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Balance deteriorationisacontributing factor to fall risk and functional dependence and chronic
ischemic stroke isresponsible inlong-term disability across the world. The aim of the studyisto
compare the effects of task-specific training (TST) versus no intervention on balance and fall
risk in chronic ischemic stroke patients and to determine evidence gaps that could be of
interest to low- and middle-income countries (LMICs) like Pakistan. PubMed, Scopus, and
Google Scholar (2004-2025) were used as sources of a narrative review. Thirty-four studies (18
RCTs, 6 systematic reviews, 10 observational studies) met the inclusion criteria. Task-specific
training (TST) was able to significantly enhance dynamic balance and functional mobility of
chronic ischemic stroke patients. The addition of biofeedback to TST resulted in some further
improvements in weight-bearing symmetry and postural (center of pressure) control, which
were small-to-moderate in effect size. Fall incidence was only reported as an outcome in a
minority of RCTs (4 out of 18). TST is a balance impairment rehabilitation method that is cost-
effective and effective in chronic stroke. Biofeedback has some marginal biomechanical
benefits, but the cost-efficacy of LMIC-based trials requires high quality to determine its cost-
effectivenessinpreventingfalls.

INTRODUCTION

Stroke remains a leading cause of long-term disability
globally, with ischemic stroke accounting for 85-87% of
cases. Balance impairment is among the most disabling
chronic sequelae, increasing fall risk, functional
dependence, and healthcare costs. Post-stroke balance
deficits arise from disrupted cortical, subcortical, and
cerebellar pathways, compounded by muscle weakness,
proprioceptive loss, and cognitive-motor interference [1].
Postural control requires multiple systems to work
together, which include visual, vestibular, and

somatosensory systems for motor control output.
Ischemic lesions that damage cortical and subcortical and
cerebellar and brainstem pathways create the symptoms
of weight distribution imbalance, slow postural response,
unstable trunk posture, and defective anticipatory
movements. The combination of spasticity and muscle
weakness, proprioceptive deficits, and reduced selective
motor control creates additional challenges to maintaining
stability. Executive dysfunction and attentional
impairments create balance problems, which become
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worse when people perform two tasks at once during their
daily activities [2]. The clinical consequences of balance
dysfunction extendinto multiple areas of medical practice.
Stroke survivors experience falls at significantly higher
rates than age-matched controls, particularly within the
first-year post-stroke, although elevated risk persists into
the chronic phase. Falls result in multiple consequences,
which include fractures, development of fear about falling,
limitations on activities, need for institutional care, and
higher medical expenses. The act of falling creates a
disability cycle, which begins with people developing an
intense fear of falling. The Berg Balance Scale and Timed
Up and Go test function as dependable clinical
assessments that healthcare facilities use to evaluate
patients' likelihood of falling. The healthcare industry still
needs to create effective interventions that can prevent
falls among stroke survivors who have reached their
chronic phase [3, 4]. The theoretical foundation of TST is
grounded in experience-dependent cortical
reorganization. The activation of neural circuits that relate
to the task needs to be activated multiple times so that
their synaptic connections will become stronger and their
remaining cortical networks will develop new abilities.
Functional imaging studies indicate that task-oriented
training improves the activation of perilesional cortical
regions and enhances the balance between brain
hemispheres. TST shows clinical benefits because it helps
patients gain better walking speed and increased ability to
move and maintain their balance during dynamic activities.
The functional specificity of TST provides essential
benefits for fall prevention because people tend to fall
during transitional or dynamic activities that include
turning and reaching tasks and sit-to-stand movements
[5]. The motor learning process is affected by multiple
factors, which include the practice intensity and relevance
of tasks, combined with the existing feedback systems.
The process of skill acquisition, together with error
correction, depends on feedback as its essential
component. People experience intrinsic feedback through
their own sensory systems while they receive extrinsic
(augmented) feedback from external sources. Stroke
survivors experience intrinsic feedback meter systems
because they lose their ability to sense body position
through proprioception and sensory pathways. The
resulting situation indicates that augmented feedback
methods will provide their most significant advantages[6,
7]. The literature needs to answer a fundamental question
about biofeedback because it brings additional clinical
benefits to structured task-specific training, which exists
as a standalone treatment. The two interventions stem
from neuroplasticity principles, but research has not
examined their separate and joint effects on chronic
ischemic stroke patients. The existing trials face multiple
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constraints because they use small groups of participants
and have brief treatment periods, and no extended
monitoring of results, and they measure outcomes in
inconsistent ways. The research studies face limitations
because most of them take place in wealthy nations that
possess sophisticated technological systems, which
restrict theirapplicationtolow and middle-income country
settings[8]. The existing research gap becomes especially
important for Pakistan because its population experiences
rising stroke rates, which result from high hypertension,
diabetes and sedentary behavior. Public healthcare
systems distribute rehabilitation services in an unequal
manner while they restrict access to advanced
technological solutions throughout their facilities. The
decision process for selecting rehabilitation methods
needs to focus on two main factors, which are cost-
effectivenessand portability of the rehabilitation methods.
The research shows that TST delivers the same functional
benefits as biofeedback programs, but structured
therapist-led task-based training shows better long-term
results. Strategic investment in cost-effective
technological solutions becomes necessary when
biofeedback shows substantial benefits, especially for fall
prevention [3]. People who have suffered a stroke need
special medical care. After six months, post-stroke
patients show minimal neurological progress, which limits
their ability to function without specific rehabilitation
treatment. Theresearch needstoidentify which treatment
methods produce the best results during this time period
becauseit helpsimprove long-termsuccess[10].

The research needs a complete evidence review to
determine which version of TST with biofeedback and TST
without biofeedback better serves chronic ischemic
stroke rehabilitation. The narrative review investigates
post-stroke balance impairment mechanisms while
assessing the research support for task-specific training
and biofeedback treatments and identifying research
needs in treatment comparisons, which will affect clinical
work and upcoming studies in Pakistan and other low- and
middle-income countries. This study aims to synthesize
evidence comparing task-specific training (TST) with and
without biofeedback for improving balance and reducing
fall risk in chronic ischemic stroke patients, and to identify
research priorities for low- and middle-income countries
(LMICs), particularly Pakistan.

The narrative review conducted to synthesize evidence
that both biofeedback and non-biofeedback methods of
task-specific training (TST) are effective for balance
rehabilitationin patients who suffer from chronicischemic
stroke[11]. Asystematicliterature search was performedin
PubMed, Scopus, and Google Scholar for articles published
between 2004 and 2025. The search terms used were:
"ischemic stroke," "balance rehabilitation," "task-specific
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training,""biofeedback," and "fall risk." PubMed and Scopus
were searched using indexed keywords and Boolean
operators. Google Scholar was used to identify additional
references through forward citation tracking and manual
screening of reference lists [12]. The first search resulted
in 412 retrieved articles. After duplicate articles were
removed, 364 articles became available for screening
through title and abstract evaluation. Asthisisanarrative
review of published literature, no ethical approval or
informed consent was required. Inclusion criteria: adults
aged =18 years with chronic ischemic stroke (>6 months
post-stroke); studies evaluating task-specific training
(TST) with or without biofeedback as the primary
intervention; reporting balance or fall-related outcomes;
peer-reviewed original research. Exclusion criteria: acute
or subacute stroke; non-English articles; conference
abstracts, editorials, or commentaries. 34 studies met the
inclusion criteria: 18 randomized controlled trials, 6
systematic reviews, and 10 observational studies[13]. The
researchers extracted study data, which included details
about the country and study design and sample size,
participant details, intervention type between TST alone
and TST with biofeedback, study duration and balance, and
fall risk outcome measures and study results. The
researchers conducted narrative synthesis through three
study groupings, which used intervention type and
outcome focus and study design as their basis for
classification. The inclusion criteria were fulfilled by 34
studies, whichincluded 18 randomized controlled trials and
6 systematic reviews or meta-analyses, and 10
observational studies. The study sample sizesranged from
12 to 120 participants, while the intervention periods
extended from 2 weeks to 12 weeks. Most of the research
studies took place in high-income nations, while a few
studies occurred in low-income and middle-income
countries, and no identified trial from Pakistan. The
researchers used the Berg Balance Scale (BBS)and Timed
Up and Go (TUG) tests, together with postural sway
measurements and gait speed assessment, to evaluate
outcomes, while they used fall incidence as a secondary
assessment method. The results are organized in the
following section based on different types of interventions
andtheirrespective outcome measurements.

Effects of Task-Specific Training (TST) Alone on Balance
Outcomes

The findings of randomized controlled trials and
systematic reviews demonstrated the beneficial effects of
task-specific training on the dynamic balance and gait
performance, and functional mobility of patients with
chronic ischemic stroke. The repetitive goal-oriented task
studies revealed that sit-to-stand transitions and the
stepping tasks, obstacle negotiation tasks, and gait
training exercises showed statistically significant changes
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in BBS scores, TUG performance, and walking speed. The
study revealed that the best protocols used in improving
dynamic postural control and mobility endurance were
high-intensity and circuit-based TST protocols. The meta-
analysis is evidence that repetitive task practice yields
superior functional performance as compared to
treatment-based approaches that solely aim at
impairment treatment. The most evident changes were in
measurements of real-life functional performance rather
than of static balance capabilities. The datadirectlyrelates
TST to improved results of balance, but indicates that the
impact of TST on fall incidence is under-researched due to
alack of follow-up and different reporting on fall outcomes.
The evidence indicates that TST is a simple type of
treatment used to rehabilitate chronic stroke patients due
to its capability to enhance the balance and locomotor
functionsof the patients[14].

Effects of TST Combined with Biofeedback

The outcomes of task-specific training programs with
biofeedback were better on specific biomechanical and
motor control measures. The authors used visual, auditory
and virtual reality based biofeedback to reach three goals,
which were to improve the weight-shifting symmetry, to
decrease the postural sway and to gain control over the
trunk. The interventions with the help of biofeedback
showed superior outcomes as compared to TST as they
provided more improvement in: Weight-bearing symmetry
Center of pressure (COP) control, Trunk stability and
Movement precision. It was demonstrated in the trials that
biofeedback groups had better short term outcomes in
terms of symmetry indices and posture control tests.
These improvements, however, did not always result in
much greater improvements in global functional mobility
scores or asustained fall reduction. The researchers found
that biofeedback improves motor relearning through its
enhanced external feedback system; however, the extra
benefits which result from this system show variable
resultsindifferent studies[15].

Impact on Fall Risk and Functional Independence

The evidence of prevention of falls by the use of different
interventions is still deficient even though both types of
interventions have improved outcomes when it comes to
balance measurements. Few studies included were found
to report fall incidence as a main outcome. Researchers
reported some short-term fall risk reductions with some
biofeedback-assisted interventions but lacked follow-up
research. The majority of trials used surrogate balance
measures, such as BBS and TUG, instead of monitoring
actualfalls. Lack of standardized methods of fall-reporting
and long-term follow-up does not allow researchers to
draw definite conclusions on which intervention is more
effective in terms of protection against falls. The existing
evidence shows that TST and its integration with
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biofeedback improve balance performance, but there is a
lack of effective evidence to supportreal reductionsinfalls
inreallife[16].

Evidence from Low- and Middle-Income Countries
(LMICs)

The review indicates that the majority of research studies
in this field have been done in low- and middle-income
countries, and Pakistan is one of the study sites. Most of
the trials took place in high income countries using
sophisticated rehabilitation centers. The biofeedback
interventions are limited by the resources necessary to
implement them due to their requirement of special
equipment, such as force platforms, wearable sensors, and
virtual reality systems. Structured TST protocols can be
better used by the public-sector rehabilitation facilities
since they rely on the knowledge of the therapists and the
functional design of tasks that can aid them to extend their
operations. The lack of comparative studies on the region
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creates uncertainty concerning the functioning of
biofeedback training programsin LMIC contextsinterms of
cost-effectivenessandreal-life application[17].
Methodological Characteristics and Heterogeneity
Substantial heterogeneity across the studies was due to
two main factors, whichincluded Intervention durationand
intensity, Type of biofeedback technology used,
Participant chronicity and severity, Outcome
measurement tools, and Follow-up periods. The different
research methods made it impossible to combine results
into a single summary, while researchers could not directly
compare different treatment methods. The researchers
found that the majority of studies used small participant
groups and brief treatment periods, which raised the
possibility of type Il error. Future studies with standardized
protocols that achieve sufficient power to study results for
extended periods will determine the effectiveness of
treatmentsandtheirlong-termimpactonclinical practice.

Table 1: Research Studies That Investigated the Effects of Task-Specific Training on Chronic Stroke Patients Who Received Biofeedback
Treatmentand Those Who Did Not

References Country Design Sa(l: ;:Ie Stroke Stage Intervention Duration ?1‘;2::‘::‘23 Main Findings

[18] USA RCT 40 Chronic | o2k specific o | Bweeks | gaitoosed Sl:wgglyfrg?w?ltclgqaﬁ;z\éirgﬁzt
walking endurance

[19] Australia RCT 36 Chronic ;?gﬁlf{;zm‘é Bweeks | TUG, BMwT | improved mobiity

[20] Canada RCT 9 Chronic Sp(lrcritggsgi;(iettt?':rn-ing 10 weeks gaI?S;’eed ?;:?nesri\?srljgﬂglt?arg

[21] Germany RCT 38 Chronic High-intensity TST |12 weeks | BBS, FES si';lri?f(i:éiaonnt?; mwopbrig\t/)éd

[22] South Korea RCT 24 Chronic g—ii-fre;éi;:;l« 4 weeks smeeriT?:ttry [Lrggrl}?]\éegymﬂ%t;g

[23] South Korea RCT 28 Chronic TST&;?gzzggact;orm 6 weeks CO?DBs%\’/ay coarteri}(\a/; %OSSTtl;Tglne

[24] UK RCT 29 Chronic | Baancetraining | gy eors | 8BS Enhanced static balance

[25] Israel RCT A Chronc | igreaqback TST | B9k |qaitvariabiity| i fik redeced ahort-term

(18] Taiwan RCT 45 Chronic yirtwal reality | g weeks | BBS, TUS bi'lgﬂgff‘r{]‘;rdg\,”eanr?e'ﬁt

[26] USA RCT 26 Chronic +visTurae|afg?(;|k|)ack 6 weeks | Gait speed Improved walking symmetry

(8] Taiwan RCT 34 Chronic v?/ie?nf;eheti%?fﬁkt_rgia:ii% 3 weeks displggepment Reduced sway amplitude

[27] India Observational 50 Chronic Structured TST 8 weeks irréjigleaac”e Functfgt)llrll?;jltrgzkr)]igrt]);Lrgggoved;

[28] China RCT 36 Chronic TSP rauditory | guweeks | BBS m‘;’;ﬂ‘ﬁgl"aad’}fj':t'ﬁqfﬁg

[29] South Korea RCT 32 Chronic Bio;‘reuendkb?rt;li(r—]:)na;ed 5 weeks Im;;;girr}gent Better trunk stability

[301] Germany Sy;g?,?;a,tic 18 Chronic based gTaSi;r;raining - ol:lt?;'i)”rirgs MOtggIff)erii\rllitde%ng;?psrl:)gzﬁret;ng

o | we | R [ | Covme | e | | samee | emenrinnesecie
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. Wii-based Improved engagement
[32] Canada RCT 22 Chronic balance biofeedback | & VeeKS BBS and balance
The biofeedback group
[33] |Southkorea|  RCT 30 Chronic ISTVSTST* | Gweeks | BBS,TUG | showed greater symmetry, not
loteedbac significantly fewer falls

TST serves as an efficient balance rehabilitation method
that proves to be effective for chronic ischemic stroke
patients. Biofeedback produces additional advantages for
motor control and postural symmetry, yet researchers
need to conduct extensive RCT studies in LMIC settings to
determine its clinical and economic value. The current
research evidence shows that task-specific training with
biofeedback and without biofeedback helps people with
chronic ischemic stroke to improve their balance and
decrease their risk of falling. The research confirms that
multiple factors contribute to balance problems, which
occur after a stroke because people lose their ability to
control their movements, their body position, their ability
to predict movements, and their cognitive-motor skills.
The solution to these complicated disabilities needs
rehabilitation methods that follow the rules of
neuroplasticity and treatment methods that display actual
functional skill development [34]. Task-specific training
remains one of the most theoretically and clinically
supported approaches in stroke rehabilitation. The
theoretical foundation of TST functions through motor
learning theory, which requires practitioners to repeat
tasks while maintaining their actual work performance at
high levels with proper environmental conditions. The
components act as key processes that expedite the
experience-dependent cortical reorganization process.
The repetition of functional activities, which are goal-
oriented, involves such activities as sit-to-stand transfers,
stepping, negotiating obstacles, and weight transfer,
contributing to the formation of the remaining neural
networks and the formation of new movement patterns.
Studiesindicate that exercises that most closely resemble
real life activities have better functional outcomes
compared to impairment based training or nonspecific
training. The research incorporates biofeedback into task-
specific systems, which offer extra external feedback that
assiststheusertorecognize hisorhererrorsandrectify his
or her motions. The biofeedback systems which involve
visual and auditory cues show instant information on how
the users change their body weight and balance as they
move. The augmented feedback mechanism enhances the
control of body movement, and, as neurophysiological
studies reveal, people can learn through their mistakes.
With the capability to identify post-stroke weight-bearing
asymmetry, which individuals usually feel, they will be able
to regain balance as they gain greater control of their
dynamic movements [35]. The study indicates promising
outcomes but the study has not determined whether

biofeedback will provide any additional benefits to the
structured TST programs. The majority of studies show
that biofeedback is associated with improvements in both
parameters of postural sway and indices of symmetry,
although these improvements do not result in clinically
significant changes in the number of falls and irreversible
changes in functional status. The research studies are
problematic as they have varied methods and hence it is
hard to compare the results. This makes the findings of the
study inconsistent as the researchers applied varying
treatment regimes, subject specifications, methods of
assessment and periods of observation. The small number
of participants makes it harder to detect actual effects
while increasing the possibility of type Il errors [36].
Another important consideration is the stage of stroke
recovery. The condition of chronic ischemic stroke, which
occurs after sixmonths fromits onset, shows only minimal
spontaneous neurological recovery. The observed
improvements result from intervention effects that
operate independently of natural recovery processes. The
research fields that study chronic populations provide
essential information for comparative effectiveness
research. The existing studies include subacute
participants who limit their applicability to long-term
stroke survivors, who make up a significant portion of the
stroke population in Pakistan and other low-middle-
income countries[37].

Theeconomicdimensionisespeciallyrelevantinresource-
constrained healthcare systems. Biofeedback systems
that use force platforms and virtual reality technologies
need financial backing and technical expertise, and
ongoing maintenance support. Task-specific training
requires only basic equipment because it depends on the
therapist's knowledge and predefined training methods.
Public rehabilitation facilities throughout Pakistan should
use scalable low-cost methods because TST produces
results that match technology-based treatments.
Biofeedback systems, which provide additional clinical
advantages, should receive funding for the development of
simplified biofeedback systems according to their value in
high-risk fall patient groups [37]. The implementation of
projects needs to be executed exactly as planned.
Evidence-based interventions will not succeed in actual
environments unless the three elements of therapist
training, patient adherence, and contextual adaptation are
properly executed. Pakistan delivers rehabilitation
services throughits outpatient facilities, which treat many
patients despite having insufficient physical therapists for
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their needs. The development of standardized time-
efficient structured TST protocols requires proper
implementation, which allows different severity levelsto be
handled [38]. Post-stroke disability develops through
psychosocial factors, which include fear of falling and
reduced confidence, and learned non-use. Biofeedback
provides indirect treatment for these factors through its
ability to boost patient involvement and deliver instant
proof of their performance. Interactive feedback systems
need to offer motivational elements that will lead to better
patient treatment compliance and increased therapy
duration. Future trials should therefore incorporate
patient-reported outcomes, fear-of-falling scales, and
quality-of-life measures alongside objective balance
metrics [39]. Researchers have limited access to long-
term follow-up data. The initial balance performance
improvements from training will not lead to a permanent
decrease in falling accidents. Future research should
include extended follow-up periods to assess the durability
of effects and the true impact on fall prevention. The LMIC
regions require immediate cost-effectiveness studies
because their health systems operate under financial
limitations [40]. Existing research evidence establishes
TST as a fundamental therapeutic method that healthcare
professionals should use during the rehabilitation process
for patients with chronic stroke disabilities. Biofeedback
functions as a theoretically valid complementary therapy
that can improve motor relearning abilities but requires
researchersto conduct high-quality studies with sufficient
participants to assess whether its added costs and
complexities provide actual medical advantages. Pakistani
research, along with similar studies from other low- and
middle-income countries, will play a crucial role in
developing area-specific evidence which will shape
national standards for rehabilitation treatment [41].
Limitations

The study suffers from selection bias because it fails to
include a meta-analytic synthesis while conducting
research. The included studies show different
characteristics, which combine with the study's
intervention methods to prevent researchers from
establishing definite comparative results.

CONCLUSIONS

In this conclusion, Chronic ischemic stroke leads to
disability, which doctors assess through two main factors:
balance impairment and fall risk. The main rehabilitation
approach uses task-specific training together with
biofeedback, which provides additional benefits. The
establishment of clinical and economic value needs high-
quality comparative trials, which should focus on LMIC
contexts.
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