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Preface

Stroke is a major public health issue and its prevalence is increasing as the aging 
population increases. Despite the best treatment available, 30%–50% of stroke 
survivors are left with significant physical and/or psychological disabilities and 
consequent decline in quality of life. Neurorehabilitation is an established standard 
of care for improving functional capabilities and quality of life following a stroke. 
A good rehabilitation schedule can result in substantial recovery in up to 80% of 
cases. Stroke rehabilitation is a multidisciplinary approach involving physicians or 
stroke specialists, nurses, physiotherapists, psychologists, nutritionists, occupational 
therapists, speech therapists, and audiologists. However, there is a shortage of 
neurorehabilitation programs across the globe, more so in resource-poor countries. 
This book covers widespread topics related to stroke rehabilitation during both 
the acute and chronic phases. Experts in the field discuss not only medical aspects 
but also issues of patients and community participation. The book also addresses 
cognitive deficits and psychological problems faced by patients and their caregivers.

The field of stroke rehabilitation has a bright future. Despite the good potential 
for recovery, rehabilitative measures are underutilized. Major barriers to their 
implementation include limited availability, geographical distance, high cost, and 
lack of awareness about their benefits. This book is a comprehensive reference 
that includes the latest knowledge and practical guidance on the subject. There is a 
requirement to develop low-cost tools that will have high acceptance among patients 
and caregivers. To maintain the continuum for stroke care and reduce morbidity  
and mortality, there is a need for public health systems in both developed and 
developing countries to improve stroke awareness and to implement proper strategies 
of triage, acute treatment, well-defined rehabilitation plans, and teleservices.

This book is a useful resource for all those connected with stroke care including 
physicians, physiotherapists, and rehabilitative specialists.

Dr. Pratap Sanchetee, MD, DM (Neurology)
Consultant Neurologist,

Sanchetee Neurology Research Institute,
Jodhpur, Rajasthan, India
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Chapter 1

Post-Stroke Rehabilitation: 
A Necessary Step
Iria Beltrán-Rodríguez, Laura García-Talavera Casado, 
Óscar Durán-Borrella, Patricia González-Feito,  
Irene Sánchez-Serrano and Rebeca de la Fuente Blanco

Abstract

A stroke is defined by the abrupt and sudden onset of neurological signs and 
symptoms that occur due to a disorder in cerebral blood circulation. Cerebrovascular 
diseases are a well-known cause of morbidity and mortality, being the second cause 
of mortality and disability throughout the world. Stroke treatment has improved 
substantially in recent years with the implementation of stroke units and revascu-
larization therapies. The role of rehabilitation is to help improve deficits to regain 
functionality and to define the needs and care in patients with permanent disabilities. 
Stroke rehabilitation must start early and intensively and it must be carried out by 
a multidisciplinary team made up of neurologists, rehabilitation doctors, nurses, 
physiotherapists, occupational therapists, speech therapists, neuropsychologists, 
neurophysiologists, and social workers. Patients and families should be actively 
involved with this team, if possible, from the beginning and throughout the reha-
bilitation process. Functional recovery through comprehensive rehabilitation allows 
patients to remain in their usual environment, perform their work duties and carry 
out activities of daily life by themselves, reducing the need for institutionalization in 
long-term care facilities.

Keywords: stroke, rehabilitation, disability, skills, recovery

1. Introduction

A stroke is defined by the abrupt and sudden onset of neurological signs and 
 symptoms that occur due to a disorder in cerebral blood circulation. It can be due to an 
excess of blood in the cranial cavity, which is in expansible, called hemorrhagic stroke; 
or due to insufficient blood supply of oxygen and nutrients to the parenchyma: an 
ischemic stroke. Strokes usually have symptoms related to a focal brain lesion, an abrupt 
onset followed by stabilization with a tendency to regress, and predisposing risk factors.

We should suspect it when the following symptoms suddenly appear: weakness 
or numbness of a half body; difficulty speaking or understanding language; vision 
difficulty in one or both eyes having ruled out ophthalmological pathology, vertigo, or 
instability associated with other neurological symptoms or signs.
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Cerebrovascular diseases are the second cause of morbidity and mortality in the 
world [1].

There is an estimated prevalence of about 80 million people with stroke world-
wide. In 2016, of the 80.1 million affected, 41.1 were women and 39 were men [1].

The highest risk of stroke is found in populations in East Asia, Central Europe, 
and Eastern Europe. In terms of race, the incidence per 100.000 inhabitants of isch-
emic stroke is higher in black than in Hispanic, and higher in Hispanic than in white; 
being all the etiologies of stroke more frequent in black, except cardioembolic [2, 3].

In the last 30 years, a decrease in the incidence and mortality from stroke has 
been observed due to the better control of vascular risk factors, health education, and 
advances in the treatment of the acute phase of stroke. This improvement, unfortu-
nately, is not universal and is highly influenced by the economic situation and the educa-
tional background of the population in each geographic area. In recent years, a decrease 
in the incidence of stroke has been observed in whites, remaining constant in blacks [4].

Hand in hand with the global decrease in incidence and mortality rates is the increase 
in the prevalence of stroke and its social health impact, due to a longer life expectancy 
and increased survival rate of patients suffering from cerebrovascular events.

Stroke patients have a high risk of poor prognosis during the first year after the 
event, including rehospitalization (33%), recurrence (7–13%), dementia (7–23%), 
mild cognitive disorder (35–47%), depression (30–50%) and fatigue (35–92%), all 
contributing to affect health-related quality of life [5, 6].

Stroke units and revascularization therapies have changed the stroke prognosis 
[7]. The role of rehabilitation is to help improve deficits, regain functionality and 
define the needs and care in patients with permanent disabilities. Disability in 
stroke varies according to the initial severity, the location of the injury, the patient’s 
pre-morbid state, the degree of neurological recovery, and the support system that 
surrounds the patient [7, 8].

It is evidenced that comprehensive rehabilitation after stroke has a prognostic 
impact that is maintained in the long term, in the form of a better functional situation 
for the patients who access it. Functional recovery through comprehensive rehabilita-
tion allows patients to remain in their usual environment, perform their work duties 
and carry out activities of daily life autonomously, reducing the need for institution-
alization in long-term care facilities [9].

The recommendations of the King’s College research team, in collaboration with 
the European Alliance Against Stroke, which presented the document “The impact of 
stroke in Europe to the European Parliament”, indicate that multidisciplinary evalua-
tions should be carried out in the stroke unit and the rehabilitation should start as 
soon as the patient is medically stable. People who start rehabilitation within the 
first week after admission have better long-term results than those who start their 
rehabilitation later [10].

2. Stroke rhabilitation

2.1 Pathophysiology and principles of neurological rehabilitation

The cells of the nervous system and the endothelial cells are continuously interact-
ing with each other and with the extracellular matrix in order to maintain continuous 
cerebral homeostasis, forming a functional unit called the neurovascular unit. It 
is made up of neurons, interneurons, astrocytes, basal lamina lined with smooth 
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muscle cells and pericytes, endothelial cells, and an extracellular matrix [11]. All these 
elements, interconnected with each other, constitute a highly efficient system for 
regulating cerebral blood flow [11]. Cerebrovascular events alter the correct molecu-
lar communication between each of the elements of the neurovascular unit, generat-
ing a functional dysregulation that leads to the damage of the tissue. In the functional 
recovery phase after an ischemic stroke, compensatory neurovascular signaling at this 
level favors the repair mechanisms that involve angiogenesis and neurogenesis, thus 
intervening in achieving the most complete functional recovery possible [12].

Astrocytes play a fundamental role in cerebrovascular events, both in the estab-
lishment of the definitive lesion and in the process of tissue repair. During ischemia, 
the first morphological change observed is the edema of astrocytes, being one of the 
responsible factors for the decrease in glutamate reuptake. The edema may be sur-
rounding the lesion up to 8 weeks after the stroke, which may alter the functioning of 
nearby neurons by blocking neuronal conduction [10].

Glial cells that survive the ischemic episode undergo a process of hypertrophy 
and proliferation, known as reactive gliosis, which has been related to mechanisms of 
neuroprotection and repair of ischemic injuries [13].

Recovery after stroke is associated with cortical reorganization [8]. After a 
cerebrovascular event, the tissue recovery that takes place during weeks, months, or 
years after the acute event is related to different physiological phenomena: dendritic 
growth, formation of new synapses (synaptogenesis), functional reorganization in 
the injured area or participation of other neighboring or homologous areas of the con-
tralateral hemisphere in the process. These phenomena can occur spontaneously and 
they can be facilitated and directed by rehabilitative therapeutic interventions [13].

In ischemic stroke, the obstruction of a cerebral artery generates local changes in 
cerebral blood flow (CBF). Under normal conditions, CBF through adult brain tissue 
is >50 ml/100 g of brain parenchyma/minute. When the CBF is reduced in a certain 
area of the brain below 10 ml/100 g/min, a severe cerebral dysfunction is produced. 
This leads to a complete neuronal, structural and functional loss in that location in 
a short time; it is called the core of the infarction. Between this nucleus of ischemic 
infarction and the normally perfused brain parenchyma, there is a moderately vas-
cularized region, the extent of which depends on the functioning of the collateral 
circulation, called the penumbra zone, in which two zones with different prognosis 
are differentiated: oligohemia zone (22–0 ml/100 g/min) and ischemic penumbra zone 
(10–22 ml/100 g/min) [14, 15]. The oligohemia zone is a hypoperfused zone that still 
maintains its functionality, while the ischemic penumbra is a hypoperfused and func-
tionally inactive zone that limits the edges of the infarcted area but is still viable if CBF 
is recovered early [11]. Current strategies for acute reperfusion in ischemic stroke are 
aimed at restoring cerebral perfusion in the ischemic penumbra [11]. The therapeutic 
window in ischemic stroke is the time that elapses between the onset of ischemia and 
the moment in which the neuron located in the ischemic penumbra loses its ability to 
survive. After this time, reperfusion of the ischemic zone will be useless [13].

The tissue that survives a cerebrovascular event has the ability to adapt and reor-
ganize itself anatomically and functionally to rebuild or replace synaptic connections 
that have been injured and reinforce neural networks that have remained after injury. 
This phenomenon is known as neuroplasticity [15], and neurological rehabilitation 
therapies play a fundamental role in its enhancement [16]. The key to activating 
neuronal plasticity is the repetition of the affected function, so all those treatment 
techniques that favor the performance of a function and its repetition will promote 
brain plasticity and the recovery of patients [9, 10].
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The functional reassignment of the different healthy cortical areas to supply the 
deficit in the damaged area is called brain remapping [12].

The neuroanatomical, neurochemical, and functional changes that occur during 
the reorganization by neuroplasticity will facilitate, in some cases, the recovery of the 
affected functions (adaptive neuroplasticity). On other occasions, as a consequence 
of this reorganization in favor of some functions, the development of others may be 
hindered (maladaptive neuroplasticity) [17].

The most important cortical functions are not linked to specific anatomical 
regions, but rather depend on neural networks made up of neurons of diverse cortical 
locations interconnected with each other and distributed throughout the cerebral 
cortex [15, 18].

Although some functions of a neural network are specifically ascribed to a region 
of the same (e.g.: the execution of language to Broca’s area), the lesion in that specific 
area may have little clinical translation if the remaining structures that makeup that 
network take over functional relief and thus compensate for the defect.

If the damage to a functional system is partial, recovery within the system itself is 
possible. On the other hand, if the damage is complete, replacement by a functionally 
related system is the only alternative for the functional recovery of the injured area. 
Each of the mechanisms involved in the post-injury functional recovery process will 
depend on the magnitude of the brain damage [16].

Although the basic mechanisms of neuroplasticity are common to the entire cerebral 
cortex, the pattern of cortical reorganization in the functional recovery of the different 
capacities is not the same, and the peculiarities in these patterns support the different 
modalities of therapeutic intervention for the different deficits: motor, sensory and 
cognitive (Table 1) [17, 19].

Motor recovery is a complex process that combines intrinsic or spontaneous 
neurological recovery and functional recovery. Intrinsic neurological recovery is 
the recovery of normal movement patterns, being the severity of the initial deficit 
inversely proportional to the recovery prognosis. It occurs generally within the first 
1–3 months after the event. Functional recovery is the regaining of basic tasks or 
activities of daily life through learned compensatory movements (new movement 
patterns), which depends on motivation, learning capacity, family support, and the 
quality and intensity of the rehabilitative therapy [8].

The structures that help restore motor activity and function after a brain 
injury can be gathered into three groups: intact perilesional areas of the ipsilateral 

Mechanisms of plasticity in neural networks Mechanisms of plasticity in synapse

Recovery of neuronal excitability Changes in intracellular signaling

Activation of neural pathways partially unscathed Generation of axonal sprouting and dendritic from 
uninjured collaterals

Plasticity with assembly type neurons Axonal regeneration

Synaptic unmasking dependent on neural activity. Unmasking of networks previously existing but 
functionally inactive

Recruitment of neural network components Long-term potentiation

Modulation by neurotransmitters of the excitability of 
subnetworks.

Long-term depression

Table 1. 
Mechanisms of neuroplasticity [19].
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primary motor cortex, ipsilateral and contralesionally auxiliary motor systems 
together with the structures responsible for executive control and contralateral 
motor system [20].

In addition to neuroplasticity phenomena, the post-injury recovery process 
involves mechanisms of regeneration, differentiation, and maturation of new 
neurons and support cells that facilitate the creation of new neural networks, thus 
allowing the replacement of damaged ones [16]. Neurogenesis, gliogenesis, and 
angiogenesis refer to the development and formation of new neurons, support-
ing glial cells, and blood vessels respectively [14, 15]. Neurogenesis takes place 
throughout life, although it is attenuated with age. In adults, it is discrete and 
basically restricted to two neurogenic areas: the subventricular zone close to the 
third ventricle and the infragranular area of the dentate gyrus of the hippocam-
pus [15]. Several studies have shown that ischemic lesions of the central nervous 
system lead to an increase in the proliferation of neural stem cells located in the 
subventricular zone, which will subsequently differentiate into mature cells that 
will travel to the damaged brain areas through different biochemical mechanisms 
and molecular cell signaling. Neuronal death is a strong stimulus for neurogenesis 
after ischemic stroke, even when it occurs in brain territories that are located at 
a distance from neurogenic niches. However, the vast majority of these newly 
generated cells have low survival once they reach the damaged area, a fact that 
could be favored by detrimental factors in the perilesional environment, lack 
of neurotrophic support, and molecular signaling which is necessary for proper 
development [16].

Both in the phenomena of neuroplasticity and cell regeneration, epigenetic regula-
tion through mechanisms that include DNA methylation, histone modification and 
the action of micro-RNAs (miRNA) play a fundamental role [16].

2.2 Disability measurement scales

2.2.1 Disability of basic activities of daily living

2.2.1.1 Barthel scale

The most widely used and the fastest index of functional independence. Its 
completion time is 5 min. The maximum score is 100 points (complete functional 
independence for activities of daily living) and a score below 20 points will show a 
great dependency level. It rates the level of dependency with feeding, movement, 
personal grooming, getting on and off the toilet, bathing, walking on a level surface, 
ascend and descend stairs, dressing and undressing, and bowel and bladder conti-
nence [21].

2.2.1.2 Functional Independence Measure (FIM)

Assesses physical and cognitive disability according to the level of assistance 
required to carry out activities of daily life. Its completion time is 30–40 min. It 
consists of 18 items that assess 6 areas of function that are summarized in 2 basic 
domains: physical and cognitive. Each item scores on a scale of 1–7 (1 = total depen-
dence and 7 = total independence), with a maximum score of 126 points. An unfavor-
able prognostic factor of function is considered a score less than 40 or a score less 
than 60 in people older than 75 years [9].
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2.2.2 Motor disability

2.2.2.1 Motor index

It is a simple, fast scale: its completion time is 5 min and it is useful to assess volun-
tary motor activity in three basic movements of the upper limb (shoulder abduction, 
elbow flexion, and handgrip) and another three in the lower limb (hip flexion, knee 
extension, and foot dorsiflexion). 0 represents total paralysis and 100 represents 
normality [9].

2.2.2.2 Fugl-Meyer scale

It is used to assess the function and control of the musculoskeletal system, includ-
ing balance, sensitivity, and joint pain in patients who have suffered a stroke. It has 
the disadvantage that it requires training for the evaluators, and its application is very 
slow, taking about 30–40 min. It consists of 155 items, each of which is scored on a 
three-point ordinal scale. The maximum motor performance score is 66 points for the 
upper limb, 34 points for the lower limb, 14 points for balance, 24 points for sensitiv-
ity, and 44 points each for passive joint movement and joint pain. A maximum of 
266 points can be reached [9, 10].

2.2.3 Cognitive disability

2.2.3.1 Mini Mental State Examination (MMSE)

It is a brief test for the detection and quantitative evaluation of cognitive 
impairment. Its maximum score is 30 and the threshold value for cognitive  
impairment is 23. It consists of 11 questions that assess orientation in time and 
space, fixation, attention and calculation, memory, nomination, repetition, 
understanding, reading, writing, and replication of a drawing. The test is valid as a 
screening tool and is sensitive to detect moderate/severe impairment, but not mild 
impairment [10].

2.2.3.2 Montreal Cognitive Assessment (MoCA)

It is a short test that can be performed in 12 min to detect mild cognitive impair-
ment. It consists of 30 questions, the score ranges from 0 to 30. A score above 26 
is considered normal. It evaluates different types of cognitive abilities, including 
orientation, short-term memory, delayed recovery, executive function, visuospatial 
ability, language skills, abstraction, object naming, and attention [22].

2.2.4 Disability for communication

2.2.4.1 Boston aphasia test

It requires 1–4 h to do and consists of 16 slides for the diagnosis of aphasia and 60 
graphic elements for the vocabulary test. 1 point is awarded for each correct answer, 
the maximum score being 60. A score above 50 is considered normal [23].
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2.2.5 Walking disability

2.2.5.1 Sagunto Hospital Functional Gait Categories

Sagunto Hospital Functional Gait Categories (FACHS) allows a quick, valid, sensitive, 
and reliable assessment of ambulation, allowing to determine the walking speed of stroke 
patients. It has 6 self-exclusive and self-explanatory function levels. Level 0: impossible; 
1: completely dependent; 2: dependent hand; 3: free; 4: prolonged and 5: normal [10].

2.2.6 Stroke severity

2.2.6.1 Modified Rankin scale

It is a scale to measure functional outcomes in post-stroke patients. Assigns 
a score of 1–5 based on the level of independence from pre-stroke activities. 0: 
Asymptomatic; 1: No significant disability, able to carry out all usual duties and 
activities; 2: Mild disability, unable to carry out all previous activities but able to look 
after own activities without assistance; 3: Moderate disability, requiring some help, 
but able to walk without assistance; 4: Moderately severe disability, unable to walk 
and to attend to own bodily needs without assistance; 5: Severe disability: bedridden, 
incontinent, and requiring constant nursing care and attention [24].

2.2.6.2 National Institutes of Health Stroke Scale (NIHSS)

It is a measure of somatosensory function used in the acute phase with patients 
who have suffered a stroke. It is made up of 11 items: level of consciousness, conju-
gate look, visual fields, facial paresis, paresis of upper extremities, lower extremity 
paresis, limb ataxia, sensitivity, language, dysarthria, extinction/neglect/inattention. 
It determines the severity of the stroke: Mild <4, Moderate <16, Severe <25, Very 
severe ≥25 [10].

2.2.6.3 Canadian Neurological Scale (CNS)

It is also used in the acute phase to assess the neurological status of stroke patients. 
Ten clinical domains are measured, including mental state: level of consciousness, 
orientation, language, and motor functions: face, proximal arm, distal arm, leg [10].

2.3 Upper and lower limb motor rehabilitation

Stroke is one of the main causes of disability in adults, and the demand for reha-
bilitation services after suffering a cerebrovascular event is very high.

Motor deficit is the main cause of physical disability in stroke and the area in 
which rehabilitation works as a priority. It is usually unilateral, although in more 
severe patients bilaterally innervated muscle functions, such as trunk control, may be 
affected [25, 26].

Hemiparesis or hemiplegia is the most prevalent deficit in stroke, being the 
symptom that is more worrying for the patient and their relatives, and the main 
indicator of treatment expectations [27]. The rehabilitation program consists of 
different phases.
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2.3.1 Rehabilitation in the acute phase

It covers the first 2 weeks after a stroke and it must be started soon when they 
are still in the stroke unit [25, 27]. All patients with acute stroke should be evaluated 
by the rehabilitation physician in the first 24–48 h to assess the deficit and initiate 
measures to prevent future complications, grade of recommendation A [27].

It is necessary to correctly align the patient in bed, make frequent postural 
changes, and place the joints in a functional position, with the help of orthoses and 
pillows. Adduction and internal rotation of the shoulder and flexion of the wrist and 
hands, as well as hips, knees, and ankles, which tend to extension and varus should be 
avoided [27].

The immobilization of the muscles in a shortened position is the initial mechanism 
for the development of contractures, which are objectified as an increase in resistance 
to passive movement, a situation that, if maintained, will decrease the joint range [26].

Therefore, once the patient is hemodynamically stable, passive kinesitherapy of the 
affected hemi body will be started [27], performing passive exercises of the full joint 
arch on a daily basis in the routes susceptible to muscle shortening. Prolonged muscle 
stretching is more effective than a brief passive exercise. It is also necessary to stimulate 
the mobility of the unaffected side since immobility weakens its strength [26].

Likewise, the patient will receive instruction to perform functional tasks, such 
as getting up in the bed and recovering adequate trunk control, which later allows 
sitting, self-mobilization, and transfers, as well as standing and walking depending 
on the degree of involvement [27].

In addition, respiratory physiotherapy treatment and global stimulation of the 
patient should be started [25].

Early mobilization and immediate rehabilitation appear to be the main variables 
associated with getting the best results in stroke units, by reducing bed-ridden 
complications (such as aspiration pneumonia, deep vein thrombosis, and pulmonary 
embolism as a consequence of immobility, contractures and pressure ulcers, poten-
tially avoidable through frequent postural changes) [26].

Current evidence confirms that the more intensive the stroke rehabilitation treat-
ment after the first 24 h, the better the functional results [27].

2.3.2 Rehabilitation in the subacute phase

From 2 weeks to 4 months after the stroke. Patients should be treated both during 
their hospital stay and after discharge, by units that are specialized in stroke rehabili-
tation treatment, recommendation grade A [27].

The objective during this phase is to gain the maximum degree of functionality 
possible by adapting to the deficits [25]. Recovery of motor activity usually follows a 
proximal to distal order. In cases of partial motor recovery, synergistic mobility pat-
terns may develop. Proximal muscle contraction may induce distal contraction with 
the mass movement of the limb. The predominant synergies are antigravity: flexor in 
the upper limb and extensor in the lower [26].

The patient will learn new motor skills through experience and training for the 
phenomenon that constitutes brain plasticity. This brain reorganization substrate 
can be modulated by different rehabilitation therapies [26]. These therapies are very 
varied, and each physiotherapist applies them according to their knowledge and expe-
rience. There is no evidence that any type of physiotherapy shows superior results to 
the others [25].
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2.3.2.1 Compensation techniques

They seek to reeducate residual capacities, especially of the unaffected hemi body, 
to improve function [26]. They are indicated in severe patients with a poor prognosis 
or in the stabilization phase [25].

2.3.2.2 Neuromotor techniques or facilitating techniques

Their objective is to improve the quality of movement on the affected side. There 
are different methods [26, 27]:

Bobath method: inhibition techniques (which reduce spasticity, synergies, and 
abnormal patterns), facilitation techniques (favor the development of normal posture 
patterns) are applied and the incorporation of the plegic side in therapeutic activities 
is promoted [25].

Brunnstrom method: It is based on the stimulation of synergies for the perfor-
mance of analytical movements that the patient does not perform voluntarily [26].

Proprioceptive neuromuscular facilitation (Kabat): its main objective is to improve 
muscle weakness. It uses peripheral stimuli of superficial (touch) or deep origin (joint 
position, stretching) to improve muscle strength and coordination. It is based on 
movement patterns in which weak muscles are aided by stronger agonists [25].

2.3.2.3 Motor relearning techniques or task-oriented rehabilitation

It aimed at improving the execution of specific tasks that have a practical meaning 
in the patient’s life [27]. Learning requires repetitive and intense training, progressive 
in its difficulty, with feedback on what is being done and motivation strategies [26].

2.3.2.4 Therapy of movement induced by restraint of the healthy side

It is based on experimental studies carried out by Taub in 1977 with monkeys that 
had undergone a dorsal rhizotomy, showing that they were able to use the affected 
limb by immobilizing the healthy side [27].

2.3.2.5 Technology applied to task-oriented rehabilitation programs

For example, functional electrical stimulation (FES) applied to the lower extrem-
ity as an alternative to an antiequine orthosis or biofeedback to the patient (FES-
EMG). Technology can facilitate the automation of the activity to be trained [26].

In this phase, the assessment and treatment of spasticity are also important, and 
the prescription of drugs or the application of botulinum toxin on the spastic muscles 
and/or orthoses that maintain muscle stretching may be necessary [25].

Rehabilitative treatment of the upper extremity: Unlike the lower limb, only 
a minority of patients achieve satisfactory functional use of the upper limb. The 
purpose of the rehabilitation treatment will be to reach the maximum possible 
functionality of the affected upper limb [25]. The specific techniques used for its 
treatment are [27]:

Assisted passive and active kinesitherapy of the affected upper limb, as well as 
muscle strengthening.

Mental imagery: Mental practice of movements and activities helps the functional 
recovery of the affected side.
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Induced movement therapy with suppression of the healthy side: The best results with 
this therapy have been obtained when applied 3–9 months after cerebrovascular 
disease and it has been shown to be superior to conventional therapies in the motor 
recovery of the paretic upper limb, improving grip and speed of movement in carry-
ing out activities of daily living.

Mirror therapy: It is effective in the motor recovery of the affected limb as well as 
in the reduction of pain. Visual feedback is used through a mirror, mobilizing both 
extremities, but observing the healthy side reflected.

Virtual reality: A simulation of the real environment is produced, generating 
human-computer feedback, while the patient performs the programmed exercises. 
Currently, it has been shown to be superior to conventional occupational therapy in 
improving the disability of the affected limb, also enhancing the effects of the latter.

Functional electrical stimulation and simultaneous performance of task-oriented 
exercises:The synchronization between the increase in sensory inputs to the CNS and 
muscle contraction stimulates motor recovery.

Robot-assisted therapy in the upper limb: It is used when the patient lacks sufficient 
strength. As an adjuvant therapy to physiotherapy, it makes it possible to increase the 
intensity of treatment, improving motor function in the shoulder, elbow and wrist, 
although it has not been shown to improve ADL performance.

Transcranial stimulation: It favors neuroplasticity phenomena, interfering with the 
patient’s learning and motor function in a noninvasive and safe way.

Rehabilitative treatment of the lower extremity: It should start in the first days. 
A good mastery of orthostasis and some motor coordination should be achieved as 
soon as possible [25]. The main objective is to improve mobility and restore motor 
control of standing and walking (recommendation grade A) [26], to achieve greater 
independence and reduce energy costs [25]. In general, patients who are capable of 
performing transfers and standing safely in the subacute phase recover ambulation, in 
some cases requiring the use of technical aids such as anti-equine orthoses, canes, or a 
walker [26].

Normally the following phases are followed: initiation of standing, balance re-
education, parallel standing, and walking [25]. The following techniques are used [27]:

Passive, assisted and active kinesitherapy, as well as muscle strength training, being 
the strength of the quadriceps essential for dynamic stability during the support 
phase of walking.

Re-education of balance: Affected in patients with stroke due to impaired motor 
control in the trunk and lower extremity, as well as the sensitivity of the correspond-
ing hemibody and a perception disorder, which makes it difficult for the patient to 
achieve correct maintenance of balance. Its treatment is essential since it can reduce 
the risk of falls.

Physical reconditioning: It is necessary to carry out an individualized aerobic 
training program that involves large muscle groups, to combat fatigue and increase 
cardiovascular resistance. Monitoring of heart rate and blood pressure is recom-
mended during the performance of the same.

Treadmill gait training with or without body weight offloading: It improves gait 
parameters, increasing monopodal support on the affected side and step alternation, 
as well as physiological activation of the spinal erectors [25].

FES of the affected lower limb: It improves strength and deformity, but the effect is 
not maintained over time [25].

Mental imagery [26].
Virtual reality [26].
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2.3.3 Rehabilitation in the chronic phase

Rehabilitation is a time-limited process. Beyond the sixth month after the stroke, 
there is a stabilization phase in functional recovery. To indicate additional interven-
tion in the chronic phase, it is necessary to set a realistic goal, have a rehabilitation 
technique with evidence of being effective in achieving that goal, and objectify 
progress towards the planned goal on a practical scale [26].

There are different studies about motor limb rehabilitation.
The AMOBES trial [28] found that additional physical therapy aimed at reducing 

complications of immobility had similar benefits at a lower dose of physical therapy. 
Studies performed in the early subacute stage of stroke, treating patients with neuro-
muscular electrical stimulation, functional stretch training, and task-oriented training, 
showed similar benefits to routine care for upper extremity functional capacity [29].

The EXPLICIT trial [30] found that restricted movement therapy led to an 
increase in upper limb capacity in the first 12 weeks after stroke, without maintaining 
this benefit at 26 weeks.

The VIRTUES [31] and EVREST [32] studies carried out an investigation on the 
effects of virtual reality and video games on the motor capacity of the upper extremi-
ties during the subacute stage of stroke.

The RATULS trial [33] investigated the effects of robot-assisted therapy on 
upper limb motor ability in the chronic stage of stroke. All of these trials illustrate 
the feasibility of using these technologies on a large scale and report benefits similar 
to those produced by an equivalent dose of recreational activities or conventional 
therapies [29].

2.4 Aphasia and apraxia rehabilitation

Aphasia is an alteration of oral (comprehension and/or expression) or written 
(reading/writing) language as a consequence of a brain injury. 21–38% of stroke 
patients will present with some type of aphasia.

Dysarthria is the alteration that occurs in speech as a consequence of muscular 
dyscontrol in the buccophonatory organs due to the lesion, affecting its clarity.

It is necessary to differentiate it from apraxia, which is the decrease in the ability 
to voluntarily plan and execute the appropriate movements for the articulation of 
speech, without affecting the muscles involved in speech [34].

In the subacute and chronic phases, recovery from language and speech disabili-
ties will depend on neuroplasticity processes, so specific assessment by specialized 
professionals and the start of speech therapy treatment during the subacute phase will 
be essential [27].

The period of recovery is variable, it is considered that during the first 6 months 
the speed of recovery is much higher and later it slows down, until almost stabilizing 
after the first year [26].

The treatment of these patients aims to increase the patient’s linguistic capacity, 
providing them with tools to deal with the situation and make up for the deficit. It 
should be individualized, early (as soon as the patient is stable, able to cooperate with 
an acceptable level of care, and not excessively fatigued), and intensive [34]. There 
is an inverse relationship between the time elapsed from the onset of the deficit to 
the start of treatment and the magnitude of its effect. The magnitude of the effect 
is directly related to the frequency and intensity of treatment. The therapies usually 
offered in our environment, which are usually 2 h/week in the best of cases, have 
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effects that are barely superior to those of spontaneous recovery [27]. Its efficacy has 
been demonstrated with RCTs with frequencies of 3 h/week or 5 h/week [26].

The speech therapist can opt for three treatment strategies, not mutually exclu-
sive, and that depends on the severity, the evolutionary moment, and the characteris-
tics of each patient [26]:

2.4.1 Recovery of specific linguistic deficits

Recovering the norm, the function is recovered. For example, in Wernicke’s 
aphasia, working on phonological discrimination with specific exercises to differenti-
ate phonemes [26].

2.4.2 Reorganization of the function

Starting from the intact skills. It would be applied to the same patient trying 
to improve oral comprehension by promoting the use of more preserved semantic 
comprehension. The important thing is that he understands the messages, not that he 
maintains certain linguistic skills. It is usually the most used and effective strategy, 
especially in moderate or severe aphasia [26].

2.4.3  Substitution of lost linguistic abilities by any other mechanism that ensures 
communication

In the same patient, his or her close environment is taught to increase expres-
siveness and to increase the gestural code used. It is usually necessary for patients 
with global or very severe aphasia, in addition to technical aids and augmentative or 
alternative communication [26].

As long as identifiable goals exist and progress persists, the aphasic patient 
should continue to receive treatment with regular and objective assessment of 
progress [25].

2.5 Cognitive and perceptual rehabilitation

Cognitive impairment secondary to stroke is a frequent complication, with a 
prevalence ranging between 20 and 80%. The risk of cognitive impairment is related 
to demographic factors (age, education, or occupation of the patient) and vascular 
factors, although it can be stated in general terms that this risk is increased between 
5 and 8 times more after suffering a stroke [35, 36]. Its presence is associated with a 
lower quality of life 12 months after the stroke, an increased risk of dementia (vas-
cular dementia), mortality and institutionalization rates, as well as an augmented 
burden on the caregiver and bigger health expenses [37]. However, despite being 
a common and serious complication that carries a poor prognosis in the medium 
and long term, it is an underdiagnosed entity [38]. Assessment of cognitive func-
tions should always be done routinely in the clinical care of stroke patients prior to 
discharge home [39]. To reduce cognitive consequences after stroke, the cognitive 
impairment must be properly characterized, the underlying causes of cognitive 
decline understood, and the efficacy of different treatment and rehabilitation 
approaches determined [40].

Cognition is an aggregate of different cognitive domains that are not indepen-
dent of each other but are interrelated through neural networks. These cognitive 
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domains could be outlined as follows [40]: attention (focusing, shifting, dividing, or 
maintaining attention on a particular stimulus or task); executive functions (work 
planning, organization of thoughts, capacity for inhibition, control, and monitoring 
of responses, instrumental adaptation); visuospatial skills (visual search, drawing, 
construction); praxic function and perceptual/recognition skills (gnosis); memory 
(recall and recognition of visual and verbal information) and language (expressive 
and receptive, verbal and non-verbal, reading and writing).

A common finding in patients with cognitive impairment secondary to cerebro-
vascular lesions, and one that appears to be a consistent pattern, it is deficits in atten-
tion, executive functions, and processing speed [41]. Memory impairment, highly 
compromised in patients with Alzheimer’s Disease, is not usually the most obvious 
cognitive deficit after a stroke; only about half of the people with vascular cognitive 
impairment present amnesic signs, and approximately 30% of patients with vascular 
cognitive impairment will progress to a phase of dementia [42].

The location of the lesion constitutes a determining factor in the clinic of cognitive 
deterioration after stroke [43]. Strategic infarcts in specific locations in the brain are 
capable of causing a postictal cognitive deficit, sometimes of acute/subacute onset. 
The first evidence in this regard was obtained after observing symptoms of cognitive 
impairment in the context of acute vascular thalamic lesions.

Some typical locations of strategic infarcts and their most characteristic clinical 
manifestations are described below (Table 2) [44].

The most widely recognized neuropathological substrates include infarcts, hemor-
rhages, and global hypoxic-ischemic brain injury. White matter injury, including 
demyelination with or without axonal loss, is also common in people with vascular 
dementia, but is nonspecific and can also occur in the setting of neurodegenerative 
dementia, such as in AD. Similarly, cortical atrophy and hippocampal sclerosis may be 
related to both focal and diffuse hypoxic brain injury, but are also not specific to VD, 
and are also seen in neurodegenerative diseases [41].

Cognitive rehabilitation plays a fundamental role in multidisciplinary stroke 
rehabilitation and should be started as soon as possible in order to obtain the best 
functional results. It should not be done in isolation, but rather combined with 
physical measures and training in activities of daily living. Furthermore, physical 
activity by itself protects against cognitive decline by increasing cerebral blood flow 
and the expression of neurotrophic factors [45]. Interventions carried out in cognitive 
rehabilitation are broadly classified as direct repair/cognitive skills training to restore 
previously learned behavior patterns and training of compensatory strategies estab-
lishing new patterns of cognitive activity through internal compensatory cognitive 

Internal 
capsule

Frontal lobe dysfunction: inattention, fluctuating alertness, apathy, abulia and psychomotor 
retardation, memory impairment

Thalamus Memory impairment, dysexecutive, speed of attention, and mental processing

Fornix Severe anterograde memory impairment

Caudate 
Nucleus

Pronounced abulia, disinhibition, and affective disorders

Corpus 
Callosum

Pure alexia, visual agnosia, unilateral apraxia

Table 2. 
Cognitive disorders after strategic strokes.
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mechanisms, or establishing new patterns of activity through external compensatory 
mechanisms such as external aids, environmental structuring, and support [45].

The objectives of cognitive rehabilitation are to reinforce previously learned 
behavior patterns, establish new patterns of cognitive activity through internal 
compensatory cognitive mechanisms for impaired neurological systems, establish 
new patterns of activity through external compensatory mechanisms such as external 
aid, or structuring and environmental support and to allow people to adapt to their 
cognitive disability [45].

2.5.1 Rehabilitation in attention, working memory, and processing speed

Rehabilitation in attention, working memory, and processing speed are three 
cognitive domains that constitute the cognitive triad that must be addressed first for 
the rehabilitation to be successful. Most exercises are based on the stimulus–response 
paradigm. The repeated activation and stimulation of the attentional systems facili-
tate changes in cognitive capacity, progressively increasing the attentional demand. 
Transcranial magnetic stimulation over the left dorsolateral prefrontal cortex can 
improve attention [46, 47].

2.5.2 Memory rehabilitation

In mild memory problems, compensatory strategies may be considered [45]. The 
use of internal strategies (visual images, semantic organization, and spaced practice) 
is an option for patients with a high degree of functional independence. Non-electronic 
external strategies (use of notebooks, wall calendars, notes, to-do lists) will be another 
valid option in patients with preserved executive functions. In more serious deficits, 
the use of external compensations through assisted technology (e.g., tablets, laptops) is 
recommended, as well as specific interventions aimed at facilitating the acquisition of 
specific skills (e.g., error-free learning). Virtual reality games could improve attention 
and visuospatial memory, while music therapy improves verbal memory.

2.5.3 Rehabilitation of executive functions

Executive dysfunction is the main component of neurobehavioral disorders 
in these patients [45]. It causes disruptive behaviors that have a great impact on 
the autonomy, functional independence, and social interaction of the patient. 
Intervention in groups constitutes a work tool of great value in these cases. It repre-
sents an opportunity to observe and work on cognitive and behavioral functioning 
and interpersonal interaction. The great variety of frontal symptoms (cognitive and 
behavioral) and the theoretical complexity of the exercises constitute some obstacles 
to which the designs of executive functional rehabilitation programs are exposed, 
which is why it is necessary to use different non-exclusive techniques such as modi-
fications of the environment, restoration techniques, compensatory strategies, and 
educational interventions.

2.5.4 Dual-task training

Dual-task training requires subjects to perform complex cognitive and motor activi-
ties simultaneously, improving the coordination of various tasks. Dual tasks are impor-
tant for different daily activities, such as walking while having a conversation [46].



17

Post-Stroke Rehabilitation: A Necessary Step
DOI: http://dx.doi.org/10.5772/intechopen.102971

2.5.5 Pharmacological treatments

Pharmacological treatments (acetylcholinesterase inhibitors, antidepressants, 
atomoxetine, methylphenidate, and modafinil) have not been shown to improve 
cognitive impairment in patients with cognitive impairment secondary to stroke, so 
their use must always be individualized [45].

2.5.6 Rehabilitation of perceptual and constructive abilities

Cortical perceptual abilities are defined as the ability to organize, process and 
interpret visual, tactile, or kinesthetic afferent information or both, and the capacity 
to act appropriately on the information received [47]. Some symptoms in relation 
to the compromise of perceptual activities are unilateral spatial neglect (the lack of 
information, response, or orientation to sensory stimuli presented on the contralateral 
side of the lesion, usually related to right parietal lesions. These patients can ignore 
food on one side of the plate, or attend only to stimuli on one side of the body) [48] 
and anosognosia (lack of awareness of the loss of an important bodily function, 
mainly hemiplegia. It is also more common in right parietal lesions) [49]. The left 
hemisphere is responsible for modulating arousal and attention in the right visual field, 
while the right hemisphere controls these processes in the left and right visual fields. 
Rehabilitative interventions must be implemented repeatedly, training the patient to 
voluntarily compensate for its deficits: seeking adaptation to the external environment 
with strategies that do not require the patient to be aware of the deficit [49], modify-
ing behavioral conditions to affect the execution of observable tasks, trying to correct 
hemineglect without the conscious participation of the patient, or with the top-down 
strategies, in which the voluntary effort of the patient seeks to reduce or compensate 
the negligent side, following the indications given by the rehabilitator [50].

2.6 Behavior and psychological rehabilitation

The psychological and behavioral changes due to stroke are in most cases dev-
astating, causing a marked decline in quality of life, which can be improved with 
neurorehabilitation. Anxiety is common during the first year after stroke, with one 
in three experiencing it, and it gets significantly less attention compared to other 
psychological problems after stroke. Anxiety significantly influences the quality of 
life and could be a predictor of depression [51]. Post-stroke depression occurs in 1 in 
3 stroke patients and more than half of all cases are neither diagnosed nor treated. 
Symptoms usually occur within the first three months after the event [52]. These 
patients experience sleep disturbances, vegetative symptoms, and social withdrawal. 
In some patients, depression can be accompanied by suicidal thoughts or tendencies. 
Irritability is a very common symptom after stroke and a source of a great deal of dis-
tress to patients and caretakers [53]. All these psychological and behavioral problems 
can be tackled with group rehabilitation, psychological therapy, and drugs such as 
selective serotonin reuptake inhibitors.

There are other techniques that can help in mental health recovery and psycho-
logical rehabilitation after strokes, such as yoga and meditation. Both are known to 
reduce anxiety, fear, anger, stress, and depression in patients and caregivers, promote 
cardio-respiratory health, and reduce stroke-related risk factors such as carotid ath-
erosclerosis, dyslipidemia, hypertension, diabetes, and coronary artery disease. Also, 
it was demonstrated that following practice of yoga and meditation made significant 
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improvement in muscle power and range of movements in hemiplegic limbs and some 
positive effects in the Berg Balance Scale, Timed Movement Battery, and quality of life 
as assessed with the Stroke Impact Scale [54].

2.7 Rehabilitation technologies and remote rehabilitation

Rehabilitation technologies are defined as ‘those whose primary purpose is to 
maintain or improve an individual’s functioning and independence, to facilitate 
participation and to enhance overall well-being’ [54]. Such devices are quite helpful 
in engaging patient’s interests and motivation. A wide range of such applications 
are available:

2.7.1 Robotic devices and virtual reality

Robotic devices are machines capable of carrying out a series of complex actions 
automatically. Virtual reality consists of machines that produce interactive simula-
tions to allow users to engage in environments that closely resemble the real world. 
Both techniques use visual and multisensory stimuli and facilitate joint movements, 
walking, improving muscle strength and motor function. Electromechanically 
assisted gait training combined with conventional physiotherapy is more effective 
than training without these devices [54].

To regain motor function after stroke, rehabilitation robots are increasingly inte-
grated into clinics. The devices fall into two main classes: robots developed to train 
lost motor function after stroke: therapy devices, and robots designed to compensate 
for lost skills: assistive devices [55].

2.7.2 Electrical stimulation

Electrical stimulation is one of the most widely used therapy and its reported 
benefits include spasticity reductions, improvements in range of motion, improved 
sensation, and reduced pain, but its benefit in stroke rehabilitation has not been 
adequately demonstrated [54].

Remote rehabilitation is very useful after a stroke. Tele-rehabilitation, also known 
as e-rehabilitation, is the delivery of rehabilitation services over telecommunication 
networks and the internet, which provides access to rehabilitation services in a remote 
area using communication technology, minimizing the problem of living far away 
from these centers where rehabilitation can be offered.

Wearable sensor technology can also address many of these limitations, being able 
to offer home-based therapies which can be monitored remotely. Brain-computer 
interface or brain-machine interface is an upcoming technology in stroke rehabilita-
tion, in which brain signals are recorded through a sensor, transmitted to a computer 
processor to decode it, and formulate a signal for intended actions with a robotic limb 
or wheelchair [54].

2.8 Predictive factors of recovery

The factors with the greatest weight in the functional prognosis after a stroke are the 
initial severity, the functionality before the event, the time between the stroke and the 
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start of rehabilitation, and the cognitive status. The two most important predictors of 
functional recovery are initial stroke severity and age.

The patients who benefit the most from a rehabilitation program are usually those 
with better baseline functionality. Classification of patients can be made based on the 
severity of the stroke [8, 10].

2.8.1 Mild stroke

Mild deficits: FIM score > 80. NIHSS <5. There are no assessable cognitive deficits. 
Barthel >80.

2.8.2 Moderate stroke

Moderate deficits: FIM score 40–80. FIM engine 38–62. NIHSS 5–9. Normal level 
of consciousness with significant hemiparesis. Barthel 60–80.

2.8.3 Severe stroke

Severe deficits: FIM < 40 or motor FIM < 37. NIHSS >9. It is usually associated with 
severe motor deficits, impaired level of consciousness, and/or medical comorbidities. 
Barthel <60.

2.9 Community reintegration

Hospital discharge should never lead to an interruption in rehabilitation, and it is 
the responsibility of the healthcare organization and the professionals of the reha-
bilitation teams to ensure the continuity of the process. Hospital discharge planning 
should be approached from the initial stages of admission and should involve the 
professionals, the patients themselves, and their families or caregivers. Knowing pos-
sible problems and needs in advance facilitates reintegration into the community [51].

The perception of health among people with stroke sequelae 2 years after the stroke 
is lower than the general population. The factors that determine a lower quality of life 
are depression, having to depend on a third person, and the need for social help.

Rehabilitation programs are most effective when carried out at an early stage. Late 
rehabilitation is the one performed when most of the deficits have stabilized and the 
objective is to maintain recovered functionality, continue the adaptation process, and 
improve the performance of basic activities of daily life [51].

In patients undergoing rehabilitation programs, improvements in deficits, social 
participation, and quality of life can be seen even years after the event that generated 
the initial injury. It is important to make a selection of the appropriate approach to 
continue the rehabilitation treatment according to the type of patient [9].

2.9.1 Long term care facilities

Patients who continue to need hospitalization and have a moderate or severe 
disability in more than two functional areas such as mobility, swallowing, or commu-
nication, but whose medical and cognitive conditions do not allow them to participate 
in therapies of high intensity, and without sufficient social and family support to 
foresee a return home in the medium term.
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2.9.2 Outpatient rehabilitation

If patients have a mild or moderate disability and meet the medical and cognitive 
conditions that allow them to travel to a rehabilitation center, and have good social and 
family support, they will continue with high-intensity treatment (1–3 h daily) in outpa-
tient rehabilitation centers or by going to the referral hospital on an outpatient basis.

2.9.3 Home rehabilitation

In those patients who continue with a moderate or severe disability and good 
cognitive conditions but whose medical or social situation does not allow them to 
travel to a rehabilitation center. For patients with very severe disabilities in the chronic 
phase, as long as there are functional objectives to be achieved, home rehabilitation 
can help to avoid long-term complications, readmissions and moderate the impact of 
the disability on the quality of life of patients and caregivers.

Regarding social support after the stroke, it will be necessary to report on aspects 
such as labor reintegration, changes, and strategies to minimize sexual dysfunction, 
the possibility of driving vehicles again, or the access to adapted transport systems 
that would make it possible to increase the level of occupational, social and leisure 
activities, improving the quality of life of the patients. In addition, after a stroke, 
family training and emotional support are highly important, especially for those who 
are going to become caregivers [51].
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Abstract

Globally, healthcare systems are struggling to make a healthier citizen by drop-
ping infectious and non-infectious diseases. South-east Asian countries have achieved 
several Millennium Development Goals (MDG) with the efforts of better health system 
management. For instance, in the year 2015, the healthcare system of Bangladesh has 
achieved the MDG-Four in reducing the infant mortality rate and growth rate. Even 
then, the life-threatening diseases still remain as a major challenge to the healthcare 
systems in Bangladesh. Among those, non-communicable diseases (NCDs) are the 
major cause of death, and stroke is the second leading NCD in accordance with causes 
of death and long-term disability in Bangladesh. The majority as 80% of stroke survi-
vors are living with either minor or major physical, emotional, and cognitive disabili-
ties. They could get back to their functional life through comprehensive rehabilitation 
services. Nevertheless, information on the availability of rehabilitation services is not 
visible to all citizens of Bangladesh. That’s why more than half of all stroke survivors 
are dying on their way to the hospital to seek health care facilities. Therefore, the aim of 
this literature review was to present a clear vision of the healthcare system and the path 
of care to all citizens of Bangladesh.

Keywords: post-stroke, rehabilitation, non-communicable diseases (NCDs), 
Bangladesh healthcare service systems

1. Introduction

Stroke is the leading non-communicable disease worldwide and in the Southeast 
Asia (SEA) region [1]. In Bangladesh, stroke is the second leading non-communicable 
disease in terms of the cause of death and long-term disability. Those who survived 
from stroke attack need quality rehabilitation services to maintain their health and 
prevent them from death due to the second episode of stroke attack [2]. The quality 
of services can be viewed from many perspectives. However, the patient perspective 
is now given more importance because it can lead to the effectiveness of healthcare 
services and better health outcomes. Therefore, this study aims to examine the level 
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of patient expectations and perceptions and the factors relating to the patient expec-
tations and perceptions of outpatient post-stroke rehabilitation services delivery 
management in Bangladesh.

This chapter includes an overview of Bangladesh, health status and challenges, stroke 
definition and situation, post-stroke situation and how Bangladesh healthcare service 
systems respond to the post-stroke, stroke, and post-stroke care pathway and quality of 
post-stroke rehabilitation services as well as the methodology to examine the quality of 
post-stroke rehabilitation services and conceptual framework of this research study.

2. Overview of Bangladesh

Bangladesh is one of the smallest and most densely populated countries in 
the world. It is a developing country and a founding member of the South Asian 
Association of Regional Cooperation (SAARC) to promote regional connectivity and 
cooperation. Additionally, it is a member of the Commonwealth of Nations [3].

2.1 Geography

Bangladesh is a country in the South Asia Region [3]. According to the Ministry 
of Health and Family Welfare [4], geographically it is divided into eight divisions/
provinces, and the total land area of this country is 147,570 sq. km. Dhaka division 
is the central division, and Dhaka city is the capital city of Bangladesh followed 
by Rajshahi, Barishal, Chittagong, Sylhet, Mymensingh, Khulna, and Rangpur 
divisions. Bangladesh National Portal [5] reported that the divisions/provinces are 

Figure 1. 
The administrative geography of the Government of Bangladesh. Adopted from: Bangladesh National Portal [5].
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divided into 64 districts and 11 metropolises. Under the districts, there are 491 sub-
districts. The sub-districts contain 4553 union councils in the rural areas and 323 
municipalities in the urban areas. Consequently, a ward is under the municipality 
and the municipality is under the metropolis. There is no specific number of wards 
and villages. Figure 1 demonstrates the overall administrative geography of the 
government of Bangladesh.

3. Socio-demographic and economic

The World Bank [6] reported that approximately 162 million people are living 
in this country. The World Bank [6] also claimed that in 2016, there are nearly 1253 
people per sq. km. However, nearly 35% of the total population are living in urban 
areas for their employment.

The economic status of the citizens is improving, but still, possibly 25% of the 
total population are living under the poverty line [7]. In the year 2016, the growth 
domestic product (GDP) per capita was 1358.78 US$, and in the same year, the annual 
growth rate was 7.11 US$ [6].

4. Health status and challenges

According to Muhammad et al. [8], the healthcare system of Bangladesh has 
achieved the Millennium Development Goal Four (MDG-4) by reducing infant 
mortality rate and growth rate, and maternal and child health improvement. 
Consequently, life expectancy at birth has increased. As an example, the World Bank 
[9] reported that in 2005, the life expectancy at birth was 67.94 years and in the year 
2015, it reached 72.22 years (i.e. male 70.59 years and female 73.94 years). It is com-
paratively higher than other state members in SAARC. As evidence, the Bhutanese 
life expectancy was 69.8 years; Indian was 68.3 years, and Myanmar was 66.3 years 
in the year 2015 data. However, Ahmed et al. [10] claimed that the health system of 
Bangladesh had achieved MDG-4 and better life expectancy, though several life-
threatening diseases still remain.

The top five causes of death in Bangladesh are heart disease, stroke, Chronic 
Obstetric Pulmonary Diseases (COPD), lower respiratory infections, and dia-
betes [11]. The mortality rate of infectious diseases, maternal, prenatal, and 
nutritional conditions gradually went down from 30.9% in the year 2010 to 
25.3% of total death in the year 2015 [12]. Relatively, the mortality rate of non-
communicable diseases is now rising and going to be a major health challenge and 
life-threatening diseases in Bangladesh [8]. NCDs caused almost 67% of the total 
death [9]. Significantly, stroke caused more than half of the total NCD fatalities in 
Bangladesh [13]. And due to the shortage of the health workforce and inefficient 
management, it was difficult to provide proper services for people who had strokes 
[4]. Table 1 demonstrated all related data by selecting the major geographical, 
socio-demographic, economic, and health status of the citizens of Bangladesh.

4.1 Stroke definition and situation

According to the American Stroke Association [15], stroke is one of the NCDs 
which is a medical emergency characterized by a neurological deficit attributed to an 
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acute focal injury of the central nervous system (CNS) by a vascular cause, including 
cerebral infarction, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage 
(SAH) and it is a major cause of disability and death worldwide.

Nearly 4.46 million people have died due to stroke per year; 1.2 million in devel-
oped countries and nearly 3.2 million in developing countries [16]. For example, 
stroke was the 4th leading cause of death for US citizens in the year 2010 [17]. In every 
40 seconds, someone was attacked by a stroke, and in every 4 minutes, someone 
died because of the stroke. It was also the leading cause of long-term disability in the 
United States. Similarly, in the year 2012 Australia projected that 377,000 people had 
a stroke sometime in their lives; and in 2013, the estimated deaths due to stroke were 
8100 people [18]. Additionally, the stroke prevalence in European countries was also 
more similar to that in other countries. In 2015, it was found that, in the Netherlands, 
0.2% of the total population had suffered from stroke each year [19]. Moreover, in 
2008, around 3.7 million Southeast Asian people died from stroke. Islam et al. [20] 
reported that in Bangladesh, approximately 48,951 people had died due to stroke.

According to mortality, morbidity, and long-term disability rate, stroke is the 
second leading NCD in Bangladesh [11]. Nearly 113.9 persons per 100,000 had died 
due to stroke in the year 2013, and the increasing rate per year was 4.9% [21]. A total 
of 20% stroke patients died immediately in the acute phase, and 80% of the stroke 
survivors lived with minor or major disabilities [22]. Moreover, Centre for Injury 
Prevention Health Development and Research Bangladesh (CIPRB) [23] reported 
that approximately 15 out of 1000 Bangladeshi people were affected by stroke. 
Additionally, Islam et al. [20] found that the prevalence of stroke is 0.03% and it is 
snowballing. Nearly 485 out of 10,000 people died suffering from stroke disability 
[20]. Mamin et al. [24] found that nearly 82.5% Bangladeshi stroke survivors’ age 
ranged between 41 and 60 years. Consequently, the big proportions of working people 
have lost their functional ability and it greatly impacts the economy of Bangladesh.

Subject Indicators Value

Area Total land area (sq. km) 147,570

Population Total population in the year 2016 (in million)
Density in 2016 (per sq. km)

Crude birth rate in 2015 (per 1000)
Crude death rate in 2015 (per 1000)

162
1251.84

19.23
5.31

Life-expectancy Male in the year 2016 (at birth)
Female in the year 2016 (at birth)
Total in the year 2016 (at birth)

70.59
73.94
72.22

Economic condition GDP per capita in 2016 (US $)
GDP per capita PPP in 2016 (US $)

Annual Growth rate in 2016

1358.78
3580.70

7.11

Ethnicity Muslim (% of total population)
Hinduism (% of total population)

Others (% of total population)

90
9
1

Communicable diseases Total mortality rate in 2015 (% of total death) 25.3

Non-communicable diseases Total mortality rate in 2015 (% of total death) 66.9

Sources: World Bank [6, 9, 12]; Ahmed et al. [10]; and A. Islam [14].

Table 1. 
Major selected geography, socio-demographic, economic, and health status of Bangladesh in the years 2015 and 2016.
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4.2 Stroke impact

The American Stroke Association [25] claimed that the stroke effects depend on 
the lesion of the area of the brain cell. Different areas of the brain cell are responsible 
for different activities. Due to the lesion of the brain cell, the stroke effects can be 
physical paralysis, memory loss, speech loss, emotional, and behavioral problems. 
Wolfe [26] claimed that the stroke impacts could be explained from the perspectives 
of the government, society, family, and patient. From there, the socio-economic 
impact of stroke is more common in developing countries. Similarly, Institute for 
Health Metrics and Evaluation [11] reported that a stroke is a great economic burden 
for a developing country like Bangladesh.

According to Mamin et al. [24], nearly 77% of stroke survivors were public or 
private or self-employed in Bangladesh. Similarly, Global Health Statistics [21] 
reported that a big proportion of the working-age group and healthy life had been 
lost due to stroke in Bangladesh. For example, an estimated 1259.1 people at the age 
range of 30–34, 9102.9 people at the age range of 50–54, and 21695.5 people at the age 
range of 60–64 were affected by stroke and lost their functional life in the year 2014. 
Therefore, the government of Bangladesh has lost a big proportion of its workforce, 
and it greatly impacts the government and the economy.

Besides, Mohammad [22] claimed that the physical limitation of the patients 
greatly impacted the patients’ participation in the social programs or activities in soci-
ety. They need long-term hospitalization and rehabilitation services, and the family 
has to look after them. However, Disability in Bangladesh (2004) reported that it is 
difficult to bear the whole treatment cost and the health system of Bangladesh has no 
health insurance package for their citizens. Therefore, it is also an economic burden 
for their families [11]. According to Mohammad [22], the burden of stroke is not only 
for their families, but it is also a burden for the patient because of their post-stroke 
disabilities and impairments.

4.3 Post-stroke

The post-stroke means a group of conditions including physical disability, emo-
tional disturbance, and loss of cognition [27]. At the post-stroke phase, patients 
suffered from several complications; such as pressure sores, urinary tract infections 
(UTI), joint contraction, aspiration pneumonia, and recurrent stroke due to lack of 
proper healthcare services [2]. Consequently, these complications could be a leading 
reason for readmission and also for excruciating death. Gordon et al. [28] reported 
that daily activity or daily routine exercise helps the post-stroke patients’ to reduce 
immobility and make them as functional as possible. Therefore, the post-stroke phase 
is more crucial. Additionally, Runa [29] found that post-stroke complication is a very 
common problem in Bangladesh.

Accordingly, Mohammad [22] claimed that better care and rehabilitation 
services could get them back to their independent life. The better quality of health-
care services means a better patient experience, and it is associated with better 
health outcomes with a higher level of loyalty to follow preventive and treatment 
strategies of the hospital personnel [30]. Therefore, the healthcare system needs 
to ensure better and sustainable healthcare services to reduce post-stroke patients’ 
complications by increasing the better patient experience and patient participation 
in healthcare [31].
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4.4 Healthcare service delivery systems

The health system is a dynamic and enduring obligation to peoples’ health 
throughout their lifespan [32]. The primary purpose of the health system is to provide 
healthcare services to promote, restore or maintain the health of the nation [33]. 
According to the healthcare policy and Constitution Act 18 cited in Ministry of Law 
[34], the fundamental principle of the health system of Bangladesh is to ensure better 
healthcare services for their citizens. The healthcare system of Bangladesh has been 
providing a comprehensive healthcare service by following multilevel healthcare 
service delivery processes [35]. The comprehensive healthcare service includes cura-
tive, rehabilitative, promotive, and preventive services. In accordance with service 
delivery processes, the three levels of health care services are being considered in the 
health systems of Bangladesh. Such as tertiary, secondary, and primary care levels of 
healthcare services.

4.5 Tertiary care level

All the national specialized and medical college hospitals are providing the tertiary 
level of healthcare services [10]. According to the Ministry of Health and Family 
Welfare [4], there are numerous condition-based specialized hospitals and 14 medical 
college hospitals that provide the tertiary level of healthcare services, and these are 
the highest level of referral hospitals in the health system of Bangladesh. Ahmad [36] 
reported that this tertiary care concentrated more on curative and intensive healthcare 
services along with rehabilitative care services and ignored the promotive and preven-
tive care services. Besides, Mamin et al. [24] claimed that the public hospitals also 
wanted to avoid these rehabilitation services in the health systems of Bangladesh.

In regard to stroke care, all public and private hospitals are serving their in-patient 
intensive curative care and treatment services [4]. However, only a few of them are 
providing after-stroke rehabilitation services at the physical rehabilitation depart-
ment on an out-patient basis [37]. Separately, the non-profit organization as the 
Centre for the Rehabilitation of the Paralyzed (CRP) is providing after-stroke reha-
bilitation services in both ways (i.e. in-patient and out-patient basis) [38]. The CRP 
also extended its branches and services across the six divisions in the health systems 
of Bangladesh [39].

4.6 Secondary care level

According to the Ministry of Health and Family Welfare [4], secondary care or less 
intensive care is being provided at the district general hospitals. There are 62 district 
general hospitals to serve their secondary care services throughout the districts of the 
country. Secondary care includes curative, promotive, and preventive services. The 
promotive and preventive care services are being provided only for infectious diseases 
(i.e. Tuberculosis, Malaria, influenza, etc.) [40]. These secondary care hospitals are 
the first referral hospital in the health system of Bangladesh, and it does not provide 
rehabilitation services.

4.7 Primary care level

According to the Ministry of Health and Family Welfare [4], primary care includes 
curative, promotive, and preventive treatment facilities along with rehabilitative 
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services. The primary care services are being provided at the sub-district or Upazila 
level, union level, and community level. At this primary care level, the public sector 
provided the services free of charge. The Upazila health complex and Union sub-
centers are committed to providing curative, promotive, and preventive services only. 
There are 491 Upazila health complex hospitals and 3134 Union Sub-centers at the 
primary care level to provide in-patient and out-patient services. There are 13,336 
community clinics serving maternal and child-related outdoor primary care services 
with basic medicines. Besides, Biswas et al. [40] reported that the Upazila health com-
plex with the cooperation of NGOs has been running an NCD corner (i.e. fast-track 
corner) at the primary care level of Bangladesh to prevent the risk factors of NCDs. 
Consequently, due to the lack of healthcare personnel of the public sector, the NGOs 
are providing community-based rehabilitation services at this primary care level free 
of charge.

Table 2 lists all the hospitals and other healthcare facilities beneath the Directorate 
General of Health Services (DGHS) of the Ministry of Health and Family Welfare of 
Bangladesh. There is no list of private hospitals; thus, only public hospitals’ informa-
tion is listed in the table. In this table, the type of hospital services includes inpatient 
and outpatient types of services.

4.8 Human resources

The Ministry of Health and Family Welfare [41] reported that there were 74,099 
physicians, 6,481 dental surgeons, almost 46,000 registered nurses, 775 pharmacists, 
6,029 medical technologists, and 66,623 community health workers. The number 
of physicians and population ratio was 4.5 per 10,000 populations. There was no 
more data on the rehabilitation professionals, only a little information available 
about the physical therapist. The Ministry of Health and Family Welfare [4] reported 
that in the public sector, nearly 117 physiotherapists are working. Separately, World 
Confederation for Physical Therapy (WCPT) [42] reported that approximately 1,600 
physiotherapists are working in the whole Bangladesh healthcare service sectors. 
According to a 2016 report of the Bangladesh Health Professionals Institute (BHPI), 
241 occupational therapists have graduated and are working in various national and 
international organizations and hospitals in the country and abroad [43]. The Society 
of Speech and Language Therapists (SSLTs) reports that speech and language therapy 
is a relatively new profession in comparing with other rehabilitation professions in 
Bangladesh and as of 2016, there are 104 graduate speech and language therapists 
those are working in various national and international healthcare organizations in 
Bangladesh [44]. Approximately, 25 to 30 students from each department of BHPI 
(the academic institute of CRP) (Occupational Therapy and Speech and Language 
Therapy) completing their graduate program each year and initiate clinical practices 
[39]. Table 3 demonstrated the healthcare personnel and population ratio of serving 
healthcare services healthcare services in Bangladesh. Therefore, the availability of 
rehabilitation services and the fee for the services are the greatest challenge for the 
person with rehabilitation service needs.

4.9 Financial challenges

According to Bangladesh National Health Accounts [45], the total health expen-
diture was only 3.5% of the total GDP. It is relatively low, and according to per 
capita, the health expenditure was 27 US$. However, from this expenditure, the 
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Level of facilities Type of facilities Type of 
services

Total 
no. of 

facilities

Bed occupancy

Secondary & Tertiary level hospitals and other facilities under DGHS

District 50-bed hospital
District & General hospital

Hospital
Hospital

2
65

100
10,328

Divisional & National 
level

Chest diseases hospital
Dental college hospital
Hospital for alternative 

medicine
Infectious disease hospital

Leprosy hospital
Medical college hospital

Other hospitals
Specialized hospital

Specialty post-graduate 
institute and hospital

Trauma centre
Chittagong skin & hygiene 

treatment centre
National asthma centre

National centre for control of 
rheumatoid fever and heart 

diseases

Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital

13
1
2
5
3

14
4
3
11
5
1
1
1

866
200
200
180
130

12,963
325
850
3184
100
N/A
N/A
N/A

Total number of hospitals and other facilities 131 29,426

Primary level healthcare facilities

Upazila Upazila health complex (50 
bed)

Upazila health complex (31 
bed)

Upazila health complex (10 
bed)

Upazila health complex (0 
bed)

Upazila health office
31-bed hospital
30-bed hospital

Hospital
Hospital
Hospital
Hospital
Outdoor
Hospital
Hospital

297
113
11
3

60
5
2

14,850
3503
110
0

……
155
60

Total Upazila level facilities 491 18,678

Union 20-bed hospital
10-bed hospital

Union sub-center
Union health and family 

welfare center

Hospital
Hospital
Outdoor
Outdoor

32
19

1498
1585

640
190
……
……

Total union level facilities 3134 830

Word Community clinic (at 
present)

Outdoor 13,336 ……

Grand total primary level hospitals 482 19,508

Grand total primary level facilities 16,968 19,508

Grand total health facilities under DGHS of Bangladesh 17,099 48,934

Source: Ministry of Health and Family Welfare [4].

Table 2. 
The hospitals and other healthcare facilities under the DGHS of Bangladesh.
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government invested only 23%, and the rest of the amount came from out-of-pocket 
payments. According to Ahmed et al. [10], this out-of-pocket payment was almost 
63% of total healthcare cost. Besides, there was no specific budget for stroke and 
post-stroke patients and their healthcare services. Moreover, the Ministry of Health 
and Family Welfare [4] reported that they invested only 2714 million BDT taka (32 
million US$) for overall NCDs surveillance. This was a very small expenditure com-
pared to the expenditures on communicable and maternal diseases (i.e. 579 million 
US$) in the healthcare service system of Bangladesh. Therefore, financial challenge 
is a big challenge to provide NCD-related healthcare programs in the healthcare 
system of Bangladesh.

4.10 Policy and programs

Since the liberation, the health system of Bangladesh has been concentrating 
on controlling communicable and maternal and child-related diseases [10]. Global 
Health Statistics [21] reported that within the last decade the burden of NCDs is 
snowballing and has become a major health challenge for Bangladeshi citizens. 
Furthermore, the Ministry of Health and Family Welfare concentrated on this issue, 
and with the cooperation of NGOs and private organizations, they developed differ-
ent policies and had been implementing these to strengthen the healthcare system of 
Bangladesh [40].

There is no specific policy and program for after-stroke disability. All the policies 
are focused on preventive and promotive health care services to control the risk fac-
tors of NCDs including stroke. However, these services are also important to reduce 
the second episode of stroke attack [46] such as the Health, Nutrition and Population 
Strategic Investment Plan (HNPSI) for six years (2016–2021) to inter-organization 
collaborative work and improve healthy lifestyles [4]; The Smoking and Tobacco 
Products Usages (control) Act, 2013 to reduce smoking [5]. Furthermore, the gover-
nance, non-governance, and private organizations are working collaboratively to 
implement these policies and programs [40]. One example is the NCDs intervention 
corner at the primary care level of Bangladesh.

Healthcare providers and population ratio

Healthcare personnel Number Ratio

Physician 74,099 4.5: 10,000 people

Neurologist 60 0.004: 10,000 people

Dental surgeons 6481 0.40: 10,000 people

Registered nurse 46,000 2.84: 10,000 people

Physical therapist 1600 0.1: 10,000 people

Occupational Therapist 241 0.024: 10,000 people

Speech and Language Therapist 104 0.010: 10,000 People

Community health worker 66,623 4.11: 10,000 people

Source: Ministry of Health and Family Welfare [4, 41], BHPI [43] and SSLTs [44].

Table 3. 
The healthcare professional and population ratio in the years 2015 and 2016.
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4.11 Governance and organizations

The health system of Bangladesh has been following a pluralistic healthcare 
system. The Ministry of Health and Family Welfare is the main government organiza-
tion of the health system of Bangladesh [4]. This ministry is responsible for providing 
curative, promotive, and preventive services through tertiary care, secondary care, 
and primary care organizations. For rehabilitation services, the Ministry of Social 
Welfare is the responsible government organization, but at present both ministries 
(i.e. Ministry of Health and Family Welfare and Ministry of Social Welfare) are work-
ing collaboratively to serve rehabilitation services at the different levels of healthcare 
services [47].

The public sector in the health systems of Bangladesh did not concentrate more on 
rehabilitation services [24]. Thus, the private sectors (for-profit organizations) and 
NGOs (not-for-profit organizations) extended their healthcare services including reha-
bilitation services [20]. A few of the private hospitals are providing post-stroke reha-
bilitation services at tertiary care level hospitals on an inpatient and outpatient basis. 

Figure 2. 
Health service systems structure in Bangladesh health systems. Adopted from: Ministry of Health and Family 
Welfare [4]; Ahmed et al. [10]; Biswas et al. [40].
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Along with the private sectors, several NGOs under the Ministry of Social Welfare have 
been offering post-stroke rehabilitation services within the community and hospital 
[40]. These NGOs are the Bangladesh Rehabilitation Assistance Committee (BRAC), 
Handicap International (HI), International Committee of the Red Cross (ICRC), and 
the CRP (Handicap International (HI) [48] and Islam et al. [20]). The International 
Committee of the Red Cross (ICRC) with the collaboration of CRP has been providing 
rehabilitation services in the community [49]. While only the CRP provides hospital-
based stroke rehabilitation services besides community-based rehabilitation services.

The CRP is offering rehabilitation services throughout the six divisions of the 
administrative geography of Bangladesh [39]. The CRP is also committed to provide 
Multi-Disciplinary Team (MDT) based rehabilitation services. According to Gresham 
et al. [50], the rehabilitation services by a multidisciplinary team provide better 
health outcomes after-stroke disabilities. The MDT approach consists of different 
specialists or professionals, those working in a team according to the needs of the 
patient [51]. In this approach, all professionals are offering their highest potential 
skills to change the patients’ condition as much as possible. Figure 2 demonstrates the 
overall service structures of the Bangladesh healthcare system.

5. The Centre for the Rehabilitation of the Paralyzed (CRP)

According to CRP [39], the CRP is a not-for-profit NGO to serve rehabilitation 
services for person with disabilities. CRP’s vision is “to ensure the inclusion of girls 
and boys, women and men with disabilities into mainstream society.” To achieve 
this vision, CRP worked with several missions such as “to promote an environment 
where all girls and boys, women and men with disabilities have equal access to 
health, rehabilitation, education, employment, the physical environment,  
and information.” The CRP is coordinated by a committee, and it is committed to 
serving quality services.

Trust for Rehabilitation of the Paralyzed (TRP) is the central committee and all 
the decisions such as policy, programs, and implementation are being addressed by 
the recommendation of this committee. The executive director coordinates all the 
CRP services throughout the CRP branches. The program manager helps the execu-
tive director to coordinate all the programs. The program manager divides all the CRP 
activities into various programs or services. Every wing is being coordinated by the 
head of the wing along with several heads of the departments. Additionally, there 
is the academic wing to provide the skillful rehabilitation professionals to serve the 
quality services toward the patients. It has ten branches, and the medical service wing 
is responsible for serving all healthcare services.

In this context, the physical therapy department is responsible for recovering 
physical functions, the occupational therapy department for recovering daily activi-
ties, and the speech and language therapy department for recovering communica-
tion and swallowing difficulties. According to CRP policy, all medical professionals 
have to wear hospital uniform during therapy services. Only the five CRP divisional 
hospital branches (i.e. Rajshahi, Chittagong, Barisal, Sylhet- Moulvibazar, and 
Mymensingh branches) along with the main branch of Dhaka division has been 
providing the out-patient medical services and rehabilitation services. The rest of 
the branches are responsible for providing Community-Based Rehabilitation (CBR) 
services and health promotion and prevention activities beneath the rehabilita-
tion wing. CBR is offering these services five full days a week, from 8 am to 5 pm. 
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There are several departments, and the research and evaluation department 
coordinates all the research-oriented formalities in the CRP. CBR collects donation 
and undergoes several income-generating activities to enhance the endowment to 
run the healthcare services (i.e. CRP cafeteria, nursery, woodshop, etc.). Figure 3 
demonstrates the CRP management organogram with several services and activities 
throughout the country.

6. The rehabilitation personnel in the CRP hospital

The CRP (2016) reported that all of 755 dedicated employees are working through-
out this organization and its branches. However, there is no exact data for the total 
number of separate rehabilitation professionals.

Figure 3. 
The organogram of the CRP activities in Bangladesh. Sources: Adapted from [39].
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7. Stroke and post-stroke care pathways in Bangladesh

The rehabilitation service systems and stroke care depend on the severity of the patients 
and the episodes of the stroke attack [52]. They have mentioned two phases; the acute 
phase and the sub-acute phase of stroke care. However, Pitthayapong et al. [2] added the 
post-stroke phase and it is started at the end of the acute and subacute periods of stroke.

7.1 Acute stroke care

Acute stroke care means care that takes place 24–48 hours after stroke, and during 
this period they need more intensive comprehensive services including rehabilitation 
if possible [52]. Particularly, inpatient rehabilitation care units of the hospitals serve 
the acute stroke care services, and the tertiary/specialized hospitals and divisional 
general hospitals provide comprehensive stroke care services under the healthcare 
services structure of Bangladesh (Directorate General of Health Services [53]; 
Bhowmik et al. [7]; & Nessa et al. [37]).

7.2 Subacute stroke care

At the end of the acute period of stroke, the sub-acute period of stroke starts, and 
the duration of this phase is one week until one month [52]. At this period the neuro-
logical condition of the stroke patients is more stabilized than during the acute stroke 
period, and from this phase, they attend a regular rehabilitation program [54]. The 
acute and sub-acute stroke patient services are similarly available in the tertiary/spe-
cialized hospitals and divisional general hospitals in Bangladesh (Directorate General 
of Health Services [53]; Bhowmik et al. [7]; Nessa et al. [37]).

7.3 Post-stroke care

Post-stroke care is care that started at the end of the acute and sub-acute phase of 
stroke patients [55]. However, Habib and Hirschfeld [56] found that the post-stroke 
care with the integration of rehabilitation services was effective. The limited special-
ized public and private hospitals at the tertiary level and the CRP hospital provide 
after-stroke/post-stroke rehabilitation services. The NGOs and Upazila health 
 complex hospitals provide preventive and promotive services for reducing the risk 
factors of the second episode of stroke attack in the health systems of Bangladesh 
(Biswas et al. [40] & Ahmed et al. [10]).

The stroke care pathways in the Bangladesh health service system are complex and 
difficult to control. According to Biswas et al. [40], first, the patient visits the Upazila 
health complex, and if the responsible health professional notices any signs and symp-
toms of the stroke risk factors, then they suggest that the patient has to continue the 
preventive and promotive services from the NCDs corner. Directorate General of Health 
Services [53] reported that according to the stroke management guideline; if the patient 
needs emergency services, they are referred to the district hospital for secondary care. 
Thus, the district hospital takes care of this patient according to their available resources. 
If the patient’s condition becomes more severe, then the district hospital refers the patient 
to the tertiary or specialized hospitals for more intensive care and neurological treatment.

According to this stroke management guideline, after completing the acute stage, 
some of the hospitals send them to the rehabilitation hospital or the rehabilitation 
unit of the hospitals for early rehabilitation services [53]. Moreover, the rehabilitation 
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professionals are working with those post-stroke patients with a set of standard 
goals, and after achieving this goal, they send them back to the community or home 
to continue community-based rehabilitation services by several NGOs [10, 20, 39]. 
Similarly, they are continuing preventive and promotive services through NCDs cor-
ner of the primary care level to reduce the second chance of stroke attack [40]. This 
study concentrated only on the post-stroke out-patient rehabilitation services system 
in Bangladesh. According to Ahmed et al. [10], CRP is a rehabilitation center for 
serving post-stroke rehabilitation services in Bangladesh. It is serving hospital-based 
inpatient, out-patient, domiciliary, and community-based rehabilitation services. 
Figure 4 shows the stroke and post-stroke care pathways along with the rehabilitation 
services in Bangladesh.

Figure 4. 
Stroke and post-stroke care pathways along with the rehabilitation services in Bangladesh. Adopted from: 
Directorate General of Health Services [53]; Ahmed et al. [10]; Nessa et al. [37]; and Bhowmik et al. [7].
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8. The CRP post-stroke out-patient rehabilitation services pathways

According to Runa [29], CRP is the biggest rehabilitation hospital in Bangladesh. 
It provides comprehensive post-stroke rehabilitation services following a Multi-
Disciplinary Team (MDT) approach. The MDT team is composed of a physician, 
physiotherapist, occupational therapist, speech and language therapist, rehabilitation 
nurse, and patient’s caregiver.

According to the CRP service delivery process [39], at the first contact, the patient 
comes to the reception (1) to collect the serial token, and after collecting the token, 
they have to wait in the waiting areas (2) for MDT screening (3). The MDT profes-
sionals screen the patient’s condition and consequently recommend the patient for 
further rehabilitation services. According to the MDT recommendations, the patient 
goes to the laboratory (4) for the clinical test if recommended and reception  

Figure 5. 
Demonstrated the overall post-stroke outpatient rehabilitation services pathways in the CRP hospital. Sources and 
Adopted: From, CRP [39].



Post-Stroke Rehabilitation

40

(5) for the appointment of outpatient rehabilitation services. There are three depart-
ments; physical therapy, occupational therapy, and speech and language therapy for 
post-stroke rehabilitation services. After collecting the therapists’ appointment from 
the reception, the patient has to go to the recommended departments (6) to receive 
the therapy services and wait for therapy timing (7). However, the patient may have 
to visit several departments based on the patient’s needs. The repetition of the therapy 
session depends on the patients’ physical stability and availability of the therapy 
session. The three departments professional demonstrate a health education program 
(8) at the end of their therapy session. The main purpose of this program is to provide 
knowledge about stroke risk factors prevention and health promotional activities.

At the end of the session, according to the therapist’s recommendation, the patient 
may have to go to the pharmacy (9) and the reception (10) again for further appoint-
ments. Finally, the patient goes back home (11, 12) and comes again on another day 
for a laboratory report and the next appointments if needed. Otherwise, the patient 
and the patient’s caregiver can get help from CRP telemedicine services (13) and CBR 
services. Using this telecommunications service, they can continue their therapy 
services at home (Figure 5) [39].

9.  Post-Stroke healthcare scenario of other underdeveloped and neighbor 
countries

9.1 India

The Republic of India is a border country of Bangladesh. India is surrounded almost 
entirely by sharing its’ borders within west, north, and east areas. It has been following a 
three-tiered model of health care service delivery. These tiered models comprise of pri-
mary, secondary, and tertiary level of healthcare services. The primary healthcare centers 
are particularly focusing on prevention, recognition, and referral for rehabilitation. The 
secondary level at district hospitals has fortified with medical doctors and other general 
facilities. At the divisional level, all tertiary care hospitals have equipped with all special-
ized facilities that are provided by public and private healthcare organizations [57]. There 
are enormous differences in accessibility and affordability in private and public hospitals 
for post-stroke healthcare services. For this circumstance, it’s becoming a major challenge 
for the patients who are seeking quality healthcare facilities for after-stroke patients.

9.2 Myanmar

The Republic of the Union of Myanmar has been sharing its border with the country 
of Bangladesh. Myanmar has been following pluralistic healthcare system followed by 
public, private, and NGO sectors. Ministry of Health (MOH) and other professional 
organizations have been working collaboratively for reducing communicable diseases. 
While communicable diseases declined, non-communicable diseases have been rising 
as a major concerning issue in Myanmar. The Department of Health (DOH) is mainly 
responsible for ensuring healthcare services through rural health centres (RHCs) and 
sub-rural health centres (Sub-RHCs) in the corresponding the municipality, district, 
and regional health centers. Preventive, promotive, and rehabilitative services have been 
providing for all citizens as well as for post-stroke patients to reduce premature deaths. 
All RHCs, Sub-RHCs are providing primary care services and at the regional level has 
available emergency and specialized hospital services based on the patients’ need [58].
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9.3 Nepal

Nepal is a state of government that has spanned a decade of political disturbance, 
revolution, and ferocity from the years 1996 to 2006. That particularly affects the 
development of healthcare sectors in Nepal. In this regard, private sectors have been 
following a leading role in ensuring healthcare services for the citizens of Nepal. Nepal’s 
healthcare system is struggling to control infectious diseases and the Ministry of Health 
and Population (MoHP) has made a significant achievement in reducing infectious dis-
eases. However, due to demographic changes and urbanization, the burden of national 
diseases has shifted from infectious to non-infectious disease patterns [59]. Wherein, 
108 out of every 100,000 deaths in Nepal are occurring by cerebrovascular diseases and 
almost 543/100,000 persons have led a Disability-Adjusted Life Years (DALY) after their 
stroke [60]. Public and private sectors have been providing curative and rehabilitative 
services but, patients have to depend on the private sector for emergency and special-
ized hospital facilities. The affordability of medical treatment has considered a major 
role in accessing hospital facilities for all citizens. Besides, out-of-pocket payment is a 
very common problem in Nepal to receive in-patients hospital services.

9.4 Bhutan

The Royal Government of Bhutan provides free health care services by following 
the principles of primary healthcare strategy. Bhutan has improved slowly on the 
way to building a strong health system. However, the Ministry of Health (MoH) has 
faced several burdens of diseases where the prevalence of non-communicable diseases 
(NCDs) is aggravated. To fight against the growing trend of NCDs, Bhutan has applied 
a multisectoral national action plan to prevent health risks of NCDs [61].

9.5 Maldives

The Maldives is a developing country where the government is the head of the 
country. The Maldives has achieved a distinguished improvement in the health status 
of all citizens in gaining five out of eight Millennium Development Goals (MDGs) 
that creates a strong basement in achieving sustainable development goals (SDGs). 
However, considering the socioeconomic and environmental changes, the country has 
faced new challenges in controlling non-communicable diseases (NCDs). About 81% 
of total deaths are caused by NCDs in the Maldives. To address the burden of NCDs, a 
multisectoral national plan of action has been developed and implemented in focus-
ing on preventive and promotional health interventions to bring changes in lifestyles 
and reduce health risks of NCDs. The Ministry of Health (MoH) is primarily respon-
sible for ensuring primary health care facilities for all citizens, where, some private 
hospitals and NGOs provide healthcare in collaboration with the public sector. The 
government has spent the maximum amount of the total budget in the health sector. 
For instance, out-of-pocket payments for healthcare services are declining [59, 62].

10. Conclusion

The burden of NCDs as well as stroke is not an issue of a particular coun-
try. Globally, it is now a common public health concerning issue. World Health 
Organization has been working worldwide in dropping down the risk of NCDs. 
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Several countries have adopted a multisectoral collaboration approach to improve 
health status and work collaboratively with the participation of all individuals 
in different sectors. In Bangladesh, the Ministry of Health and Family Welfare in 
cooperation with various NGOs and private organizations has launched NCD corner 
at the Upazila level for providing preventive, promotional, and rehabilitative services 
in the community for persons who are having health risks and after-stroke disability. 
The scarcity of healthcare personnel is also an important barrier for providing such 
services. At the same time, healthcare financing and lack of infrastructure are the 
most important hindering factors for maintaining these kinds of services in the 
community. Therefore, this is the time for the ministry of health and family welfare 
to work with other ministries and donor agencies for the betterment of all citizens of 
Bangladesh.

11. The way to meet the challenges

• In order to reduce the bureaucratic problem in adopting any approach related to 
healthcare in society, the government has to implement a decentralization system.

• The government should increase the annual health care budget for providing 
low-cost or free treatment facilities. In this case, the government should work 
with various national and international donor agencies for financial assistance.

• Government and other legislative organizations need to work on primary care 
practices in both rural and urban areas by increasing the capacity of primary care 
workers. Similarly, it recommends considering planning environmental changes 
to make the infrastructure user-friendly and accessible to all.

• Local community leaders, social workers, and general people are needed to be 
aware of the health risk of NCDs. In this case, a multisectoral collaboration in 
action approach would be an effective way to work collaboratively as well as initi-
ating telerehabilitation services, remote rehabilitation services, public education, 
and awareness for early rehabilitation in reducing health risks of affecting NDCs.

• Continuous quality control and monitoring systems are needed for maintaining 
the quality of the healthcare services as well as strengthening the healthcare 
service systems of Bangladesh.
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Appendices and nomenclature

BRAC Bangladesh Rehabilitation Assistance Committee
CBR Community-Based Rehabilitation
CNS Central Nervous System
COPD Chronic Obstetric Pulmonary Diseases
CRP Centre for Rehabilitation of the Paralyzed
DALY Disability-Adjusted Life Year
DGHS Directorate General of Health Services
DOH Department of Health
GDP Growth Domestic Product
HI Handicap International
HNPSI Health, Nutrition and Population Strategic Investment
ICH Intracerebral Hemorrhage
ICRC International Committee of the Red Cross
MDG Millennium Development Goal
MDT Multi-Disciplinary Team
MoH Ministry of Health
MoH&FW Ministry of Health and Family Welfare
MoHP Ministry of Health and Population
NCD Non-Communicable Diseases
RHC Rural Health Centre
SAARC South Asian Association of Regional Cooperation
SAH Subarachnoid Hemorrhage
SDGs Sustainable Development Goals
SEAR South-East Asia Region
SSLTs Society of Speech and Language Therapists
TRP Trust for Rehabilitation of the Paralyzed
UTI Urinary Tract Infections
WCPT World Confederation for Physical Therapy
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Post-Stroke Balance Impairments
Assessment: Clinical Scales
and Current Technologies
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Abstract

This chapter aims to address the different impairments in the balance after stroke,
beginning with an introduction on the main dysfunctions that can be observed,
specifically in different transfers as sit-to-stand and gait. Also, a review of the main
test and assessment scales most used in the clinical settings in this population. Finally,
the application of new technologies and the technological advances used in clinical
settings for human analysis focusing on balance are addressed. For example, the types
of technologies used, their applications, and the combination with the existing clinical
assessment tools. As a closure, we explain the importance of early detection and
treatment of balance impairments in the post-stroke population to prevent falls.

Keywords: balance, impairments, stroke, assessment, technology

1. Introduction

All functional activities performed by human beings require adequate postural
control to carry them out successfully and efficiently. Postural control is the ability to
maintain balance against gravitational forces by maintaining or returning the body
mass center on its base support [1, 2]. This emerges from the interaction between
subjects, tasks, and environment [2, 3]. Any task requires adequate postural control,
but each task also requires an orientation and a stability component [2].

In clinical practices, there is no consensus about only conceptual definitions related
to equilibrium, balance, or postural control, and their elements like posture, orienta-
tion, and stability. Therefore, it is interesting to at least define basic biomechanical
concepts to better understand postural control and further definitions addressed in
this chapter.

From a biomechanical point of view, posture refers to the alignment and orienta-
tion of the body with respect to its environment [3]. Postural orientation is the ability
to maintain an adequate relation between body segments and environment due to
performing a task, and postural stability is the ability to control the center of mass
within the base support [2, 3].
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Nowadays, postural control is no longer considered as only one system or reflex set
for upright position and balance, it is considered a complex motor skill due to the
interaction of multiple sensorimotor processes [4]. The two main goals of postural
control are keeping postural orientation and postural equilibrium [2–4].

The human body in order to achieve stability and orientation requires a complex
interaction between musculoskeletal components, neuromuscular synergies, individ-
ual sensory systems, sensory strategies, anticipatory and adaptive mechanisms, and
internal representations [2]. The central nervous system (CNS) must organize the
information coming from the different sensory receptors to determine the position of
the body in space [2]. The sensory information coming from the different sensory
systems (visual, somatosensory, and vestibular) allows to detect the position of the
body and the movement in space in relation to the force of gravity and the environ-
ment [2, 3, 5]. Each sense provides specific information about the position and move-
ment of the body, that is, each sense provides different references for postural control
[2]. In the higher levels, the CNS sensory information is transformed into significative
information, known as perception, and then it is selected the best sensorimotor strat-
egies to achieve the goal of a specific task, to control external perturbance, and to
adapt movement to the environmental requirements [2].

Also, postural orientation involves active control of alignment and tone of the body
related to gravity, base support, visual information, and internal references [2, 3].
Spatial orientation requires the interpretation and integrated information of the
visual, vestibular, and somatosensory systems. On the other hand, postural equilib-
rium involves the coordination of sensorimotor strategies to control the center of mass
during internal and external disturbances [3, 4]. For a better explanation of the
different sensory systems and sensory strategies to maintain postural control, see the
diagram in Figure 1.

There are multiple causes and factors that could lead to dysfunctions in postural
control and balance systems. In neurological populations, is commonly observed that

Figure 1.
Postural control by sensory systems and strategies. Summary information collected from Shumway-Cook and
Woollacott [2], Cano de La Cuerda [3], Cano de la Cuerda and Callado Vasquez [5].
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this deficit affects the ability to stand and walk, increasing the risk of falling and
injury [2].

Within neurological populations, we can find stroke patients. Stroke is a common
disease [6] that generates great morbidity, mortality, and different degrees of disabil-
ity, causing a great economic impact on families and society [1].

A stroke can lead to a wide range of impairments that predispose the subjects to
falls. One of the principal impairments observed in this population is balance dys-
function [7, 8]. It has been reported that 83% of stroke patients present balance
impairments, which lead to gait problems, such as low gait speed and alterations in
different gait phases increasing the risk of falling [1]. The incidence of falls in this
population within the first six months after a stroke is about 37 and 73%, and the rate
of falls in chronic stroke patients is double than healthy subjects [8].

Falls and fear of falling contribute to a sedentary lifestyle with increased limita-
tions in activities of daily living (ADL) and decreased quality of life. In addition, falls
increase hospitalization time and generate a large emotional and economic impact for
patients, families, and society [1, 9, 10].

The present chapter pretends to expose the principal deficiencies related to balance
impairments, observed during the sit-to-stand transfer and gait after a stroke. Also,
the main scales and tests for the assessments of balance used in clinical settings, as
well as the technologies and new trends that allow for objective analysis of balance
dysfunction in this population are reviewed.

2. Principals balance impairments after stroke

As said before, postural control alterations contribute to a loss of stability with a
high impact on the quality of life in neurological populations [1, 2]. Balance and
postural control impairments cause a series of alterations and dysfunctions during
daily life activities, mainly during sit-to-stand transfer and gait [11, 12].

In this section, the main alterations on the sit-to-stand transfer as well as in gait
related to balance impairments in post-stroke populations are reviewed.

2.1 Impairments in sit-to-stand transfer after stroke

Sit-to-stand (STS) transfer is considered a fundamental prerequisite to achieve
successfully daily life activities [11–13]. Also, it is considered a strong predictor factor
of independence and is the main rehabilitation goal because it promotes independent
locomotion, as well as upper limb and hand recovery [13]. In post-stroke populations,
this transfer is commonly affected, and it is not easy to regain the ability to stand up
from a chair safely [11].

The STS transfer has been widely analyzed [11, 14, 15], and has been described as
the movement of the body mass center towards the vertical from a sitting position to
an upright position without losing balance [11]. This transfer is a transition to the
upright position, and it requires a movement of the mass center from a more stable
position into a less one with both lower limbs extended [11, 15]. In order to simplify its
analysis, the STS transfer has been divided into phases, depending on kinematics
variables, ground action forces, and the movement of the mass center [11].

One of these classifications includes four phases for the analysis, considering trunk
movement, seat-off, the achievement of an upright position, and the vertical stabili-
zation at the end of the transfer [11]. Another classification considers two principal
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phases [11, 15], which basically includes three events, onset of STS, seat-off, and end
of STS [15].

Associated with this transfer, there have been described different movement
determinants in healthy subjects, such as angular displacements of lower limbs and
trunk, as well as muscle activation pattern and weight-bearing distribution [16].

Indeed, there are differences in the performance of sit-to-stand transfer between
healthy and post-stroke subjects [11, 13–15].

Normally, people with hemiparesis show a loss of coordinated movement between
the trunk and knees. Therefore, it can be observed a completed knee extension at the
end of the STS despite the hip it is still extending. Also, they show an increased center
of pressure and move the trunks in a mediolateral direction towards the non-paretic
side, as well as a decreased anterior pelvic tilt [11, 15, 16]. When observed lower limbs,
it can be identified less muscle activity in the paretic limb, specifically of tibialis
anterior, quadriceps, and soleus, showing problems in the correct activation muscle
timing to achieve STS [11, 15].

To avoid the risk of falling, people with stroke adopt compensatory strategies, such
as exaggeration of the anterior projection of the center of mass before standing up.
This population also shows a decrease in knee moment on the paretic side and an
increase in weight distribution asymmetry [11, 15, 16]. It has been suggested a corre-
lation between asymmetry in weight-bearing with functional abilities in stroke. It
states that those who carry less weight on their paretic limb obtain poor mobility
scores in the functional independence scales. These same results have been demon-
strated by Cheng et al. who consider the asymmetric distribution of weight-bearing
during STS as a mediator of falls [11, 16].

All of these compensatory strategies are carried out to achieve the sit-to-stand
transfer successfully and safely, but this population takes more time in the execution
of this task, increasing the risk of falling. Because of the big amount of compensatory
strategies used by the stroke population, this transfer is considered an indicator of the
risk of falling [11, 16].

2.2 Principal gait impairments after stroke

Similar to STS, independent walking or ambulation is also considered a
prerequisite for the performance of activities of daily living [14]. Gait requires an
adequate speed to be considered community ambulation, between 1.1 and 1.5 m/s
[14]. Also, locomotion is a motor skill, in which control systems in every step must
bear weight, give anterior and lateral stability, and keep the center of mass forward, as
well as an antigravitatory postural control to provide support and balance to prevent
falls [10, 11, 14].

Gait dysfunction represents a major problem in the stroke population and causes
difficulties in daily life activities [12, 17]. Approximately 80% of stroke patients
experience gait problems in the first 3 months after symptom onset. It has been
reported that 18% of subjects are unable to walk, while 11% walk with assistance and
the remaining 50% walk independently [12]. It is important to note that only 7% of
users who walk independently achieve community walking, which means that they
manage to walk 500 meters continuously at an adequate walking speed that allows
them to cross the street safely [16].

On the other hand, 70% of stroke patients with community walking suffer falls in
the first year, most of these falls are the result of loss in balance. Therefore, there is a
high risk of falls in those subjects with stroke who walk independently [12].
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Post-stroke gait disturbances and their treatment have been extensively researched
[12, 18–20]. Mainly, we could find impairments associated with alterations in spatial-
temporal characteristics and biomechanical alterations [12, 19].

Some of the characteristics of hemiparetic gait related to spatiotemporal variables
include decreased cadence, prolonged swing duration on the paretic side, prolonged
duration on the nonparetic side, and asymmetry in stride length [19]. As well as the
increase of the double support phase and the decrease in gait speed [16, 19].

These characteristics contribute to an unsteady gait pattern, leading to restricted
walking within the home and an increased risk of falls [21].

In general, due to a stroke, we can observe different impairments that may occur
in the paretic lower extremity, such as abnormal recruitment of motor units, muscle
weakness, abnormal activation of muscle synergies, spasticity, proprioceptive impair-
ment, restriction in range of motion, which could enhance a poor gait pattern along
with balance disturbances and increased risk of falls [13, 18, 22].

Figure 2 shows the main features in balance impairments related to sit-to-stand,
standing balance, and gait after stroke. It is important to highlight that there are more
features related to each transfer, but we aim to clarify the most common one in this
population.

3. Tests and scales for static and dynamic equilibrium assessment

Nowadays, it has become relevant to observe the quality of themovement patterns to
discriminate between actual recovery and compensatory movement patterns in stroke
rehabilitation [10]. Balance impairments are common in this population and they are
determinants factor that influences independence and quality of life; therefore, balance
became an important goal to be included in rehabilitation programs [21]. For this
purpose, the use of accurate, reliable, and valid assessment tools to measure outcomes in
stroke populations related to research and clinical practice is recommended [7].

Figure 2.
Balance and gait impairments after stroke. Summary information collected from Boukadida et al. [11], Perry
[17], Dickstein [18], Wang et al. [19] Hugues et al. [22], Van Duijnhoven [23], Silva et al. [24], Brière et al.
[25], Balandan [26].
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Normally, rehabilitation professionals perform the evaluation by means of obser-
vation and the application of scales and instruments, which provide a certain level of
objectivity [27]. Generally, the different methodology used for assessing balance can
be divided into observational (e.g., the Romberg test), scales and tests, and testing
instrumental equipment (e.g., posturography) [28].

The Berg balance scale (BBS) is a widely used tool in clinical settings and is
considered the gold standard for assessing functional balance and fall risk in adults
[2, 3, 21, 29]. It has been used extensively to measure outcomes in research involving
older adults with a variety of conditions, for example, balance impairments, stroke,
Parkinson’s disease, vestibular disorders, and in a variety of health care settings
[30–32]. It contains 14 items related to the static and dynamic tasks of daily living [3].
The tasks on this scale progress in difficulty from sitting to bipedal, to bipedal with a
narrow support base, to tandem gait and one leg support. The score is calculated on a
5-point ordinal scale for each item, where 0 refers to the inability to complete the test
and 4 refers to being able to complete the test independently [3, 29]. The maximum
score is 56 points that indicates adequate postural balance and no risk of falls, and a
score equal to or less than 45 points indicates a risk of falls [3]. Specifically, values
between 56 and 41 points indicate a low risk of falling, between 40 and 21 points a
medium risk of falling, and between 20 and 0 points a high risk of falling. Its applica-
tion lasts between 10 and 20 minutes [29–32]. Another widely used test is the Timed
up and Go (TU & Go) test, which measures dynamic balance and functional mobility
in adults, as well as in the neurological population [33–35]. The TU & Go is a simple
test that can be applied anywhere and consists of the subject standing up from a chair,
walking three meters, turning around, walking back to the chair, and sitting down on
the chair again. The controlled variable is the total time in seconds the subject takes to
perform the test, which is then correlated with the risk of falling [34–36]. Score
assumed to be normal if the time is ≤10 seconds, mild risk of falling between 11 and
20 seconds, and high risk >20 seconds [37]. This test has demonstrated excellent
inter- and intra-rater reliability with values greater than 0.95, with adequate predic-
tive value for falls in older adults and stroke patients [38, 39]. Some advantages of the
TU & Go test are its simplicity and short duration of application. Additionally, it
requires little equipment and allows subjects with functional impairment to perform
the test [3]. However, one limitation is that although it provides information on the
risk of falls, it is not able to determine the risk objectively in subjects with greater
difficulties. Barry et al. mention that a limitation in the predictive value of the test
could be explained by the fact that it is a single test that evaluates balance and
equilibrium in a general way. Therefore, it could be improved by being combined with
technological tools for motion analysis [40].

Commonly, in clinical practice, this test is combined with the application of other
clinical tests such as the 10-meter walk test, and its results are compared with those
obtained in the Berg balance scale [30]. These tests as a whole make it possible to
assess the risk of falls, walking speed, and balance of the different patients, making it
possible to objectively assess their functional level and to determine the relevant
intervention strategies.

Gait speed has been shown to be a predictor for different clinical outcomes, such as
response to rehabilitation, level of dependency, frailty, disability, falls, institutionaliza-
tion, cognitive loss, hospitalization, cardiovascular events, andmortality. Its decrease has
been associated with a lower quality of life, social participation, and the presence of
depressive symptoms [41]. Middleton et al. define it as the sixth vital sign due to its broad
predictive capacity. The 10-meter walk test has proven to be a robust, validated, reliable,
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and sensitive tool that can be applied in both clinical and research contexts, and in a wide
range of pathologies, such as the elderly, chronic stroke, incomplete spinal cord injury,
multiple sclerosis, Parkinson’s disease, among others [18, 38, 41, 42].

This test measures walking speed in meters per second (m/s) when walking a short
distance of 10 meters. Then, the value obtained will be categorized into the four
categories proposed by Perry et. Al, which are intra-domicile gait with speeds between
0 to 0.4 ms; dependent community gait with speeds from 0.4 to 0.8 m/s; community
gait 0.8 to 1.2 m/s; and safe gait for crossing the street greater than 1.2 m/s [43].

On the other hand, there is the Functional Reach Scale. This scale was developed to
assess the maximum limits of standing stability. Subjects are held in a standing position
with feet shoulder-width apart andwith one arm (hand grasped) elevated to 90 degrees of
flexion.Without moving the feet, the patient is asked to reach as far as possible without
losing balance. The distance reached is measured and compared with standardized refer-
ences by age group as defined by Duncan et al. The functional reach test has satisfactory
inter-rater reliability and has been reported as a predictor of falls in older adults [2, 3].

Table 1 summarizes some specific characteristics of the tests and scales listed before.

Test/scale Aim Area Assessment Description Cost Duration

Berg
balance
scale
[3, 44]

Static balance
and risk of
falling.

Balance,
functional
mobility.

Performance
measurement
(score).

Scale that considers
14 items that include
static and dynamic
activities of varying
difficulty. Each
activity is evaluated
from 0 to 4 points,
determined by the
patient’s ability to
perform the activity
in question.
Maximum score 56.

Free
(Paper
and
pencil)

10 to
20 min.

Timed up
and go
[37, 44]

Risk of falling. Balance,
functional
mobility,
vestibular
assessment.

Observer. Subject begins seated
with his back against
the back of a chair.
At the beginning of
the test, the patient
gets up from the
chair and walks 3
meters, and then
turns and returns to
the starting point
and sits down. The
time taken to
complete the circuit
is recorded.

Free
(paper
and
pencil)

≤3 min.

10-M walk
test
[43, 44]

Independence
level.

Mobility, gait,
vestibular
assessment.

Performance
measurement
(gait speed).

Subject walks a
predetermined
distance (depending
on the variation
applied), in which
time is measured.
The distance walked
in meters is divided
by the measured
time.

Free
(paper
and
pencil)

≤ 5 min.
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One of the most recent scales to measure balance is the Balance Evaluation Systems
Test (BESTest), which is a balance assessment scale that allows identifying specific
problems in postural control, such as biomechanical alterations, stability limits, pos-
tural response, anticipatory postural adjustments, sensory orientation, dynamic
balance during gait, and cognitive effects. Although it is a new multitask scale, it
includes 36 items to be evaluated with an estimated application time of 30 to
35 minutes [2, 3, 45, 46]. Its short version, the Mini-Balance Evaluation Systems Test
(Mini-BESTest), was created in 2010, which contemplates 14 items and takes a total of
10 minutes to complete the assessment, with good inter- and intra-rater reliability in a
sample of people with mixed conditions. The mini-BESTest has been shown to be a
reliable and validated tool for assessing balance in chronic stroke patients [47].

As can be seen in this section, there is a wide range of scales and clinical tests that
allow not only to assess balance but also to observe how the different components

Test/scale Aim Area Assessment Description Cost Duration

Tinetti
[44]

Balance
perception
and stability
during daily
life activities.

Daily life
activities,
Balance,
Functional
Mobility, Gait,
and Vestibular
Assessment.

Patients
perception.

10-item
questionnaire
designed to assess
patient confidence in
performing 10
activities of daily
living without risk of
falling as an indicator
of how fear of falling
impacts physical
performance. The
higher the score (100
max) the lower the
patient’s confidence.

Free
(paper
and
pencil)

10 to
15 min.

BESTest
[44–46]

Postural
stability and
balance.

Balance,
functional
mobility,
vestibular
assessment.

Performance
measurement
(score).

Orients and
identifies the six
balance control
systems in order to
design better
approaches to
balance
rehabilitation from
35 items in six
sections, evaluated
from 0 to 108 points.

Free
(paper
and
pencil)

10 to
20 min.

Activities
of Balance
confidence
(ABC)
scale [44]

Self-reporting
of the balance
confidence
measure.

Balance,
functional
mobility.

Patients
perception.

Subjective measure
of confidence to
perform various
ambulatory activities
without falling or
experiencing feelings
of instability out of
16 activities scored
from 0 (no
confidence) to 100
(confidence).

Free
(paper
and
pencil)

5 to
10 min.

Table 1.
Test and scale for the assessment of balance in stroke populations.
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behave during the performance of different tasks. Some of them are not only validated
in populations with stroke. Therefore, the reader is suggested to review the specific
psychometric properties of each of them and their validation in other neurological
populations before using it.

4. Balance impairment treatments after stroke

There are different therapeutic interventions to improve balance after stroke.
According to Stein et al. [21] these interventions could be categorized into five main
areas, exercise programs, biofeedback training, sensory training, cognitive training,
and external devices.

Each of these areas will address different aspects of the multiple problems that can
be found associated with balance impairments [21, 22]. Exercise programs are varied in
form, maybe individual or group-based, and include a variety of impairment-oriented
elements. Some may include functional activities such as sit-to-stand and balance tasks
due to daily life activities, for example, reaching and standing on unstable surfaces [21].

Also, there are different intervention models such as constraint-induced therapy,
task-oriented approach, as well as neurophysiological intervention approach such as
the Bobath concept, proprioceptive neuromuscular facilitation, and other
neurodevelopment models, which have been traditionally used in the treatment of
post-stroke patients [5].

The incorporation of visual and sensory training has been shown to be effective in
the treatment of balance, as well as the promotion of weight-bearing in seated and
upright positions [21–23, 48]. On the other hand, the incorporation of therapeutic
strategies that involve trunk work in the recovery of dynamic balance during sitting,
sit-to-stand, and gait is relevant [49].

Since, trunk function has been associated with gait and balance ability in stroke
patients and has been shown to be a useful predictor of recovery of gait, balance, and
activities of daily living [49].

Recently, a meta-analysis by Hugues et al. concluded that physical therapy has
various benefits on postural balance and stability after stroke. It suggests that functional
task training, associated with musculoskeletal and/or cardiopulmonary interventions, as
well as sensory interventions, appear to be effective in improving balance and postural
stability. However, the authors ask for caution with this result, due to “the weak
methodological quality of studies,” among other methodological elements [21, 42].

Even though there are several therapeutic approaches and categories of physical
therapy, we believe it is important to highlight that each exercise program should be
individualized according to the individual’s own capabilities and should be supervised
by a therapist.

5. Technological tools and systems for the evaluation and treatment in
post-stroke patients

5.1 Technological tools for monitoring and for the diagnostic support of
post-stroke patients

At a commercial level, a large number of technological systems allow to evaluate
different aspects of gait, balance, and strength beyond the typical clinical methodolo-
gies, as seen in the previous section.
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From the perspective of systems that are capable of evaluating movement and
even mobility variables for clinical use, there are camera-based motion analysis
laboratories whose measurement is carried out using software for motion analysis
(Figure 3).

On the other hand, in the last 30 years, there has been an increase in the use of
inertial sensors for motion analysis, whose reduction in size and consumption, in
addition to the improvement in algorithms for motion tracking, have allowed them to
be positioned as an attractive alternative for the study of movement objectively and
quantitatively (Figure 4).

Some other commercial alternatives are illustrated in Table 2.
Another type of element is highly used in the clinical field for the evaluation of gait

and static and dynamic balance correspond to systems that measure plantar pressures
for the estimation of mobility variables. Technological alternatives range from highly
accurate mats for gait and balance evaluation, to systems that embed pressure sensors
within insoles to evaluate uncontrolled environments (Figure 5).

Some other examples are illustrated in Table 3.

Figure 3.
Optitrack system for human motion analysis using a camera-based system. Image obtained from Optitrack official
website [50].

Figure 4.
Inertial-based systems for a clinical movement analysis perspective. From left to right: APDM mobility lab,
G-walk, and QMUV. Images obtained from the official website of G-walk [51], APDM [52], and QMUV [63].
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System Technology Description Area

Vicon [54] Optic Leading optical system in motion analysis used in
both clinical and entertainment applications. It
incorporates the ability to track reflective passive
markers and, together with its tracking platform, it is
possible to capture the movement made by people.
Using its proprietary software, such as NEXUS,
clinical biomechanical and sports motion analysis can
be performed. It also offers the possibility of
performing biomechanical analysis by incorporating
other analysis software, such as Biomechanics of
Bodies.

Clinical, sports,
entertainment,
academic

Optitrack [50] Optic Optical system that incorporates a flexible system to
perform biomechanical motion analysis, providing
the possibility of natively incorporating other
commonly used tools for motion analysis such as
electromyography modules, force platforms, and
analog sensors. Incorporates the ability to track
passive reflective and active markers. It allows the use
of other analysis software commonly used in the
academic research area such as in Visual3D, The
MotionMonitor, MATLAB, and Biomechanics of
Bodies.

Clinical, sports,
entertainment,
academic

MTw Awinda –
X-SENS [55]

Inertial System with inertial technology that incorporates the
possibility of evaluating variables of acceleration,
speed, and ranges of movement of some segments or
the whole body including hands and phalanges. It
offers the possibility of performing biomechanical
analysis by incorporating other analysis software such
as Biomechanics of Bodies.

Clinical, sports,
entertainment,
academic

Perception
Neuron –

NOITOM [56]

Inertial System with inertial technology that incorporates the
possibility of evaluating variables of acceleration,
speed, and ranges of movement of some segments or
the whole body including hands and phalanges. It
offers the possibility of performing biomechanical
analysis by incorporating other analysis software such
as Biomechanics of Bodies.

Entertainment,
academic

UltiumMotion –

Noraxon [57]
Inertial System with inertial technology that incorporates the

possibility of evaluating variables of acceleration,
speed, and ranges of movement of some segments or
the whole body with a maximum of 16 sensors.

Clinical, sports,
entertainment

G-WALK [51] Inertial Sensorization of several clinical tests with a single
inertial sensor to assess gait, balance, ranges of
motion, and risk of falls. In addition to the
incorporation of evaluation of aspects of sports
performance such as jumping power and aerobic
resistance.

Clinical, sports,
academic

MobilityLab –

APDM [52]
Inertial Matrix of six inertial sensors that measure different

aspects of gait and risk of falls.
Clinical,
academic

QMUV [53] Inertial Sensorization of several clinical tests with a single
inertial sensor to assess gait, balance, ranges of
motion, and risk of falls.

Clinical,
academic

Table 2.
Commercial technological alternatives used to evaluate motor impairment conditions in post-stroke patients.
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5.2 Technological systems for post-stroke patients rehabilitation

As mentioned at the beginning of this section, the technological tools for the
treatment of post-stroke subjects seek to reduce the impact of the disabling condition
to improve the quality of life of the patient through rehabilitation therapies to train or
adapt the lost function.

From this perspective, the development of serious games for rehabilitation has
taken on great importance in the treatment since, they make patients hooked on their
treatment, avoiding problems associated with early abandonment from their
therapies. Systems that use interactive platforms such as the famous Kinect (camera
system) [63] and Nintendo Wii (multisensory system with inertial control and
pressure platform) [64] started a massive adoption in the field of game development
to support the rehabilitation. However, although they continue to be used in clinical
settings for interactive treatment, these technologies are no longer commercially
available and are obsolete.

Because of the great technological advance in animation and graphic processing
systems, serious games for immersive or semi-immersive rehabilitation using virtual
reality helmets (HTC-vive, Oculus, among others) have allowed to establish an envi-
ronment that mimics in controlled conditions in the daily life of people in order to
train typical activities such as brushing teeth, cooking and eating in a safe

System Description Area

Xsensor [58] Insoles with plantar pressure points to measure gait variables in sports and
clinical applications.

Clinical,
sports

Moticon [60] Insole for gait analysis in rehabilitation and sports training. Clinical,
sports

Feetme–
Health [61]

Insole with inertial sensor analysis and plantar pressure point for clinical-
grade measurement of spatiotemporal variables of gait.

Clinical

GAITRite [59] Gait analysis mat, leader in analysis for spatiotemporal variables of the gait
cycle.

Clinical,
academic

P-Walk [62] Mat that measures static balance variables through the acquisition of
postures and control of the center of mass and spatiotemporal variables of
the gait cycle.

Clinical,
academic

Table 3.
Technological systems to assess motor impairments using plantar pressures in post-stroke patients.

Figure 5.
Pressure-based systems to analyze gait and posture. From left to right: GAITRite and Xsensor. Images obtained
from the official website of Xsensor [58] and GAITRite [59].
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environment [65]. Also, semi-immersive elements have made it possible to
instrumentalize the highly used mirror movement test to increase patients’ perception
of movement. All these systems that support the mobility of the upper and lower
extremities allow the development of augmented reality environments or interactive
systems that enrich the experience of the patient and provide more information about
the patient’s condition [66]. Some commercial rehabilitation options include
Tyromotion’s PABLO (interactive upper extremity therapy), TYMO (interactive sys-
tem for balance and coordination training), and DIEGO (interactive arm and shoulder
rehabilitation) systems (Figure 6) [67].

Leaving aside the treatment systems and focusing on systems that have the poten-
tial to be used in everyday life, functional electrical stimulation tools (FES) appear,
which correspond to systems that, through the injection of controlled electrical pulses,
allow to recover the mobility of limbs, improving grip in upper limb cases and
improving gait in case of foot drop stimulators. Although upper limb stimulators have
not yet become widespread, in the literature, there is great evidence of efforts by
researchers to generate alternatives to train or regain mobility of the arms and hands.
Alternatively, and more commonly, there are electronic orthoses for droop foot,
where by means of a system that allows the generation of controlled pulses from the
detection of gait cycle events, the control of dorsiflexion can be recovered in post-
stroke patients [68]. Commercial examples are SmartFES, XFT-2001, ODFS Pace,
among others (Figure 7) [68–70].

On the other hand, health professionals and the scientific community have devel-
oped alternatives to treat post-stroke who, due to different factors such as economical,
geographical, physical, and/or environmental, are unable to attend rehabilitation cen-
ters. The need for the above has increased as a result of the recent COVID-19

Figure 6.
Interactive rehabilitation systems developed from Tyromotion. From left to right: PABLO,TYMO, and DIEGO.
Images obtained from the official website of Tyromotion [67].

Figure 7.
Functional electrical stimulation systems commercially available. From left to right: ODFS pace, SmartFES, and
XFT-2001. Images obtained from the official website of SmartFES [68], XFT-2001 [69], and Odstock [70].
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pandemic that incorporates post-stroke people as a population at risk [71]. Regarding
this, different types of treatment that use technology to rehabilitate communication
skills [72], upper limb rehabilitation, and/or remote activities of daily living have been
evaluated, proving to be almost as effective as face-to-face treatments. Although there
is a lack of information on the cost-effectiveness relationship with respect to tradi-
tional treatments, it is evident that the role of telerehabilitation is of vital importance
in rural areas or in health emergencies where patients do not have access to opportune
care or monitoring of their condition [73, 74].

In this section, some tools typically used for the evaluation and treatment of post-
stroke patients are mentioned. However, the intention is to provide a general over-
view of the systems most used internationally, existing alternatives that improve their
proposal in terms of accessibility and costs.

6. Conclusion

Stroke generates primary and secondary impairments that reduce the functional
capacity of these patients, leading to less functional independence and quality of life.
One of the main impairments associated with this population is impaired balance,
both static and dynamic. This impairment in particular generates a great impact on the
dysfunction of activities of daily living and main transfers such as bipedal sedentary
transfer and gait. Moreover, in this pathology, 14–65% of individuals fall at least once
in the hospital, and between 37 and 73% suffer falls in the next 6 months after
discharge [75].

Specifically, people with stroke are at increased risk of fall-related fractures. Other
adverse consequences may include fear of falling with subsequent reduction in activity,
de-conditioning, and increased risk of falls. Bower et al. state that it has recently been
shown that the identification of movement and balance variables, for example by
measuring walking speed, application of the timed up and go test, and the Berg Balance
Scale, have been shown to be strong predictors of fall risk following stroke [8].

However, as mentioned above, there are some deficiencies in the clinical tests and
scales, since they fail to fully determine the variables and problems associated with
balance impairment. The use of clinical scales and tests, associated with the use of
technologies, could allow the adequate assessment of each of the limitations in static
and dynamic balance during the different transfers performed by people with
sequelae of stroke.

In this chapter, we have presented a list of alternatives to treat and evaluate the
stroke patient in all phases of treatment, providing plenty of evidence of systems for
movement analysis and treatment, especially useful for the treating professional, and
of highly technological elements to improve adherence to rehabilitation therapies.

Finally, it is important to highlight that a specific assessment of the impairments
that contribute to an unfavorable balance in subjects with stroke is necessary for each
rehabilitation process, as well as the early incorporation of functional therapeutic
activities aimed at their recovery and the prevention of the risk of falls.
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Abstract

This work considered post-stroke rehabilitation in sub-Saharan Africa, referencing 
psychosocial stress and wrongful cultural beliefs. Stroke, a neurological disease 
preventable by lifestyle changes, is increasing at, particularly in sub-Saharan 
Africa (SSA). First-ever stroke cases stand the risk of a second, which could be 
fatal; hence the need for review of post-stroke rehabilitation strategies. In our work 
on survivors, we noted that most established risk factors do not necessarily apply 
in SSA. Of the 10 risk factors studied, hypertension was the commonest reported. 
In our study of 149 survivors in Nigeria, 73.1% suffered from hypertension; only 
53.7% were aware of their hypertensive status before stroke incidence. When asked 
about risk factors, 19.4% mentioned hypertension, 0.7% diabetes mellitus but 
13.1% psychological stress, and 13.4% spiritual attack/diabolical; 39.6% had no idea 
what caused stroke. The findings show the role hypertension, psychological stress 
and cultural ignorance play in fueling stroke in SSA. Further, 97.3% of survivors 
were married, 65.1% had 5 to 8 children, engaged in sedentary occupations, trad-
ing, farming, civil service, occupations also prone to economic woes in Nigeria. 
Commonest age of survivors was 60 to 75 years; a period of very stressful life in 
Nigeria. All these culminate to sustained psychosocial pressures, hypertension and 
stroke. There is urgent need to reduce psychosocial pressures, correct wrongful 
cultural beliefs, especially among survivors in sub-Saharan Africa. The strength of 
this work lies in the observation of lack of awareness and community screening as 
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the most pronounced common variable among the survivors. The place of herbal 
medicine in post-stroke rehabilitation should be recognised. Of the 117 survivors 
who visited Bebe Herbal Centre for management, 99.1% were satisfied; 67.5% of 
them had satisfactory recovery in less than 1 month. Introduction of physiotherapy 
in Herbal centres would speed up recovery.

Keywords: psychosocial stress, family pressure, occupational pressure,  
herbal treatment, cultural beliefs, stroke awareness

1. Introduction

Stroke is a menace to the society. All over the world, it affects countless number 
of people, as much as 16 million people per year [1]. Out of this number, 5.7 million 
die, and the rest becomes disabled for a long period, even for life. It is the second most 
common cause of death worldwide, after ischaemic heart disease [2–4]. The impact of 
stroke is mostly felt in low and middle income countries. About 85% of all stroke deaths 
are registered in low and middle income countries, which also account for 87% of total 
losses due to stroke in terms disability-adjusted life years calculated worldwide per year 
[2]. As the burden of stroke has shifted to the developing world, currently two-thirds 
of stroke mortality cases occur in sub-Saharan Africa (SSA), [2–4]. This is sad because 
this is the same region that poverty, malnutrition and communicable diseases also exert 
their greatest toll [5]. The unfortunate thing is that while the proportion of stroke is 
decreasing in the developed world, it is rising alarmingly in the under-developed world 
[6]. The World Health has predicted that by the year 2030, majority (80%) of stroke 
cases would be in the low-income and middle-income countries. Africa, in particular, 
records some of the highest rates of stroke worldwide, with an annual stroke incidence 
rate up to 316 per 100,000, prevalence rate up to 1460 per 100,000 and three-year fatal-
ity rate up to 84% [7–10]. In Africa, stroke accounts for 4–9% of deaths and between 
6.5–41% of neurological admissions, as reported in hospital-based studies [11, 12]. 
This is not only alarming, it is frightening; and should concern all of us. Two-thirds of 
stroke cases worldwide occur in SSA [13]. It is, therefore, clear that sub-Saharan Africa 
has become the epicentre of stroke in the world, calling for strong sustained efforts 
to reduce the incidence of stroke in the region. This reality should provoke increased 
attention to stroke issues in the world, especially in the low- and middle-income 
countries, in order to reverse the trend. In doing this, we must firstly identify the real 
problems associated with stroke in the region. For post-stroke rehabilitation effort to 
be effective and set goals of preventing second stroke achieved, it is important to focus 
attention on the real factors that predispose to stoke in the region. All factors should be 
taken into account, including the role of herbal centres and cultural beliefs, which have 
long been neglected. Great effort should be focused in reducing stroke occurrence in 
sub-Saharan Africa, because of the cumulative positive effect it would have on stroke 
reduction the world over. Fortunately and surprisingly, stroke is the most preventable of 
all neurological diseases as many of its risk factors, such as hypertension, high choles-
terol, diabetes, and smoking can be prevented either through healthy lifestyle choices 
or by medication [14, 15]. In sub-Saharan Africa, therefore, psychosocial pressures and 
cultural beliefs should be given due attention, especially in post-stroke rehabilitation 
programmes.
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2. Demographic study

This section discusses majorly the demographic features of 149 stroke survivors 
who visited Bebe Herbal Centre located in Umunomo Ihitteafoukwu, Ahiazu 
Mbaise, Imo state, Nigeria, for treatment and their import on stroke issues in sub-
Saharan Africa. In the study [16] (Tables 1–3), it was noted that 97.3% of survivors 
were married while 2.7% were single. What this means is that being married is 
a potential source of pressure, especially for the low-income group. It was also 
reported that 65.1% of those married had 5 to 8 children, further strengthening our 

Age (years) Frequency n (%) Total

Gender

Male Female

<40 3 (2.0) 3 (2.0) 6 (4.0)

40–44 2 (1.3) 0 (0.0) 2 (1.3)

45–49 3 (2.0) 2 (1.3) 5 (3.4)

50–54 7 (4.7) 12 (8.1) 19 (12.8)

55–59 10 (6.7) 9 (6.0) 19 (12.8)

60–64 13 (8.7) 8 (5.4) 21 (14.1)

65–69 7 (4.7) 9 (6.0) 16 (10.7)

70–74 27 (8.1) 9 (6.0) 36 (24.2)

75–79 10 (6.7) 7 (4.7) 17 (11.4)

80+ 6 (4.0) 2 (1.3) 8 (5.4)

Side affected

Left 52 (34.9) 32 (21.5) 84 (56.4)

Right 36 (24.2) 29 (19.5) 65 (43.6)

Educational attainment

Illiterate 0 (0) 4 (2.7) 4 (2.7)

Primary 42 (28.2) 38 (25.5) 80 (53.7)

Secondary 26 (17.4) 14 (9.4) 40 (26.8)

Tertiary 20 (13.4) 5 (3.4) 25 (16.8)

Occupation

Unemployed 0 (0) 1 (1.6) 1 (1.6)

Trading 19 (12.8) 23 (15.4) 42 (28.2)

Artisan 30 (20.1) 11 (7.4) 41 (27.5)

Farming 12 (8.1) 21 (14.1) 33 (22.1)

Civil servant 27 (18.1) 5 (3.4) 32 (21.5)

Nwoha et al. [16].

Table 1. 
Distribution of parameters among male and female stroke survivors (n = 149).
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position that in SSA, having large families is potentially a big source of psychoso-
cial pressure, which could lead to hypertension and eventual stroke. The reason is 
because of the low income capacity of most of these families in the region. Inability 
to cater for one’s family poses serious psychosocial pressure; and the larger the 
family, the more the pressure on parents and guardians. Cooper et al. [17] noted in 
their work that high blood pressure is the foundation of epidaemic cardiovascular 
diseases in Africa. To prevent a stroke event, especially for survivors, there is need 
to reduce avoidable pressures from families, for example, by limiting the number 
of children one caters for. Government should also help by providing social wel-
fare programmes, including subsidising health and education for her low-income 
citizens. These, if done, will take a lot of pressure off low-income large families. 
One’s occupation in sub-Saharan Africa could also be a source of psychosocial 
pressure. In our work, we noted that people most commonly affected by stroke were 
traders (38.9%) followed by farmers and civil servants, in that order, 22.8% and 

Variable <45 years 45-64 years ≥65 years Total

Gender

Male 5 (3.4) 32 (21.5) 58 (38.9) 95 (63.8)

Female 4 (2.6) 28 (18.8) 22 (14.8) 54 (36.2)

Marital status

Married 6 (4.0) 60 (40.3) 79 (53.0) 145 (97.3)

Single 3 (2.0) 1 (0.7) 0 (0) 4 (2.7)

Number of children

1–4 5 (3.4) 21 (14.1) 12 (8.1) 38 (2.5)

5–8 0 (0) 37 (24.8) 60 (40.3) 97 (65.1)

>8 1 (0.7) 4 (2.7) 9 (6.0) 14 (9.3)

Highest educational level

Illiterate 0 (0) 1 (0.7) 3 (2.0) 4 (2.7)

Primary 2 (1.3) 28 (18.7) 51 (34.0) 81 (54.0)

Secondary 4 (2.7) 19 (12.7) 11 (7.3) 34 (22.7)

Tertiary 3 (2.0) 14 (9.3) 13 (8.7) 30 (20.0)

Occupation

Unemployed 1 (0.7) 2 (1.3) 1 (0.7) 4 (2.7)

Civil servants 2 (1.3) 15 (10.1) 15 (10.1) 32 (21.5)

Artisans 1 (0.7) 6 (4.0) 14 (9.4) 21 (14.1)

Traders 5 (3.3) 31 (20.8) 22 (14.7) 58 (38.9)

Farmers 0 (0) 10 (6.7) 24 (16.1) 34 (22.8)

Season of the year

Nov.–April (Dry) 6 (4.0) 46 (30.9) 52 (34.9) 104 (69.8)

May–October (Wet) 3 (2.0) 16 (10.7) 26 (17.4) 45 (30.2)

Nwoha et al. [16].

Table 2. 
Distribution of size of variables relative to age (year) of respondents (frequency, percentage).
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21.5% respectively. Artisans were not much affected (14.1%) while the unemployed 
were barely affected (2.7%). Pearson’s chi-squared test (Table 3) shows evidence of 
strong association between education, and occupation and gender of stroke sur-
vivors. Education had strong significant association (X2 = 12.31; df = 3, p < .006). 
More men than women had primary education (27.5% vs. 25.5%), secondary 
education (16.8% vs. 9.4%) and tertiary education (12.8% vs. 3.4%). Occupation 

Variables Male Female X2 Df P

n (%) n (%)

Age group (yrs) 12.04 9 0.211

<45 6 (4.0) 3 (2.0)

45-49 3 (2.0) 2 (1.3)

50-54 6 (4.0) 12 (8.1)

55-59 9 (6.0) 9 (6.0)

60-64 14 (9.4) 8 (5.4)

65-69 7 (4.7) 9 (6.0)

70-74 27 (18.1) 9 (6.0)

75-79 10 (6.7) 7 (4.7)

≥80 6 (4.0) 2 (1.3)

Education 12.31 3 0.006

Primary school 41 (27.5) 38 (25.5)

Secondary schol 25 (16.8) 14 (9.4)

Tertiary school 19 (12.8) 5 (3.4)

No school 3 (2.0) 4 (2.7)

Occupation 23.65 4 0.001

Unemployed 4 (2.7) 1 (0.7)

Trader 18 (12.1) 23 (15.4)

Artisan 29 (19.5) 11 (7.4)

Farmer 11 (7.4) 21 (14.1)

Civil servant 26 (17.4) 5 (3.4)

Side body affected 0.403 3 0.296

Left 52 (34.9) 32 (21.5)

Right 36 (24.2) 29 (19.5)

Number of children 1.146 2 0.96

No child 4 (2.7) 3 (2.0)

01-Apr 19 (12.8) 16 (10.7)

05-Aug 56 (37.6) 35 (23.5)

Above 8 9 (6.0) 7 (4.7)

Nwoha et al. [16].

Table 3. 
Descriptive characteristic of the survivors and person’s chi-squared test between male and female.
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had significant strong association with gender of the stroke survivors (X2 = 23.65; 
df = 4; p < .001) with more men than women being unemployed (2.7% vs. 0.7%), 
being artisans (19.5% vs. 3.4%) and civil servants (17.4% vs. 3.4%) while women 
more than men were traders (15.4% vs. 12.1%) and farmers (14.1% vs. 7.4%). By 
the age bracket indicated, most people in these professions would have retired 
from active service and be faced with the burden of lower income generation for 
their numerous bourgeoning responsibilities, leading to increased psychosocial 
pressure and hypertension. We also noted that those with primary education only 
were highest among the stroke survivors [53.7%], followed by secondary education 
and tertiary. The higher the educational level, the higher the tendency for better 
income and also the likelihood of better awareness of stroke risk factors. These 
add up to better lifestyle and low stroke incidence for those with higher education. 
Individuals, particularly the first-stroke ones, should be aware of these factors 
that fuel stroke via psychosocial pressure and hypertension. Socioeconomic status 
has long been identified as a risk factor for hypertension [18]. In a meta-analysis, 
multiple indicators of socioeconomic status (i.e., income, occupation, and educa-
tion) were associated with an increased risk of hypertension. It was suggested that 
working conditions induce stress that is associated with increased risk of hyperten-
sion [18]. We also noted in our work that very few stroke cases were below 40 years 
of age while the most were between 60 and 74 years, the age group when family 
pressures are highest in sub-Saharan Africa. High levels of anxiety and depressive 
symptoms are common in adults, often comorbid with chronic illnesses such as 
hypertension and can have deleterious effects on individual health and quality of 
life. A meta-analysis of prospective studies found that depressive symptoms predict 
a 42% increased risk of hypertension [19]. Similarly a meta-analysis of prospective 
studies fund that anxiety symptoms were independent risk factor for hypertension [20]. 

Variables Male (n, %) Female (n, %) χ2 df p

Hypertension 3.68 3 0.296

Aware before stroke 44 (29.5) 36 (24.2)

Aware after stroke 16 (10.7) 13 (8.7)

No knowledge 12 (8.1) 3 (2.0)

Not hypertensive 16 (10.7) 9 (6.0)

Diabetes mellitus .082 2 0.960

Yes, diabetic 24 (16.1) 16 (10.7)

No knowledge 17 (11.4) 11 (7.4)

Not diabetic 47 (31.5) 34 (22.8)

Alcohol intake 24.23 1 0.001

Yes 67 (45.0) 21 (14.1)

Never 21 (14.1) 40 (26.8)

Cigarette smoking 9.823 1 0.001

Yes 37 (24.8) 10 (6.7)

Never 51 (34.2) 51 (34.2)

Table 4. 
Stroke risk factors suffered/encountered by survivors and Pearson’s chi-squared test of association with gender.
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Stressors linked with unemployment, underemployment, job conflict, or financial 
strain due to low wages may lead to hypertension. An explanation for this was 
provided by Everson-Rose et al. [21] who noted that psychosocial factors, such as 
hostility and job strain, are associated with higher circulating levels of catechol-
amines, higher cortisol levels, and increased blood pressure over time. Psychosocial 
factors that induce emotional stress can evoke a physiological response mediated 
in part by activation of the sympathetic nervous system, inflammation, and the 
hypothalamic–pituitary–adrenal axis (Table 4) [22, 23].

3. Risk factors

There are traditional risk factors for stroke, including hypertension, dyslipidemia, 
diabetes mellitus, obesity, smoking, stress (physical and emotional), sedentary 
lifestyle, heavy alcohol consumption, previous stroke and family history of stroke 
[2, 24]. Of these, hypertension is an important risk factor for a variety of health 
conditions, such as cardiovascular disease, stroke, and kidney failure. Hypertension 
is the leading risk factor for stroke and is present in nearly 1 in 3 American adults 
[25]. Hypertension is a pervasive problem in the United States, with approximately a 
third of Americans reporting being diagnosed with hypertension by their physicians 
or taking antihypertensive drugs [26]. It is considered the foundation for epidaemic 
cardiovascular diseases in African populations [17]. In Nigeria and sub-Saharan 
Africa, hypertension is the most important stroke risk factor [27, 28]. Growing evi-
dence points to multiple psychological and social factors as contributors to the onset 
of trajectory of hypertension. It is time to understand that greater acculturation is 
associated with increased risk of hypertension, independent of age, gender, race/eth-
nicity, education, smoking, alcohol, physical activity, body mass index, and diabetes 
[29]. Wrong cultural beliefs do more harm than the direct risk factors.

We have greater need to educate people that hypertension is the foremost cause of 
stroke in sub-Saharan Africa and that psychosocial stress is the factor mostly fuelling 
hypertension. If we can curtail excessive and sustained psychosocial pressures and 
wrong cultural beliefs, we would be curtailing stroke incidence considerably. Diabetes 
mellitus is second causative factor for stroke in SSA but is usually accompanied by 
hypertension. Rarely does it alone cause stroke. Dyslipidemia (high blood cholesterol) 
is a third causative factor for stroke in most developed countries but rarely noted in 
SSA. The remaining seven traditional risk factors, namely obesity, smoking, stress 
(physical and mental), sedentary lifestyle, heavy alcohol consumption, previous 
stroke and family history of stroke are rarely recognised in sub-Saharan Africa 
when issues about stroke are discussed. This observation is supported by findings in 
our work (Table 5) [30] in which the commonest risk factor experienced by stroke 
survivors was hypertension (73.1%), followed by light alcohol consumption (59.1%), 
smoking (31.5%) and diabetes mellitus (26.7%). It is to be noted that 15 (10.1%) 
of survivors had no knowledge of their hypertensive status and 28 (18.8%) none 
of their diabetic status. No survivor ever did blood cholesterol test. When asked to 
state factors that could contribute to stroke, just 19.4% mentioned hypertension 
while insignificant number, 0.7%, each mentioned diabetes, family history, poor 
diet (excessive salt intake, low vegetables and fruits intake), overweight/obesity and 
2.0% mentioned high alcohol consumption. Interestingly, a large number attributed 
stroke in this part of the world to psychosocial stress (worry) (13.5%), spiritual attack 
(13.4%) and usual illness (9.4%); factors that have no empirical evidence. Still a very 
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disturbing number (39.6%) had no idea what could cause a stroke. The aforemen-
tioned observations paint a gloomy picture of continued growth in stroke epidemic 
in this part of the world. If stroke survivors could be so ignorant of the cause of their 
stroke, then the possibility that they would engage in life-changing behaviours that 
would prevent future stroke is very remote. This study has strongly pointed to lack 
of awareness and community screening as the most pronounced common variable 
among the survivors. There is therefore, the strong need for awareness campaign and 
community screening, especially among post-stroke cases.

Attention should be focused on psychosocial stress as major contributing factor 
to stroke in this part of the world. We noted that a lot of things that contribute to 
pressures on the individual, including economic stress which comprises uncertainties 
in payment of salaries and allowances of workers to unemployment of breadwinners 
of families, social stress related to taking care of immediate and extended families, 
occupational stress resulting from uncertainty of daily outcome of market, farming, 

Variables Male Female X2 Df P

N, (%) N, (%)

Risk factors of stroke 12.04 9 0.211

Hypertension 20 (13.4) 9 (6.0)

Diabetes 0 (0.0) 1 (0.7)

Alcohol 3 (2.0) 0 (0.0)

Family history of stroke 1 (0.7) 0 (0.0)

Psychosocial stress 8 (5.4) 12 (8.1)

Spiritual attack 13 (8.7) 7 (4.7)

Normal Sickness 9 (6.0) 5 (3.4)

Poor diet 0 (0.0) 1 (0.7)

Overweight 0 (0.0) 1 (0.7)

Don’t know 34 (22.8) 25 (16.8)

Advice to prevent stroke 11.782 9 0.226

Check blood pressure

Pray to god 3 (2.0) 5 (3.4)

Avoid stress/worry 7 (4.7) 6 (4.0)

Alcohol 10 (6.7) 9 (6.0)

Medical check-up 1 (0.7) 0 (0.0)

Good behavior 7 (4.7) 3 (2.0)

Avoid sugar 9 (6.0) 2 (1.3)

Visit Bebe center 0 (0.0) 2 (1.3)

Avoid diabolical people 1 (0.7) 0 (0.0)

No advice to give 0 (0.0) 1 (0.7)

30 (20.1) 24 (16.1)

Table 5. 
Survivors idea of causes of stroke, their advice for prevention and Pearson’s correlation with gender.
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and artisan jobs. All of these converge to cause high blood pressure. The more these 
psychological and social pressures mount, the more the tendency to high blood pres-
sure and hypertension. These economic anomalies may not obtain in developed coun-
tries but they are commonplace in the underdeveloped ones. Prior reviews have also 
identified a number of psychosocial indicators as potential risk factors for the onset 
and progression of hypertension [31]. Besides ignorance of actual risk factors for 
stroke, it is also revealing to note that many individuals, even those who have suffered 
a stroke, do not know the signs of an impending stroke. In our unpublished work on 
identifying stroke signs among stroke survivors, very few could identify the 3 cardi-
nal signs of impending stroke, FAST (F for facial palsy, A for arm palsy, S for speech 
palsy and T for time to call stroke ambulance). There should be emphasis on stroke 
warning signs, comprising sudden disarthria (speech impairment), haemiparesis, 
facial palsy, dizziness/vertigo, parasthaesia, acute headache, and visual impairment. 
People, particularly first-ever stroke cases, should learn to avoid extreme emotional 
reaction to sudden painful situations in order to avoid sudden spike in blood pressure, 
which could lead to instant stroke. In our work, some stroke survivors recounted how 
their stroke occurred immediately they received painful sad news of sudden loss of 
loved ones, property or goods. Stroke survivors should learn to take life easy and not 
overreact to avoid the risk of a second stroke. For a disease such as a stroke with high 
incidence, this study is severely underpowered to draw any meaningful conclusions. 
More work in this area is needed to augment the present observations.

4. Stroke Management in Herbal Centre (cultural/traditional hospital)

For effective stroke prevention and post-stroke management in sub-Saharan 
Africa, due attention should be paid to the contribution of herbal centres in stroke 
management. This aspect of health delivery has been neglected for far too long. Yet 
traditional healing and herbal centres seem to matter a lot in stroke management 
in sub-Saharan Africa. Our work on satisfactory management of stroke by herbal 
homes, which is the first documented of such research, is quite informative [32]. In 
the study of 117 survivors who patronised Bebe Herbal Centre, we found that with the 
onset of stroke event, 72 (61.5%) went firstly to hospital before going to Bebe Centre, 
25 (21.4%) went to other places, including prayer houses, before going to the Centre 
while 20 (17.1%) went firstly to the Centre. Regarding satisfactory recovery of the sur-
vivors, 116 (99.1%) said they had satisfactory recovery while attending Bebe Centre; 
and only one person (0.9%) said he had no recovery. Regarding time taken before the 
satisfactory recovery, 79 (67.5%) experienced it within 1 month of attending Bebe 
Centre while 73 (67.5%) had theirs after 1 month but under 6 months of attendance. 
All the seventy-two survivors (61.5%) that firstly went to hospital said they were not 
satisfied with treatment received in the hospitals while the remaining that did not go 
said hospital was not suitable for stroke management. None of the hospitals visited 
by the survivors was equipped with CT scan or MRI test machines. The consensus 
statement by the Helsingborg Conference demands computerised tomography for 
all patients with symptoms suggestive of stroke [33]. With CT scan and MRI test, 
ischaemic is differentiated from haemorrhagic stroke, and in case of ischaemic, 
recombinant tissue plasminogen activator (rt-PA) can be administered early enough 
to open up clogged arteries and allow reflow of blood to the injured cells, hence aiding 
quick recovery of the cells [34]. This benefit is only for patients who arrive stroke 
centres within 4.5 hours of stroke icthus. In our work, out of 72 (61.5%) survivors that 
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visited hospital first at the onset of stroke, 93.3% reached hospital within 6 hours of 
onset but none within 4.5 hours. Nonetheless, in the absence of CT and MRI in the 
hospitals visited, the survivors would not have benefitted even if they had arrived 
within the 4.5 hours window because of absence of neurodiagnostic machines. The 

Variables Male (n, %) Female (n, %) P

Activity at stroke onset 0.713

Sleeping 18 (15.4) 18 (15.4)

Resting 24 (20.5) 22 (17.1)

Physical activity 15 (12.8) 20 (17.1)

1st place visited after onset 0.247

Hospital 35 (29.9) 37 (31.6)

Bebe center 07 (6.0) 13 (11.1)

Others 15 (12.8) 10 (8.5)

Recovery time 0.454

<1 month 40 (34.2) 39 (33.3)

1–3 months 12 (10.3) 12 (10.3)

4–6 months 01 (0.9) 05 (4.3)

>6 months 04 (3.4) 03 (2.6)

No recovery 0 01 (0.9)

After 6 months

Impression Bebe Hospital (Cultural) 0.380

Very satisfied 19 (16.2) 13 (11.1)

Satisfied 34 (29.1) 39 (33.3)

Fairly satisfied 04 (03.4) 07 (6.0)

Not satisfied 0 01 (0.9)

Impression at Conventional Allopathic Hospital 0.490

Not satisfied 51 (43.6) 21 (17.9)

Not suitable 15 (12.8) 30 (25.7)

BP check before stroke 0.323

Once/week 11 (9.4) 11 (9.4)

>Once/week 06 (5.1) 11 (9.4)

Occasional 20 (17.1) 37 (31.5)

None 6 (5.4) 15 (12.7)

BP check after stroke 0.054*

Once/week 18 (15.4) 12 (10.3)

>once/week 20 (17.1) 36 (30.8)

Occasional 09 (7.7) 07 (6.0)

None 10 (8.5) 05 (4.3)
*P < 0.05.
Okoro et al. [32].

Table 6. 
Experience of stroke survivors with hospital and Bebe Centre, Pearson’s Chi-Square test of association with sex.
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above findings suggest two things namely the need for the establishment of stroke 
centres and units with neurodiagnostic equipment and expert personnel and the 
need for victims to arrive early at specialised hospitals within 4.5 hours of event. 
Unfortunately, only very few centers in sub-Saharan Africa have CT scan and MRI 
testing machines unlike in developed countries [35].

While considering factors that discourage stroke patients from seeking early 
hospital intervention, it should also be remembered that cultural beliefs have also 
become unintended setback in seeking behaviour among stroke patients in Nigeria 
[36]. Every ethnic group has a culture and tradition that may impact on their per-
ception and understanding of an ailment. Stroke has been interpreted as a sign of 
the “gods” or “spirits” being angry [36]. Public education on risk factors will help 
diffuse these perceptions and hopefully increase patients being brought in for early 
hospital intervention in Nigeria [37], and other developing countries like Ghana [38], 
India [39] and even China [40]. Stroke rehabilitation services in Nigeria and most 
sub-Saharan Africa are limited to physiotherapy, only available in limited number 
of hospitals. They are rarely available outside hospital settings and certainly not in 
herbal homes. So there is urgent need to extend physiotherapy and other rehabilita-
tion services to outside hospital settings, particularly to herbal homes to quicken 
recovery of stroke patients. The management of Bebe Centre, in our interaction, said 
their treatment was based purely on leaves and roots of trees and plants. If that is 
so, then there is the need for stroke survivors to embrace high vegetables and fruits 
in their diet. It is important to note the findings of Opie and Seedat [41] about risk 
factors for stroke in sub-Saharan Africa. They noted the impact of 6 topmost modifi-
able factors associated with stoke in descending order of population attributable risk 
(95% CI) to be hypertension 88.7%, dyslipidemia 48.2%, diabetes mellitus 22.6%, low 
green vegetable consumption 18.2%, stress 14.5% (Table 6).

5. Conclusions

In conclusions, for serious and successful post-stroke effective rehabilitation in 
sub-Saharan Africa, there should be dedicated and sustained awareness education of 
stroke risk factors and warning signs, especially targeted at stroke survivors because 
they are at high risk of a second stroke. The awareness education should dispel erro-
neous beliefs about stroke in this region, emphasising the ugly relationship between 
psychosocial stress and hypertension as the major fuel for stroke in sub-Saharan 
Africa. Government should contribute to lowering stroke incidence by establishing 
stroke units, equipped with CT scan, MRI imaging, experts and emergency response 
ambulances for stroke distress calls. High risk individuals should be taught to be aware 
of FAST as cardinal warning signs leading eventually to stroke. Herbal centres should 
be upgraded to continue to provide alternative management of stroke as most stroke 
survivors are comfortable with treatment received from them. This also calls for the 
need for stroke patients to favour vegetable and fruit diets because of high fibre con-
tent for lowering diabetes and blood pressure, and for their high anti-oxidant content 
for mopping up excess radicals. Community Physiotherapists should be deployed 
to herbal centres to teach and train survivors for better treatment outcome. Overall, 
people, including stroke survivors, should not overstress themselves physically and 
emotionally, curtailing family and occupational pressures, subjecting themselves to 
metabolic screening. Overall, this work, conducted in one setting, is severely under-
powered to draw any meaningful conclusions. The unique contribution, however, is 
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the observation of a relation with cultural belief in obtaining stroke care. More work 
is advocated among stroke survivors.

6. Strength and limitations and recommendations

The strength of this baseline study is the observation of lack of awareness and 
community screening, especially among stroke survivors. A study of one herbal cen-
tre is severely underpowered to draw any generalised meaningful conclusions. There 
is need to extend study to more survivors, and more herbal centres. One limitation 
here was the difficulty in having research access to most Herbal centres. The second 
was that majority of the herbal centres lacked proper structural organisation to allow 
for meaningful research work. There was also our inability to obtain body-mass index 
of the survivors due to lack of cooperation in this regard. This baseline study of stroke 
in an herbal centre should instigate more work in this area, particularly in the sub-
Saharan Africa, where patronage is on the increase.
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Chapter 5

Role of Yoga and Spirituality in 
Stroke Rehabilitation
Pratap Sanchetee

Abstract

In spite of the best treatment, 30–50% of stroke survivors are left with significant 
physical and/or psychological disabilities and consequent decline in quality of life 
(QOL). The silver lining is that up to 80% of stroke survivors can become indepen-
dent in activities of daily living with adequate rehabilitation. Rehabilitation with 
physiotherapy, occupational therapy, and speech therapy offers a good opportunity to 
regain functional abilities. However, there is a shortage of neurorehabilitation (NR) 
programs across the globe, more so in resource-poor countries. The secular practice 
of yoga and spirituality is associated with a host of physical, physiological, cognitive, 
and psychological benefits that can be effectively included in stroke rehabilitation 
(SR). It has been shown to increase creativity and reduce stress as well as improve 
muscle power, dexterity, visual perception, and reaction time. These practices 
promote the positive effects on carotid atherosclerosis, hypertension, diabetes, and 
coronary artery disease, which are all identified risk factors associated with stroke 
occurrence or reoccurrence. Yoga and relevant practices are low cost and have good 
acceptance amongst patients and caregivers. In spite of yoga and meditation as useful 
tool, it has not been addressed adequately in stroke rehabilitation.

Keywords: yoga, spirituality, neurorehabilitation, stroke rehabilitation, 
neuropsychiatric complications, stress

1. Introduction

Stroke is the leading cause of disability across the globe and with better care, more 
people are living following stroke with mild to severe neurologic deficits. This has a 
negative impact on both psychological and physical health and quality of life [1]. The 
majority of such patients reach the plateau of their recovery within 6 months [2]. It 
has been observed that a good and sustainable rehabilitation program can result in 
improvement in muscle power, balance, mobility, risk of fall, and aerobic capacity 
in up to 70% of the poststroke patients [3]. Rehabilitation in stroke focuses on the 
recovery of function and cognition to the maximum level achievable and may include 
a wide range of complementary strategies including yoga [4]. The rehabilitation 
of stroke is a multidisciplinary process involving physicians or stroke specialists, 
nurses, physiotherapists, psychologists, nutritionists, occupational therapists, speech 
therapists, and audiologists [5, 6]. These patients require long-term rehabilitation 
and because of the high cost and lack of qualified therapists, they are not able to avail 
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them. Thus, there is a strong need for novel strategies, which are low cost, suitable 
for home care, particularly in rural areas, and address the physical and mental needs 
of the patients and caregivers [7]. Yoga and meditation are such tools that are being 
explored in the last two decades or more. However, it is yet to find widespread accep-
tance. This review aims to update and synthesized the role of yoga and meditation 
intervention in stroke rehabilitation (SR).

2. Stroke rehabilitation

The primary purpose of rehabilitation is to maintain or improve an individual’s 
functioning and independence. Neurorehabilitation (NR) services are essential to 
optimize physical, psychological, and cognitive functioning of patients with compro-
mised neuropsychological functions especially in the initial 3–6 months poststroke [8]. 
There are marked inconsistencies in quality of care and rehabilitation services across the 
globe. Such services are needed both during the acute stage and during later phase of 
disease [9, 10]. NR with conventional physiotherapy, occupational therapy, and speech 
therapy offers them a good opportunity to regain QOL and activities of daily livings 
(ADLs). However, it is mostly underutilized and major barriers are limited availability, 
geographical distance, high cost, and lack of awareness about its benefits [8, 11, 12].

SR is a multidisciplinary process involving doctors, nurses, physiotherapists, 
occupational therapists, neuropsychologists, linguistic and speech specialists, audi-
ologists, and nutritionists [13]. It is not a “one size fits all” intervention and a combi-
nation of interventions suits better to treat motor and sensory impairments, cognitive 
deficits, and psychological issues. Physical therapy in form of active and passive joint 
movement, muscle strengthening, and gait training was the cornerstone of SR till 
the recent past. Newer techniques such as repetitive task training (RTT), constraint-
induced movement therapy (CIMT), mirror therapy, use of botulinum toxin to relieve 
spasticity, advanced gait training with robotic-assisted therapy and virtual reality, 
electrical stimulation (ES), noninvasive brain stimulation (NIBS), cognitive rehabili-
tation, and neurofeedback are newer addition to the armamentarium [6].

While use of technology (e.g., virtual medical examination, tele-counseling, 
robotic-based and exoskeleton interventions, and telerehabilitation) to manage NR 
has the potential to reach a large number of patients even in remote areas with limited 
physical contact, they have the disadvantage of complexity and high cost [8]. In this 
situation, yoga and spirituality as an adjunct to conventional physical and psychoso-
cial aspects of rehabilitation merit a serious consideration [6]. Subsequent discussion 
in this article will focus on spirituality and yoga as an adjunct in SR.

3. Spirituality and yoga

Ancient spirituality and related practices, not synonyms with religion, are widely 
used for prevention of diseases, promotion of health, and as possible treatment 
modality for neurological and psychiatric disorders [14]. These practices include 
prayer, yoga, meditation, dietary modification, and mental remodeling. Recently, 
we are discovering their health benefits and are finding a bigger role in the field of 
rehabilitation [15]. They are cost-effective and self-administered options with advan-
tages of their use in both urban and rural areas with minimal physical interactions. 
Spirituality and yoga, though interconnected, are different as explained below.
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3.1 Spirituality

Spiritual technologies are not new to us and are guiding us through ancient times. 
There is no agreed definition of the term spirituality. It is a blend of humanistic 
psychology with an individual relationship with higher powers and the subjective 
experience of the “deepest values and meanings by which people live” [16–18].

To have wider application, it is necessary to distinguish spirituality from religion. 
While spirituality refers to a quest in life or a transcendent relationship with a higher 
power, religion focuses on community-based doctrine, prescribed beliefs, practices, and 
rituals [6, 17, 18]. Spirituality is generally considered to be a much broader construct 
than religious faith, although the two concepts may overlap [19]. It must be clarified 
that being spiritual does not necessarily mean religious, whereas the reverse is true.

As such studies relating to spirituality and rehabilitation for neurological illnesses 
are limited, much research is needed to evaluate their specific role [1, 17]. Though 
higher levels of spirituality are known to be associated with a better quality of life 
(QOL) for people with neurodisability and their caregivers, most of the medical staff 
are not well equipped to administer it [20, 21].

3.2 Yoga and meditation

Yoga is a way of life and an ancient mind-body practice that originated in India more 
than 5,000 years ago. It is now recognized worldwide to have spiritual, physical, and men-
tal health benefits [1, 22, 23]. The word “yoga” is derived from Sanskrit verb “yuj” meaning 
to yoke or unite. Commonly, yoga is translated to imply the union of body, mind, and spirit 
[22, 24]. Meditation in its many forms has been practiced over millions of years by diverse 
groups of people in many different traditions. In a more modern context, it can be defined 
as “a systematic practice and implementation of mind and body in the living process of 
human beings to keep harmony within self, within society, and with nature” [25].

There are many practices of yoga and they include varying combinations of spiri-
tual way of life, different bodily postures (asanas), controlled breathing (pranayam), 
physical and mental relaxation, contemplation, control of thoughts and mind (con-
centration meditation), and open-mindedness or mindfulness [1, 14, 22]. Meditation, 
the most important component of yoga, aims at giving peace to the mind and increas-
ing awareness of environment and higher consciousness.

The practices of yoga and meditation strengthen willpower and control of mind 
and body to work in perfect synergy [1, 13]. They are known to promote cardio-
respiratory and metabolic health (reduction of carotid atherosclerosis, dyslipidemia, 
hypertension, diabetes, and coronary artery disease) and as a possible treatment 
modality for a variety of neurological and psychosomatic disorders [1, 22, 26].

4. Mechanism of improvement in stroke with yoga

Though yoga and spiritual techniques-based practices are becoming increas-
ingly popular in the management of many physical and psychological illnesses, the 
neurobiological effects of such practices in improvement are not well understood 
[4, 27, 28]. It must be appreciated that unlike majority of conventional SR techniques 
aims at deficit recovery (external mechanism), spirituality and yoga work at intrinsic 
recovery of the brain as well. Neuropsychological studies have shown that mindful-
ness meditation training improves immunity, cognitive skills (thinking, reasoning, 
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judgment, and memory), attention-related behavioral responses and emotional 
liability, and reduction in autonomic arousal [1, 27].

4.1 Autonomic nervous system

There is increasing support for the theory that relates the positive effects of yoga 
to a close link between the central nervous system and the autonomic nervous system, 
along with the endocrine and immune systems. It is believed that yoga techniques 
favor a down-regulation of the hypothalamic-pituitary-adrenal (HPA) axis and the 
sympathetic nervous system (SNS), leading to a prevalence of the parasympathetic 
nervous system over the SNS, possibly through direct vagal stimulation [4]. Moreover, 
breathing control and meditation practices in yoga increase the autonomic control, 
and reduce blood pressure, heart rate, and breathing. These changes may help in 
poststroke rehabilitation through restoration of physical and mental health, promo-
tion and coordination of complex movements, balance, strengthening, and breathing.

4.2 Hormonal changes

The stress hormones (such as cortisol) that compromise the immune system can 
be balanced through practice of yoga [29]. The practice of yoga enhances the activ-
ity of many hormones connected with mental health such as melatonin and gamma 
aminobutyric acid (GABA) [30, 31].

There are pieces of evidence that meditation-based training increases many growth 
factors such as brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF), 
vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), glial-
derived thrombospondin 1 and 2, and growth-inducing proteins (neuromodulin, CAP23, 
MARCKS) [32]. Higher levels of these growth factors are associated with better neuro-
plasticity, neuronal morphology (synaptic and dendritic changes), and cortical reorgani-
zation improving functional outcomes following neurological illnesses.

4.3 Brain structures

Till recently, it was believed neural tissues do not regenerate. Now, we have learned 
that it is possible to reconstruct neural circuits with transplanted endogenous neural 
stem cells or through mental training such as meditation [33, 34]. Long practice with 
yoga has been associated with changing brain structures with an increase in gray mat-
ter density in structures involving memory, attention, self-awareness, compassion, 
and control of the autonomic nervous system [27, 33]. Functional magnetic resonance 
imaging (fMRI) studies have shown increased gray matter in the hippocampus, 
prefrontal cortex, cingulate cortex, and brain networks including the default mode 
network (DMN) [1, 26, 27, 35]. In contrast to this, there was a decrease in the grey 
matter in the amygdala, the part of the brain associated with fear and stress.

4.4 Epigenetic

Epigenetic refers to a way to regulate gene activity in real time without modifying 
the DNA sequence. It allows the body to function in changing environment. Yoga and 
related practices have been shown to alter gene expression, particularly those related 
to free radical handling, inflammation processes, mitochondrial energy production 
and utilization, and apoptosis [1, 36, 37].
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4.5 Cellular oxygenation and general well being

As a result of practice of asanas (body posture), pranayam (control of breathing), 
and control of thoughts and mind, there is general improvement in well-being and a 
positive outlook in life. With respiratory practice (pranayam), there is improvement 
in the lung capacity and respiratory health, which in turn improves supply of the 
oxygenated blood to multiple organs for smooth optimal function [30].

4.6 Dietary modifications

Lifestyle diseases such as obesity, accelerated atherosclerosis, insulin resis-
tance, type 2 diabetes, and cardiovascular disease are major risk factor contribu-
tors to occurrence of stroke [38]. They are targets in both primary and secondary 
preventions of the stroke. Current dietary practice is loaded with a high pro-
portion of refined carbohydrates and saturated fats. Thus, it is logical to build 
body-mind through diet, exercise, healthy lifestyle choices, and mental remodel-
ing with spirituality. Spirituality and meditation techniques mandate a vegetarian 
diet rich in fiber content and unsaturated fats with less refined carbohydrates 
(Table 1).

5. Yoga and spirituality for stroke rehabilitation

Spirituality, meditation, and mind-body exercises are novel therapeutic 
approaches in improving neurological outcomes and enhancing cognitive capabili-
ties [13, 39, 40]. Such practices allow SR in less complex and highly individualized 
environment. However, yoga and meditation programs should be tailored to deliver 
personalized interventions according to each person’s profile and rehabilitation needs. 
Being a low-cost model, it improves availability of rehabilitation in low- to middle-
income countries. Though it is effective and less labor intensive, there is a lack of 
evidence-based review to support the claim.

Few specific practices of meditation that have been used for stroke rehabilitation 
are Preksha Meditation (based on perception theory), Qigong (Chinese body-mind 
exercise), and yoga-based asanas or exercises [11, 19, 39, 24, 32, 41–45]. A recent sys-
tematic review concluded that yoga can be used as self-administered practice in stroke 
rehabilitation, due to its effect on relieving the mind and body from stress. Yoga was 
found to act at both psychological and physical levels, and improvements were noted 
in self-efficacy and confidence [1, 4].

• Restructuring dietary intake and fasting

• Be vegetarian and avoid nonvegetarian meals

• Plenty of fluids

• Avoid junk food

• Avoid night meals and follow intermittent fasting (with a feeding and fasting schedule of 8:16 hours)

• Adequate intake of proteins, vitamins, minerals

Table 1. 
Some simple dietary principles with spiritual technologies.
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5.1 Motor and sensory functions

Rehabilitation in ICU & During acute phase: Patients with moderate-to-severe 
stroke are often subjected to prolonged bed rest and mechanical ventilation [13]. Such 
patients have a significant deficit of motor functions in form of profound muscle 
weakness, fatigue, diffuse myalgia, balance deficits, fear of falling (FoF), dysauto-
nomia, orthostatic hypotension, respiratory muscle weakness, deep vein thrombosis, 
decubitus ulcer, joint contracture, and impaired ADLs. Neuromotor rehabilitation is a 
key concept of recovery from immobilization syndrome. Modified yoga (a combina-
tion of postures, breathing, and meditation) has been shown to improve vital capac-
ity, muscle power, range of movements, walking capacity and speed, self-efficacy, 
and improved quality of life [11, 22, 41, 43, 46].

Rehabilitation during subacute and chronic phase: Several investigators have 
found improvements in muscle force, balance, aerobic capacity, timed mobility, and 
aphasia in subjects with chronic poststroke hemiparesis following yogic interven-
tions [24, 39, 42]. Bastille and Gill-Body [41] demonstrated that yoga results in 
significant improvement in muscle power and range of movements in hemiplegic 
limbs and some positive effects on the Berg Balance Scale (BBS), Timed Movement 
Battery (TMB), and quality of life (QOL) as assessed with Stroke Impact Scale 
(SIS). Schmid et al. [11] in a study of 37 poststroke patients managed with yoga 
interventions observed significant improvement in balance (Berg Balance Scale, 
41.3±11.7 vs. 46.3±9.1; P<0.001) and fear of fall (51% vs. 46%; P < 0.001). In a 
study carried out by Singh et al. [43], Preksha Meditation training was given to 22 
subjects with hemiplegia and was compared with an equal number of controls at 
3 months. A significant improvement was observed in muscle power and range of 
movements in hemiplegic limbs. In another prospective trial, Qigong practice for 
16 weeks in stroke subjects was associated with improvement in balance capacity, 
physical well-being, and psychological well-being [44]. Psychological improvement 
with reduction in anxiety and depression and better QOL are additional advantages 
of mediation, which is helpful for patients and their caregivers [21–23, 42, 47]. 
Wang et al. [45] in a systemic analysis of 33 rt-fMRI neurofeedback studies on 651 
healthy individuals and 15 stroke patients observed a learned modulation of brain 
signals, with associated changes at both the neural and the behavioral levels with 
this intervention.

Thus, meditation and mind-body exercises are a novel therapeutic approaches to 
enhance cognitive capabilities and are effective in improving poststroke outcomes 
[11, 21, 22, 26, 39, 40].

5.2 Cognitive rehabilitation

A large number of patients with stroke suffer from cognitive impairment. There 
are many types of cognitive deficits in these patients, which include forgetfulness, 
confusion, disorientation, problems with attention, executive functioning, informa-
tion processing, etc. [48, 49]. However, cognitive rehabilitation is still far from sat-
isfaction. Meditation and other mind-body interventions are effective in improving 
cognitive functions in these patients [50, 51]. However, only a small number of stroke 
patients have been evaluated with yoga-based interventions and Mindfulness-Based 
Stress Reduction (MBSR) programs in subjects with cognitive impairment. There is a 
requirement to study a larger number of patients and to design modified yoga pro-
gram to suit different characteristics of stroke patients.
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5.3 Stress and psychological

Apart from motor deficits, stroke patients have a significant cognitive deficit, 
stress, negative emotions, frustration, boredom, disturbed sleep, anxiety, losing a 
job, financial problems, depression, and behavior-related problems that hamper their 
recovery [8, 52]. These emotional stress results not only in de novo illnesses but can 
exacerbate preexisting illnesses as well. Some simple tips are given in Table 2 and the 
list can be expanded with personal experience.

Spiritual techniques and yoga provide a good non-pharmacological approach to 
handling such psychological issues that are common among patients and caregivers 
[1, 22, 25, 49, 53]. Yoga has been demonstrated to provide relief from stressful psycho-
logical states with a reduction in anxiety, depression, and cortisol levels. Immink et al. 
[42] observed significant improvements in quality of life associated with a perceived 
motor function (P = .0001), perceived recovery (P = .072), and memory-related 
quality of life scores (P = .022), with decreases in state and trait anxiety following 
yoga intervention. In a recent cross-sectional, online survey of clinicians (n >600) 
regarding coping strategies employed by them to mitigate stress was physical activity/
exercise (59%), psychotherapy (26%), yoga (25%), religious or spiritual practices 
(23%), meditation (23%), and virtual support groups (16%) [54].

5.4 Caregivers

Developing a caregiver-driven stroke rehabilitation program has been attractive 
in India to address the scarcity of rehabilitation centers and trained therapists. The 
physical and mental health of caregivers is an important consideration in long-term 
SR. Spirituality and resilience needs of caregivers must be strengthened so that they 
can cope with the burden [8, 19].

6. Modification of yoga practices for stroke rehabilitation

While motor deficit and spasticity management in SR are well organized, the 
mental health program is not standardized and there is a requirement to develop a 
holistic module considering all aspects of rehabilitation. Spirituality and yoga are 

It is pertinent for us to identify stressors early and manage them accordingly. Few simple steps are

• Be friends with all livings beings

• Prefer positivity over negativity

• Gratitude to those who help

• Strengthen emotional bonding

• Watch & learn from kids & nature

• Be environment friendly

• Be happy in small acts

• Good sleep

Table 2. 
Simple mental remodeling steps.



Post-Stroke Rehabilitation

98

cost-effective self-administered options for SR and should find a place in the SR 
schedule [1, 6]. It is recommended that these interventions should be tailored to 
deliver personalized interventions according to each person’s profile and rehabilita-
tion needs (duration of illness and level of impairment, function and mobility, etc.).

Step description Duration

1. Place, position, and prayer (decided on patient’s condition and disable-
ment)

• Select a quiet place with least distraction.

• Comfortably sitting on a chair or lying in the bed.

• Prayer: Content is left to person’s belief and faith. It will be either a silent 
one by the self or play a recorded one.

5 minutes

2. Posture (asanas) and loosening movements:

• Based on patient’s condition movements can be active, passive, or 
assisted.

• Based on physical disablement, one can increase it to 10−15 minutes

10–15 minutes

3. Pranayam (breathing exercises) and controlled breathing:

• Make breathing slow, long and rhythmic. Take a deep breath in with 
your mouth closed and hold it comfortably for 2−4 seconds. Then exhale 
effortlessly with mouth closed. Repeat this initially for 5 times in 2 min-
utes and with practice gradually increased it to 9−11 times in 7−10 min.

• Pranayam has shown to enhance body oxygen utilization, improve 
concentration, and clean the respiratory passages.

7–10 minutes

4. Body relaxation with awareness (Kayotsarga)

• Instruct body to relax each part, one by one, from the toe to the upper 
part of the head. Autosuggest for relaxation of muscles, body, and mind. 
Maintain this relaxation of body and mind initially for five minutes and 
with practice increase it to ten minutes.

10 minutes

5. Concentration meditation

• With eyes closed focus your attention on a single object, idea, sensa-
tion, or aspect of divinity (e.g., counting or monitoring breathing, 
reciting a mantra, visualizing processes in the body, external object, 
etc.) at the exclusion of all other thoughts. Distracting thoughts will 
invariably appear but try to ignore them by focusing the mind through 
autosuggestions.

7–10 minutes

6. Open mindedness

• This is a higher stage of meditation, which can be practiced after one has 
mastered concentration meditation. Instead of focusing attention, there 
is expansion of awareness and attention. All sensory inputs, be it internal 
(thoughts, feelings, memory, etc.) or be it external (sound, smell, etc.), 
are perceived as they are without any prejudice and in a nonreactive way. 
This provides a stimulus to gain access to knowledge, self-realization, 
and soul (consciousness) purification.

7–10 minutes

7. Conclusion

• Gently close your meditation session with producing mahapran dhavani 
on two occasions. Rub your hands and move your body freely.

One minute

Table 3. 
Stroke rehabilitation module with spiritual and yoga practices (To be under guidance of a physician & trained 
yoga teacher).
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Some of the asanas suggested are downward-facing dog, tree pose, and child pose, and 
these can restore balance and significantly reduce the risk of falling for stroke patients. In 
view of physical limitations, practice of asanas should have provision for adequate support 
such as practice against the wall, use of head gears, etc. A suggested module as designed 
by the author is given in Table 3 and should be modified as per patient’s need.

7. Future

There is a good potential for spiritual technologies to be included in the NR sched-
ule. Some of the areas that need to be considered for research are as follows:

1. Research-based modification of yoga and meditation schedule to suit disabilities, 
limitations, and co-morbid conditions.

2. To quantify benefits and acceptability of these technologies in a large number of 
people.

3. To elucidate neurobiological mechanism of these technologies in bringing the 
improvement.

4. To develop and amalgamate delivery of these procedures with use of low-cost 
technologies such as smartphones or tablets for tele-counseling, tele-training, 
tele-monitoring, and tele-rehabilitation.

5. To develop guidelines for use of spiritual technologies and yoga in SR.

8. Conclusions

The field of stroke rehabilitation has a bright future. In spite of good potential for 
recovery, these rehabilitative measures are underutilized and major barriers are limited 
availability, geographical distance, high cost, and lack of awareness about its benefits. 
Scientific evidence indicates that yoga may constitute a promising add-on therapy for 
a number of diseases. It is a simple to learn, adaptable and community-based practice, 
which could be cost-effective [1, 4]. Studies relating to spirituality and rehabilitation 
for neurodisability including stroke are limited [16, 17]. They can be employed at a 
hospital, home, and workplaces alike. Recent experiments have proved its benefit in 
achieving physical, mental, and spiritual health. Medical and paramedical practitioners 
involved in SR should be aware of them and educate the patients and caregivers.

Meditation is a body-mind exercise that could be a cost-effective and useful tech-
nique for poststroke rehabilitation [21, 23]. Though spiritual techniques are effective 
and less labor intensive, there is a lack of evidence-based review to support the claim. 
Such interventions should be considering variables such as duration of illness, type 
and level of impairment, and functional need. However, large-scale methodologically 
robust trials are required to study mobility, balance, postural stability, coordination, 
cognitive changes, and QOL [4]. It is recommended that yoga and meditation inter-
ventions should be designed to meet patients’ different characteristics (time after 
stroke, level of impairment, function, and mobility). To maintain the continuum 
for stroke care and reduce morbidity and mortality with stroke, there is a need for 
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Abstract

Post-stroke rehabilitation remains the preferred therapeutic option for stroke 
survivors due to its unrestrictive therapeutic window of unlimited lifelong applica-
bility. However, post-stroke rehabilitative interventions are still far from ideal and 
optimal recovery from lost functions after stroke. This heralds the search for strate-
gies to complement rehabilitative interventions. Expanding the armamentarium 
of the existing post-stroke rehabilitation strategies will go a long way towards the 
attainment of optimal functions lost due to stroke. One of the promising emerging 
trends in stroke is cherished within the microbiome present in the gastrointestinal 
system. There is bidirectional communication between stroke and gut microbiome via 
gut-brain axis, and plethora of evidence pointed that modulation of this axis impact 
on stroke outcome, as well as evidence linking gut microbiome in modulation of brain 
neuroplasticity. Herein, we explored evidence that will support future research and 
perspectives into the potentiality of microbiome-based interventions as an integral 
part of post-stroke rehabilitation. Findings support the premise of the function of gut 
microbiome in brain neuroplasticity, and this could be fundamental towards translat-
ing similar phenomenon in human stroke to promote brain neuroplasticity in comple-
ment with post-stroke rehabilitation.

Keywords: microbiome, microbiota, microbiota gut-brain axis, stroke, post-stroke 
rehabilitation, neuroplasticity

1. Introduction

A stroke occurs due to interruptions in blood supply to the brain, and over the 
years stroke consistently constitutes the second most common cause of mortality 
after cardiovascular diseases and a foremost root of chronic adult disability [1–3]. 
Individuals that survive stroke experience a multifaceted range of impairments as 
a result of loss of brain function due to the infarct, with acute clinical treatment of 
those impairments tailored towards rescuing the larger component of potentially 
affected but yet viable neurons in the ischemic penumbra that surround the ischemic 
core [4]. However, the approved strategy to salvage neurons in the ischemic penumbra 
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using recombinant tissue plasminogen activator (rtPA) and mechanical thrombec-
tomy remains largely unsatisfactory and is only available to an only small fraction 
of about 5% of stroke patients due to narrow time of applicability within 4.5 h of 
stroke onset [5]. Moreover, despite advancement in understanding the mechanism of 
neuronal demise after stroke and the corresponding development of neuroprotective 
agents, translating findings from bench to bedside has been largely disappointing, as 
about 70 agents tested in more than 140 clinical trials have all been unsatisfying [6].

Therefore, post-stroke rehabilitation aims at restoring functional impairments as 
well as promoting better compensation of the resulting defects after stroke remains a 
favorite therapeutic option against stroke due to its relative advantage of unrestrictive 
time of applicability [7]. Rehabilitative interventions are principally based on modify-
ing and boosting the neuronal plasticity processes [8, 9]. Neuroplasticity is a general 
term used to denote the life-long natural capability of the nervous system to act in 
response to intrinsic or extrinsic stimuli by rearranging itself in terms of structural, 
functional, and molecular form [10]. There are numerous processes of neuroplasticity 
that allow for neuronal reorganization, which includes neurogenesis, gliogenesis, 
angiogenesis, synaptogenesis, dendritic arborization, axonal sprouting, long-term 
potentiation (LTP), enrollment of other pathways, strengthening of functionally 
silent synapses. Thus, the categorization into neuronal plasticity (neurogenesis), 
synaptic plasticity (LTP), and global plasticity is often used to take into account the 
various organizational level of neuroplasticity. Brain injury, due to stroke, is one of 
the potent stimuli that lead to the activation of neuroplasticity processes to initiate 
spontaneous recovery. The rehabilitative interventions take advantage of this endog-
enous brain capacity to promote it as well as remodel it in the right direction to achieve 
maximum recovery from functional impairment after stroke [11, 12].

Nevertheless, it was estimated that about 50% of individuals that survived stroke are 
left with residual functional impairment even with rehabilitative interventions [13]. This 
prompted the search for strategies that enhance neuroplasticity to complement rehabili-
tative interventions. Various strategies to achieve that using transcranial direct current 
stimulation, functional electrical stimulation, deep brain stimulation, brain-derived 
neurotrophic factor (BDNF) therapy, Statins therapy, erythropoietin (EPO) therapy, 
phosphodiesterase type 5 inhibitors, and vascular endothelial growth factor (VEGF) 
therapy have all been under investigation [4]. But considerations for gut microbiome-
based interventions to enhance neuroplasticity and supplement neuro-rehabilitation 
of stroke have not been explored. This is despite the fact that there exists numerous 
evidence indicating mechanistic link implicating gut microbiome in the pathogenesis of 
stroke and mediating through gut microbiome to impact on stroke outcome [14–17], as 
well the role microbiome as a potential modulator of brain neuroplasticity [18].

Gut microbiome is composed of a complex community of trillions of microbes, 
consisting of bacteria, fungi, viruses, archaea, and protozoa, with bacteria consti-
tuting more than 90% of the gastrointestinal ecosystem [19–22]. The mechanism 
through which the gut microbiome mediates an integral role in the pathogenesis of 
stroke has been well established [23]. Brain lesion due to stroke together with the 
effect from stroke-induced immunosuppression caused harmful consequences on 
gut microbiome via top-down signaling of microbiota gut-brain axis. Such conse-
quences include dysbiosis, imbalance in resident intestinal immune function, and 
intestinal barrier dysfunction [24]. The bottom-up signaling of microbiota gut-brain 
axis through microbiome associated effect in up-regulation in pro-inflammatory 
immune cells and cytokines, as well as an increase in permeability of microbes 
and their components, lead to compounding effect on stroke injury by escalating 
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neuro-inflammation and unsettling in integrity of blood–brain barrier (BBB) [25]. 
In this paper, therefore, we explored evidence that will support future research and 
perspectives into the potentiality of microbiome-based interventions as an integral 
part of post-stroke rehabilitation.

2. Post-stroke rehabilitation and neuroplasticity

Post-stroke rehabilitation entails healthcare that manages post-stroke disability 
and the underline condition that cause or accompany the stroke, with the goal that 
focuses on reducing the disability and enhancing the performance in activities of daily 
living (ADL). Because post-stroke rehabilitation objectives are complex and dynamic 
involving measures to avoid further decline in function, optimize the existing function, 
and reach for the highest possible level of independence (physically, psychologically, 
socially, and financially) possible, multidisciplinary interventions from a number 
of disciplines are employed [26]. Post-stroke rehabilitation guidelines are therefore 
developed based on evidence-based best data to improve and support the best clinical 
rehabilitation of stroke [27, 28]. Nevertheless, even with the best clinical practice in 
post-stroke rehabilitation, certain populations of stroke survivors are still living with 
residual disabilities. Rehabilitation as a process generally explores the basis for brain 
recovery from impairments, which are adaptation, restitution, and neuroplasticity [29].

Recovery in function in post-stroke brain depends majorly on neuroplasticity. 
Neuroplasticity entails the inherent capability of the CNS to change structurally 
and functionally as a result of new experiences [30]. There exist many techniques to 
detect neuroplasticity in the human brain. The most frequently used include func-
tional magnetic resonance imaging (fMRI) which assesses changes in activation and 
recruitment of brain regions and noninvasive brain stimulation which can detect a 
change in volume, location, and excitability of motor cortical maps [31]. The basic 
processes in learning-related plasticity include the amplification of existing neuronal 
connections, as well as the formation of new connections to support learned behav-
iors [32]. These processes are then followed by synaptic pruning of the connections 
as skill and preferential pathways develop. For this, one of the current approaches to 
optimize the functional benefits of post-stroke motor rehabilitation is by focusing on 
interventions that encourage motor learning-related neuroplasticity [31].

The molecular level of synaptic plasticity has been extensively studied. In synaptic 
plasticity, there is exocytosis of neurotransmitters to modulate synaptic plasticity 
either at monosynaptic or multi-synaptic level, thus neurotransmitter-receptor bind-
ing is critical to synaptic plasticity [33]. Within the cortex, glutamate receptors play a 
key role, as glutamate is the most important excitatory neurotransmitter. The arrival 
of impulses from neighboring neurons leads to the activation of metabotropic gluta-
mate receptors. This allows for calcium influx which consequently engages machinery 
for protein synthesis and permanently changes postsynaptic neurons [34].

3. Microbiota gut brain axis and stroke

Gut-brain axis has recently been increasingly recognized as one of hallmark 
biological processes linked with the pathophysiology of stroke [35]. Gut-brain axis 
primarily refers to the network of biological connections that link the gastrointes-
tinal tract (GIT) and the central nervous system (CNS), allowing for bidirectional 
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communication between the two [36, 37]. By implication, the bidirectional communi-
cation here indicates two-way communication implying that while on hand the brain 
modulates the regulation of gut activities (top-down signaling); on the other hand, 
the gut also can regulate the functions of the brain (bottom-up signaling). These reg-
ulatory signals between the two are executed through multiple mechanisms, includ-
ing neural, endocrinal, immunological, and metabolic pathways. The components 
of the brain that drive gut-brain axis include the hypothalamus, medial prefrontal 
cortex, nucleus of the solitary tract in the medulla, and amygdala among others [38]. 
The gastrointestinal components include the intestinal cells and the microbes within 
the gut termed microbiota. The term gut microbiota refers to complex assembly of 
microbes residing within the human gastrointestinal tract [39]. The microbes within 
microbiota community are constituted by extraordinary densities of 100 trillions 
of microorganisms, including more than 1000 species, of mostly bacteria, but also 
fungi, archaea, protozoa, and viruses, together with their collective genomes termed 
microbiome [21, 22]. Because the gut microbiota contributes to the major components 
involved in gut-brain axis, the term microbiota gut-brain axis is used as an extension 
to recognize the integral position of gut microbiota in gut-brain axis [40].

Mounting lines of evidence demonstrate that gut microbiota dysbiosis is one of 
the key causative factors in stroke pathology, and the interaction between stroke and 
microbiota pathologies is noticeable via microbiota-gut-brain-axis. The term dys-
biosis is used to indicate disruption in the balance of composition of gut microbiota 
towards decreased intestinal biodiversity of beneficial or commensal species and 
increased pathogenic bacteria species [41]. Under normal circumstances, the compo-
sition of intestinal microbiota is in a status of eubiosis, where there’s a preponderance 
of potentially beneficial species such as Firmicutes and Bacteroides over a very low per-
centage of potentially pathogenic species such as Proteobacteria. This normal balance 
is critical for health and homeostasis, especially in the brain, and when dysfunctional 
leads to the development and progression of diseases [42]. For instance, stroke leads 
to gut microbiota dysbiosis, and this causes dysfunctional gut-brain axis signaling 
that further amplified neuroinflammation and oxidative stress damage.

Several studies involving human and animal models of stroke have demonstrated 
gut microbiota dysbiosis involvement in the pathology of stroke. Stanley [43] exam-
ined the composition of the mucosal microbiota after stroke in a model of focal 
cerebral ischemia. This study found that ischemic stroke is associated with micro-
biota dysbiosis, as well as far-reaching and robust changes to the intestinal mucosal 
microbiota. Crasper [44] observed the role of bacterial translocation from the gut in 
post-stroke infection in an animal model of stroke. It was observed from this study 
that ischemic stroke results in impairment of gut permeability, as well as a marked 
inducement in gut dysbiosis. Stanley [45] studied whether post-stroke infection origi-
nated from commensal bacteria that normally reside in the intestinal tracts. Animal 
models that had post-stroke lung infection microbiota were observed, the microbes 
were found to originate from small intestinal microbes by more than 60%, and this 
was attributed to stroke-induced impairment in gut barrier that allows for intestinal 
microbiota to reach peripheral tissues.

Haak [46] studied the hypothesis of whether patients diagnosed with acute ischemic 
stroke and manifest with dysbiosis in gut microbiota composition may change the risk 
development of post-stroke infections following hospitalization in a case–control study. 
Outcome of this study revealed a drastic reduction in anaerobic gut bacteria in stroke 
cases, which is closely associated with post-stroke infection. Boaden [47] performed 
a case–control study involving patients diagnosed and screened with ischemic stroke 
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to determine the composition of gut microbiota and its important blood metabolite 
trimethylamine-N-oxide. Ischemic stroke patients were found to have mark dysbiosis in 
gut microbiota composition with more preponderance of pathogenic microbiome and 
fewer commensal or beneficial microbiome. This dysbiosis was found to be correlated 
with the stroke severity. The blood level of trimethylamine-N-oxide was in contrast 
found to be significantly lower in patients with ischemic stroke. Tan [48] evaluated the 
gut microbiome and short-chain fatty acids spectrum, as well as their possible relation 
with the measure of variability in ischemic stroke severities. A mark change in com-
position of intestinal microbiota was observed among stroke patients when compared 
with control, specifically depicting deficiency in short-chain fatty acids producing 
bacteria which become marked with the increasing severity of stroke.

Wang [49] designed a study that sought to determine intestinal flora diversity in 
patients diagnosed and screened with ischemic stroke, as well as investigate whether 
the intestinal microflora can be used as a marker for early diagnosis of cerebral infarc-
tion. Intestinal flora composition was found to be significantly different between 
ischemic stroke patients in relative to the healthy control. Intestinal flora composition 
could be an important indicator for cerebral infarction, and due to the observed posi-
tive correlation between serum level apolipoprotein E and Gamma-proteobacteria, 
the serum level apolipoprotein E holds potential to predict cerebral infarction. Huang 
[50] carried out a study that aimed to investigate the variability in characteristics of 
gut microbiota among patients with acute cerebral infarction. It was revealed from 
this study that the abundance of three bacterial species that were abnormally higher 
in patients with acute cerebral ischemia in comparison to healthy controls. Yamashiro 
[51] observed two parameters of gut microbiota, its constituent composition, and 
organic acid content if they are related with ischemic stroke, and whether there is a 
relationship that could result in mediating biological processes such as metabolism 
and inflammation. Findings showed evidence of microbiota dysbiosis among the 
patients diagnosed with ischemic stroke, this dysbiosis was found to be associated 
with biological indicators of host inflammation (such as interleukin-6, high sensitiv-
ity C-reactive protein, and with white blood cell counts) and metabolism (such as 
acetic acid, valeric acid, and low-density lipoprotein cholesterol).

Li [52] set out a study to examine the variation in gut microbiota profile between 
patients diagnosed and screened with ischemic in comparison with healthy controls, 
and to study if such variation will be associated with the assessed clinical parameters. 
Patients with cerebral infarction showed dysbiosis in gut microbiota composition. 
This dysbiosis is related to clinical measures of stroke severity, as bacterial genera 
that were found to be reduced among stroke patients were negatively associated with 
stroke severity. Singh [53] carried out a study to determine the mechanism through 
which post-stroke dysbiosis links with immune response, especially the intestinal 
immune cells balance. Ischemic stroke was confirmed to induce dysbiosis of micro-
biota, and this dysbiosis proved to cause alteration in intestinal immune cells balance.

4. The role of gut microbiome in brain plasticity

Table 1 below shows evidence about the influence of gut microbiome on brain 
plasticity through microbiota gut-brain axis.

There exist various modalities through which gut microbiome can be modulated 
to complement neuroplasticity with stroke rehabilitation. Development and testing 
of specific interventions such as probiotics, prebiotics, dietary-based intervention, or 
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Modification in microbiota 
gut-brain axis

Observed corresponding effect in brain plasticity 
process

Reference

Microbiome deficient model 
in the form in the germ-
free (GF) mice compared 
with conventionally raised 
counterparts.

Germ-free mice show changes in electrophysiological 
properties of hippocampal plasticity, which is 
associated with dendritic signaling and long-term 
potentiation (LTP), indicating that absence of a 
microbiome alters basal synaptic efficacy, and 
inducibility of plasticity in the hippocampus.

[54]

Microbiome distorted germ-free 
(GF) mice were compared with 
conventional mice.

Germ-free mice microbiome modulation with 
probiotics shows changes in the expression of gamma-
aminobutyric acid (GABA) in the hippocampus, 
indicating a potential role in long-term potentiation 
and memory.

[55]

The gut microbiota was altered 
by treatment with antibiotic or 
germ-free (GF) mice.

Microbiota alterations result in changes in 
transcriptional profiles of excitatory neurons, glia, 
and other cell types in the prefrontal cortex. These 
changes were found to have long-lasting effects on 
neuronal function and learning-related plasticity that 
subsequently regulate fear extinction behavior.

[56]

Gut microbiota-based distorted 
model in germ-free (GF) mice 
and GF mice colonized post 
weaning (exGF).

Germ-free mice show difference in expression of 
splicing factor genes in the amygdala, which is able 
to partially compensate for impairments in neuronal 
plasticity signaling.

[57]

Gut microbiota-based altered 
model in germfree (GF) mice, 
colonized GF mice (ex-GF) were 
compared with conventionally 
raised (CON) mice

Germ-free mice display altered transcriptional profile 
in genes related to cholinergic and dopaminergic 
neurotransmission in the amygdala (Drd2, Adora2a, 
Tac1, Chrnra2, and Chat) that have been implicated 
as crucial for neural activity, synaptic transmission, 
neurogenesis, and nervous system development.

[58]

Gut microbiota-based distorted 
models in germ-free mice (GF; 
microbiota deficient from 
birth) were compared with 
conventionally colonized (CC) 
mice.

Germ-free mice displayed changes in volume and 
dendritic morphology of the amygdale, hippocampus, 
and pyramidal neurons, indicating the role of 
microbiome in neural remodeling.

[59]

Gut microbiota-deficient animal 
model in the form of germ-free 
(GF) mice was compared with 
their conventionally colonized 
(CC) mice.

Brain-derived neurotrophic factor (BDNF) expression, 
a pivotal brain neurotropic molecule essential for 
neurogenesis and neuroplasticity was observed to be 
severely decreased in germ-free (GF) mice.

[60]

A germ-free (GF) mice that have 
altered gut microbiota, were 
compared with specific pathogen-
free (SPF) mice with normal gut 
microbiota.

A significant decrease in BDNF mRNA expression 
was observed in germ-free mice within the 
hippocampus, amygdala, and cingulate cortex. BDNF 
signaling mediates neural plasticity processes such 
as neurogenesis, dendritic arborization, and axonal 
sprouting.

[61]

Gut microbiota altered model in 
germ-free Swiss Webster mice 
were compared with colonized 
counterparts.

Germ-free (GF) mice show distorted BDNF and c-Fos 
protein expression in the hippocampus.

[62]

Table 1. 
Role of gut microbiome on brain plasticity through microbiota gut-brain axis.
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any agent that targets particular gut microbiome metabolites will provide a potential 
novel strategy for gut microbiome-based intervention in stroke rehabilitation.

5.  Mechanism through which microbiome-based interventions could 
improve stroke recovery and rehabilitation

The potentiality of microbiota gut-brain axis in the pathogenesis and therapeutics 
of stroke has been also promising in human studies. Guo [17] carried out a case–con-
trol study involving acute ischemic stroke patients that were treated with traditional 
Chinese medicine termed tanhuo decoction (THD). It was observed that THD offers 
neuroprotection via modulation of microbiota gut-brain axis, where it regulates 
several gut bacteria to lower microbial metabolites such as lipopolysaccharide (LPS) 
and trimethylamine N-oxide (TMAO). Zhong [63] examined evidence-based litera-
ture the effect of probiotics, as one of the specific entities within microbiome-based 
interventions in the management of patients with stroke. Probiotics were found to 
possess enormous potential for clinical applicability in promoting stroke recovery. 
The various mechanisms through which microbiome-based interventions could 
improve stroke recovery and rehabilitation are illustrated in Figure 1 below:

6. Conclusion

The role of microbiome-based modulation to mediate brain plasticity through 
microbiota gut-brain axis is highlighted; this could be fundamental towards 

Figure 1. 
Schematic illustration of various mechanisms through which microbiome-based interventions could improve 
stroke recovery and rehabilitation.
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Chapter 7

Non-invasive Brain Stimulation 
Post Stroke
Fahad Somaa

Abstract

Stroke is the second most common cause of death and dementia and the first most 
common cause of disability in developed nations. Tissue in the penumbra may be 
salvaged by reperfusion treatment using recombinant tissue plasminogen activator 
or thrombectomy with a stent retriever, which improves the ultimate neurological 
prognosis. However, because of the limited therapeutic window of 6 hours, it is only 
available to 5–10% of the community. Non-invasive brain stimulation (NIBS) has 
recently gotten a lot of interest for its potential involvement in stroke recovery. When 
used correctly, NIBS methods employ electrical and magnetic stimulation to modify 
the excitability of deep brain tissue without harming it. This may result in long-term 
neuroplastic modifications. Based on different protocols, stimulation to the cerebral 
cortex can be either excitatory or inhibitory. This has led to NIBS being used thera-
peutically to alleviate depression. In recent years, stroke patients have been studied to 
see whether NIBS has therapeutic benefits on cognitive skills.

Keywords: stroke, brain stimulation, non-invasive brain stimulation, rehabilitation, 
plasticity

1. Introduction

Stroke is the world’s second leading cause of death and the third leading cause of 
disability [1]. Stroke survivors may experience a variety of disabilities that require 
temporary or long-term assistance. It has a major impact on the patient, their family, 
the economy of the country, and the world economy [2]. The burden of stroke-
related damage is expected to rise in the following decades as the population ages. 
Even though the death rate from stroke has reduced, the incidence of stroke has not, 
increasing the number of stroke survivors [3].

Even if people with this condition survive the acute period of their illness, they 
may have long-term physical and psychological consequences. After the first stroke, 
the quality of life and health are significantly reduced due to post-stroke impairment 
[4]. It is still difficult to regain arm and hand function after a stroke, despite stroke 
rehabilitation methods showing some promise. Due to the increase in the incidence of 
strokes in 2030 and inadequate facilities offering reperfusion treatments within the 
small therapeutic window, novel approaches to promote spontaneous brain plasticity 
are needed [5]. Post-lesional brain plasticity after stroke may be helpful or “adaptive,” 
or harmful or “maladaptive,” which hinders neurological rehabilitation [6].



Post-Stroke Rehabilitation

120

Individuals may have considerable dysfunction due to cognitive impairment 
after a stroke. Memory loss, attention problems, executive and behaviour issues are 
the most common symptoms seen. After conducting a nationwide epidemiological 
cohort study on the population and prevalence of chronic brain damage, researchers 
found that memory impairment (90%), attention disturbance (82%), and executive 
function impairments were the most frequent cognitive symptoms (75%). Injury 
mechanisms, demographics, and social variables all impact the intensity and range 
of cognitive symptoms. Research suggests that 42–92% of patients in the acute 
phase have attention deficit disorder, and 24–51% have symptoms after leaving 
acute care. According to recent research, 23–55% of stroke survivors experience 
memory problems within 3 months, while 11–31% experience memory impairment 
a year after their stroke. This percentage is comparable in the traumatic brain injury 
(TBI) group (25%). When people suffer from Unilateral Spatial Neglect (USN) 
[7], they have trouble orienting themselves or responding or reporting stimuli that 
emerge on the side opposite the lesion. Stroke patients are more likely than the aver-
age population to develop USN. As a result of these cognitive difficulties, rehabilita-
tion efforts are severely hampered, as is returning to work. Cognitive rehabilitation 
is primarily concerned with making positive changes in a person’s day-to-day life. 
Instead, cognitive rehabilitation relies on learning compensatory techniques and 
strategies that have an impact on cognitive function [8]. Several systematic evalua-
tions have looked at how well people recover cognitively after a stroke or traumatic 
brain injury [9].

In addition to invasive treatments, there has been an increase in interest in 
examining the influence of non-invasive cortical stimulation on the rehabilitation 
process [3]. Neuromodulatory non-invasive brain stimulation (NIBS) approaches are 
being tested to improve motor function following a stroke. Neuromodulation aims to 
improve adaptively or reduce maladaptive post-stroke reorganisation processes [10].

The idea behind NIBS came from Faraday’s law of induction when, in the 1980s, 
some researchers stimulated specific areas of the brain using a pulsed magnetic field 
and noticed changes in the neuronal firing and impulse conduction. Barker et al. 
demonstrated the first example of transcranial magnetic stimulation (TMS) [11].

Prior to that, electroconvulsive therapy (ECT) to treat severe depression had 
already been in use since the 1940s. Further studies led to the knowledge that TMS 
can change the balance between excitation and inhibition leading to speculation that 
it might be useful in treating conditions such as Parkinson’s disease. However, it was 
not until the 1990s that specific stimulators were developed that could deliver repeti-
tive impulses to the brain. This lead to the development of a technique called transcra-
nial direct-current stimulation (tDCS) [12, 13].

Transcranial magnetic stimulation (TMS) and transcranial direct-current stimula-
tion (tDCS) have been studied for their effects on motor, sensory, and cognitive skills 
in stroke patients [3].

TMS can change function and enhance or reduce activity in cortical areas depend-
ing on stimulation frequency, duration, coil form, and magnetic field strength. The 
effects of repeated transcranial magnetic stimulation (rTMS) on cortical excitability 
can linger up to 2 hours after the stimulation cycle has ended. From minutes to 1 to 
2 hours, tDCS can increase or decrease excitability in the stimulated region. Unlike 
TMS, tDCS appears to modify the activation of sodium- and calcium-dependent 
channels, as well as NMDA receptor function, causing LTP and LTD-like alterations 
(Figure 1) [15, 16].
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1.1 Brain plasticity after stroke

Cortical plasticity refers to the brain’s capacity to change how it functions as a 
consequence of new learning. In other words “plasticity” refers to any changes in 
brain organisation as a result of repeated exposure to a stimulus. The term “synaptic 
plasticity” refers to the ability of synapses to change their strength over time. A single 
synapse houses all of the plasticity’s manifestations. Both short-term synaptic plastic-
ity and long-term synaptic plasticity have been documented, indicating that synaptic 
transmission may be boosted or decreased in different time periods [17]. A mecha-
nism known as LTP has been extensively explored when it comes to learning and 
memory. However, brain damage has been linked to plasticity. That is all it says about 
the processes at work; it does not explain how the brain may modify its functional 
and structural structure (both histologically and anthropologically) in the wake of 
injury and make better use of what is left. The excitability of neuronal networks close 
and far from the affected region is altered by a stroke. There is less or greater positive 
plasticity in people who do not fully heal from their injuries. Activity-dependent 
rebuilding and synaptic strengthening are two pathways for plasticity. Brain-derived 

Figure 1. 
Examples of commercial (A) transcranial direct-current stimulation and (B) transcranial magnetic 
stimulation equipment, (C, D) coil/electrode montage over the motor cortex, and (D, E) maps of electrical 
fields generated [14].
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nerve factor (BDNF) increases glutamate release and synaptic activity over time. 
According to animal studies, after a stroke, there is a short window of neuroplasticity 
during which the most significant advances in recovery may be made. Identifying 
the processes involved in post-stroke healing and optimising their promotion in each 
person is the problem.

Another problem is that opposite effects occur at the same time. Tonic inhibition 
through GABA overexpression is seen in the acute phase of the peri-infarct region. 
Neuroprotective method to prevent excitotoxicity as well as neuronal death has been 
hypothesised. Increasing behavioural recovery by blocking GABAergic activity for 
1 month might be beneficial. TMS may detect this drop-in activity in the acute period 
in the patient. The idea was developed over two decades ago, works by delivering 
a high-intensity electric current through a coil to activate the cortex. For a dura-
tion of 0.3–1 ms, a magnetic field of 2–2.5 Tesla is generated by a microsecond-long 
discharge. A coil is positioned on the scalp to reach the cortex, and the coil creates a 
magnetic current. An electromagnetic field is formed inside the brain, which dis-
sipates after 3 cm, according to the Faraday principle. This electric field depolarizes 
neurons in the brain beneath the coil, either directly through an axon hillock or 
indirectly through depolarizing interneurons [18].

The result of using TMS on the motor cortex is an involuntary contralateral 
muscular contraction. The magnitude of this motor-evoked potential (MEP) is 
connected to the number of neurons that have responded to the stimulation, and the 
latency is a technique to determine that how long it takes for inspiration to generate 
an MEP. Stroke survivors are on a follow-up of up to 1 year using the following prog-
nostic criteria—the persistence of a motor-evoked potential (MEP) after stimulating 
the affected hemisphere, which is an excellent predictor of recovery. In contrast, 
hypo excitability showing lack of response is an indicator of poor functional out-
come. However, a condition known as “diaschisis” might result from a unilateral 
brain injury in which brain regions are affected distant from the lesion site. This 
term was first used in 1914 by von Monakow. The consequences of a localised brain 
lesion on physically distant but functionally related regions are discussed [19]. It was 
initially a clinical notion, but several functional imaging modalities that indicate 
a change in blood flow to the brain in targeted regions make it possible to display 
cerebellar diaschisis and transcallosal diaschisis on contralateral cortical regions. A 
deafferentation mechanism in which the wounded cortex prevents the healthy target 
structure from being activated is the principle at work (or injured subcortical area). 
According to Roy and Sherrington’s neurovascular coupling hypothesis, this activa-
tion may be either excitatory or inhibitory, affecting the metabolism and local blood 
flow [20].

The existence of a cortico-cerebellar diaschisis during the acute phase of stroke 
was related to a worse clinical prognosis after 2 months. Through the corpus cal-
losum, the inter-hemispheric route is highly inhibited. Healthy brains have balanced 
interhemispheric inhibition, meaning that neither hemisphere is a more significant 
“inhibitor” than another. Neurovascular coupling theory says that after an infarct on 
one side, increased cerebral blood flow in the contralateral identical region cor-
responds to greater activity in that region. This was associated with the most severe 
impairments, which was surprising. As a result, the contralateral hemisphere contin-
ues to impose its inhibitory tone on ischemic hypoactivity, adding to the neurological 
deficit’s rapid progression. As previously stated, the stroke and the overwhelming 
imbalanced inhibitory impulse from the better and healthier contralateral hemi-
sphere would cause the ipsilateral ischemic cortex to become doubly impaired. 
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As early as the first week following a stroke, there is evidence of an unbalanced 
interhemispheric inhibition. Two types of intracortical inhibitory circuits may be 
studied using TMS paired-pulse protocols—those that are mediated by GABA-A and 
those by GABA-B.TMS was utilised to discover predictive markers in an investigation 
of 10 stroke patients who were followed up for 6 months. Recovery is linked to the 
ipsilateral cortico-spinal pathways of the impacted hemisphere’s comparable integrity 
in the acute period (as measured by MEP and motor threshold). In both hemispheres, 
however, recovery is connected to the creation of alternative neural networks as 
measured with short-term and long-term intracortical inhibition [21].

The contralateral hemisphere appeared to be more significant in major infarcts 
than in mild infarcts in this small sample. However, extrapolating results to all 
stroke patients is problematic because of the limited sample and various abnormali-
ties (in the anterior and posterior circulation area, cortical or subcortical). The 
hemiparetic impairment is worsened in animal tests when the lidocaine is applied 
to the unaffected hemisphere 4 weeks before the injection, and the middle cerebral 
artery is closed. This is particularly true if significant lesions are created. As a result, 
whereas an interhemispheric imbalance is harmful during the acute phase, it is help-
ful throughout the healing period [22].

Physical medicine and rehabilitation facilities increasingly utilise constraint-
induced treatment, which is a direct result of these findings. Forcing a person with 
cerebral palsy to use one limb while forcing the healthy limb to be inactive is the idea. 
Two things happen—the stroke-related contralateral main motor cortex region is less 
active, minimising its inhibitory transcallosal and harmful influence on the ischemic 
hemisphere, while the ipsilateral hemisphere is overactive. For example, in a meta-
analysis of controlled trials of “constraint-induced therapy,” researchers found that 
the paretic limb improved steadily over time [23]. Still, they could not develop an 
exact treatment plan because of the wide variety of treatment protocols utilised and 
the limited number of participants. There was a remarkable correlation between the 
clinical improvement and the two-fold increase in the excitability characteristics of 
the damaged hemisphere as evaluated by TMS.

2. Nibs

2.1 rTMS

The brain is stimulated by rTMS, also known as repetitive transcranial magnetic 
stimulation. It includes a continuous sequence of pulses or periodic cycles that alter 
corticospinal reactivity and processes that might be comparable to LTD or LTP. A 
further week or two is spent repeating the daily exposure of the exact location for 
20 minutes. Pacing has an impact on the outcome. Cortical excitability rises with 
high-frequency stimulation (i.e., >3 Hz) and decreases with a low-frequency stimulus 
(i.e., less than 1 Hz) [24].

A conscious patient may quickly and painlessly operate this device. Involuntary 
contralateral muscle contractions, which may be captured as an MEP, indicate exactly 
where the coil should be placed over the main motor cortex (M1). A real-time neuro-
navigation in conjunction with a patient’s own cerebral MRI is indicated as soon as the 
targeted stimulated region is outside M1. The degree of spatial/temporal resolution 
through this technique is excellent. However, large and costly equipment is needed, 
and it cannot be done at the patient’s bedside [25].
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Repetitive transcranial magnetic stimulation (rTMS) underwent modifications 
to create theta-burst stimulation. It uses 50 Hz pulses delivered in three-pulse bursts, 
separated by a five-pulse gap. Intermittent theta-burst stimulation uses TBS trains 
lasting 2 s that are repeated every 10 s, increasing excitability. Continuous theta-
burst stimulation, on the other hand, uses TBS trains lasting 20–40 seconds to reduce 
excitability in the cortex (Figure 2).

2.2 tDCS

DCS of the brain in tDCS is more of a neuromodulator than anything else. It is a 
lot smaller and more portable electrophysiological equipment that may be used at 
the patient’s bedside. Weak polarising direct current is delivered into the brain by 
two large electrodes on the head. To modify the threshold of cortical neurons and 
the intrinsic excitability of the cortex, a direct current source (0.5–2 mA) is used. 
At the same time, the active electrode is placed over the desired location. Network 
excitability is polarity-dependent—anodal stimulation raises it, whereas cathodal 
stimulation lowers it. TDCS is also more convenient to utilise in conjunction with 
behavioural tasks or during physical and occupational therapy due to its small size 
(Figures 3 and 4) [29].

2.3 NIBS for stroke patients

More than 1400 papers have been published thus far on NIBS in humans, with 
230 of those papers focusing on stroke-related issues. Mostly, they are concerned 
with assessing upper-limb motor function, with speech impairments coming in 
second.

When we look at animal studies there are comparatively little preclinical non-
human data on NIBS. The reasons for this are (a) the unavailability of small-sized 
equipment and (b) ethical issues regarding animal safety. The first animal study for 
NIBS was conducted in 1990 on rats. Thereafter, a number of studies were conducted 
on animal models to study the effects of NIBS in Alzheimer’s disease, depression,  

Figure 2. 
Blink reflex recordings in a male patient with spinal cord injury before and after rTMS over the vertex [26].
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epilepsy, Huntington’s disease, and stroke. These studies demonstrated positive 
effects of NIBS on neurorepair, particularly improved motor and cognitive perfor-
mance. The results of these studies have contributed significantly towards the devel-
opment of NIBS strategies and protocols [30, 31].

Figure 3. 
(a) TMS, (b) tACS application of alternating current through an electrode [27].

Figure 4. 
TMS induced motor evoked potential [28]. Neurophysiological basis of the motor evoked potential (MEP). 
(A) TMS-induced activation of the corticospinal neurons with a predominant contribution by late Indirect waves 
(I waves). and (B) Temporo-spatial summation at the cortico-motoneuronal synapses (C) Motor evoked potential.
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NIBS has been linked to post-stroke aphasia, apraxia, attention, gait abnormali-
ties, and coordination deficits. NIBS stroke treatment techniques were created to 
improve “adaptive” plasticity and combat “maladaptive” plasticity [22].

After a left hemisphere stroke, aphasia is a frequent side effect. In the past 10 
to 15 years, advances in neuroimaging have shown two distinct patterns—Patients 
with minor left hemisphere lesions are more likely to engage perilesional areas, while 
individuals with larger ones in the left hemisphere are more likely to recruit homotopic 
areas mostly in the right. By activating the lesional and contralesional regions of the 
brain, many non-invasive brain stimulation treatments have been utilised to assist 
patients to recover from a stroke. Most of these brain stimulation investigations focused 
on blocking homotopic areas in the right posterior IFG (triangular portion) to effect a 
supposedly disinhibited right inferior frontal gyrus. In other experiments, the contral-
esional (right) frontotemporal area or sections of the intact left IFG and perilesional 
areas have also been stimulated with anodal or excitatory tDCS to increase speech-
motor output. Since it provides the cornerstone for motor cortex stimulation research, 
the interhemispheric disinhibition notion also applies to the language system [32].

2.4 Use of combined treatments methods

Whether NIBS combined with rigorous physical therapy, constraint-induced 
treatment, robot therapy, or EMG-triggered functional neuromuscular stimulation 
has any added benefits, remains debatable. NIBS can be used with rTMS or tDCS, 
but there are no data to support it. This failure remains mysterious. To begin with, it 
is possible that following the initial process there will be a ceiling effect. The other 
theory is that the adjuvant treatment has an inhibitory impact rather than a priming 
effect created by the initial surgery. For this to be adequately understood, it must 
be viewed in conjunction with the concept of metaplasticity—that is, the ability of 
activity-dependent synaptic plasticity to be influenced by prior activity at synapses, 
thereby shifting the criterion for LTP and LTD induction—as well as the concept of 
homeostatic plasticity, which allows neurons as well as circuits to maintain stability 
despite synaptic instabilities. Therefore, NIBS may have opposing and invalidating 
effects on the motor task depending on when it is used (prior, during, or just after 
neurorehabilitation). Motor learning and NIBS may interact differently depending 
on when it is administered. More profound knowledge of this interaction is needed to 
determine whether or not it impacts the synaptic state [33].

There is a larger risk of epilepsy during the acute period of recovery. Therefore 
early research remains focused on whether or not rTMS could be used to assess the 
inhibition of the contralateral, unaffected main motor region 3–12 months following 
stroke. One-time (30-minute) or repeated (20–30-minute) treatments were given 
to patients with acute ischemic stroke for five working days. Chronic stroke patients 
were treated with 10 Hz excitatory rTMS, and their brain activity was monitored 
immediately after the treatment. There were just 10–20 patients in each of the first 
four investigations. According to research, higher frequencies (3 Hz) were shown to 
be beneficial in the acute phase, 10 days following the start of the stroke. They found 
no extra advantage to delivering a greater primary cortex excitation (10 vs. 3 Hz) 
when contrasting two high-frequency impulses. The treated groups had altered MEP 
and motor thresholds, as well [18].

These investigations were modest (even in the more extensive trials, 20% of 
patients were lost to follow-up), although the infarcts were clinically and radiographi-
cally homogenous, with subcortical infarcts being the most common. Researchers 
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used a randomised control experiment known as a “crossover study” to assign par-
ticipants to either receive actual or “sham” stimulation, followed by a 1-week washout 
period or be randomly assigned to get either one or the other.

Throughout most crossover experiments, patients received one rTMS treatment and 
one sham session separated by 1 week. The sequence of the trials was chosen at random, 
and most of the time, the assessment focused on measuring handgrip power or pinch-
ing power and velocity. When particularly examined, the rTMS effect had vanished 
after 30 minutes, indicating that it had no impact on the next session’s outcomes.

Because the device is less costly and simpler to use than rTMS, tDCS offers great 
potential. tDCS has been found to extend the time it takes for patients to recover 
from motor impairments when used repeatedly. To combat extremely high levels of 
interhemispheric inhibition via the contralesional M1 and reverse the ipsilesional 
hypoexcitability, stimulation paradigms such as cathodal stimulation of the undam-
aged hemisphere and anodal stimulation of the afflicted hemisphere have been 
proposed. Repetitive transcranial magnetic stimulation (rTMS) has been used mostly 
in the chronic phase of illness for repeated tDCS sessions. For example, it was found 
that compared to sham tDCS, cathodal tDCS of the unaffected hemisphere enhanced 
hand motor performance, which was assessed by a blinded Jebsen Taylor Hand 
function test. The effects of cathodal tDCS applied 5 days in a row persisted for at 
least 2 weeks. Lindenberg et al. investigated tDCS stimulation (cathodal stimulation 
in the unaffected hemisphere and anodal stimulation in the afflicted hemisphere) in 
20 chronic stroke patients who were also receiving physical and occupational therapy 
(with a follow-up of more than 5 months) [34]. When compared to placebo, real 
stimulation resulted in a greater improvement in motor function (+21% for Fugl-
Meyer and 19% for Wolf Motor Function test scores), and this improvement lasted 
at least 1 week following the treatment. It was shown that in the group that received 
actual stimulation, the ipsilesional primary and premotor cortexes were more active 
during timed movements of the afflicted limb [35].

3. Stimulation protocols using reorganisation models as a base

Before now, most NIBS procedures were built on the interhemispheric com-
petitive concept, which holds that the healthy hemisphere suppresses the injured 
hemisphere excessively. This model-based strategy is widely employed in recent and 
continuing clinical studies, despite being typically useless at the collective level. The 
reliability of this concept has been called into doubt, particularly in seriously dam-
aged individuals, and an alternate model, the vicariation model, has been proposed. 
According to this model [22] when one of the brain’s hemispheres is impaired, the 
other makes up for it by performing better and resulting in an adaptive system rather 
than a maladaptive one.

The bimodal-balance recovery model combines these previously disparate theo-
ries, allowing us to get closer to personalised treatment. Assume that a patient is best 
served by the inter-hemispheric competition or vicariation model. It uses a metric 
known as “structural reserve” in this situation, which is defined as the integrity of 
white matter motor pathways. Patients with a strong structural reserve have a mal-
adaptive over-activation of the undamaged hemisphere; patients with poor struc-
tural reserve have a compensating over-activation [36]. The fact that patients with 
extensive brain damage, who are thought to have a limited structural reserve, have 
inferior results when inhibitory NIBS protocols are administered to their undamaged 
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hemispheres supports this approach, stressing the need to change “one-size-fits-all” 
NIBS protocols. However, whether clinical and imaging parameters may serve as good 
substitutes for structural reserve has not been answered. Much research has looked 
at these factors’ capacity to predict stroke outcome, but the strongest evidence comes 
from those studies [37]. Using diffusion tensor imaging, the fractional anisotropy for 
white matter tracts is routinely employed to quantify white matter integrity. Although 
stroke prognosis may be accurately predicted with a strong predictive biomarker, this 
is not always the case for responding to certain NIBS paradigms. Prognostic biomark-
ers could be a good place to start, but they must be verified to show their unique func-
tion and relative relevance in affecting the outcome of NIBS after a stroke reaction. 
According to two recent promising studies, behavioural assessments like the Action 
Research Arm Test and the Fugl-Meyer score, together with imaging-based measures 
of white matter integrity, are predictive of responsiveness to NIBS. As a result of such 
studies, the bimodal-balance recovery model is given support, as are future studies 
that will validate these selection biomarkers using clinical and imaging initiatives 
related to the structural reserve [38].

Methodologically, significant/extensive trials with many individuals and variables 
are required to build a framework for customising the treatment for each patient 
using NIBS. Machine learning algorithms would be best suited for analysing such vast 
volumes of complicated data. Because of the strong association between imaging-
based biomarkers and clinical manifestations of stroke, potential models for guiding 
NIBS therapy do not need to be particularly complicated. Instead, strongly correlated 
steps can be whittled down to factors of a lower dimension that describe a significant 
amount of variability.

4. Connectivity across the entire nervous system

Stroke is a widespread illness that affects people throughout the body. After a 
stroke, the impact of disrupted networks may be felt far and wide, and the formation 
of new indirect connections is the fundamental mechanism regulating these effects 
[39]. Individual stroke recovery is linked to alterations in long-range connections 
between different brain areas outside of lesions, as well as their regulation throughout 
time, as studied in resting-state functional MRI in whole-brain. Alterations best 
describe a single patient in numerous functional networks, which are common in 
strokes. Since both stroke connectivity and NIBS protocol changes have primarily 
been examined in the setting of isolated networks, these variables are likely to have 
contributed to the documented response variability with NIBS. However, this has 
not been fully explored thus far. It’s hard to assume that a single functional network 
is being addressed in these patients when administering stimulation because of the 
impact of NIBS on dispersed networks and the notion of stroke as a dispersed disease. 
Rs-fMRI whole-brain connectivity is ideal for application in patients since it provides 
information on the functional connectivity of several brain networks in a single 
task-free scan. A much more accurate model of spontaneous reorganisation follow-
ing stroke might be developed using this method, and it could be useful in devising 
personalised stimulation regimes [10]. Connectivity techniques have a methodologi-
cal disadvantage in that they depend on a prior determination of relatively arbitrary 
multiple networks. This issue is solved by reducing the number of dimensions in the 
brain’s connections. Areas are grouped in a parametric, gradual way based on their 
connection patterns using the data-driven technique. Reduced dimensionality of 
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whole-brain linkages may offer a fingerprinting of the connectome at the individual 
level, reflecting a clearer image of stroke spanning several functional domains. When 
we used this technique to study stroke lesions, we discovered that the degree of rear-
rangement that occurred in the first week after stroke was linked to the position of the 
stroke lesions in space for whole-brain neural systems. We believe that constructing 
whole-brain connection models will help us better understand the long-term conse-
quences of localised lesions [40].

NIBS reaction prediction using electroencephalogram (EEG) connectivity has 
shown impressive outcomes. Functional integration modifications to prognostic mod-
els of stroke output have added value, so we believe connectivity patterns could be a 
potential biomarker for NIBS responses in future research. As time goes on, establish-
ing a relationship between a connectome fingerprint and sudden retrieval in several 
functional domains will be critical and the impact of the connectome fingerprint on 
clinical reactions to NIBS before stimulation.

5. Neuronal oscillations that are ongoing

A variety of variables may influence response to NIBS, both instantaneous 
(“state”) as well as phenotypic (“trait”). Both may be evaluated using the features 
of neural oscillations, which indicate the cortex’s receptivity to stimulus. You cannot 
know in advance how someone will react to a stimulation procedure. Even in the 
absence of disease, the same NIBS procedure might have excitation, inhibiting, or no 
impacts on motor elicited potentials in different people. One strategy is to time the 
stimulation to coincide with the most excitable brain states to limit this unpredict-
ability. The findings that pre-stimulus alpha oscillations correlate with TMS response 
variability, that the intensity of sensorimotor mu oscillations (8–12 Hz over central-
parietal electrodes) correlates with the magnitude of motor evoked potentials, and 
that the synchrony of mu oscillations in contralateral M1 is related to greater inter-
hemispheric inhibition, all support the importance of these processes [10]. Current 
research focuses on NIBS that are “state-dependent.”

Subject-specific and highly heritable characteristics of neuronal oscillations char-
acterise immediate cortical responsiveness to NIBS Alpha band (80 Hz) power, and 
the temporal variation of α- and β-band oscillations are especially relevant here. These 
findings support the hypothesis that neuronal oscillation features during rest might 
reflect a phenotypic trait in addition to transitory situations. Healthy people have rea-
sonably good intra-subject reliability for the response to NIBS, which is also strongly 
heritable. Recently, EEG research found a correlation between healthy people’s 
reaction to paired-pulse TMS and alpha band temporal dynamics before intervention 
on an individual basis. These findings demonstrate that cortical plasticity is purely 
genetic, indicating that the brain can be controlled in a trait-like manner [41].

The critical condition is an equilibrium between inhibitory and excitatory that is 
best for processing information in neural networks. Additionally, critical states are 
connected with long-range temporal connections (LRTCs) in neuronal oscillation 
amplitude dynamics. Following a stroke, and various other neuropsychiatric illnesses, 
LRTCs—which connect to cortical excitability—are prone to be disrupted, as they are 
in both cases. This suggests that patterns of disruption are associated with spontane-
ous recovery since the network eventually achieves a compensating equilibrium. 
Clinically approachable approaches such as resting EEG may be used to quantify the 
trait-like features of neural oscillations [33].
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Figure 5. 
Patterns of application of transcranial magnetic stimulation [44]. *convention TMS a. ≤1 Hz stimulation 
frequency pulses in a continuous train. b. ≥5 Hz stimulation frequency pulses separated by periods of no 
stimulation (e.g., 1200 pulses at 20 Hz, delivered as 30 trains of 40 pulses (2 s duration) separated by 28 s 
intertrain intervals. **patterned TMS short bursts of 50 Hz rTMS are repeated at a rate in the theta range (5 Hz).

6. Approaches to NIBS that are new

Recent advancements in NIBS technology are expected to aid in the formulation 
of more personalised treatment plans. Through multi-locus TMS, it will be possible to 
move beyond single-area stimulation to target specific muscle groups with different 
functions in post-stroke motor therapy. Because the coil does not need to be reposi-
tioned, this method stimulates many locations with excellent temporal accuracy. With 
improved induced electrical field modelling, it is possible to forecast exactly what 
changes will be caused by NIBS on some kind of sub-regional level (for instance, in 
particular areas of the motor homunculus). Finally, non-invasive stimulation tech-
niques such as transcranial focused ultrasound or temporal interference could be used 
to target deep brain areas that are inaccessible with TMS and tDCS yet critical for dex-
terity deficiencies and pathological synergies in stroke [42]. They may help progress 
NIBS translation while accepting the unavoidable variability of stroke pathophysiol-
ogy and the discovery and validation of useful biomarkers related to NIBS.

6.1 Side effects and ethical issues regarding NIBS

Minimal side effects, such as transient headache, neck pain, and transient hearing 
changes, have been reported with the use of NIBS by researchers. However, most of these 
results are from studies that involved single burst stimulation and knowledge about potential 
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detrimental side effects of repeated stimulation are minimal [43]. An area that poses ethical 
questions is making the distinction between enhancement and treatment (Figures 5 and 6).

In view of ongoing efforts to improve the efficacy of TMS as a technique of induc-
ing persistent changes in brain function, assessing the safety of TMS with neuroimag-
ing becomes extremely important. For therapeutic and research purposes, use of TMS 
the following three requirements must be kept in mind.

1. Informed consent from the subject or their legal representative

2. Potential benefits must outweigh the risks

3. The subjects chosen must not be socially, physically, or economically vulnerable [44]

6.2 Guidelines for NIBS

There are an infinite number of protocol combinations that can be used. However, 
it is crucial that careful monitoring of motor, sensory, and cognitive functions be 
done before, during, and after the intervention.

The resulting growing clinical use of NIBS requires careful guidelines both in 
terms of equipment and training of the medical staff carrying out NIBS.

In the United States (US), the Food and Drug Administration (FDA) has cleared 
seven devices for therapeutic TMS in patients of treatment-resistant depression, one 
device for pre-surgical motor and language cortical mapping, and one device for 
abortive treatment of migraines. To date, there are no FDA-approved applications 
of tCS. The FDA takes into account details like coil positioning, output waveform, 
strength and distribution of the magnetic field safety features of the device.

Currently, there are no requirements or certifications governing a provider’s 
proficiency regarding NIBS before using it. However, it is recommended that all 
physicians using it undergo training. There are limited programs being offered in 
some institutes [46].

7. Test results and future trials

Both rTMS and tDCS have been shown to have long-term benefits, with 
improvements ranging from 10 to 20% based on the literature’s upper limb motor 

Figure 6. 
Maximum safe train duration (seconds) limits [45].
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performance assessments. In the acute period (6–29 days) high-frequency stimulation 
of the ipsilaterally affected hemisphere is more effective than low-frequency stimula-
tion of the non-affected, undamaged hemisphere [47].

Stroke-specific adverse effects include moderate headache (2.4%), anxiousness 
(0.3%), neuro-cardiogenic syncope (0.6%), worsening of pre-existing sleepless-
ness (0.3%), and local pain at the stimulation site [6]. Adverse events in children 
and young adults are very similar to those seen in adults—headaches (11.5%), scalp 
irritation (2.5%), twitching (1.2%), mood swings (1.2%), tiredness (0.9%), tinnitus 
(0.6%), tingling (11.5%), itchiness (5.8%), redness (4.7%), and scalp irritation (3.1%) 
have been reported after tDCS protocols [7].

Seizures are the only possible major side effect [48]. Other than stroke peculiari-
ties, certain relevant aspects have been identified from the overall NIBS experience. 
Even while 0–3.6% of individuals with epilepsy have an epileptic seizure while receiv-
ing NIBS, this does not alter the course of their condition. If the antiepileptic plasma 
level is insufficient, there is a higher incidence of interictal epileptiform discharges 
(>10/min) and complex temporal seizures are also common (>4/month). Stimulation 
is followed by a current epileptic seizure (48 hours), and the risk is increased if the 
epileptogenic region is specifically excited. If there is a family history of epileptic 
seizures, if the patients receive regular epileptogenic psychotropes, if there is chronic 
alcohol or opiate abuse, an underpinning neurological disease, severe heart disease, 
sleep problems, a younger child, or female sex, there is a higher risk of inducing an 
epileptic seizure in non-epileptic patients [48].

8. Concluding comments

In the literature, the extent of improvement from upper limb motor functional 
evaluation using rTMS or tDCS is reported to be around 10% and 20%. Clinical trials’ 
results do not match those of meta-analyses, but variability in stroke history, personal 
susceptibility, outcomes, and a lack of basic understanding of where to administer 
adjuvant medicines-and the impact of concurrent medications confuse interpreta-
tion. As the illness progresses, pharmacological, electrophysiological, or physical 
adjuvant treatment might potentially improve patient care. Considering the disease’s 
severity, this should favour a patient-tailored strategy more than other techniques.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

The neuroprotective potential of stingless bee honey (SBH) is still to be documented 
from numerous studies including that of its effect on cerebrovascular event. This 
review should guide stroke rehabilitation specialties to a high understanding of the 
overall circuit changes post-stroke, the clinical relevance of this change in stroke to 
cognitive impairment and dementia, and SBH as a supplementation in modern stroke 
rehabilitation in progresses. However, the potential of SBH as a supplementation 
therapy and highlights treatment to induced plasticity for post-stroke vascular cogni-
tive impairment (PSVCI) remains largely unexplored. This Chapter attempts to deliber-
ate on recent evidence that highlight the therapeutic properties of honey and SBH, 
the features of PSVCI, and proposing the plausible mechanism of action for SBH as a 
supplementation during stroke rehabilitation that could halt the progression of PSVCI. 
It is hoped that such an approach could complement the existing evidence-based stroke 
care, and which will help in the development of future direction of brain plasticity to 
delay the progression of cognitive impairment post-stroke.

Keywords: stingless bee honey, plasticity, stroke, post-stroke vascular cognitive 
impairment, rehabilitation, stroke survivors

1. Introduction

Stroke, whether ischemic or hemorrhage is the phenomena of brain infarction 
resulted from the alteration of blood supply to the brain tissue leading to cause of 
death and disabilities. American Heart Association [1] reported that stroke is third 
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leading cause of death and disabilities worldwide, which the global prevalence of 
stroke in 2019 was 101.5 million people, whereas that ischemic stroke was  
77.2 million, that of intracerebral hemorrhage was 20.7 million and that of sub-
arachnoid hemorrhage was 8.4 million [1]. Specific to post-stroke vascular cognitive 
impairment (PSVCI), it is a syndrome that includes all neurological disorders from 
mild cognitive impairment to dementia caused by cerebral vascular disease that 
occurred within three months after stroke onset [2, 3]. PSVCI prevalence is reported 
between 36 to 67% of survivors and the studies demonstrated that stroke increase 
risk of persistent and cognitive decline in particular in executive functioning 
[4–6]. The knowledge pertaining the PSVCI remain in active research, given that a 
stroke may induce VCI through multiple mechanisms that are often cumulative or 
synergistic. Thus, a better understanding from the molecular to cellular processes 
involved in the neuro-gliovascular unit dysfunction may also help to improved 
prevention and treatments for PSVCI.

Increasing body of evidence had shown that honey exert several medicinal ben-
eficial effects such as gastroprotective [7] reproductive [8, 9] hepatoprotective [10], 
antihyperglycemic [11] antioxidant [11] and anti-inflammatory [12, 13] properties. 
SBH or Trigona Honey which is rich in polyphenols is an antioxidant has been shown 
to prevent neuroinflammation, promote learning, memory, and cognitive func-
tion, and protect against neurotoxin-induced neuronal injury in the brain [14–17]. 
Therefore, this Chapter attempts to describe the cerebral plasticity prospect of SBH - 
polyphenols supplementation in rehabilitation of PSVCI.

2. Stroke

Stroke is a disease affecting the blood vessel (i.e., arteries) leading to and within 
the brain. Stroke occurs when a blood vessel that carries oxygen and nutrients to the 
brain is either blocked by a clot or bursts (or ruptures). When that happens, part of 
the brain becomes deprived of the blood (and oxygen) it needs, resulting in rapid 
brain cells death leading to stroke [5]. Stroke is defined as a disruption of blood supply 
to a part of the brain characteristic by rapid developing of clinical signs of focal (or 
global) disturbance of cerebral function, resulting in ischemic and tissue death with 
no apparent cause other than that of vascular origin [18].

2.1 Classification of stroke and location

Stroke has been classified into two major types; firstly, hemorrhagic stroke and 
secondly is ischemic stroke [1]. The classification of hemorrhagic stroke i.e., due to 
blood vessel ruptured and bleeding in the brain includes subarachnoid (SAH) and 
intracerebral hemorrhage (ICH) [1], and for ischemic stroke largely based on the 
vascular occlusion [19]. The most widely used TOAST classification includes large 
vessel atherothrombosis (i.e., atherosclerotic disease), cardiogenic embolic or cardio 
embolism, small artery thrombosis or small vessel disease (i.e., lacunar stroke), other 
determined causes, and cryptogenic (undetermined causes—include cases involving 
more than one primary mechanism) [19, 20].

Moreover, stroke is divided into two broad categories according to the lesion loca-
tion in the brain and vascular territory. Firstly, is anterior (carotid) artery circulation 
that include middle cerebral artery (MCA) territory, approximately 85% of these are 
ischemic stroke that mostly led to aphasia (dominant hemisphere), hemiparesis or 
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hemiplegia, hemisensory loss or disturbance, homonymous hemianopia, parietal lobe 
dysfunction (e.g., astereognosis, agrapha-esthesia, impaired two-point discrimination, 
sensory and visual inattention, left–right dissociation, and acalculia) [21]. Whilst 
stroke in anterior cerebral artery (ACA) will lead to weakness of lower limbs more than 
the upper limbs [22]. Secondly, stroke occur in posterior (or vertebrobasilar) artery 
circulation, responsible for 20% of all strokes and it feeds the posterior region of the 
brain, including brainstem, the thalamus, the cerebellum and areas of the occipital and 
temporal lobes, clinically patient can present with homonymous hemianopia, corti-
cal blindness, ataxia, dizziness or vertigo, dysarthria, diplopia, dysphagia, Horner’s 
syndrome, hemiparesis or hemisensory loss contralateral to the cranial nerves palsy, 
and cerebellar sign [23].

2.2 Risk factors of stroke

The risk factors for stroke can be classified as modifiable or non-modifiable  
[17, 24, 25]. Modifiable risk factors that are less specific and more prevalent for 
example for ischemic stroke the modifiable risk factors includes cardiac disease, 
diabetes, history of hypertension, hypercholesterolemia, transient ischemic 
attacks (TIAs), cigarette smoking, hyperhomocysteinemia, obesity, and low 
physical activity. Meanwhile the modifiable risk factors for hemorrhagic stroke 
includes the use of anticoagulant, hypertension, heavy drinking, illegal drug use 
(especially cocaine and crystal meth) and thrombolytic therapy. All this affect 
health in several ways and provide opportunities to modify risk in large numbers 
of people [26]. On the other hand, non-modifiable risk factors such as age (stroke 
risk doubling with each decade of life after the age of 55 years), and race or ethnic-
ity are similar for both ischemic and hemorrhagic stroke. Meanwhile gender (more 
men have strokes than women; however, more women die of strokes), geographic 
location, and genetic factors such Fabry’s disease may increase risk for ischemic 
stroke [27].

2.3 Pathophysiology of a stroke

A stroke is a sudden loss of brain function resulting from an interference with the 
blood supply to the central nervous system (CNS). Normal cerebral blood flow (CBF) 
is approximately 50–60 ml/100 g/min. The reduction in CBF below 20 ml/100 g/min 
results in an electrical silence and less than 10 ml/100 g/min causes irreversible neuro-
nal injury [28]. The pathophysiology of stroke is complicated, and associated with 
excitotoxicity mechanisms, inflammatory pathways, oxidative damage, ionic imbal-
ances, apoptosis, angiogenesis, and neuroprotection. The ultimate result of ischemic 
cascade initiated by acute stroke is neuronal death along with an irreversible loss of 
neuronal function [28]. Beside, neuronal cell loss, damage to and loss of astrocytes as 
well as injury to white matter contributes also to cerebral injury. The core problems in 
stroke are loss of neuronal cells which makes recovery difficult or even not possible in 
the late states [29, 30].

Stroke frequently resulting in cerebral edema or secondary ischemia due to mass 
lesion and subarachnoid hemorrhage, with involvement of hippocampal and fronto-
temporal regions, causes VCI with visuospatial memory and language deficits [31, 32]. 
In this case, it is reported that VCI is attributed to the impact of the subdural mem-
brane on dural lymphatic drainage [33]. Therefore, both ischemic and hemorrhagic 
strokes may lead to a high risk of VCI.
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Stroke elicits profound white matter injury, a risk factor for higher stroke inci-
dence and poor neurological outcomes. Depending on the duration and the severity of 
the ischemic stroke, the effects that are evident in the white matter include activated 
microglia, clasmatodendritic astrocytosis, and myelin breakdown, presence of axonal 
bulbs and degeneration and reactivation and loss of oligodendroglia [6]. The majority 
of damage caused by stroke is located in subcortical regions and, remarkably, white 
matter occupies nearly half of the average infarct volume [32]. Indeed, white matter 
is exquisitely vulnerable to ischemia and is often injured more severely than gray 
matter [32]. The sign and symptoms related to white matter injury include cognitive 
dysfunction and thus impaired the executive function and verbal fluency, emotional 
disorders, sensorimotor impairments, as well urinary incontinence and pain, all of 
this are related to destruction and remodeling of white matter connectivity [32]. A 
study found that post-stroke survivors who exhibited greater frontal white matter 
hyperintensities volumes are predicted to have shorter time to dementia onset, with 
the exhibited disruption of gliovascular interactions and blood brain barrier dam-
age [34]. They also found that, clasmatodendrosis which is linked to white matter 
hyperintensities, and frontal white matter changes is the substrate that contributed to 
delayed post- stroke dementia [34].

3. Post stroke vascular cognitive impairment (PSCVI)

Post-stroke cognitive impairment is a new cognitive deficit that begin in first 
three months following stroke and continue for minimal of six months, which is not 
explained by any other condition or disease [35]. This deficits occur in 30–40% of 
individuals in one or more cognitive domains, including language, executive func-
tion, visuospatial cognition, episodic and working memory. Moreover, cognitive, 
affective and behavioral outcome of stroke are more frequently associated with 
bad quality of life (QoL) than measures of physical disability [35]. While European 
Stroke Organization (ESO) and European Academy of Neurology (EAN) guideline 
define post-stroke cognitive impairment as all problems in cognitive function that 
occur following a stroke, irrespective of the etiology. There is distinction between 
the broad construct of cognitive impairment and dementia (or major neurocognitive 
disorder) [36]. However, the risk of dementia after stroke is high, with a post-event 
incidence of 34% one year after severe stroke (NIHSS>10), with lower rate after 
TIA and minor stroke [35]. The lesions, such as focal stroke, may disrupt networks 
either directly, or indirectly, through secondary mechanisms of injury. Specific to 
neurocognitive impairment post-stroke. Figure 1 showed a proper account of the 
consequences of damage to specific areas of brain therefore requires an understand-
ing of the distributed neural networks that underpin these neurocognitive domains 
and their interaction [35].

3.1 Pathomechanism of PSVCI

Multiple studies had discussed the probable causes of VCI, particularly vascular 
origin such as reduced blood supply to the brain i.e., cBF [37]. The affected brain 
areas undergo a neuronal tissue loss which compromises its structure and func-
tion and manifests as a VCI. The onset of ischemic cascade showed the initiation of 
many steps including inflammation, excitotoxicity, nitric oxide production, free 
radical damage, and apoptosis, all of these play a role in tissue injury. The molecular 
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consequences of brain ischemia following a stroke includes temporal change in cell 
signaling, signal transduction, metabolism, and gene regulation/expression [28, 38].

In the case of stroke, pro-inflammatory mediators, and amyloid deposition (i.e., 
cerebral amyloid angiopathy [CAA]) in the vessel walls play a crucial role in the 
development and progression of PSVCI [5, 39]. However, PSVCI generally occurs in 
a shorter time frame (i.e., less than 1 year) compared to other forms of VCI [40, 41]. 

Figure 1. 
Neural networks that underpin the neurocognitive domains. Each figure sketches the major regions recognized 
as part of the network supporting each domain. Key points are that all networks are widely distributed across 
the brain frequently intersecting and overlapping so that multiple networks may be injured by a single stroke. 
Copyright from McDonald MW, et al. 2019.
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The damage caused by CSVD is late onset due to the cortical and subcortical micro-
infarcts [42]. The brain region is affected by a state of cerebral hypoperfusion which, 
in the long term, is responsible for the damage of white matter and for the emergence 
of cognitive dysfunction [43, 44]. These types of multiple infarctions and diffuse 
white matter lesions often appear in the lateral ventricle and subcortical structures, 
resulting in multiple cognitive domain impairments [42–44]. It is also known that VCI 
can also occur after a cerebral hemorrhage [43, 44], such as CAA-related intracranial 
hemorrhage [36, 37, 45, 46] that resulting in cerebral edema or secondary ischemia 

Figure 2. 
Proposed general mechanisms on post-stroke vascular cognitive impairment (PSVCI). Crosstalk between the 
reduced cerebral blood flow (cBF), aberrant neuro-gliovascular unit and blood brain barrier (BBB) damage 
initiated by ischemic/hypoxic related cerebral vascular lesion and/or occlusion leading to cascade of catastrophic 
event such as increase reactive oxygen species (ROS), thrombo-inflammation and subsequent endothelial cells 
dysfunction and/or vasoconstriction. These lead to neuro-glial cells death and synaptic dysfunction, hence cause 
brain ischemia or hemorrhage and subsequent PSVCI. CAA, cerebral amyloid angiopathy; CSVD, cerebral small 
vessel disease; ICH, intracerebral hemorrhage; No, nitric oxide; VCI, vascular cognitive impairment.
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due to mass lesion and subarachnoid hemorrhage, with involvement of hippocampal 
and frontotemporal regions, resulting VCI with visuospatial memory and language 
deficits [38, 39, 47, 48]. In this case, it is reported that VCI is attributed to the impact 
of the subdural membrane on dural lymphatic drainage [49]. Therefore, both isch-
emic and hemorrhagic strokes may lead to a high risk of PSVCI.

Figure 2 illustrate the description multiple mechanisms of the PSVCI that include, 
(1) cerebral vascular lesions (i.e., ischemic or hemorrhages) in a strategic area in 
terms of cognitive functioning; (2) previous silent CSVD (i.e., leukoaraiosis, cortical 
microinfarct, silent brain infarcts, cerebral microbleeds, Binswanger leukoencepha-
lopathy, and brain atrophy) that contribute to the burden responsible for VCI through 
a cumulative effect or dysconnectivity; (3) accelerated evolution of pre-existing 
degenerative lesions through hypoxia mechanism; (4) direct effect of vascular or 
metabolic risk factors associated with stroke occurrence on cognitive functioning; 
(5) direct induction of neurodegeneration responsible for global or regional brain 
atrophy; (6) endothelial cells dysfunction and blood brain barrier (BBB) damage; and 
(7) neuro-thrombo-inflammation [6]. A better understanding from the molecular to 
cellular processes involved in the neuro-gliovascular unit dysfunction may also help to 
improved prevention and treatments for PSVCI.

Moreover, inflammation and oxidative stress remains an important pathway 
involved in both neuronal and vascular endothelial dysfunctions [50]. Besides, 
neurovascular uncoupling is also responsible for disturbance of brain oxygenation 
and vascular reactivity necessary to supply sufficient cBF in response to neuronal 
metabolism [51]. In neurohormonal pathways, changes in brain plasticity or neuro-
trophic factors, ion channels and mitochondrial dysfunction [3, 52, 53] and cognitive 
dysfunction have all been observed in PSVCI [54]. Interestingly, impairment of 
neurotransmission pathways, i.e., glutamate or cholinergic transmission has also been 
associated with cognitive deterioration (Figure 1) [55].

Therefore, more clinical, and pre-clinical studies are needed to better character-
ize all the molecular mechanisms contributing to cellular (i.e., neuronal damage) in 
PSVCI in order to design for potential pharmacological targets with disease-modify-
ing therapy with pleiotropic compounds or multimodal combinations targeting such 
as endothelial function and BBB, neuronal death, cerebral plasticity and compensa-
tory mechanism, and degenerative disease-related protein misfolding.

4. Honey and its classification

Honey is the natural sweet substance produced by bees from plants nectar, plant 
secretions or excretions of plant-sucking insects on the living parts of plants. The 
bees collect, transform by combining with specific substances of their own, deposit, 
dehydrate, store, and leave in the honeycomb to ripen and mature [54]. Honey can 
be classified or categorized according to several properties. Firstly, is bee species, 
whereby based on the main species of bees, the commercial honey is further catego-
rized as honeybee honey (i.e., produced by all honeybees such as Apis spp.) and sting-
less bee honey (SBH) (i.e., produced by all stingless bees such as Melipona spp. and 
Trigona spp.) [55]. Secondly, based on floral or botanical origin or source, whereby 
honey is also further categorized as unifloral, multifloral, blossom, and) honeydew. 
The unifloral honey is produced mainly from a single plant species, with identifi-
able organoleptic characteristics including appearance, color, flavor, and taste, and 
contains more than 45% of the total pollen from the same plant species as analyzed 
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using visual pollen identification analysis (melissopalynology). The multifloral, also 
known as polyfloral or blend honey, contains pollen from more than one plant species 
with no domination by any single plant species [56]. In contrast, the blossom or 
nectar honey originates from nectars of plants, while honeydew honey comes mainly 
from excretions of plant sucking insects (Hemiptera) on the living parts of plants or 
secretions of living parts of plants [54].

Thirdly, it is based on geographical or topographical region of origin, whereby 
geo- or topographical region is used when honey is exclusively collected and produced 
within the specific area [57]. Next, is based on the method of beekeeping, where 
honey is categorized as organic honey which is produced by apiaries with certi-
fied organic beekeeping which does not contain toxic residues of pesticides used in 
agriculture and beekeeping [58]. Besides, honey is also categorized based on the mode 
of processing, such as squeezed honey when it is obtained by traditionally squeezing 
the honeycombs, drained honey when it is obtained by draining decapped broodless 
comb and extracted honey when it is obtained by centrifuging decapped honeycombs 
which is mainly produced by beekeepers who manage bees in moveable comb hives 
[58]. The consistency and appearance of honey is also crucial in categorizing the 
honey for example liquid honey when it is either thinner or thicker in consistency 
and free of visible crystals, and crystallized honey when it is completely granular or 
solidified [49].

Moreover, honey can also be classified based on their color, whereby honey color 
varies from nearly colorless to dark brown [57]. Hence, honey has been categorized 
as white honey, dark brown or amber and golden honey [49]. However, Department 
of Agriculture from the United States of America categorizes honey color into seven 
categories including water white, extra white, white, extra light amber, light amber, 
amber and dark amber with Pfund color scale of 0 to more than 114 mm [58]. Finally, 
is based on the style of marketing, honey can be categorized as chunk honey when 
honey is sold in a piece of a sealed and undamaged honeycomb, comb honey when 
honey is sold in sealed whole honeycombs, and comb honey in fluid honey when it is 
sold as a cut honeycomb inserted in fluid honey [56].

5. Stingless bee honey (SBH)

Stingless bee species belonged to the same family as the sting bee, Hymenoptera, 
but classified in a different subfamily level. The stingless bee belongs to the 
Meliponinae subfamily. Like the sting bee, the stingless bee produces honey and other 
by-products such as bee bread, propolis and royal jelly [59]. Unlike the sting bees, 
stingless bees store their honey in vertical pots made of cerumen [60]. This part is 
exclusively known and different to the propolis of the Apis mellifera. Propolis, is a 
natural resinous and waxy product which is produced by mixing beeswax and resins 
collected from various plant parts. Meanwhile, cerumen is a mixture that similar to 
propolis but with addition of mandibular secretion of the stingless bee during its 
construction [61].

Additionally, the stingless bees can be differentiated by the size of their body, 
which is smaller compared to the sting bees. Apart from being small, the stingless 
bees have a pot-like structure of honey pot instead of vertical honeycomb produced 
by the sting bees. There are about 500 species of stingless bees reported with 64 
genera distributed in Latin America (Melipona spp., Tetragonisca spp., Scaptotrigona 
spp., and Plebeia spp.), Australia (Tetragonula spp.), Africa (Meliponula spp.), and 
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Asia (Lepidotrigona spp., Tetrigona spp., Homotrigona spp., Lisotrigona spp.) [62, 63]. 
In Asia, particularly in Malaysia, more than 30 species of stingless bees from the 
genus Trigona spp. were reported. The most popular species for rearing and hav-
ing commercial values include Geniotrigona thoracica (Smith), Heterotrigona itama 
(Cockerell), Lepidotrigona terminata (Smith), Tetragonula fuscobalteata (Cameron), 
and Tetraponera laeviceps [64].

SBH, in Malaysia also known as Kelulut honey (produced by Trigona spp. And 
Melipona spp.) was reported to have distinct features compared to sting bees honey 
in terms of the taste and the aroma. Kelulut honey is stored in clusters of small resin 
pots that are different from the hexagonal-shaped combs that most are familiar 
with. It has amber brown appearance and is more diluted as it has high water content 
compared to the other types of honey. The taste of SBH (i.e., Kelulut honey) was 
reported to be sourer like as well as the aroma, waterier in texture and undergoes a 
slow crystallization [62].

5.1 Physicochemical composition of SBH

In general, honey contains about 200 distinct compounds [65]. Each honey’s com-
position and properties are uniquely different which depend on the several factors as 
discussed in Section 3 [55–58]. However, there are many techniques that have been 
employed to determine the floral and geographical origin of honey produced which 
include pollen identification, gas chromatography spectrometry, and identification of 
selected chemical parameters [66].

A good quality honey should have a moisture content that is no more than 
20 g/100 g, and a sum of both fructose and glucose that is not less than 60 g/100 g, 
sucrose content less than 5 g/100 g, free acidity of less than 50 milliequivalents acid 
per 1 kg (meq/kg), ash content of less than 0.5 g/100 g, diastase activity that is not 
less than 8 diastase number (DN), hydroxymethylfurfural (HMF) content about less 
than 40 mg/kg, and electrical conductivity of less than 0.8mS/cm [54, 57]. However, 
this standard is unfavorable to SBH because it has higher moisture content, invertase 
activity, and free acidity as well as lower pH and lack of diastase [62, 67]. Therefore, 
Malaysia Honey production released a standard specifically for Malaysian SBH (MS 
2683: 2017) which stated that the quality of raw SBH should follow these require-
ments: moisture content should be less than 35 g/100 g; sucrose content is less than 
7.5 g/100 g, ash content is less than 1.0 g/100 g, HMF content is less than 30 mg/kg, 
pH between 2.5 to 3.8 and presence of plant phenolics [68].

Apart from geographical origin, the physicochemical properties of honey can 
also vary depending on the variation of bee species. Although varying, the measured 
parameters remain common in the SBH compositions, which are the moisture con-
tent, followed by free acidity, sugar profile, pH, HMF, ash content, and electrical 
conductivity. Other frequently studied parameters include enzyme activity, nitrogen, 
soluble solids, color, minerals, and phenolic compound [69]. Table 1 summarized the 
different in physiochemical composition between honey and SBH (based on Malaysia 
standard) [63, 70–75].

5.2 Minerals and phenolic compound of SBH

Generally, the mineral content of honey is often related to the nutritional benefit 
of honey [73]. In SBH, a total of 14 minerals are studied and four major minerals 
are detected in SBH, which are potassium (K+), Sodium (Na+), Calcium (Ca2+) and 
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Magnesium (Mg2+). The most abundant mineral detected in SBH is K+, followed by 
Na+, Ca2+, and lastly, Mg2+ [62, 76].

Moreover, SBH has been reported to have a higher content of polyphenol than any 
other kind of honey [62]. Therefore, the best indicator for SBH quality is the presence 
of the plant phenolic compounds. These includes benzoic acid, phenylpropanoic acid, 
4-hydroxybenzoic acid, 4-hydroxyphenylacetic acid, vanilic acid, protocatechuic 
acid and p-coumaric acid [68]. Other phenolic compound reported to be present in 
SBH are luteolin, gallic acid, salicylic acid, syringic acid, cinnamic acid, naringenin, 
quercetin, isorhamnetin, apigenin, kaempferol, methyl quercetin, taxifolin, isorh-
amnetin deoxyhexosyl hexoside, quercetin deoxyhexosyl hexoside, and kaempferol 
deoxyhexosyl hexoside [75, 76].

5.3 SBH: Health benefits and mechanistic profiles

Modern science has found that most traditional practice of using SBH as a great 
potential as an added value in modern medicine and considered to have a higher 
medicinal value than other bee species. As discussed, SBH mays serve as anti-
inflammatory, anti-cancer [72] anti-bacterial [77], antioxidant, and anti-tumor [63]. 
According to several physicochemical criteria, the composition of stingless bee honey 
differs from that of other species [78].

Moreover, SBH was generously studied and reported to possess varieties health-
beneficial effect. A study reported that administration of SBH on male diabetic 
rats showed an ameliorative effect on the testicular structure and function [79]. 
Furthermore, SBH also showed a potential as antihyperglycemic agent after being 
administered for 14 days in diabetic rats [9]. Another study on SBH also reported 
that SBH showed an antimicrobial activity through an in vitro study [80, 81]. 
Administration of this honey also reported to increase sperm production and elevate 
testosterone level in diabetic rats [9]. Traditionally, SBH is used for anti-aging, enhanc-
ing libido, treatment for bronchial phlegm, relieving sore throat cough and cold, and 
improving immune system [82]. Interestingly, Kelulut honey has been found to have 

Composition Honey SBH

Moisture ≤ 20 g/100 g ≤ 35 g/100 g

Sugar (i.e., Fructose + Glucose) ≥ 60 g/100 g ≥ 40 g/100 g

Sucrose < 5 g/100 g < 7.5 g/100 g

Free Acid < 50 mg/kg ≤ 50 mg/kg

Ash content < 0.5 g/100 g < 1.0 g/100 g

Diastase number (DN) ≥ 8 DN ≥ 5 DN

Hydroxymethylfurfural (HMF) content < 40 mg/kg < 30 mg/kg

Electrical conductivity (EC) 0.8 mS/cm 0.1 mS/cm

pH 3.2–4.5 3.15–6.64

Nitrogen content 5–200 mg/kg 107–816 mg/kg

DN, diastase number; EC, electrical conductivity; HMF, Hydroxymethylfurfura; SBH, stingless bee honey; g, gram; 
mg, milligram, cm; centimeter.

Table 1. 
Different in physiochemical composition between honey and SBH (based on Malaysia standard).
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Phenolic 
compounds

Neuroprotective potentials Cerebral plasticity prospect

Antioxidants Anti-Inflammatory

Chrysin Reduced neuronal 
damage by decreasing 
oxidative injury [96].

Against neuronal 
damage by inhibiting 
inflammatory response 
[96].

Protect against memory 
impairment due to 
neurodegeneration and 
ameliorate cognitive deficit 
[96, 97].

Gallic acid Promotes cerebral 
antioxidant defense and 
excellent free radical 
scavenger [98].
Reduce oxidative stress 
cause by 6-OHDA and 
protect against cognitive 
impairment [99].

Potent anti-
inflammatory agent 
against vascular disease 
[100].

Reinstated the spatial memory 
in animal models of vascular 
dementia due to the ischemic 
brain injury [101].
Against the acute and chronic 
oxidative stress that is the basis of 
neurodegeneration [102]

Cinnamic 
acid

Potent oxidative stress 
reduction capacity and 
antigenotoxic capacity of 
p-coumaric acid [103].

p-Coumaric 
acid exhibited 
neuroprotective effects 
against 5-S-cysteinyl-
dopamine-induced 
neurotoxicity [104].

p-Coumaric acid had the 
potential to be the main element 
for the prevention or treatment 
of AD and the development 
of novel monoamine oxidase 
inhibitors [105].

Quercetin Protect against oxidative 
damage caused by 
induced cerebral stroke 
in young and old rats 
[106].
Attenuated oxidative 
stress induced by high 
fat diet in mice and 
improving spatial 
learning and memory 
[107].

Helps in ICH by 
deterring inflammatory 
response and apoptosis 
and reducing lesion 
volume hence 
stimulating restoration 
of neural function [4].

Ameliorate the ischemic injury 
by regulating acid-sensing ion 
channel led calcium and lipid 
peroxidation in neural cell [108].
Enhancing the neuronal count 
in the hippocampus area, which 
is the worst affected region post-
stroke [109].
Delaying the development of AD 
and cognitive function deficit 
[110, 111].

Catechins Ameliorate oxidative 
stress-caused by 
neurodegeneration 
diseases [112].
Mitigate oxidative stress 
following the insult 
caused by the cerebral 
ischemia [113].
Able to indirectly 
enhance the body’s 
endogenous antioxidants 
to fight against the 
oxidative damage cause 
by various reasons [113].

Mitigate the 
inflammatory reaction 
following the insult 
caused by the cerebral 
ischemia [113].

Significant neuroprotective effect 
against neuronal insult caused by 
transient global ischemia [114].
High dose may help in 
attenuating the formation of 
post-ischemic brain oedema and 
reduced the volume infarction 
following the unilateral cerebral 
ischemia [115].
Improve learning and memory 
function in aged mice [116].

Apigenin Protects neurons 
against oxygen–glucose 
deprivation/reperfusion-
induced injury in 
cultured primary 
hippocampal neurons 
by improving sodium/
potassium-ATPase (Na+/
K+-ATPase) activities 
[117].

Inhibits the kainic acid-
induced excitotoxicity 
of hippocampal cells 
in a dose-dependent 
manner by quenching 
ROS and by inhibiting 
the depletion of 
reduced glutathione 
levels [118].

Neuroprotective effect against 
ischemia/reperfusion injury by 
promoting cell proliferation, 
reduced cerebral infarct areas, 
alleviated apoptosis, and 
improved neurological function 
[119, 120]
Stimulates the adult neurogenesis 
that underlies learning and 
memory [93].
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multitude pharmacological properties, which include anti-inflammatory [83, 84] 
antibacterial [85, 86], anticancer [86–88] and antioxidant [89, 90].

However, antioxidants (i.e., molecules that slow or stop other molecules from 
oxidizing) preventing diseases like neurological disorders. Antioxidants protect cell 
structure by neutralizing ROS and thereby terminating the harmful chain reaction 
in the body [22]. As discussed, the principal beneficial compounds found in SBH are 
polyphenols. Polyphenols and phenolic acids are thought to be richer in SBH than in 
any other type of honey [62, 76]. SBH samples have a much higher antioxidant capac-
ity than Tualang honey samples, with statistically significant relationships between 
antioxidant outcomes and polyphenols concentration (p < 0.0.05) interestingly, SBH 
composition with strong antioxidant and anti-inflammatory factors had been shown 
to improve cognitive deficits [8, 9], namely from high flavonoids and polyphenols 
that protect against neurodegenerative disorders through modulating neuronal and 
glial signaling pathways (10).

High polyphenols content in SBH (i.e., Kelulut honey) can help to ameliorate 
PSVCI due to the oxidative damage thus providing an inexpensive neuroprotective 
therapeutic role. Not only dietary polyphenols can help in protecting brain from 
oxidative-stress injury, it also can mitigate neuroinflammation [91] protecting 
against neurodegeneration and promoting learning and memory and cognitive func-
tion [71, 92, 93]. Additionally, polyphenols are the significant bioactive molecules 
which act as the antioxidant that present in honey that may contribute relatively to 
the proven pharmacological properties of the SBH (i.e., Kelulut honey) [94]. Kelulut 
honey has been proven to have higher content of polyphenol than other honey [76, 84]. 
There is significant correlation between high polyphenol content to the antioxidant 
properties [76]. The common groups of polyphenols that have been detected are 
flavonoids and phenolic acid. There are several most reported phenolic and flavonoid 

Phenolic 
compounds

Neuroprotective potentials Cerebral plasticity prospect

Antioxidants Anti-Inflammatory

Caffeic Acid Potent antioxidant 
against ischemic/
reperfusion injury [121].

Reduce infarct volume 
and neuroinflammation 
activity [122].

Neuroprotective effect against 
ischemic/reperfusion injury and 
adverse drug reactions [121].

Kaempferol Ameliorated antioxidant 
defenses and 
antiapoptotic effects 
involve the enhancement 
of mitochondrial 
turnover, which is 
mediated by autophagy 
[123].

Attenuate ischemic 
brain damage and 
inflammation by 
preventing the 
activation of STAT3 and 
NF-κB pathway and 
ameliorate neurological 
deficit caused by the 
ischemic stroke [124].

Administration of kaempferol 
to ischemic stroke rats’ model 
for 7 days post cerebral 
ischemia/reperfusion was able 
to significantly reduce cerebral 
infarct volume, decreased 
inflammation and help 
promoting intact BBB [125].
Optimal treatment for improving 
cognitive function due to its 
positive effects on depression, 
mood, and cognitive functions 
[126].

6-OHDA, 6-hydroxy dopamine; AD, Alzheimer’s disease; ATPase, adenosine triphosphatase; BBB, blood brain 
barriers; GSH, glutathione; ICH, intracerebral hemorrhages; NF-κB, nuclear factor kappa B; ROS, reactive oxygen 
species; STAT3, signal transducer and activator of transcription 3.

Table 2. 
List of important polyphenols components found in SBH and its neuroprotective potentials (i.e., antioxidants, 
anti-inflammatory) and their cerebral plasticity prospect.
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compounds that can be found in Kelulut honey which may help in alleviating or 
reversing the cognitive decline in post-stroke patients, namely gallic acid, caffeic 
acid, catechin, apigenin, chrysin, cinnamic acid, kaempferol, p-coumaric acid and 
quercetin [78, 95]. Several important polyphenols components that can be found in 
Kelulut honey and act as neuroprotective (i.e., antioxidants and anti-inflammatory) 
and aided in cerebral plasticity following PSVCI is summarized in Table 2.

6.  Cerebral plasticity prospect of SBH supplementation in rehabilitation 
of PSVCI

Cerebral plasticity of SBH supplementation in rehabilitation for PSVCI have been 
developed with two main aims: restoration of cerebral flow and the minimization of 
the deleterious effects of ischemia on neurons, [28] and the mechanism of polyphe-
nols in SBH as neuroprotective in brain reported able to prevent neuro-inflammation, 
promote memory, learning and cognitive function and protect against neurotoxin-
induced neuronal injury, hence improved the defend mechanism against oxidative 
stress, neuro-inflammation and attenuated free radical-mediated molecular destruc-
tion [14, 92]. There are ongoing studies to investigate the potential positive effect 
of flavonoids from honey as cerebral plasticity prospect to delay the progression of 
cognitive impairment [17].

6.1 Prevent neuro-inflammation

Inflammation has been identified as important factor in the pathogenic mecha-
nisms of cerebrovascular disease and neurodegenerative disease such as dementia 
[127]. There are evidence that chronic inflammation involved in the pathogenesis of 
several condition post-stroke and dementia. Human and animal studies indicates that 
inflammation mediated by inflammatory cells, cytokines, cell adhesion molecules, 
and eicosanoids occurs after ischemic injury and may exacerbate ischemic injury 
[28]. The mechanism in vascular damage seen in brain is encourage and maintain 
by cytokines, acute phase proteins, endothelial cell adhesive molecular and other 
immune-related protein. Microvascular inflammation is a hypo-perfusion model with 
markers of chronic inflammation and endothelial activation, can lead to increase BBB 
permeability and to infiltration of inflammatory factors like interleukins, MMPs, 
Tumor necrosis factors (TNFα), toll like receptor 4 (TLR4) and C-reaction protein 
(CRP). This product upon enter into brain, these inflammatory factors can exacerbate 
white matter damage [127], in early in the pathology process of Alzheimer disease in 
patients with mild cognitive impairment (MCI) [128].

Human and animal studies indicates that inflammation mediated by inflammatory 
cells, cytokines, the cell adhesion molecules, and eicosanoids occurs after ischemic 
injury and may exacerbate ischemic injury [28]. The common studies biomarkers in 
VCI and dementia are interleukin-6 (IL-6), MMPs, Tumor necrosis factors (TNFα), 
toll like receptor 4 (TLR4) and C-reactive protein (CRP) [17].

Potential therapeutic targets to minimize tissue loss and neurologic deficit by 
lessening the proportion of penumbral tissue recruited into the infection area. 
Inflammation occurs by molecular and cellular components at blood-microvacular 
endothelial cell interface [28]. SBH with phenolic acid consumption is an antioxidant 
that act as neuroprotective effect to prevent neuro-inflammation, promote memory, 
learning, cognitive function and protect against neurotoxin-induced neuronal injury 
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in brain [14, 16, 129]. Flavonoid or myricetin modulates an interleukin −1 beta –
mediated inflammatory response in human astrocytes in alleviation of neuroinflam-
mation [15].

In this perspective, the role of honey as one of the natural supplements worth 
to be explored for its potential in halting the progression of cognitive impairment 
and dementia [15, 16, 95]. Nevertheless, to our best knowledge, limited such study 
exists on stroke patients whether with cognitive or physical impairment with the 
used of honey in promoting recovery in functional and to delay the progression of 
impairments.

6.2 Against oxidative stress

As mentioned earlier in this chapter, oxidative stress in brain tissue had been 
proven to contribute to reducing cognitive function in aging brain [130]. Oxidative 
stress defines the inadequate balance between free radicals and antioxidant protective 
activity [129]. Oxidate stress is a common manifestation of all type of biochemi-
cal insults to the structural and functional integrity of neural cells, such as aging, 
neuroinflammation, development of neurological disease (Alzheimer disease and 
Parkinson’s disease) and neurotoxins [14, 16]. In addition, increased oxidative stress 
may impair learning [78] and memory [131] thus overall cognitive function. It has 
been proven also that oxidative stress is part of the pathology of traumatic brain 
injury (TBI) and impairs the neuronal function [129]. Oxidative stress biomarkers 
had been found to be increased within 24-hour post onset of acute ischemic stroke 
and reduced within 3 months due to the activated antioxidant system [132]. Taking 
all together, this prove that oxidative stress plays a part in reducing cognitive function 
post-stroke that impair learning and memory.

Honey with an antioxidant property such as phenolic acid can decrease oxidative 
stress by improved the defend mechanism against oxidative stress and attenuated 
free radical-mediated molecular destruction [14–16, 129]. One of SBH most essential 
characteristics is their antioxidant ability, which helps to prevent certain diseases by 
protecting cells from oxidative agents like free radicals.

6.3 Increase learning and memory

The progression of cognitive impairment or dementia post stroke can be delayed 
or prevented by introducing honey as supplementary therapy in early stage of stroke 
patient with mild cognitive impairment in animal study [9, 92, 93, 133]. Honey was 
reported can against chronic cerebral hypoperfusion such as in Alzheimer’s disease 
and effect on memory and learning process such as in prevent dementia. Studied 
the use of honey as a natural preventive therapy of cognitive decline and dementia 
in 2893 subjects in Iraq. Only 95 from 1495 subject who received honey were found 
to develop dementia (6.35%) as compared to placebo group (n = 1400) whereby 394 
subjects developed dementia (28.1%) (p < 0.05) [15]. This study suggested that honey 
and its properties act as natural preventive therapies for both cognitive impairment 
and dementia but still less evidence to support the association between honey and the 
progression of dementia. Concerning neurodegenerative disorder, honey (Tualang) 
was found to have significant activity against chronic cerebral hypoperfusion that 
have protective effects in learning and memory, which is one of several factors 
contributing to dementia and Alzheimer’s disease (AD) [76].
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Honey also showed able to enhance memory by effect to increase proliferation of 
neuron in hippocampal region [16, 93]. Study reported that reported that both short 
and long term and supplementations with honey at a dose of 230 mg/kg of body 
weight significantly decreased the number of degenerated neuronal cells in hippo-
campus region, which acts as defense mechanism against stress [93].

The study finding stated that SBH supplementation effect and increase learning 
and memory performance of brain and it is because content of high antioxidant that 
enhance synaptic plasticity through synaptogenesis in brain [92]. It is because quer-
cetin is another flavonoid with antioxidant activity found in honey improves memory 
and hippocampal synaptic plasticity in models of memory impairment that cause by 
chronic lead exposure. Quercetin also has neuroprotective effect against colchicine-
induced cognitive impairment [95]. While Cafeic acid present in honey give an effect 
as neuroprotective on neuronal cell in brain in prevention learning and memory 
deficit and catechin contribute as antioxidant that give effect as neuroprotection on 
neuronal cell that delay memory impairment. Finding of studies reported that honey 
is significantly reduced molecular destruction and improvement in the memory 
performance that delay the progression of cognitive impairment or dementia [133].

Recent study showed that one of the components of SBH from Trigona spp. (i.e., 
phenylalanine) may be able to trigger the upregulation of brain-derived neurotrophic 
factor (BDNF) and inositol 1, 4, 5-triphosphate receptor type 1 (ITPR1) [95, 134] 
which are genes involved in synaptic function [135]. Therefore, trigona displayed 
capabilities in improving cerebral plasticity (especially after PSVCI) including spatial 
working memory, spatial reference memory and memory consolidations. Another 
study also suggested that SBH improves memory and reduces anxiety, in addition to 
its potential to reduce triglyceride, LDL, and normalize blood glucose in rats with 
metabolic syndrome [94].

6.4 Attenuated free radical-mediated molecular destruction

Free radical lead to protein dysfunction, DNA damage, and lipid peroxidation, result-
ing in cell death due to the disruption of the blood–brain barrier in stroke. Free radicals 
are highly unstable, and therefore very reactive atoms, molecules, or compounds due 
to their atomic or molecular structure, which has one or more unpaired electrons. They 
attempt to pair up with other molecules, atoms, or even individual’s electrons to create 
a stable compound, receiving electrons from other atoms [131]. This generates reactive 
oxygen species (ROS) and free radicals that can bring about molecular transformation 
and gene mutations in many types of organisms. This is called oxidative stress and is 
deemed to contribute to the development of chronic and neurodegenerative diseases 
such as Alzheimer disease that could lead to dementia [12]. ROS are produced naturally 
by metabolism such as due to the inflammation or result from poor living conditions and 
environmental pollution. The radical theory in human physiology claims that active free 
radicals are involved in almost all cellular degradation processes and lead to cell death.

In order to better clinical prognosis, more studies focus on pharmaceutical and 
non-pharmaceutical neuroprotective therapies against free radical damage [136]. 
Honey with high phenolic acid can improved the defend mechanism against attenu-
ated free radical-mediated molecular destruction [14, 15]. As reported, apigenin in 
honey provide as radical scavenging activity where it is protects neuron against oxy-
gen–glucose deprivation/reperfusion-induced injury in cultured primary hippocampal 
neuross by improving sodium/potassium ATPase (Na+/K + -ATPase) activities [15].
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6.5 Polyphenols as anti-acetylcholinesterase activity

Loss of cholinergic activity, atrophy of the nucleus basalts of Meynert as the 
major source of acetylcholine (Ach), and loss of cortically projecting cholinergic 
neurons, as well as increased cognitive deficits, are some of the notable findings in 
various neurodegenerative diseases such as AD, Parkinson disease, and dementia 

Figure 3. 
The proposed mechanism of action of SBH derived polyphenols. Catechins (Ct) enhance the body’s endogenous 
antioxidants to fight against the oxidative stress. Chrysin (Chy), gallic acid (GA), and cinnamic acid (CA) 
are potent antioxidants, and radical scavengers, hence protect against oxidative damage. GA also potent 
anti-thrombo-inflammatory agent. Apigenin (APG), kaempferol (KF), GA, and Chy ameliorated antioxidant 
defenses and reduced thrombo-inflammatory reaction, hence attenuate neuro-glial cells death, atrophy and 
reduced synaptic dysfunction. Quercetin (Qc) and KF also serve as anti-cholinesterase activity and improve 
cholinergic transmission. Caffeic acid (CfA) is a potent antioxidant against ischemia and help reduce 
neuroinflammation and infarct volume. Optimal treatment of SBH-derived polyphenols may improve cerebral 
plasticity following post-stroke vascular cognitive impairment (PSVCI) – in term of neurogenesis, memory, 
learning and cognition.
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and including PSVCI. Diminished Ach synthesis owing to reduced choline acetyl-
transferase, choline absorption, cholinergic neuronal and axonal abnormalities, and 
cholinergic neuron death can all cause cholinergic dysfunction in neurodegenerative 
disorders [137].

As a result, utilizing acetylcholinesterase inhibitors, which work by stimulat-
ing both the muscarinic and nicotinic acetylcholine receptors, has proven to be 
an effective treatment for the cognitive symptoms of neurodegenerative disease 
[138]. In the brain, there are two different types of Ach receptors: ligand gated 
nicotinic Ach receptors (nAChRs) and metabotropic muscarinic Ach receptors 
(mAChRs). mAChRs are divided into five subtypes (M1-M5). The most prevalent 
subtype of M1 mAChR is found in the cerebral cortex and hippocampus, which 
are the most vulnerable brain areas to the formation of amyloid plaques and 
neurofibrillary tangles [139]. Some polyphenols found in SBH have been proven to 
inhibit cholinesterase. The anti-cholinergic effect of polyphenol was accompanied 
by improvements in cognitive function, such as learning and memory, in most in 
vivo investigations [140]. In a study, resveratrol was found to inhibit acetylcholine 
release from adrenal chromaffin cells. Huperzine A, Quercetin, Kuwanon U, E, 
and C, kaempferol, tri- and tetrahydroxyflavone, and other polyphenols found in 
SBH have an anti-butyrylcholinesterase activity in addition to anti-cholinesterase 
activity [140].

Huperzine A of polyphenols has the highest acetylcholinesterase (AChE) 
inhibitory activity after donepezil, while tacrine, physostigmine, galantamine, 
and rivastigmine were less potent. Huperzine A has also shown better penetration 
through the.

BBB, higher oral bioavailability, and longer duration of Ache-l activity [140]. 
Clinical trials with Huperzine A, for treatment of cognitive and functional impair-
ments of AD and schizophrenia and the increase in memory performance of normal 
individuals, have been promising [141, 142]. In China, Huperzine A has been studied 
in phase IV clinical trials and revealed a significant improvement of memory of 
elderly people, patients with AD and patients with vascular dementia [138]. Several 
meta-analyses have shown that administration of Huperzine A for at least 8 weeks 
might lead to a significant improvement in cognitive function, mood, behavior, and 
daily activity of patients with AD [142, 143].

Taking all together, polyphenol compounds that can be found in SBH have the 
neuroprotective effect to ameliorate many neurological deficits and any improve 
cerebral plasticity during neurorehabilitation after PSVCI. This shows the huge 
potential of SBH (i.e., Kelulut honey) to become a therapeutic treatment and neurore-
habilitation in stroke and PSVCI. The proposed mechanism of action of SBH derived 
polyphenols is described in Figure 3.

7. Conclusions

In this chapter, we highlighted the neuroprotective potential and cerebral plastic-
ity prospect of SBH as a dietary supplementation, specifically for PSVCI. Further 
translational and clinical research can consider the putative mechanisms of action as 
deliberated here to demonstrate its beneficial impact it may have on cerebral plasticity 
as part of stroke rehabilitation. It is hoped that such an approach could complement 
the existing evidence-based stroke care and contribute to halt the progression of 
vascular cognitive impairment among stroke survivors.
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