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was better at helping people with chronic stroke improve their motor coordination and body
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Methods: This assessor-blinded randomized controlled trial included 52 people who were
placed into either a progressive muscle program (n=26) or time-matched standard physiotherapy
(n=26). The Fugl-meyer assessment of lower extremity (FMLE) score was the main clinical
outcome. The Berg balance scale (BBS), timed up and go (TUG) test, and 10-meter walk test
(10MWT) were the secondary outcomes.

Results: A significant groupxtime association was observed for all results. Motor coordination

(FMLE change: 5.14+1.63 points vs 1.76+0.69 points; P<0.001; Cohen’s d=2.69), balance

(BBS change: 7.91£3.11 points vs 2.25+0.78 points; P<0.001; d=2.49), functional mobility

. (TUG change: —3.21£1.39 s vs —1.14+0.58 s; P<0.001; d=1.94), and gait speed (10MWT

Keywords: - change: 0.21+0.06 m/s vs 0.08+0.04 m/s; P<0.001; d=2.55) all improved in the intervention
. group. In the intervention group, better motor coordination was strongly linked to better

Neuromuscular training, g

Balance, Post-stroke balance (r=0.68, P<0.001) and functional movement (TUG change: r=-0.59, P=0.001).
rehabilitation, Motor :  Discussion: In conclusion, a focused neuromuscular program significantly improves muscle
coordination, Proprioception, . coordination and balance after a stroke. These results show that programs that specifically
Sensorimotor integration, . teach sensorimotor integration are very important for helping people who have had a stroke
Randomized controlled trial :  improve their daily lives.
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Highlights

e Through an eight-week program of various neuromuscular balance training components, the motor coordination,
balance, and gait of patients with chronic stroke improved significantly.

o The therapy made huge and medically significant improvements in the FMLE score (average increase: 5.14 points)
compared with conventional physiotherapy (1.76 points).

e A strong correlation was observed between motor coordination improvements and balance and functional mobility
enhancements, which supported sensorimotor integration as a major recovery mechanism.

e The program using proprioceptive stimulation, perturbation training, and dual-task challenges was better than time-
matched standard care in all functional outcomes.

Plain Language Summary

The balancing program tested in this study consisted of eight weeks of treatment, which included exercise for
proprioception, perturbation, and dual-task training in patients with chronic stroke. The gains were very large and
of high clinical significance, and were linked to improved sensorimotor integration. The training was safe, and
tolerated well, and was more effective for the whole range of outcomes measured. These results support the use of this

multicomponent strategy in stroke rehabilitation to improve recovery and independence in patients.

Introduction

troke remains a major global health prob-

lem [1, 2]. It is the second most com-

mon cause of death and the main reason

for long-term disability in adults [2]. The

global burden has grown significantly in
the last 30 years, with a large increase in the number of
strokes, deaths caused by strokes, and people living with
the effects of stroke. Ischemic stroke accounts for most
of these events. While initial medical care has gotten bet-
ter, many of the world’s over 90 million stroke patients
are left with long-term disabilities [3].

Some of the most crippling effects are movement de-
lays, which affect approximately 80% of survivors and
make it very difficult to move around [4], perform daily
tasks independently, and participate in community life.
These motor problems manifest as weakness, poor motor
control, and, most importantly, a general lack of balance
and rhythm [5]. Functional limitations not only lower a
person’s quality of life (QoL), but also put a significant
and rising financial strain on healthcare services and so-
ciety as a whole [1-3]. Therefore, developing and testing
better neurorehabilitation methods that can help people
with these long-term movement problems remains the
most important clinical and research goal [4].

After a stroke, people have trouble moving their bodies
because the central nervous system (CNS) is damaged,
especially the motor cortex and its downward efferent
pathways, such as the corticospinal tract [6]. This dam-
age messes up the exact brain commands needed for or-
dered action, but looking at it only from the point of view
of the motor system is not enough [7]. Having coordi-
nated action depends on sensory input and motor output
interacting with each other all the time. This is called a
sensorimotor feedback loop, and it is often broken after
a stroke [8-10]. Many times, people who have poor pro-
prioception do not know where their limbs are or how
they are moving. Their brain and spinal cord do not get
the real-time knowledge it needs to plan, carry out, and
fix acts [11].

Traditional massage is good, but it is not perfect [2].
Strengthening and task-specific training have been used
as solutions in the past, but they may not be the best way
to fix this basic problem. Physical therapy does work,
according to a large Cochrane review. However, the re-
view also finds that there is a lot of difference between
studies and low to middling confidence of evidence for
many methods [12, 13]. One study says that this shows
the need for more thorough methods and studies that are
more focused on mechanisms [14].
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Muscle training is a type of exercise that meets this need.
The idea behind it comes from motor learning and neu-
roplasticity, which states that the nervous system can be
taught new ways to process sensory information and fig-
ure out the best ways to move [15]. Proprioceptive stimu-
lation, perturbation training, and dual-task tasks are used
in this way to make the sensory system work harder [16].
The idea is to rearrange the cortex and start over with the
mental models that help us plan and carry out our move-
ments. The study aimed to determine whether a method
that focused on re-integrating the sensorimotor system
would work better than a normal treatment method [17].

This randomized controlled study aimed to determine
the effectiveness of an 8-week, multicomponent neuro-
muscular balance training program in improving motor
coordination in people who had a stroke and were then
given regular exercise at the same time.

Materials and Methods
Study design

This was a single-center, two-group, assessor-blinded
randomized controlled trial. The point of the study was
to compare an 8-week neuromuscular balance training
program (intervention) to a normal physiotherapy pro-
gram (control) for people with a stroke in the past before
the 8 weeks of training (T0, before assignment) and right
after it (T1), tests were administered.

Participants

From April to September 2025, people were asked to
participate in the study at the Al-Zahraa Teaching Hos-
pital’s outpatient neurorehabilitation centers. Treating
therapists identified people who might be interested in
participating, and a trained study supervisor ensured that
they were eligible. People who met the admission stan-
dards and provided written permission were included in
the study. Table 1 lists the exact factors for who is in-
cluded and who is not included [13].

G'Power software, version 3.1 was used to determine
the a priori sample size. We used the results of a previ-
ous meta-analysis that found a clinically meaningful dif-
ference of 3.75 points on the Berg balance scale (BBS)
for balance-focused training and assumed a standard de-
viation of 5.0 points [14]. This meant that 23 people in
each group were needed to find this difference with 80%
power at a two-sided alpha level of 0.05. To account for a
15% chance of dropping out, the goal for recruitment was
set at 26 people per group, for a total sample size of 52.
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Randomization and blinding

After the baseline tests were completed, all qualified
participants were randomly assigned to either the in-
tervention or the control group in a 1:1 ratio. A biostat-
istician who was not involved in finding or testing the
participants made a computer-generated block random-
ization sequence with block sizes ranging from 4 to 6.
Sequentially numbered, sealed, dark packages were used
to hide the assignment. The next available package was
opened by an office staff member who was not part of
the study team. Each participant’s group selection was
inside.

It was not possible to hide the subjects or the physical
therapists who were helping them because of how the
treatments were set up. During the study, however, the
two physical therapists who were in charge of all result
measures were not told which group the patients were in.
To maintain the blindness honestly, evaluators were told
not to talk about the treatment with the participants, and
the participants were told not to talk about their therapy
sessions with anyone else. At the end of the study, the
success of blinding the evaluators was officially tested
by asking them to guess which group each person was in.

Intervention protocols

The people in both groups underwent therapy three
times a week for eight weeks, for 24 meetings. The
length of each lesson was 45 minutes. Physical therapists
who were qualified and had experience with neurorcha-
bilitation performed all the procedures.

Experimental group: Neuromuscular balance
training program

The intervention was a planned, step-by-step routine
based on the basic ideas of neuromuscular training, de-
signed to gradually test the sensory system. The program
was divided into three overlapping stages. Each patient’s
success and tolerance determined the progression to the
next stage.

Phase 1 (weeks 1-2): Foundational static and dynamic
stability. This part focused on learning basic ways to
control posture and move weight without losing control.
Controlled sit-to-stands, forward and backward lunges,
and weight changes in multiple directions on a stable
surface were some of the exercises performed.
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Figure 1. Neuromuscular balance training program

Phase 2 (weeks 3-5): Sensory integration and reac-
tive control. During this phase, tasks were added to the
sensory systems, and response balance techniques were
taught. To raise the demand for proprioceptive skills, ex-
ercises from Phase 1 were moved to soft surfaces, such
as foam pads and balance discs. During both static and
moving tasks, light, random physical changes (pushes
and pulls at the hips and shoulders) were used to teach
and practice reflexive stepping and balance techniques.

Phase 3 (weeks 6-8): Functional and dual-task integra-
tion. The goal of this last step was to use the new skills in
more difficult, useful tasks that are similar to things peo-
ple do in their daily lives. Balance drills were performed
at the same time as other tasks. Carrying a tray full of
things or throwing and catching a ball were examples
of motor dual tasks. Some examples of cognitive dual-
tasks were counting backward by threes, naming things
in a certain group (e.g. animals or foods), or talking to
someone (Figure 1).

Control group: Conventional physiotherapy

The people in the control group received regular phys-
iotherapy that was time-matched and busy, as recom-
mended by published rules [18-21]. This procedure was
made to show the best ways to provide normal care. It was
based on control treatments used in similar high-quality
studies. Therapy was conducted one-on-one and was de-
signed to help the person with their specific problems.
The main goal was to get stronger, increase the range of
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motion, and do useful things. Lower body strengthening
exercises (such as using resistance bands for hip abduc-
tion, knee extension, and ankle dorsiflexion), stretching
of spastic or tight muscle groups, and over-ground gait
training on stable, predictable surfaces were all part of a
typical session. The goal was to improve endurance and
gait pattern. There were balance exercises, but most of
them were standing or moving jobs that had to be done
on hard surfaces.

Outcome measures

All outcome measures were administered at baseline
(TO) and post-intervention (T1) by blinded assessors.
Table 2 presents the schedule and description of these
measures.

Data collection procedures

The tests were done in a study center that was just for
that purpose. The testing methods were uniform, and the
same tools were used for all tests at both time points to
minimize differences. The order in which the tests were
given to each individual remained the same. During
tasks that could be difficult for balance, such as timed
up and go (TUG) and BBS items, the participant wore
a safety belt, and a helper stood nearby to ensure that
they did not fall. All the information was written down
on standard case report forms and then typed twice into
a safe computer database to ensure that it was correct.

Saddam Mohsin & Fadhil Lateef . Neuromuscular Balance Training Improves Post-Stroke Motor Function. IRJ. 2026; 24(2):231-242.
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Table 1. Participant inclusion and exclusion criteria
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Criteria Inclusion Exclusion
Diagnosis First-ever ischemic or hemorrhagic stroke confirmed History of multiple strokes or other neurological
g by CT or MRI conditions (e.g., Parkinson’s disease, multiple sclerosis)
Time since >6 months (chronic phase) <6 months post-stroke
stroke
Age 18-85 years -

Able to stand for at least 30 seconds with or without
an assistive device; able to walk 10 meters with or

Motor function
without an assistive device

Cognitive MOoCA score >18

function

General health

Medically stable to participate in an exercise program

Non-ambulatory or dependent on physical assistance
from another person for walking

Severe aphasia or cognitive impairment precluding
understanding of instructions or providing consent

Unstable cardiovascular condition; severe orthopedic
conditions limiting lower extremity exercise; severe,
uncorrected visual impairment

CT: Computed tomography; MRI: Magnetic resonance imaging.

Statistical analysis

IBM SPSS software, version 28.0 was used for all
statistical analyses. It was decided ahead of time that
P<0.05 would be the alpha number for statistical signifi-
cance. A method called intention-to-treat (ITT) was used
in the major study. To fill in the blanks, a multiple esti-
mation method was used.

Checking the data to make sure they were correct and
met the assumptions of statistical tests came before in-
ferential testing. When we wanted to see how initial
demographic and clinical data from different groups
compared, we used independent samples t tests for con-
tinuous variables and Pearson’s chi-square tests for cat-
egorical variables.

We used a 2 (group: Intervention, control)x2 (time:
TO, T1) mixed-model analysis of variance (ANOVA)
for each continuous outcome measure to test the main
and secondary hypotheses. The group time relationship
was the most important factor to consider. Cohen’s d and
partial eta-squared were used to show the sizes of the
effects.

The possible link between better muscle coordination
and better balance was tested only in the training group.
We found the link between the change score on the fugl-
meyer assessment-lower extremity (FMLE) and the
change scores on the BBS and TUG by using Pearson
product-moment correlation coefficients (r) (Table 3).

[ranian [Zehabilitation®ournal
Results
Participant flow

A total of 85 people were checked to see if they were
eligible. Of these, 33 were excluded because they did
not meet the standards (n=21) or because they refused to
join (n=12). Randomly, the other 52 people were divided
into two groups: The intervention group received muscle
balance training, and the control group received regular
physiotherapy. During the 8-week intervention period,
two people from the intervention group and three people
from the control group dropped out of the study for per-
sonal reasons unrelated to the intervention. The final ITI
study included all 52 randomly selected participants.

Baseline characteristics

Table 4 presents the demographic and clinical details
of the participants at the start of the study. A comparison
of the two groups showed that they were a good match.
No significant differences were observed in age, gender,
body mass index, stroke type, affected side, time since
stroke, or initial scores on any clinical or functional out-
come measures (all P>0.05).

Primary outcome: Motor coordination

The main result, the FMLE score, showed a signifi-
cant groupxtime interaction (F(L 507085, P<0.001,
P?=0.586), indicating that the two groups’ changes in
motor coordination over the 8 weeks were very differ-
ent (Figure 2). Table 5 shows that both groups improved
from the start of the intervention to the end. The training
group, on the other hand, saw a much larger gain than
the control group (Table 5). The intervention group’s
mean FMLE score increased by 5.14+1.63 points, while



https://irj.uswr.ac.ir/

2026, Volume 24, Issue 2

Table 2. Schedule and description of outcome measures
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Psychometric Proper-

Construct Instrument Description Timepoints ties
A 34-item performance-based -
Primary  Motor coordi- impairment index assessing reflexes Excellent reliability
- FMLE " = T0, T1 (1CC>0.95); MCID: 6-7
Outcome nation volitional movement, and coordina- oints
tion. Scored 0-34. P ’
. A 14-item scale assessing perfor- Excellent reliability
Static and dy-
< BBS mance on functional balance tasks. T0, T1 (1CC>0.98); MCID: 4-7
namic balance ;
Scored 0-56. points.
Second- Functional Time (in seconds) taken to rise from a Excellent reliability
I TUG chair, walk 3 meters, turn, return, and TO, T1 (1ICC>0.95); MCID: 2.9
ary Out- mobility -
sit down. seconds.
comes
Time (in seconds) taken to walk the s
central 10 meters of a 14-meter path el el by
Gait speed 10MWT 70, T1 (1CC>0.95); MCID: 0.16
at a self-selected comfortable speed. ey X
Converted to m/s. :
Adherence Session atten- Percentage of 24 planneq sessions T )
Process dance log attended by each participant.
mea- Adverse event A log documenting the occurrence,
sures Safety nature, and severity of any adverse TO-T1 -

log

events during therapy sessions.

ICC: Intraclass correlation coefficient; MCID: Minimal clinically important difference.

the control group’s score only increased by 1.76+0.69
points. It was statistically significant (P<0.001) that the
change scores were 3.38 points different between the
groups, which means that the effect was significant (Co-
hen’s d=2.69).

Secondary outcomes: Balance and gait

As shown in Table 6, the muscle training program also
led to better results in all secondary outcomes. Many re-
lationships between group and time were found for the
BBS (F, ,,=60.53, P<0.001, P*=0.548), the TUG test
(F(L 50)=36.87, P<0.001, -P=0.424), and the 10-meter

walk test (IOMWT) (F,, . =63.51, P<0.001, -P>=0.560).

(1,50)

30
29
28
27
26
25
24

: T

22

FMLE Score (0-34)

21

20
Baseline

«=@==|ntervention Group
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For the BBS, the intervention group improved by an
average of 7.91 points, compared to 2.25 points in the
control group (P<0.001, d=2.49). For the TUG, the inter-
vention group reduced their time by 3.21 seconds, signif-
icantly more than the 1.14-second reduction in the con-
trol group (P<0.001, d=1.94). Finally, for the 10MWT,
the intervention group increased their gait speed by 0.21
m/s, more than double the 0.08 m/s improvement ob-
served in the control group (P<0.001, d=2.55). All these
differences represent large and clinically meaningful ef-
fect sizes.

Post-Intervention

«=@==Control Group

[Iranian [HehabilitationBournal

Figure 2. A line chart showing the mean change in Fugl-meyer lower extremity (FMLE) scores from baseline to post-interven-
tion for both the intervention and control groups, with error bars representing 95% confidence intervals

Saddam Mohsin & Fadhil Lateef . Neuromuscular Balance Training Improves Post-Stroke Motor Function. IRJ. 2026; 24(2):231-242.
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Table 3. Planned statistical models and hypotheses matrix
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. . Outcome _— . A
Hypothesis Hypothesis Statement . Statistical Test Interpretation of Significance
Variable(s)
Neuromuscular training will A significant groupxtime interac-
Hla improve motor coordination more FMLE Score 2x2 mixed ANOVA tion indicates the change in FMLE
than conventional therapy. differs between groups.
Neuromusculartralqmg will im- BBS, TUG, 10MWT 2x2 mixed ANOVA A.5|gr.1|f|t;ant groupxtime interac-
Hib prove balance and gait more than tion indicates the change in the
; Scores (for each outcome) ;
conventional therapy. outcome differs between groups.
In the intervention group, coor- A significant correlation coeffi-
H2 dination gains will be related to FMLE Change, BBS Pearson correlation  cient (r) suggests a linear relation-

balance gains.

Change, TUG Change

ship between the improvements.

[Iranian [HehabilitationMournal

Abbreviations: FMLE: Fugl-Meyer assessment of lower extremity; BBS: Berg balance scale; TUG: Timed up and go; 10MWT:
10-meter walk test; ANOVA: Analysis of variance.

Table 4. Baseline demographic and clinical characteristics of participants

Mean1SD/No. (%)
Characteristic [
Intervention Group (n=26) Control Group (n=26)

Age (y) 52.15%5.91 52.23+4.90 0.950
Female 8(30.8) 10(38.5)

Sex 0.590
Male 18(69.2) 16(61.5)

BMI (kg/m?) 27.8943.73 27.5142.75 0.680
Ischemic 18(69.2) 20(76.9)

Stroke type 0.530
Hemorrhagic 8(30.8) 6(23.1)
Right 13(50.0) 13(50.0)

Affected side 1.000
Left 13(50.0) 13(50.0)

Months since stroke 8.31+4.45 10.99+4.16 0.060
NIHSS at baseline 6.34+1.81 6.19+1.24 0.720
MoCA at baseline 23.01+2.48 22.80+1.89 0.740

FMLE (0-34) 21.6815.61 22.45+3.76 0.590
BBS (0-56) 39.63+5.49 41.7843.16 0.120
Clinical outcomes
TUG (seconds) 17.58+3.55 17.55+2.54 0.970
10MWT (m/s) 0.75+0.21 0.80+0.13 0.320

[ranian [Hehabilitation®lournal

Abbreviations: BMI: Body mass index; NIHSS: National institutes of health stroke scale; MoCA: Montreal cognitive assess-
ment; FMLE: Fugl-Meyer assessment of lower extremity; BBS: Berg balance scale; TUG: Timed up and go; 10MWT: 10-Meter
walk test.

237
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Table 5. Primary outcome measure (motor coordination-fmle) at baseline and post-intervention

+
G lEETE Between-group Difference in
0,
Baseline Post-Intervention Change Score Change (95% Cl)
Intervention (n=26) 21.68+5.61 26.82+5.83 5.14+1.63 3.38(2.57-4.19)
Control (n=26) 22.45+3.76 24.21+3.81 1.76+0.69 P<0.001; Cohen’s d=2.69

Abbreviations: FMLE, Fugl-Meyer Assessment of Lower Extremity; CI, confidence interval.

Table 6. Secondary outcome measures (balance and gait) at baseline and post-intervention

Outcome o MeanSD Between-group Difference
Measure P Baseline Post-Intervention Change Score (P, Cohen’s d)
Intervention 39.63+5.49 47.54+5.99 7.91+3.11 P<0.001, d=2.49
BBS (0-56)
Control 41.78+3.16 44.03+3.23 2.25+0.78
Intervention 17.58+3.55 14.3743.41 -3.21+1.39 P<0.001, d=1.94
TUG (seconds)
Control 17.55+2.54 16.41+2.58 -1.14+0.58
Intervention 0.75+0.21 0.96+0.22 0.21+0.06 P<0.001, d=2.55
10MWT (m/s)
Control 0.80+0.13 0.88+0.13 0.08+0.04
Abbreviations: BBS: Berg balance scale; TUG: Timed up and go; 10MWT: 10-meter walk test. Tranian Hehabilitationflournal

Table 7. Correlation between changes in motor coordination (FMLE) and balance outcomes (BBS, TUG) in the intervention

group (n=26)
Variables FMLE Change

r=0.68

BBS change
P<0.001
r=-0.59

TUG change
P=0.001

[ranian [Hehabilitation®lournal

Abbreviations: FMLE: Fugl-Meyer assessment of lower extremity; BBS: Berg balance scale; TUG: Timed up and go.

Correlation analysis Adherence and adverse events

Correlation study was conducted on the change scores Table 8 presents data on how well the intervention was
for only the control group to determine any common followed and how safe it was. In the training group, the
processes that might be causing the gains that were average rate of obedience was 86.2+9.0%, while in the

observed. Table 7 presents a strong, statistically sig- control group, it was only 78.847.1% (P=0.007). Dur-
nificant link between the change in balance (BBS) and ing the study, there were a total of seven small adverse
the change in motor coordination (FMLE) (r=0.68, events. Four occurred in the intervention group and three
P<0.001). A strong and significant negative association in the control group. There was no significant difference
was found between the change in FMLE and the change between groups in the percentage of subjects who expe-
in TUG time (r=—0.59, P=0.001). This indicates that as rienced an adverse event (P=0.680). All of the events that
coordination improved, the time needed to complete the were recorded were light and short-lived. They mostly in-
TUG test decreased. volved muscle pain or tiredness and did not require medi-

]
H Saddam Mohsin & Fadhil Lateef . Neuromuscular Balance Training Improves Post-Stroke Motor Function. IRJ. 2026; 24(2):231-242.
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Table 8. Intervention adherence and adverse events
MeantSD/No. (%)
Parameter P

Intervention Group (n=26)

Control Group (n=26)

Mean adherence rate (%)

Participants with any adverse event

86.2+9.0 78.8+7.1 0.007

4(15.4) 3(11.5) 0.680

cal help or a break from training. In either group, there
were no falls or other major bad things that happened.

Discussion
Principal findings

This randomized controlled study showed that a neuro-
muscular balance training program with multiple com-
ponents that lasted for 8 weeks was better than regular
physiotherapy that was time-matched in improving motor
function in people who had an ongoing stroke. The main
idea was proven true because the intervention group made
much bigger improvements in motor coordination in their
lower limbs, as measured by the FMLE. These changes
made a significant difference that is clinically significant.
The study’s extra ideas turned out to be correct, too.
functional mobility (TUG), static and dynamic balance
(BBS), and leg speed (10MWT) all got a lot better with
the muscle training than with the active control condition.
The training had a significant impact on many areas of
motor skills, as shown by the large effect sizes for these
results. Finally, the early results showed that there was a
strong connection between the changes in motor coordi-
nation and better balance in the intervention group. This
finding backs up the main idea of the study. It shows that
a single, focused change in the sensory control system
most likely caused the various functional gains.

Physiological interpretation and mechanisms of
improvement

Therefore, the neuromuscular training program works
better because it addresses the main problem that leads
to movement damage after a stroke: the broken sense
feedback loop [21]. Normal care mostly builds muscles
and performs the same action repeatedly, which is on
the efferent (movement output) side of this loop. Neu-
romuscular training, on the other hand, resets the entire
system, from sensory input to movement [22]. Muscle
and joint mechanoreceptors were likely made more
sensitive by using shaky surfaces and less obvious in-
put in the proprioceptive stimulation part [23]. This bet-

[Iranian [HehabilitationMournal

ter sense stream provides more accurate information to
the CNS about where the body parts and limbs are and
how they are moving. This is needed to keep the inter-
nal models that control movement better and up to date
[24]. Problems with automatic body control were solved
immediately by impact training. By making people lose
their balance repeatedly, this training likely helped the
parts of the brain that make quick and correct reactions
to changes in balance get back to normal [25].

Finally, doing two things at once while training helps
with the loss of natural movement control that comes
after a stroke. Participants had to split their attention be-
tween a balance task and a cognitive or motor task si-
multaneously as part of the experiment [26]. This tested
the prefrontal brain networks that manage executive
function and resource distribution. Others believe that
doing this regularly makes the main motor job easier to
do without thinking about it. One study has reported that
this frees up brain power and improves success in more
difficult real-life scenarios [27].

The strong link between better balance and coordina-
tion supports these shared ideas. It looks like the help did
not just improve some skills; it also created a core skill
for a better understanding of sense information. This
more powerful muscle strength led to better performance
in several useful areas, such as the FMLE’s need for fine
motor control and the BBS and TUG’s need for dynamic
stability [28]. Focused, intense, and varied exercises
strongly influence experience-based neuroplasticity.
This probably leads to better functional reorganization in
the brain’s movement networks that are still present [19].

Comparison with the existing literature

The results of this research corroborate and expand
upon the findings of previous meta-analyses that have
shown the efficacy of various components of muscle
training [22]. The average improvement on the BBS
in our research was 7.91 points, which is greater than
the 2.22 points observed for general exercise therapy
and the 3.75 points found for balance-specific training
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in the meta-analysis by van Duijnhoven et al. (2016). It
is also better than the 4.26-point gain that Zhang et al.
(2024) found for dual-task training. This comparison,
shows that a program with multiple parts that carefully
combines proprioceptive, perturbation, and dual-task el-
ements may work better than treatments that only focus
on one of these areas.

Our work also adds to what is known about how this
kind of training affects muscle balance as tested by
the FMLE [22]. The majority of the research that has
been done so far has focused on balance and walking
outcomes. However, the large effect size seen for the
FMLE shows that improving sensorimotor integration
has a direct and positive effect on the return of basic mo-
tor control patterns. Network meta-analyses have shown
that the best way to improve lower leg motor function is
to use a mix of proprioceptive training and other therapy
methods. The current study offers Level 1 proof from a
head-to-head comparison, which makes the case for this
unified method stronger [22].

Conclusion

This research demonstrated that targeted neuromuscu-
lar training significantly improves the balance and motor
abilities in individuals who have had a stroke. The improve-
ments in all outcomes were both statistically and clinically
significant, which means that the therapy worked well.
The neuromuscular program likely works by retraining
the whole sensorimotor system, enhancing proprioceptive
input, refining response positioning methods, and promot-
ing the reestablishment of automatic motor control. These
findings advocate for a significant transformation in the re-
habilitation process after a stroke. Protocols that are based
on several components and mechanisms should become
standard clinical practice to enable patients who have had
a stroke to be more functionally independent and enhance
their QoL.
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