brain development. Neuropsychol Rev. 2010

Dec;20(4):327-4

Stroke Facts. Centers for Disease Control and Prevention, Centers for Disease

Control and Prevention (2023).

Suh S.W., Shin B.S., Ma H., Van Hoecke M., Brennan A.M., Yenari M.A.,
Swanson R.A. Glucose and NADPH oxidase drive neuronal superoxide
formation in stroke. Ann. Neurol. 2008; 64:654-663. doi:

10.1002/ana.21511. [DOI] [PMC free article] [PubMed] [Google Scholar]

Sweeney K, Silver N, Javadpour M. Subarachnoid haemorrhage (spontaneous
aneurysmal). BMJ Clin Evid. 2016 Mar 17;2016 [PMC free article]

[PubMed]

Taub E, Uswatte G and Elbert T (2002). New treatments in neuro rehabilitation

founded on basic research. Nature Reviews Neuroscience (3) 226-236.

Taub E., Miller N. E., Novack T. A., Cook E. W., 3rd, Fleming W. C., Nepomuceno
C.S., et al. (1993). Technique to improve chronic motor deficit after stroke.

Arch Phys Med Rehabil, 74(4), 347-354.

118



Taub E., S.L. Wolf. (1997). Constraint induced movement techniques to facilitate
upper extremity use in stroke patients. Topics in Stroke Rehabilitation, 3,

pp- 38-61

Taub E., Uswatte G. (2009). Constraint-induced movement therapy: A paradigm
for translating advances in behavioral neuroscience into rehabilitation
treatments. In: Berntson G., Cacioppo J., editors.Handbook of neuroscience
for the behavioral sciences (Vol. 2, pp. 1296-1319) Hoboken, NJ: Wiley;

2009. (Eds.)

Taub, E. and Uswatte, G. (2006). Constraint-induced movement therapy: answers
and questions after two decades of research. NeuroRehabilitation, 21(2),

93-95.

Tedla JS, Gular K, Reddy RS, de Sa Ferreira A, Rodrigues EC, Kakaraparthi VN,
et al., editors. Effectiveness of constraint-induced movement therapy
(CIMT) on balance and functional mobility in the stroke population: a

systematic review and meta-analysis. Healthcare; 2022: MDPI.

Testai F.D., Aiyagari V. Acute hemorrhagic stroke pathophysiology and medical
interventions: Blood pressure control, management of anticoagulant-
associated brain hemorrhage and general management principles. Neurol.
Clin. 2008; 26:963-985. doi: 10.1016/j.ncl.2008.06.001. [DOI] [PubMed]

[Google Scholar]

Touze E, Rothwell PM. Sex differences in heritability of ischemic stroke: A
systematic review and meta-analysis. Stroke. 2008; 39:16-23. doi:

10.1161/STROKEAHA.107.484618. [DOI] [PubMed] [Google Scholar]

1149



Tsao CW, Aday AW, Almarzooq ZI, et al. heart disease and stroke statistics 2022
update: a report from the American Heart Association, Circulation 145

(2022): el53-e639.

Uswatte G, Taub E, Morris D, Barman J, Crago J. Contribution of the shaping and
restraint components of Constraint-Induced Movement therapy to treatment

outcome. NeuroRehabilitation. 2006;21(2):147-56.

Wang J., Fields J.,, Zhao C., Langer J., Thimmulappa R.K., Kensler T.W.,,
Yamamoto M., Biswal S., Doré S. Role of Nrf2 in protection against
intracerebral hemorrhage injury in mice. Free Radic. Biol. Med. 2007;
43:408—414. doi: 10.1016/j.freeradbiomed.2007.04.020. [DOI] [PMC free

article] [PubMed] [Google Scholar]

Wayunah & Saefulloh, M 2016, Analisis Faktor yang Berhubungan Dengan
Kejadian Stroke Di RSUD Indramayu, Jurnal Pendidikan Keperawatan

Indonesia, Volume 2(2), pp 65-76.

Wikholm, J.B. and Bohannon, R.W., 1991. Hand-held dynamometer measurements:
tester strength makes a difference. Journal of Orthopaedic & Sports

Physical Therapy, 13(4), pp.191-198. https://doi.org/10.2519/jospt.1991

Willey, J.Z., Moon, Y.P., Kulick, E.R., Cheung, Y.K., Wright, C.B., Sacco, R.L. and
Elkind, M.S., 2017. Physical inactivity predicts slow gait speed in an
elderly —multi-ethnic  cohort Study: The Northern Manhattan

Neuroepidemiology, 49(1-2), pp.24-30.

Wolf S., Lecraw D., Barton L., Jann B. (1989). Forced use of hemiplegic upper
extremities to reverse the effect of learned nonuse among chronic stroke
and head-injured patients. Exp. Neurol. 104 125-132

12C



Woodruff T.M., Thundyil J., Tang S.C., Sobey C.G., Taylor S.M., Arumugam T.V.
Pathophysiology, treatment, and animal and cellular models of human
ischemic stroke. Mol. Neurodegener. 2011; 6:11. doi: 10.1186/1750-1326-

6-11. [DOI] [PMC free article] [PubMed] [Google Scholar]

Zafar, M. A., Riaz, M., Ahmed, A., & Khan, A. A. (2023). Effectiveness of
constraint-induced movement therapy versus conventional therapy on
upper limb function post-stroke. Journal of Health Research and Learning
Medical College, 9(1), 15-21.

https://jhrlmc.com/index.php/home/article/view/135

Zhang P, Duan L, Ou Y, et al. The cerebellum and cognitive neural networks. Front

Hum Neurosci. 2023. 17:1197459

Zhang, X. Z., Lyu, M., Luo, X. F, Yu, X.,, Wang, L., et al. (2020).
Recommendations of clinical practice guidelines of stroke rehabilitation.

Chin. J. Rehabil. Theory Pract. 26, 170-180.

121



122



APPENDICES
APPENDIX I

ETHICAL APPROVAL

HEALTH RESEARCH
ETHICS COMMITTEE {HREC)

NIVERSITY OF BENIN TEACHING HOSPITAL =

P.M.B. 1111 BENIN CITY NIGERIA  Telephone: 052-600418 |« Website:ubth.org

CHIEF AEDICAL DIRECTOR DIRECTOR OF ADMINISTRATION CHAIRMAN
Prof.C arlington E. Obaseki  Jim Uwadie, Esq Prof. (Mrs.) Antoinette N. Ofili
E-mail: farlobaseki@gmail.com

HREC OFFICE:

Committee email: ubthresearchethics@gmail.com
Registration Number:
NHREC-UBTH-HREC/24/12/2022B

PROTOCOL NUMBER: ADM/E 22/A/VOL.VII/2025/122

PROPOSALTITLE: “EFFECTIVENESS OF CONSTRAINT-INDUCED MOVEMENT THERAPY
ON UPPER-LIMB FUNCTION AMONG HEMIPLEGIC STROKE
SURVIVORS IN UNIVERSITY OF BENIN TEACHING HOSPITAL, BENIN
CITY”

PRINCIPAL INVESTIGATOR(S): OGHOMWNOMASE OVERCOMER AIZENOSA

DEPARTMENT/INSTITUTION: DEPARTMENT OF PHYSIOTHERAPY, SCHOOL OF BASIC
MEDICAL SCIENCES UNIVERSITY OF BENIN, BENIN CITY, EDO
STATE

DATE CONSIDERED: JULY 14™, 2025

DECISION OF THE COMMITTEE: APPROVED

THIS APPROVAL DATES 14/7/2025 TO 13/7/2026. IF THERE IS DELAY IN STARTING THE RESEARCH,
PLEASE INFORM THE HREC SO THAT THE DATES OF APPROVAL CAN BE ADJUSTED ACCORDINGLY

REMARK:
CHAIRMAN: PROF. (MIS) A.N. OFILI SIGNATURE & DATE...‘I.".ﬁ ! 4 # 4/2925_

SUPERVISOR (8): DR. ADEBISI 1. HAMMED

DECLARATION BY INVESTIGATOR(S):
PROTOCOL NUMBER (please quote in all enquiries)

Note that no participant accrual or activity related to this research may be conducted outside of these dates. All informed
consent forms used in this study must carry the HREC assigned number and duration of HREC approval of the study.
In multiyear research, endeavor to submit your annual re-port to the HREC early in order to obtain renewal of your
approval and avoid disruption of your research. No changes are permitted in the research without prior approval by the
HREC except in circumstances outlined in the Code. The HREC reserves the right,to conduct compliance visit your
research site without previous notification

123



APPENDIX II

Figure 2: Participant using the affected upper limb to peg a book with the

unaffected restricted with a bandage.

124



Figure 3: Participant using the affected upper limb to stack cups with the

unaffected restricted with a bandage.
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Figure 4: Participant using the affected upper limb to try to drink water with

the unaffected restricted with a bandage.
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Figure 5: Participant using the affected upper limb to pick Ayo seeds and

transfer it with the unaffected restricted with a bandage.
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