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Abstract
Background: Walking recovery post stroke can be slow and incomplete. Determining effective stroke rehabilitation frequency
requires the assessment of neuroplasticity changes. Neurobiological signals from electroencephalogram (EEG) can measure
neuroplasticity through incremental changes of these signals after rehabilitation. However, changes seen with a different frequency
of rehabilitation require further investigation. It is hypothesized that the association between the incremental changes from EEG
signals and the improved functional outcome measure scores are greater in higher rehabilitation frequency, implying enhanced
neuroplasticity changes.
Objective: The purpose of this study is to identify the changes in the neurobiological signals from EEG, to associate these with
functional outcome measures scores, and to compare their associations in different therapy frequency for gait rehabilitation among
subacute stroke individuals.
Methods: A randomized, single-blinded, controlled study among patients with subacute stroke will be conducted with two
groups: an intervention group (IG) and a control group (CG). Each participant in the IG and CG will receive therapy sessions
three times a week (high frequency) and once a week (low frequency), respectively, for a total of 12 consecutive weeks. Each
session will last for an hour with strengthening, balance, and gait training. The main variables to be assessed are the 6-Minute
Walk Test (6MWT), Motor Assessment Scale (MAS), Berg Balance Scale (BBS), Modified Barthel Index (MBI), and quantitative
EEG indices in the form of delta to alpha ratio (DAR) and delta-plus-theta to alpha-plus-beta ratio (DTABR). These will be
measured at preintervention (R0) and postintervention (R1). Key analyses are to determine the changes in the 6MWT, MAS,
BBS, MBI, DAR, and DTABR at R0 and R1 for the CG and IG. The changes in the DAR and DTABR will be analyzed for
association with the changes in the 6MWT, MAS, BBS, and MBI to measure neuroplasticity changes for both the CG and IG.
Results: We have recruited 18 participants so far. We expect to publish our results in early 2023.
Conclusions: These associations are expected to be positive in both groups, with a higher correlation in the IG compared to the
CG, reflecting enhanced neuroplasticity changes and objective evaluation on the dose-response relationship.
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Introduction
Stroke is one of the most common causes of death and acquired
disability worldwide, affecting motor function, speech,
swallowing, vision, sensation, and cognition, and poststroke
recovery can be slow and incomplete [1,2]. Stroke has been
reported by Malaysia’s Ministry of Health to be the third leading
cause of mortality and morbidity [3]. The rehabilitation process
should begin within the first few days after stroke to maximize
neurological and functional recovery to achieve the highest
possible level of independence. However, rehabilitation therapy
for stroke is long term and time-consuming, and can be
expensive with the use of advanced equipment or gadgets [4,5].
Hence, determining effective and tailored stroke rehabilitation
therapy within limited resources is a matter of priority [6]. Rapid
and accurate decision-making is critical to stroke rehabilitation
care, for which several factors have proven to affect the stroke
outcomes, including therapy frequency, intensity, and
task-specific training [7].
Motor learning through stroke rehabilitation is proven to
promote cortical reorganization and neuronal synaptogenesis
that form the basis of the neuroplasticity concept [8].
Neuroplasticity is the ability for the brain to repair and
reorganize after acquiring an injury such as stroke and is
primarily affected by three main factors: therapy frequency,
intensity, and task-specific training [9-11]. At present, choosing
the best rehabilitation therapy for stroke patients is, in part, a
trial-and-error process that can take weeks. However, recovery
capacity after stroke declines overtime in which maximum
recovery is demonstrated within the first 6 months after stroke
[12]. It is imperative to choose an effective rehabilitation regime
for promoting neuroplasticity within the recovery period. For
the majority of clinical settings in lower-income regions,
rehabilitation medicine experts assess and decide the best
rehabilitation therapy for poststroke patients. Decisions are
made based on subjective assessments that may result in
contradicting patients’, families’, and relatives’ expectations,
and potentially inappropriate advice, treatment, or discharge.
Hence, an objective assessment is needed to demonstrate and
prove neuroplasticity changes with stroke rehabilitation.
One of the ways such changes can be identified is through a
neurophysiological study, which is captured as neurobiological
signals. These specific signals can be sensed several ways, but
established studies were based on functional magnetic resonance
imaging, transcranial magnetic stimulation, and positron
emission tomography scan [13-15]. In the majority of
lower-income countries, these neuroimaging facilities are only
limited to a few tertiary hospitals; thus, it is inconvenient to
adopt such practice assessments in a contextual setting.
Therefore, other methods of assessments must be sought, and
the use of cheaper and conveniently accessible neurobiological
signals need to be further investigated for this specific purpose.
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Capturing neurobiological signals using electroencephalogram
(EEG) that is cheaper and readily available would be more
contextually plausible for identifying neuroplasticity changes
with stroke rehabilitation. Various studies have been conducted
for detecting neuroplasticity effect based on EEG signal analysis
in stroke rehabilitation, but these studies are confined in
investigating the direct effect of rehabilitation therapy on the
neuroplasticity [16-20]. Further investigation on the relationship
between neuroplasticity and rehabilitation therapy intensity
after stroke were not evaluated in detail. Analyzing parameters
of these neurobiological signals after rehabilitation therapy
would provide in-depth knowledge on the relationship between
neuroplasticity after stroke and therapy intensity.
The activation of neurobiological signals from the affected
stroke areas should demonstrate incremental changes with time
if rehabilitation therapy is conducted more frequently. It is
hypothesized that the neuroplasticity changes occurring with
rehabilitation can be objectively measured through the
association between analyzed incremental changes derived from
the EEG signals and the improved functional outcome measure
scores. Based on this hypothesis, the dissimilarity in the
associations observed with different rehabilitation frequency
may demonstrate a dose-response relationship. The purpose of
this study is to identify and determine the changes in the
neurobiological signals from the EEG, to correlate these with
the improved functional outcome measure scores after
rehabilitation as an objective measurement of neuroplasticity,
and to compare the associations observed in different therapy
frequency for gait rehabilitation among subacute stroke
individuals. These objectives are aimed through an
interventional, randomized, single-blinded, controlled study.

Methods
Study Type, Blinding, Design, Randomization,
Recruitment, and Intervention
The study will be an interventional, randomized, single-blinded,
controlled study conducted at an outpatient rehabilitation setting
among adult individuals with moderate to severe stroke in the
subacute phase. Participants for the study will be recruited at a
rehabilitation medicine clinic of a major tertiary hospital in the
capital city of Sabah from the period of November 1, 2021, to
October 31, 2022. Recruited participants and the in-charge
physiotherapist will know the frequency of stroke rehabilitation
intervention that each participant would be receiving. However,
a separate neurophysiological technologist, EEG signals analyst,
and therapist are to be assigned for measuring the outcome
measures and analyzing the data without prior knowledge on
the type of intervention that each participant will be subjected
to.
Informed and recruited participants will be randomized into
two groups: one group to receive a high frequency gait training
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(called the intervention group [IG]) and another group to receive
the standard routine, low frequency gait training (called the
control group [CG]), in a ratio of 1:1. The expected number of
participants for each group is 18 (refer to the Sample Size
section). The randomization plan for assigning treatment to each
participant will be generated through online randomization
software.
Each participant in the IG will have a therapy session three
times a week, while a participant in the CG will have a therapy
session once a week. Both groups will have to attend the session
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for a total of 12 consecutive weeks. Each session will last for
approximately 40 minutes with a rate of perceived exertion
between 3 to 5 minutes as the intensity threshold. The following
training will be included: strengthening of hip flexors and knee
extensors for approximately 5 minutes (Figure 1); balance
training using a functional reach activity for approximately 10
minutes (Figure 2); gait training for approximately 20 minutes
and to be conducted with or without walking aids and ankle-foot
orthosis, depending on the stability, balance, and confidence
level of the participants (Figure 3); and cooling down for
approximately 5 minutes.

Figure 1. Strengthening exercise for hip flexor and knee extensor.
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Figure 2. Functional reach for balance training.
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Figure 3. Flowchart on selecting mode of gait training.

Sampling Plan, Data Collection Procedures, and
Sample Size
The heterogeneity of stroke might impose difficulty for
generalization of the outcomes, hence the need to impart strict
eligibility criteria for the study. Inclusion criteria are adult
patients older than 18 years, unilateral stroke, ischemic stroke,
moderate to severe stroke severity presentation based on
admission NIHSS (National Institute of Health Stroke Scale)
score of 16 to 24, and displaying hip flexor and knee extensor
muscle strength of MRC grade 3 or above during the subacute
phase (at 3-6 months after stroke) before they are randomized
for intervention. Exclusion criteria to be considered include
recurrent stroke, lactating mothers, pregnant women, brain stem
stroke, bilateral limbs (either upper or lower) weakness, reduced
cognitive function based on a Mini Mental State Screening score
of 18 and less, significant dysphasia, underwent poststroke
craniectomy, and presence of severe spasticity or contracture.
One physiotherapist in charge is assigned to monitor
participants’ therapy, and another will be assigned to ensure
blind assessments of the functional outcome measures. The end
point of the study for each participant will be achieved when
the final assessment is completed at 12 weeks after the
intervention has ended or if adverse events are occurring during
the study period.
Based on several studies [16-20], the studied population ranges
from 10 to 40. A randomized controlled study by Calabrò et al
[17] had 20 patients in each arm. At the same time, based on
expert consultation from the neurologist at the study site,
roughly 3 to 4 new stroke cases that meet the eligibility criteria
will be admitted. Considering that the study is focusing on the
subacute stroke population, with limited cases to be recruited,
the proposed study sample is finalized to 30 participants in each
arm.
https://www.researchprotocols.org/2022/1/e27935
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Variables and Outcome Measures
Two major independent variables for evaluation are patients’
demographic and stroke-related clinical information. Patient
demographics shall include age, gender, and ethnicity.
Stroke-related clinical information will incorporate the
admission NIHSS score for classifying stroke severity, duration
after stroke, and type of stroke.
The primary outcomes for assessment are brain wave
frequencies and functional outcome measures. Brain wave
frequencies from EEG signals will be conducted through
resting-state EEG recordings at preintervention (R0) and
postintervention (R1; within 2-4 weeks before the first and 2-4
weeks after the final therapy session) with the participant in a
comfortable supine position. The participant will have to keep
the eyes closed while awake and relaxed for 3 minutes during
the EEG recording. The signals acquisition will require the use
of a cap with 32 scalp monopolar electrodes placed according
to the International 10/20 system.
Functional outcome measures based on the 6-Minute Walk Test
(6MWT), Motor Assessment Scale (MAS), Berg Balance Scale
(BBS), and Modified Barthel Index (MBI) will be assessed at
preintervention (R0) and postintervention (R1; before the first
and after the final therapy session). The 6MWT assesses
endurance level through distance covered as a functional
walking test [21]. The MAS is a performance-based scale for
assessing everyday motor function in patients with stroke [22].
The BBS measures balance impairment, and its usability in
poststroke assessment has been validated [23]. The MBI
evaluates functional performances (feeding, bathing, grooming,
dressing, bowel control, bladder control, toileting, chair transfer,
ambulation, and stair climbing) with a maximum score of 100
[24].
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Statistical Analysis and Modeling
Descriptive analysis will be tabulated for demographics, clinical
information, and functional measures. Descriptive data will be
expressed as means and SDs unless otherwise stated. SPSS
version 22 (IBM Corp) will be used for data analysis. One-way
analysis of variance (ANOVA) will be used for analysis of
normally distributed variables. Kruskal-Wallis ANOVA will
be used for nonnormally distributed data. Categorical data will
be analyzed using chi-square or Fisher exact test. A value of
P<.05 is considered statistically significant. The data on the
EEG signals will be displayed with graphs whenever
appropriate.
The critical analytic comparisons will be as follows:
•

•
•

Changes of functional outcome measures based on the
6MWT, MAS, BBS, and MBI scores at R0 and R1 in the
CG and IG groups
Changes of brain wave frequencies derived from EEG
signals at R0 and R1 in the CG and IG groups
Admission NIHSS score and admission lower extremity
motor score based on NIHSS in the CG and IG groups

Quantitative EEG Indices Analysis
The brain wave frequencies derived from EEG signals are
primarily captured for quantitative EEG (qEEG) indices
analysis. The four main types of brain wave frequencies are
delta (1-4 Hz), theta (4.1-8 Hz), alpha (8.1-12.5 Hz), and beta
(12.6-30 Hz). In many established neurophysiological studies,
two commonly used qEEG indices are delta to alpha ratio (DAR)
and delta-plus-theta to alpha-plus-beta ratio (DTABR). DAR
is proven to have the potential for improving the assessment of
cerebrovascular pathology and found to be associated with
NIHSS score after 30 days of stroke for prognostication [25].
On the other hand, NIHSS scores were not substantially linked
with qEEG assessments of theta or beta waves. DTABR is
considered as one of the best qEEG indices and demonstrated
to be more superior than the ASPECTS measure for predicting
poststroke outcome at discharge and up to 12 months after the
event [26].
Data analysis for EEG signals will be performed offline in
MATLAB (MathWorks) using the EEGLAB toolbox. This
process will start by exporting the EEG raw data and saving it
in the form of a Mat file for further evaluation. The EEG data
is planned to be resampled at 500 Hz, then undergo several
filters (bandpass, lowpass, and highpass) before being divided
into consecutive nonoverlapping epochs, and will be mean
detrended. The bad channels and segments containing gross
artifacts that can be identified by visual inspection will be
excluded. Next, independence component analysis will be used
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to eliminate other artifacts such as loss of electrode connections,
ocular artifacts, and muscle artifacts. To extract the spectral
power from the EEG data, each resultant component will
undergo the time series, the topographic distribution of signal
amplitudes, frequency spectra, and frequency loading. The
spectral analysis will be done using a specific epoch of discrete
fast Fourier transform to obtain and monitor certain frequency
resolution.

Association Analysis
The changes observed in the DAR and DTABR will be further
analyzed for association with the changes in 6MWT, MAS,
BBS, and MBI for both the CG and IG. It is expected that both
associations, based on correlation analyses, would be positive
in both groups. However, the r value derived from the
correlation is expected to be higher in the CG, grounded on the
hypothetical assumption that the neuroplasticity changes would
be enhanced in higher frequency training.

Ethics Consideration
This study has received the ethics approval from the National
Medical Research Register of Malaysia, which is the formal
and statutory body that governed all medical-related studies in
this country, with ID no NMRR-19-3840-51591 (IIR).

Results
Data analysis will be conducted after interventions are
completed for all recruited patients. Of 24 eligible stroke patients
attending the study site, we have recruited 18 participants so
far and expect to publish our results in early 2023. The
remaining 6 patients had logistic issues; hence, they were not
able to participate in the study procedure.

Discussion
The findings from this study would objectively demonstrate the
enhanced neuroplasticity changes occurring with a higher
frequency of rehabilitation training. The significance of these
findings explain two major concepts in neuroplasticity post
stroke: (1) the enhanced neuroplasticity implies that the stroke
recovery with rehabilitation is exponential, likely due to a larger
recruitment of synaptogenesis, and (2) a dose-response
relationship for poststroke recovery. The dose refers to the
frequency of therapy session, and the response reflects the
neuroplasticity changes. Demonstrating this effect for the first
time would permit a better understanding on the extent of stroke
recovery so that the rehabilitation regime delivered is guided
based on a more objective manner, rather than a blanket
approach for all.
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