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ABSTRACT

Background: Recovery after stroke relies on neuroplasticity, the brain's ability to reorganize neural
networks. Rehabilitation interventions such as task-specific training, aerobic exercise, strength training
and technology assisted therapies are designed to enhance this plastic potential. In recent years, attention
has shifted toward identifying circulating biomarkers that reflect neuroplastic changes.

Aim: This review aims to assess and synthesize evidence on effective neurotrophic biomarkers
associated with motor recovery following rehabilitation interventions in post-stroke individuals.

Methodology: Electronic databases PubMed, Cochrane Database of Systematic Reviews, PEDro,
Google Scholar, Scopus, Web of science and direct web searches were utilized to do the search. The
search terms used were 'stroke', 'post-stroke', 'meurotrophic', 'neuroplasticity’, 'biomarkers', 'motor’,
'training', 'rehabilitation’ and 'recovery' either separately or in combination.

Results: A total of 133 articles via electronic databases and 12 articles through direct web search were
obtained. After a thorough evaluation by reading the title and abstracts, upon removing the duplicates, 96
articles were excluded from the study due to variable reasons. A final of 12 articles were included in this
review based on the inclusion criteria and relevance to the research question. All the included studies
analyzed and correlated the expression of neurotrophic biomarkers in response to multiple rehabilitation
intervention post stroke.

Conclusion: Within the limits of this review, it can be concluded that assessment of appropriate
neurotrophic biomarkers gives a valuable insight about the progress of the rehabilitation intervention.
The apt rehabilitation intervention subsequent to the biomarker analysis further elucidates motor
recovery in individuals post stroke.
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INTRODUCTION:

Stroke is a critical condition that occurs due to
sudden decline of blood supply to a part of the
brain. It is a very complex and dynamic process
which can strike as either ischemic or
hemorrhagic stroke. Ischemic strokes are caused
by blocking the blood supply via blood clots
whereas ruptures of blood vessels lead to
hemorrhagic strokes [1]. The etiology of stroke
can be polygenic such as high blood pressure,
high cholesterol, uncontrolled diabetes, obesity,
chronic deleterious habits, etc. The ultimate
challenge is the recovery post stroke because
there will be physical, cognitive and emotional
impairments consequent to the occurrence of
stroke which includes (i) motor defects -mobility,
balance, coordination; (ii) sensory defects -
numbing or tingling sensation; (iii) cognitive
defects - memory loss, attention deficit,
thinking &  understanding  deficit;  (iv)
communication defects - aphasia, dysarthria; (v)
emotional defects - depression, anxiety and
irritability [1-3]. Motor recovery after stroke is
a tedious process as it requires the coordination
of complex neural pathways that processes via
various cellular and molecular conjunctions.
Recovery after stroke necessitates intense
neuroplastic changes that include
synaptogenesis, axonal sprouting, cortical
reorganization, neurogenesis, angiogenesis and
long term potentiation. Stroke may be a
momentary reaction to the body’s chronic
abnormal actions, but the recovery of it takes
weeks to months and in severe cases it may even
extend to years [4]. Neuroplasticity improves via
therapeutic interventions that offer repeated
neural  stimulation. Over years
physiotherapeutic interventions have progressed
immensely facilitating recovery at a faster pace,
especially therapy designed for individuals post
stroke has drastically shifted from traditional to
modern approaches. Also because of the
affirmative efficacy, modern techniques have

been adopted in their standard protocol by many
physiotherapists. Traditional rehabilitation
therapy focuses on physical, occupational and
speech therapy whereas modern rehabilitation
therapy includes activity-based therapy such as
constraint-induced movement therapy, high-
dose activity-based rehabilitation, high doses of
task-specific training, environmental
enrichment, mirror therapy, robot assisted
training, virtual reality, non-invasive brain
stimulation [TMS/tDCS] and brain computer
interface [5]. Apart from these aforementioned
factors, recovery depends on age; stroke factors
such as location, size & severity; phase of
stroke; initiation of treatment; intensity of the
treatment and precision rehabilitation [4]. The
neuroplastic recovery were assessed via (i)
neurophysiological  tests - Transcranial
Magnetic Stimulation (TMS), Motor Evoked
Potentials (MEP), Somatosensory Evoked
Potentials  (SSEP),  Electroencephalography
(EEG), Electromyography (EMG), H-reflex
testing & Event-Related Potentials (ERP); (ii)
neuroimaging techniques - functional MRI
(fMRI), diffusion tensor imaging (DTI) & PET
scans and (iii) biological techniques -neurotrophic
molecular biomarkers [6—8].

Neurotrophic  biomarkers/ neurotrophins are
either protein molecules or growth factors that
modulate and promote neuroplasticity. They are
the supreme coordinators of neuronal survival,
growth, differentiation and synaptic plasticity.
These neurotrophins can be an excellent &
reliable indicator of neuroplasticity as their
levels often change in accordance with the
injury and rehabilitation of the neural network
that are evaluated via blood (serum/plasma),
CSF or neural tissues[6]. The common
neurotrophic  biomarkers are brain-derived
neurotrophic factor (BDNF), nerve growth
factor (NGF), neurotrophin-3 (NT-3),
neurotrophin-4 (NT-4), Insulin like growth
factor-1 (IGF-1), Vascular endothelial growth
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factor (VEGF) and Glial Cell-Derived
Neurotrophic Factor (GDNF) [9]. Among these,
BDNF has emerged as an exclusive biomolecule
in stroke rehabilitation because of its crucial role
in synaptic plasticity, neuronal survival & long
term potentiation promoting motor learning and
cortical reorganization post stroke [10].
Similarly, IGF-1 and VEGF contribute to
neurogenesis and angiogenesis, facilitating
restoration of damaged neural networks and
improving cerebral perfusion in ischemic
regions [11,12]. Other neurotrophins such as
NGF, NT-3, NT-4 and GDNF participate in
neuronal maintenance, differentiation and
synaptic ~ remodeling, thereby  supporting
adaptive neuroplastic mechanisms during the
recovery  process [9].These  therapeutic
approaches enhance the neurotrophin signalling
pathways promoting functional reorganization
of the brain. Consequently, monitoring
upregulation/ downregulation of neurotrophic
biomarkers from baseline following
rehabilitation provides valuable insight into the
biological mechanisms  underlying  motor
recovery. Previous literature evidence has
proved that neurotrophic biomarkers can be used
as a standard when assessing the neuroplastic
changes pertaining to motor rehabilitation post
stroke irrespective of the factors compromising
rehabilitation outcomes. Chen T et al. evaluated
BDNF and NGF biomarkers to analyze the
efficacy of the intervention and its ability for
motor recovery in stroke patients. They found a
significant upregulation of both the markers
indicating motor recovery [13]. Gorna S et al.
analyzed the expression of BDNF, IGF-1,
GDNF and VEGF and found significant upscale
for BDNF at week 3 but with the duration the
other markers showed uncertain upregulation
making it difficult to conclude except for GDNF
which neither upregulated or downregulated
[14]. Wang Y et al. evaluated NT-3 and found a
constant increase post intervention pertaining to
motor recovery [15]. Though there is proven
evidence of association between neurotrophic
biomarkers and motor recovery post stroke, the
extent to which biomarkers respond to
rehabilitation interventions remains a gap. The
upregulation/ downregulation of the

neurotrophic  biomarkers across the trials
indicate the association but the difference in

intervention protocols and heterogeneity of

stroke population makes it unclear about the
assessment of neurotrophic biomarkers. To
identify the reliability of the different
neurotrophic  biomarkers, there isneed for
associating of expression of these markers with
the neuroplasticity and the factors that influence
rehabilitation outcomes. Therefore, this
systematic review is performed to
comprehensively analyze the intervention based
evidence on the expression of the neurotrophic
biomarkers for motor recovery post stroke.

MATERIALS & METHODS:

This systematic review was done in accordance
with Systematic review & Meta analysis
[PRISMA] guidelines 2020 with a structured
research question “Does rehabilitation
interventions associated with motor recovery
post stroke alter the expression of neurotrophic
biomarkers?”. The PICO for this research
question are as follows: P- Post stroke; I-
Rehabilitation interventions; C-NA & O-
Neurotrophic biomarker expression in response
to motor recovery. This review is registered in
PROSPERO before the commencement of the
study (ID 1330793).

Search strategy:

A literature search was done with relevant

electronic databases that include PubMed/
MEDLINE, PEDro, Google scholar, Scopus,
Web of science and Cochrane Central Register
of Controlled Trials (CENTRAL). Further
search was made via google search & cross
references to eliminate missing literature
evidence. The search terms wused were
‘stroke’, “post-

stroke’, neurotrophic’,‘neuroplasticity',‘biomark

ers’,‘motor’, ‘training’, ‘rehabilitation’ and
‘recovery’ either separately or in combination.

Search combinations according to the databases:

PubMed/MEDLINE& COCHRANE:  (stroke
OR post stroke) AND (neurotrophic OR
neuroplasticity) AND biomarkers AND motor
AND (training OR rehabilitation OR recovery)

Google scholar, PEDro, Scopus & WOS: Post-
stroke AND neurotrophic biomarkers AND
motor recovery.
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Inclusion & Exclusion criteria:

Inclusion criteria:

Exclusion criteria:

Age - Adult population >18
years of age

Acute, sub acute or chronic
phases post stroke

Rehabilitation intervention
studies (RCTs, quasi-
experimental, controlled
trials, comparative trials,
prospective observational
intervention trials)

Measurement of serum or

plasma neurotrophic
biomarkers

Pre—post biomarker
assessment

Reported motor/functional
outcomes [e.g..Fugl Meyer
assessment(FMA), Action
Research Arm test (ARAT),
gait, Sroke Rehabilitation
Assessment of movement
(STREAM), Modified
Barthel Index(MBI)]

Human trials

Last 10 years

Non- stroke neurological
conditions

Animal studies

Retrospective
observational/cross-sectional
studies without intervention

Studies measuring only
salivary or CSF biomarkers

Non-motor outcome studies

Data collection & analysis:

After a thorough search of electronic databases
based on the predefined inclusion & exclusion
criteria, duplicates and irrelevant studies were
removed. All the selected studies were screened
independently by 2 researchers and the
discrepancies were discussed & sorted. The
abstracts were studied to identify the final
studies. Full text articles were evaluated when
the abstracts did not provide adequate
information. The data extracted and analyzed
were: Author, year, study design, sample size,
age, stroke phase, intervention, type of sample,
biomarkers analyzed, time  point  of
measurement, motor outcome, follow-up, key
findings  [with  respect to  biomarkers],
conclusion and limitations.

Quality assessment:

PEDro scale [16] for randomized trials and
Newcastle-Ottawa Scale (NOS) [17] for
comparative/ cohort/ prospective observational
studies were utilized to assess the quality of
methodology and to eliminate the risk of bias.

RESULTS:

Study selection: The systematic search from the
electronic databases retrieved 133 studies in
total. After removal of duplicates 96 studies
were identified. A total of 79 studies were
further eliminated after reading titles and
abstracts. On thorough evaluation, 9 studies
were excluded as they did not meet the inclusion
criteria. The manual web search yielded another
12 studies, but after reading the abstracts, only 4
articles were selected. Thus, a total of 12 studies
were finally included [13—15, 18-26]. The study
selection process is depicted in the form of
PRISMA flowchart [2020] in figure 1. Though
this review primarily focuses on intervention
studies, 2 prospective observational studies were
included in the final list of 12 articles since their
findings were aligning with the review
objective.
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Figure 1: The PRISMA flowchart depicting the study selection process for this systematic review. A
final of twelve studies were included based on the criteria and research

question of this review.

Study Characteristics: A brief summary of the
final selected articles according to the review
requirement is tabulated in Table 1.

Neurotrophic Biomarkers Investigated:Of the
12 included studies, 7 neuronal markers were
analyzed: BDNF, NGF, GDNF, VEGF, IGF-1,
Irisin & NT-3; 4 neuronal injury markers were
investigated: NSE, NfL, AP42/Ap40 & Total
Tau and 6 non-neuronal markers were analyzed
as a supporting evidence for motor recovery post
stroke: 1L-6, I1L-10, TNF-0, cortisol, MMP-9 &
MMP-2.

e Neuronal markers:11 among the 12
studies included investigated BDNF. 8
studies reported a constant upregulation
in the BDNF levels following post-stroke
rehabilitation interventions [4,13—
15,20,22,23,25]. 3 studies reported no
change in BDNF levels [19,21], despite
the intervention period being twelve
weeks in 1 of the 3 studies, they
identified  nil  change  indicating

variability depending on the factors
influencing the intervention & its
outcomes [24]. NGF was consistently
upregulated in pre & post intervention
which were reported by 2 studies [13,
15]. NT-3 also had shown a raise in
levels in 1 study [15]. GDNF showed no
significant change[14]. 2 studies have
evaluated VEGF and found a significant
increase in the levels [14,26]. IGF-1
showed uncertainty as 2 studies reported
no change in the expression levels [14,
20] whereas 1 study mentioned an
upregulation [26]. Irisin expression was
mostly uncertain or unchanged across 2
studies [14], [19].

e Neuronal injury markers:1 study had
investigated NSE, NfL, AB42/Ap40 ratio
&Total Tau and identified no significant
change pertaining to  neuroplastic
changes or motor recovery except for
upregulated NSE [21].

*Corresponding author: Dr. Vishnu Priva T M privavishnu835@gmail.com
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Phase of stroke & Neurotrophic biomarker
expression:The expressions of the neuronal
markers were greatly influenced by the phase of
stroke as well. Rehabilitation interventions after
a short or medium term intervention conducted
at acute phase [<1 month][13,21,25] reported
variable BDNF expressions with 2 studies
establishing upregulation and downregulation in
1 study. NSE was found to be upregulated but
other neuronal injury markers NfL, total Tau, or
AB42/AB40 showed no change. Individuals with
subacute stroke [<6 months] [23, 26] reported
increased expression of BDNF, VEGF & IGF-1
after a short or medium rehabilitation
intervention. In the chronic phase [>6 months]
[18-20,22,24], a robust increase in BDNF,NGF,
NT-3 & IGF-1 were noticed irrespective of the
intervention or follow-up duration. Some
moderate  intensity or low  specificity
interventions also exhibited no BDNF change
indicating that intervention intensity and type is
also important during chronic phase of stroke. 2
studies have not specified the phase of stroke
and evaluated a random expression of neuronal
markers to estimate only the neuroplasticity
[14,15].

Duration of intervention & Neurotrophic
biomarker expression: The follow-ups after the
rehabilitation intervention is equally important
as that of the expression of the neuronal
biomarkers. 12 studies were categorized into
short term intervention [<2 weeks], medium
term intervention [3-8 weeks] and long term
intervention [>12 weeks]. 4 studies had
performed short term rehabilitation
intervention with the duration ranging from 7
days to 2 weeks [19,20,23,25]. BDNF was found
to be increased in 3 studies and 1 study showed
no change in the expression levels. Irisin and
IGF-1 showed no change. 5 studies had
performed medium term rehabilitation
intervention with the duration ranging from 3 to
8 weeks [13,14,18,21,26]. BDNF was increased
in 3 studies but no change in 1 study. IGF-1
showed inconsistency as it was upregulated in 1
study and downregulated in another. NSE, NGF
& VEGF were noticed to be upregulated across
the studies. Irisin & GDNF showed uncertain
results. 3 studies performed a long term
rehabilitation intervention with duration
ranging from 12 weeks to 6 months [15,22,24].

BDNF was persistently increased in 2 studies
but showed no change even when the
intervention was carried out for 12 weeks. Other
biomarkers NT-3 & NGF showed upregulation
pertaining to the rehabilitation intervention.

Type/ intensity of intervention & Neurotrophic
biomarker expression:2 studies have utilized
neuromodulation assisted rehabilitation: Real
vs trans-auricular vagus nerve stimulation
[taVNS] with physical therapy and tDCS + Foot
Drop Stimulator [FDS] + gait training vs sham
tDCS + FDS + gait training [18,20]. Both the
studies reported upregulation of BDNF even in
the chronic phase of stroke. However, IGF-1
remained unchanged. 4 studies have adapted
exercise based rehabilitation: Moderate-
Intensity  Continuous Training [MICT] +
standard neurorehabilitation vs LICT, High-
intensity aerobic exercise prior to modified
constraint-induced movement therapy
[MCIMT], Moderate-Intensity Cycle Ergometer
Training + Robotic Training vs Low-Intensity
Circuit Training and High-Intensity Interval
Training [HIIT] Vs Moderate-Intensity
Continuous  Training [MICT] [14,19,22,24].
Exercise based rehabilitation depends upon the
intensity and duration of exercise hence the
expression of BDNF was variable. Also GDNF,
IGF-1, Irisin & VEGF exhibited no change. 2
studies utilized task specific/ motor skill
training: Distributed practice vs massed
practice using Accelerated Skill Acquisition
Program [ASAP] and Biofeedback electrical
stimulation + early intensive rehabilitation
training among acute stroke population and
found a constant upregulation of BDNF & NGF
biomarkers  [13,25]. 4  studies utilized
multimodal/  conventional rehabilitation:
Extensive multimodal cognitive and motor
rehabilitation, Internet-based remote
rehabilitation guidance + wearable device
training, Standard post-stroke rehabilitation
during hospitalization and Neurorestoration
physiotherapy = protocol ~ vs  conventional
physiotherapy [15,21,23,26]. Multimodal
rehabilitation  during the acute  phase
demonstrated NSE upregulation but inconsistent
expression of other neuronal markers. In
contrast, after a 12 weeks rehabilitation program
BDNF, NGF & NT-3 showed upregulation
indicating neurotrophic support with prolonged
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therapy. Also upregulation of VEGF & IGF-1
were noticed.

Quality assessment [Risk of Bias and
Applicability Concern]: PEDro scale (0-10) was
utilized to evaluate the quality of methodology
of randomized ftrials of included studies. 8§

studies were assessed and scored based on the
PEDro scale [14,15,18-20,22-24]. NOS scale
(0-9) was utilized to analyze the quality of the
non randomized intervention studies. 4 studies
were assessed and scored  accordingly
[13,21,25,26]. Further the scoring according to
the respective scales is depicted in figure 2.

Engy BadrEldin S Moustafa et al. ...
Sara Gorna et al. 2025
Garcia-Salazar LF et al. 2024

Yijun Wang et al. 2024

Maira Jaqueline da Cunha et al. 2...
Clare Maguire et al. 2023
Chih--Chin Hsu et al. 2021

Umi Budi Rahayu et al. 2020

o

PEDro score (0-10)

NOS score (0-9)

Tianxiao Chen et al. 2025 “
Stefano Brunelli et al. 2025
Lidia Wiodarczyk et al. 2023

Madhurika kate etal. 2024 [N

2 4

()}
(e

10

Figure 2: The PEDro score [0-10] for 8 studies and NOS score [0-9] for 4 studies are depicted in the
form of a bar chart. The green bar depicts good methodological quality of the articles with the score
>7 for both PEDro and NOS scale whereas the orange bar depicts moderate methodological quality of

the included articles with a PEDro score of 4-6.

The risks of bias of the included studies were
visualized using the ROBVIS tool [RoB 2.0
visualization]. The detailed domain oriented risk
of bias is illustrated using the ROVIS traffic
light plots for randomized trials [figure 3] & non

randomized intervention trials [figure 4]
separately. Overall, for randomized trials the
risk of bias ranged from low to high whereas for
non randomized intervention trials, all the four
studies demonstrated low risk.
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Risk of bias domains

Domains:

D1: Randomization process
D1b: Deviations from intended interventions

D2: Missing outcome data & Some concerms
D3: Measurement of the outcome . Low
D4: Follow-up

D5: Selection of the reported result

Figure 3: Summary of the risk of bias and applicability concerns for each study based on the PEDro
scale.

Risk of bias domains

e

Domains: Judgement
D1: Selection of participants . Low
D1b: Ascertainment of exposure

D2: Baseline outcome absence

D3: Comparability

D4: Qutcome assessment

D5 Follow-up

Figure 4: Summary of the risk of bias and applicability concerns for each study based on the NOS
scale.
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DISCUSSION:

Post stroke rehabilitation is challenging as the
recovery relies on structural and functional
reorganization of the neuronal networks called
‘neuroplasticity’[27]. Neurotrophic biomarkers
such as BDNF, NGF, NT-3, NSE, VEGF &
IGF-1 presents an insight of neuroplastic
alterations occurring in response to the
rehabilitation interventions. This systematic
review examined the possible neurotrophic
biomarkers that exhibit neuroplasticity which
are as follows: BDNF, NGF, GDNF, VEGF,
IGF-1, Irisin, NT-3, NSE, NfL, AB42/AB40 &
Total Tau. But the expressions of these markers
were variable depending upon the neuronal
adaptation following stroke rehabilitation. The
neuronal responses are solely dependent on
rehabilitation, yet akin, there are various factors
that influence rehabilitation outcomes thereby
suppressing the potential of neuroplasticity [4].
They are dependent on the interactions between
stroke  factors [phase of stroke] and
rehabilitation factors [type & duration of
rehabilitation]. It is also important to understand
that all neuronal markers cannot be evaluated
irrespective of the phase of stroke or
rehabilitation intervention. The relevance of
these biomarkers are activated by appropriate
rehabilitation =~ mechanisms  targeting  the
neuroplastic changes, angiogenesis or neuronal
injury [28,29].

The phase of stroke is mandatory to be
considered before commencing the rehabilitation
intervention. There are 3 phases of stroke: Acute
[>1 month]; Subacute [>6 months] and Chronic
[>6 months]. Immediately after the stroke,
predominant changes expected are the neuronal
damage targeting membranes and axons which
initiates the neuroimmune response. Hence
evaluating the neuronal injury markers such as
NSE, NfL, Total Tau or AB42/AB40 would be
ideal in the acute phase. Along with it any other
inflammatory markers can be evaluated for
assuring the neuroimmune response in par with
the neuroplasticity [30,31]. Within days or
weeks upon rehabilitation there will be
endogenous  repair  mechanisms/neurorepair
activation such as synaptic reorganization,
synaptic  strengthening, axonal sprouting,

angiogenesis and neurogenesis. The ideal
markers to be evaluated in the subacute phase
would be BDNF, NGF, VEGF, NT-3 and IGF-1
[32-34]. After months, the recovery would be
extremely slow and the spontaneous response to
rehabilitation declines due to persistent damage.
Compensatory plasticity is predominant in this
stage, so  requirements of  structured
rehabilitation and neuromodulation can initiate
neuroplasticity but still the recovery is not
assured. BDNF, GDNF & NT-3 supports
neuronal survival and circuit reorganization in
the chronic stage [6,35]. BDNF immediately
upregulates in response to  neuroplastic
stimulation and promotes synaptic plasticity
unlike other neurotrophic biomarkers. BDNF is
an activity dependent neurotrophic factor and it
has multiple promoters for faster transcription.
One transcription factor that immediately
activates BDNF after rehabilitation intervention
is Cyclic AMP Response Element- Binding
Protein [CREB] via calcium influx. Hence
BDNF can be utilized to assess neuroplasticity
irrespective of the phase of stroke [36]. Also, it
is necessary to analyze a panel of neurotrophic
biomarkers rather than relying on a single
biomarker relevance for confirmatory
assessment.

Stroke recovery is influenced by the type &
duration of rehabilitation interventions. The
most  commonly adopted  rehabilitation
intervention types are multimodal/conventional
rehabilitation, task-specific/ motor skill, exercise
based rehabilitation or neuromodulation assisted
rehabilitation. Each of the exercise programs
have different targeted mechanisms to activate
neuroplasticity. The duration required for each
of these aforementioned interventions are
variable. Multimodal/conventional rehabilitation
involves motor, cognitive and functional
activities therefore a sustained long term
stimulation of 8-12 weeks are required for
recovery or even more depending upon the
individual characteristics as well. This initiates
neurogenesis,  angiogenesis and  synaptic
remodelling. This type of conventional exercise
is ideal for acute or early subacute phase of
stroke when the brain is vulnerable for
neuroplasticity [37]. Task-specific/ motor skill
accentuates the hebbian plasticity and motor

*Corresponding author: Dr. Vishnu Priva T M priyavishnu835@gmail.com
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cortex reorganization via specific neural
pathways [38]. This rehabilitation concentrates
on repetitive simple tasks that usually mimic
functional movements of daily activities and
train motor learning. 3-6 weeks of consistent
training is required to accelerate the spontaneous
neuroplasticity which is apt for the subacute
phase of stroke. Exercise based rehabilitation
utilizes moderate to high intensity exercises that
require a constant stimulation of 4-8 weeks to
bring about positive neuroplastic changes. It
accelerates cerebral blood flow via metabolic
activities and stimulates hippocampal and
cortical  plasticity [39]. This type of
rehabilitation can be useful specifically in the
late subacute phase [3-6 months].
Neuromodulation assisted rehabilitation directly
promotes cortical excitability via electrical &
magnetic  stimulation rather than  other
techniques which rely on motor learning. This

technique requires minimal duration of 2-4
weeks of repeated therapy ideal for chronic
stroke phase [6,40]. Therefore, type & duration
of the rehabilitation intervention has a supreme
role in the recovery of stroke. The ideal neuronal
stimulation through rehabilitation type and
duration of intervention for post stroke recovery
according to phases of stroke are summarized in
table 2. Hence assessment of neurotrophic
biomarkers should be appropriate according to
stroke factors and rehabilitation factors for
confirmatory  assessment of  neuroplastic
changes in stroke patients. Optimal biomarker
assessments will pave the way for devising a
personalized rehabilitation intervention
according to the rate of recovery of stroke
patients. This further enhances the quality of life
restoring the functional independence and hope
of the patients.

Table 2: A comprehensive summary of effective rehabilitation type, duration, relevant neurotrophic
biomarkers & its function with post stroke recovery across phases of stroke.

Stroke phase Intervention type Minimal Neurotrophic | Neuroplastic
depending on the Duration time Biomarkers Mechanism
intensity of
exercise

Acute [< 1 month] Multimodal/ 8-12 weeks NSE, NfL, Initial neuronal
conventional Total Tau, damage
rehabilitation AP42/AB40

ratio, BDNF
Subacute [<6 Task-specific/ 3-8 weeks BDNF, NGF, | Neuronal repair
months]: motor skill & VEGF, NT-3, activation
) Exercise based IGF-1

[i] Early [1-3 rehabilitation

months]

[ii] Late [3-6 months]

Chronic [>6 months] | Neuromodulation 2-4 weeks BDNF, GDNF, | Compensatory
assisted NT-3 plasticity.
rehabilitation

The variability in the expression of neurotrophic biomarkers can also be because of hormone profile,
metabolism & biological response to rehabilitation pertaining to different age groups & gender. The
absence of such stratified analysis will limit the comprehensive elucidation of expression of neurotrophic
biomarkers and recovery of stroke to some extent. Hence, considering the demographic variables is
needful to better apprehend the rehabilitation outcomes and recovery rate in individuals post stroke.
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CONCLUSION:

The neurotrophic biomarkers are crucial to
apprehend the biological mechanisms of
neuroplasticity associating the recovery post
stroke. The highly reliable neuronal markers are
BDNF, NGF, VEGF, NT-3, IGF-1 & GDNF
across phases of stroke. Monitoring the
expression of these markers allows one to
visualize the effectiveness of rehabilitation
intervention. Further, a comprehensive approach
of analyzing the demographic factors, stroke
factors and rehabilitation intervention factors
cumulatively  will yield a  tailor-made
intervention program targeting early motor
recovery post stroke.
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