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ABSTRACT

Background: Children with hemiplegia after brain tumor surgery often face challenges in upper limb motor function and
neurological recovery. Objective: The study was conducted to compare the effect of neuromuscular electrical stimulation
and myofeedback on upper limb muscle activity and brain derived neurotrophic factors in blood for children with
hemiplegia after benign brain tumor resection. Participants and Methods: This randomized comparative trial involved
forty-two children with hemiplegia and were randomly assigned into three groups (14 children in each group). Assessments
of the three groups were carried out by SEMG and BDNF changes before and after 12 weeks of intervention Treatment:
The control group received the designed physical therapy program while the study group (A) received myofeedback
training in addition to the designed physical therapy program and study group (B) received electric muscle stimulation in
addition to the designed physical therapy program. Results: Significant improvements in SEMG and BDNF were observed
in the myofeedback and NMES groups compared to the control group (P<0.05). The myofeedback group showed the most
significant improvements (SEMG: 95.92%, BDNF: 60.02%), followed by the NMES group (SEMG: 67.45%, BDNF:
34.71%). Conclusion: Myofeedback showed superior improvement than NMES program are in upper limb muscular
activities and motor function in children with hemiplegia after brain tumor surgery.
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INTRODUCTION

Incidence of brain tumors in Egypt is 9.0 in 100.000 males
and 8.0 in 100.000 females. Primary CNS tumors among
males higher than females. Regarding patient age,
frequency among adults was (89.4%) compared to pediatric
age group (10.6%). Gliomas were the most common
primary CNS tumors in adults (35%) followed by
meningiomas (33.3%) then pituitary adenomas (15.6%);
while in pediatrics embryonal tumors (17%)]1.

Considering the age at diagnosis, pediatric brain tumors can
be classified as congenital when diagnosis is reached either
antenatally or postnatally by 2 months of age; infant
pediatric tumors are diagnosed between 2-12 months of age,
and older pediatric tumors from (1-18 years). Age at
diagnosis is one of the determinant factors of prognosis of
pediatric brain tumors. Congenital brain tumors are quite
different from other pediatric tumors regarding histological
types and prognosis?2.

North American statistics indicate that there is one child
with cancer in every 330 children under the age of 18,
Pediatric cancer incidence in the United States is 15,780
every year aged between 0 to 19 years and its treatment (e.g.

chemotherapy, radiation therapy and surgery) may result in
a wide range of negative sequelae, including psychosocial
dysfunction, peripheral neuropathy, cognitive limitations,
decreases in strength, coordination, and balance. One
potential neurological impairment in children treated for
brain tumors is hemiparesis, prevalent in up to 21% of
survivors 3. Brain tumors are the second most common
cancer for children. Although children with brain tumors
have a better prognosis than adults, treatment presents
special problems, including possible damage to the
developing brain 4.

Surgery is an integral component and typically the first line
of therapy for children with central nervous system tumors.
The outcome regarding surgical morbidity and disease
control can be greatly influenced by the initial care that
these children receive. Conventional aims of neurosurgery
including tumor removal, management of hydrocephalus,
and diagnostic sampling have been radically modified with
innovative technologies such as navigational guidance,
functional mapping, endoscopic surgery, second-look
surgery, and physiologic imaging. The overall role of the
pediatric neurosurgeon in caring for children with nervous
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system tumors is also expanding to include unconventional
responsibilities  including disease staging, tissue
procurement, and drug delivery. It is thus anticipated that
the pediatric neurosurgeon will be increasingly relied upon
for oncologic therapeutic strategies and should thus remain
abreast of forthcoming information and technologies 5.
The clinical manifestations of brain tumors in children are
dependent largely on the type and location of tumor and the
age of onset. Brain tumors may produce symptoms by local
invasion of the brain, by mass effect and compression on
adjacent structures, or secondarily, through increased
intracranial pressure6.

Surgical resection remains the mainstay of therapy for most
primary brain tumors, both for reduction of tumor burden
and to provide histologic diagnosis. There is a careful
balance between the maximal surgical resection and the
preservation of vital structures in eloquent regions. For
many tumors, surgical resection is the most important mode
of therapy; failure to achieve a radio-graphic gross total
resection is associated with poorer out-come and often
necessitates the need for additional therapy.7

Direct neurological consequences of surgical excision may
include perioperative stroke, the onset of focal weakness,
sensory impairment, or new cranial nerve dysfunction. The
effects of hydrocephalus—particularly regarding the extent
of ventricular dilation and the duration prior to intervention
remain insufficiently characterized. Recent research
indicates that patients undergoing surgery alone remain
susceptible to long-term complications such as ataxia,
hemiparesis, as well as persistent neurosensory and
neurocognitive impairments.8

Tumors can cross anatomical areas, leading to complex
neurological symptoms. Spastic hemiparesis or hemiplegia
results from upper motor neuron involvement and typically
affect muscle groups rather than single muscles. The site of
damage above the pons or on the homunculus determines
whether weakness is confined to certain limbs or is more
widespread. Disruption between agonist and antagonist
muscles causes involuntary or mirror movements in the
affected limb.9

Tumors may induce systemic response leading to
significant loss of muscle strength, this systemic response
is thought to be mediated by tumor necrosis factor alpha and
other cytokines released from tumor cells. Additional
factors may contribute to generalized muscle weakness,
including impaired nutrition, adverse effects of
medications, and general deconditioning.10

Spastic hemiplegic children had impairment in the hand as
result of damage to the motor cortex and corticospinal
pathways responsible for the fine motor control of the
fingers and hand. During tasks that require fine
manipulation, such children often use several fingers and
often show abnormal hand posturing as well as reduction in
distal strength and dexterity 11

The main symptom of spastic hemiplegia is paralysis on one
side of the body. Some other symptoms are: Tight muscles
on one side, exaggerated body movements joints that don't
extend fully Walking on tiptoes poor reflexes crossed knees
Impairment of the lower limb in children with hemiplegia
following brain tumor resection is a complex issue, often

stemming from direct surgical damage, vascular
complications, or secondary effects of the tumor, such as
inflammation and swelling.12

Brain-Derived Neurotrophic Factor (BDNF) isa protein
supporting neuron growth, survival, and connection
(synaptic plasticity) for learning and memory, acting like
fertilizer for the brain, and its levels in the blood can reflect
brain health-13

Physical therapy plays a crucial role in improving upper
limb function in children with hemiplegia through
therapeutic exercises and motor training. Combining
conventional physiotherapy with adjunctive interventions
such as Kinesio Taping, Mirror Therapy, and Modified
Constraint-Induced Movement Therapy can further
enhance upper limb function and functional
independence. 14

Neuromuscular electrical stimulation (NMES) is widely
used in neurological rehabilitation to improve muscle
strength, enhance blood flow, reduce muscle atrophy,
promote tissue healing, and alleviate pain. It can induce
contractions in innervated, paralyzed, and spastic muscles,
thereby facilitating motor recovery.15

Neuromuscular electrical stimulation effectively improved
hand function, muscle strength, and spasticity in patients
with cerebral palsy.16

Surface electromyography (SEMG) myofeedback helps
patients relearn specific muscle movements by providing
visual or auditory feedback when muscle activity reaches a
predetermined threshold. It may be more effective than
cyclic stimulation because it combines voluntary muscle
activation with proprioceptive feedback, enhancing motor
relearning and functional recovery.17

Electromyography biofeedback combined with
rehabilitation training may be the best physical therapy for
improving upper limb motor function and relieving pain in
patients with post-stroke SHS according to our Bayesian
network meta-analysis results. However, the above
conclusions need further analysis and validation by more
high-quality.18

MATERIALS AND METHODS
Study design:
A pretest-posttest randomized controlled trial was

conducted from Jun 2024 to Sep 2025. Written informed
consent was obtained from the parents of each participant,
in accordance with the declaration of Helsinki. The study
was approved by our institutional Physical Therapy Faculty

ethics committee (NO: P.T.REC/012/006382) and
registered at Clinical Trials. gov (NCT07606222)
Subjects:

Forty-two children (20 girls and 22 boys) with hemiplegia
after brain tumor surgery were recruited from multiple
oncology and physical therapy centers in Alexandria,
Egypt. Participants were randomly allocated into three
groups, control group, study A, and B—using simple
randomization methods. The included children were 6-14
years of age, had hand use experience questionnaire
between 25 :50 unite scale, had Grade 2 muscle power of
wrist, elbow and fingers extensors the selected children
were at least 6 weeks after surgical brain tumor resection in
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one of the two hemispheres. Exclusion criteria: blindness,
deaf child and skin diseases. Study was completed in 42
children.

Sample size calculation was conducted using G*power
program (G power program version 3.1.9, Heinrich-Heine-
University, Diisseldorf, Germany) for two tailed tests.
Sample size calculation based on F tests — ANOVA (Fixed
effects, omnibus, one-way), with an assumed medium effect

size (d = 0.50), type I error (alpha = 0.05), power (1-Peta =
0.80), and the effect size f = 0.547869 with a total sample
size for 45 participants for 3 independent groups
comparison. To account for an anticipated 10% dropout, the
final adjusted sample size is 42 participants as minimum.
Thus, the study will enroll 14 cases in each group to ensure
adequate statistical power for detecting a large clinically
meaningful difference.

critical F = 4.10546

----—a——-nn—-----—

6
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Fig. (1) sample size estimation

Randomization:
The children were assigned into three groups (control
group, study group A and B) through simple randomization.

An independent person determined the group assignment by
selecting a paper from a sealed envelope.

Screening for criteria G

Eligible participants (n = 45)

Randomization

(Sealed opaque
envelope method)

Contro Group Study Group A Study roup B
I
intervention

each group
lost 1

t total
analyzed 42

Fig. (2) Randomization
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MATERIALS

Materials for child selection

Muscle tone was assessed with the Tardieu Scale, which
measures spasticity by testing muscle responses at different
stretch speeds and identifying the spasticity angle. The
Modified Tardieu Scale evaluated dynamic spasticity in
wrist flexors, pronators and elbow flexors, recording R2eR 1
difference (dynamic component), R2 (passive range of
motion), and R1 (catch point during rapid movement
through the full range of motion).19

Muscle strength was measured by manual muscle test. A
clinical assessment evaluates muscle power by applying
resistance or observing movement against gravity, often
using a standardized grading scale (0-5) to document
findings for neurological conditions, injuries, or general
fitness, helping diagnose weakness and guide treatment.
Shoulder flexors, Elbow extensors, Common finger
extensors, Supinator’s and pronators muscles strength were
measured 20.

The Children’s Hand-Use Experience Questionnaire
(CHEQ) is a tool designed for children with unilateral upper
limb impairments to assess their experience using the
affected hand during daily bimanual activities. It includes
27 activities where the child reports independence, hand
use, time compared to peers, and level of discomfort. The
questionnaire can be completed at home or during therapy
sessions and typically takes 20-30 minutes.21

Materials for assessment

1-Surface electromyography

MyoTrac Infiniti biofeedback system: Manufacture thought
Technology Ltd. 8205 Montreal/Toronto Blvd. Suite 223,
Montreal West, QC, Canada device number SA9800.
Surface EMG Biofeedback is a tool that measures muscle
activity to help muscles work better and more efficiently.22
2-Bruininks-Oseretsky Test (BOT-2)
Bruininks-Oseretsky Test (BOT-2) measures fine and gross
motor proficiency, with subtests that focus on stability,
mobility, strength, coordination, and object manipulation.
The test is tailored to school-aged children and young adults
among the ages of 4-21 years, who have varying motor
control abilities ranging from normal to mild or
moderate.23

3-Blood analysis for neurotrophic factors

Brain-Derived Neurotrophic Factor (BDNF) has attracted
increasing interest as potential biomarker to support the
diagnosis or monitor the efficacy of therapies in brain
disorders. Circulating BDNF can be measured in serum,
plasma, or whole blood.24

4-The Modified Tardieu Scale (MTS)

The Modified Tardieu Scale (MTS) is a clinical tool for
assessing spasticity that includes quantitative measurement.
Passive movements of MTS are tested at two speeds: as
slow as possible (R2), and as fast as possible (R1).25
Materials for treatment

Instruments

MyoTrac Infiniti biofeedback system: Manufacture thought
Technology Ltd. 8205 Montreal/Toronto Blvd. Suite 223,
Montreal West, QC, Canada device number SA9800

Fig. (3) Biofeedback device

2- Multistimulator: made in Italy with serial number 1680163144

Fig. (4) Electric stimulation device.
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Tools

Desk. mat, roll and fine motor toys (small ball, large cubes
and jar)

Procedure

Control group. Children in this group were received the
designed physical therapy exercise program for one hour
three times weekly for twelve successive weeks’ exercises
were push up exercise on upper limbs from prone position
supported on both hands The child is instructed to slowly
bend the elbows to lower the body toward the surface, Then,
the child pushes through both hands to return to the starting
position. active strength to wrist extensors using fine motor
toys (such as pegboards, beads, stacking blocks, or small
grasp-and-release objects) from sitting position are placed
within reach. The child is instructed to actively extend the
wrist while reaching for, grasping, and manipulating the
toys, then return to the starting position, stretching for wrist,
elbow flexors and pronators The child is positioned
comfortably in supine lying. The therapist stabilizes the
proximal segment of the limb to prevent compensatory
movements. For wrist flexor stretching, the elbow is
extended and the wrist is gently moved into extension while
maintaining finger extension. For elbow flexor stretching,
the shoulder is stabilized and the elbow is slowly extended
until a gentle stretch is felt. For pronator stretching, the
forearm is gradually moved into supination while keeping
the elbow in extension., weight bearing position on upper
limb from side sitting position The child is positioned in

side sitting with the affected upper limb placed on mat , with
the elbow extended and the hand in contact, quadruped
position on 3 points, with active elevation for the affected
limb The child is positioned in a quadruped position (hands
and knees), with the affected upper limb bearing weight on
the supporting surface he child is encouraged to perform
active elevation (lifting) of the affected upper limb slightly.,
from sitting ,kneeling sitting position scroll small ball
forward with the affected limb , approximation shoulder,
elbow, and wrist muscles Controlled compressive forces are
applied slowly, rthythmic along the longitudinal axis of the
upper limb to the shoulder, elbow, and wrist joints.26
Study Group (A): children received the same designed
physical therapy exercise program in addition to
myofeedback program. Child position sitting, upper limb
rested on table. Placement of electrodes as in assessment,
the change was in the device program, rehab strength
program was selected, one channel was used and the
program was started. The exercise was performed actively
by asking the child to extend the wrist. When the child
reached the preset threshold detected during the assessment,
the device provided graphical and auditory feedback. The
visual graph and sound motivated the child to continue the
activity. The duration of the biofeedback training was 30
minutes.27

Fig. (5) myofeedback training

Study Group (B): they received the selected physical
therapy program in addition to NMES program 30 minutes
three times weekly.

Protocol of neuromuscular electric stimulation

Position of child: sitting on position arm rested on table.
Electrode placement was performed with one electrode
placed on the common wrist extensors and the second on
the distal third of the dorsum of the forearm. Instructions
were explained to the child first, then the session was
started. The menu was pressed, the faradic current was
selected, and the intensity was raised slowly until muscle
contraction occurred. Overall period of treatment was 3
months, a frequency of 50:100Hz with a pulse duration
from 0.1-1MS.28

Statistical analysis

Prior to analysis, the data were examined to verify the
assumptions of normality and homogeneity of variance.
Outliers were first identified and removed using box-and-
whisker plots. A Shapiro-Wilk test was then conducted, the
results of which confirmed that the data were normally
distributed (P >0.05). The assumption of equal variances
was also satisfied, as indicated by a non-significant
Levene's test (P>0.05). Consequently, parametric statistical
methods were deemed appropriate for the analysis.

The statistical analysis was conducted by using statistical
SPSS Package program version 25 for Windows (SPSS,
Inc., Chicago, IL). Quantitative data are reported as mean
and standard deviation for children's demographic data,
surface electromyography and brain-derived neurotrophic
factor variables. Qualitative data are reported as frequency
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(percentage) for gender and dominant hands variable and
compared statistically among groups by Chi-square test.
One -way analysis of variance (ANOVA) test used to
compare among groups for children’s demographic data,
surface electromyography and brain-derived neurotrophic
factor variables. Bonferroni correction test (Post hoc-tests)
used to compare between pairwise within and between
groups of the tested variables which P-value was significant
from MANOVA test. Paired t-test used to compare between
pre- and post-treatment within each group. All statistical

analyses were significant at 0.05 level of probability (P <
0.05).

RESULTS

A total of 42 children with hemiplegia after brain tumor
surgery participated in this study and randomly assigned
into 3 equal groups in the number. There are no significant
differences (P<0.05) in hemiplegia children’s demographic
data (Table 1) among control and study groups A and B for
age (P=0.680), weight (P=0.682), height (P=0.643), BMI
(P=0.934), gender (P=0.289), and dominant hand
(P=0.053).

Table 1. Hemiplegia children's demographic data

Items Groups P-
Control group Study Group A Study Group B [value
(n=14) (n=14) (n=14)
Quantitative variables Mean +SD Mean +SD Mean +SD
Age (year) 8.64 £3.56 9.50 £2.27 8.71 £2.55 0.680
Weight (kg) 29.29 £10.51 31.79 £9.34 28.93 +8.06 0.682
Height (cm) 130.64 £21.57 136.14 £13.29 131.14 £15.07 0.643
BMI (kg/m?) 16.73 £1.26 16.74 £1.63 16.58 +0.89 0.934
Qualitative variable Number (%) Number (%) Number (%)
Gender Boys 5 (35.70%) 9 (64.30%) 8 (57.10%) 0.289
Girls 9 (64.30%) 5(35.70%) 6 (42.90%)
Dominant Right 11 (78.60%) 14 (100%) 9 (64.30%) 0.053
hand Left 3 (21.40%) 0 (0.00%) 5 (35.70%)

control group; study Group A: received biofeedback program; Group B: received NMES program
Quantitative data (age, weight, height, and BMI) are reported as mean +standard deviation and compared by ANOVA test.

Qualitative data (gender and dominant hand) are reported as frequency (percentage) and compared by Chi-square test

Statistical analysis for surface electromyography and brain-
derived neurotrophic factors within each group is presented
in Table (2). There were significantly (P<0.05) increased in
surface electromyography (Table 2 and Figure 1) at post-
treatment compared to pre-treatment within Control group
(P=0.0001), study group A (P=0.0001), and B (P=0.0001).
A significant increase in brain-derived neurotrophic factors
was observed at post-treatment compared to pre-treatment
within study group A (P=0.0001) and B(P=0.0001), as
shown in Table 2 and Figure 2. In contrast, no significant
difference was found within control group (P=0.091).
Moreover, the children with hemiplegia after brain tumor
surgery received biofeedback program in group A improved
more surface electromyography (95.92%) and brain-
derived neurotrophic factor (60.02%) increasing at post-
treatment followed by hemiplegia children received NMES
program (67.45 and 34.71%, respectively) in group B, and

P-value: probability value

then those in control group (44.04 and 14.61%,
respectively) who received physical therapy program.
Statistical analyses of surface electromyography and brain-
derived neurotrophic factors across groups are presented in
Table 2. At pre-treatment, there were no significant
differences observed among groups for surface
electromyography (P=0.853; see Table 2 and Figure 1) or
brain-derived neurotrophic factors (P=0.778; see Table 2
and Figure 2). By contrast, post-treatment results indicated
significant differences among groups for both surface
electromyography  (P=0.001) and  brain-derived
neurotrophic factor (P=0.001). The marked increase in
mean values of surface electromyography and brain-
derived neurotrophic factor following treatment was most
pronounced in group A, with group B showing the next
highest improvement.
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Table 2. Within and between groups comparison for surface electromyography and brain-derived neurotrophic

factor
Variables Items Groups (Mean +SD) Effect sizel P-value?
Control Study Study (n?)
group Group A Group B
(n=14) (n=14) (n=14)
Pre-treatment | 48.00 £10.66 49.00 +£9.62 50.29 +£11.78 | 0.002 | 0.853
,g: Post-treatment | 69.14 £14.35 96.00 £13.66 84.21 £21.79 0.24 0.001"
o 5 MD (Change) | 21.14 47.00 33.92
Q
£ % 95% CI 1291 -12.36 40.69 — 21.22 -
& o 53.30 46.62
3 Improvement %| 44.04% 95.92% 67.45%
K Effect size (n?) | 0.17 0.50 0.34
P-value! 0.0001" 0.0001" 0.0001"
Pre-treatment 52.29 £20.30 50.93 +£9.09 48.57 +9.64 0.01 0.778
= Post-treatment | 59.93 +£9.55 81.50 65.43 0.19 0.001"
o8 +13.24 +18.45
E ‘*E MD (Change) | 7.64 30.57 16.86
= % 95% CI -1.39 - 16.68 23.53 - 10.75 -
= 36.60 22.95
& £ Improvement %| 14.61% 60.02% 34.71%
& Effect size (1) | 0.03 0.30 0.11
P-value! 0.091 0.0001" 0.0001"

control group; study Group A: received biofeedback program; Study Group B: received NMES program
Data are expressed as mean *standard deviation; MD: Mean difference; CI: confidence interval; n2: Eta square;

P-value: probability value; * Significant (P<0.05); P-valuel: Probability value within each group; P-value2: Probability value within among groups

Post-hoc test between each pairwise groups comparisons at
post-treatment for main variable outcomes are illustrated in
Table (3). The post-hoc test and mean differences between
groups showed that there were significant differences
(P<0.05) in SEMG at post-treatment between pairwise of
group A versus group B (MD=26.86; P=0.0001) and group
A versus group B (MD=15.07; P=0.003). there is no
significant difference (P>0.05) between pairwise of group
B versus group B (MD=11.79; P=0.223). There were
significant differences (P<0.05) in BDNF at post-treatment
between pairwise of group A versus group B (MD=21.57;

P=0.0001) and group A versus group B (MD=16.07;
P=0.014). But no significant difference (P>0.05) between
pairwise of control group versus group B (MD=5.50;
P=0.938). The post-hoc test between groups showed that
the biofeedback program gave the best surface
electromyography and brain-derived neurotrophic factor
values followed by NMES program and then control
program.

Table 3. Pairwise comparison (post-hoc test) between groups for surface
electromyography and brain-derived neurotrophic factor at post-treatment

Variables Items Post-hoc test (post-treatment)
Control vs. Group A Control vs. Group B |Group A vs. Group B
Surface MD 26.86 15.07 11.79
electromyography 950, "y 10.78 — 42.94 1.92 - 28.20 -4.30 - 27.87
P-value 0.0001" 0.003" 0.223
Brain-derived MD 21.57 5.50 16.07
neurottophic 95% CI | 8.12-35.02 7,95 18.95 2.62-29.52
P-value 0.001 0.938 0.014"

control group; study Group A: received biofeedback program; Study Group B received NMES program
Data are expressed as mean difference and compared statistically by Bonferroni correction test.

P-value: probability value between pairwise groups (post-hoc test)

Significant (P<0.05)

MD: Mean difference

CI: confidence interval

*Author for Correspondence: Amr Mohamed Sabry
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Figure 1. Mean values of pre- and post-treatment surface electromyography
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Figure 2. Mean values of pre- and post-treatment brain-derived neurotrophic factor

DISCUSSION

The present study investigated the effects of myofeedback
and NMES programs on surface electromyography
(SEMQG) change and brain-derived neurotrophic factor
(BDNF) in children with hemiplegia after brain tumor
surgery. The results demonstrated significant improvements
in both SEMG and BDNF levels in the myofeedback and
NMES groups compared to the control group, with the
myofeedback group showing the most pronounced
enhancements. These findings suggest that both
interventions are effective in promoting motor recovery and
neurological outcomes in this pediatric population, with
myofeedback exhibiting superior efficacy.

Likewise, a study on 48 participants were randomly
assigned to an experimental group (n= 22), which
performed app-based biofeedback breathing exercises, or a
control group (n= 26). They demonstrated that baseline
characteristics—including sex distribution, age, height,
weight, and body mass index (BMI)—did not significantly
differ between groups29.

Also, a study conducted on 20 patients. Patients were
randomly assigned to one of two groups: biofeedback (n =
10) or control (n= 10). They stated that the demographic
data indicated no statistically significant differences
between the two groups (all p > 0.05)30.

This further aligned with a researcher who carried out a
study on 60 hemiplegic spastic CP children were randomly

*Author for Correspondence: Amr Mohamed Sabry
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assigned into two groups, the study group comprised 30
participants and 30 participants in the control group. The
study group received an exercise program combined with
RES, while the control group received an exercise program
joined with faradic stimulation for wrist extensors. They
illustrated that no significant statistical differences were
found between both the study and the control groups in the
pre-evaluation results as regards the body weight, body
length, and sex and degree of spasticity31.

This is in agreement with our observations, that the
biofeedback and electrical stimulation are improving hand
function in children with cerebral palsy32.

Likewise, another study noted that the electromyography
biofeedback training may have a positive effect on
neuromuscular  control of pronator teres and
brachioradialis33.

Further supporting our study, that children with hemiplegic
spastic CP showed a better response to reciprocal electrical
stimulation (RES) in combination with regular exercise.
RES showed a more significant effect on improving the
handgrip strength and pinch grip strength than the use of
regular exercise of the wrist extension34.

Similarly, a study in 2015 showed that there was a positive
effect of biofeedback on the range of motion in elbow, wrist
and finger in patients with stroke. Furthermore, increase in
the ROM is coupled with improvement and facility in
activities of daily living performances35.

Similarly, another study in 2013 showed that children who
received biofeedback showed significant improvements in
muscle tone and ankle range36. Besides, study reported that
the biofeedback group displayed statistically significant
improvements regarding tonus of plantar flexor muscles
and active ROM of ankle joints37. In addition, study
conducted and observed that the improvements in active
range of motion and surface EMG potentials were
significantly greater in the EMG biofeedback group at the
end of the treatment38.

Furthermore, a systematic review and meta-analysis by
analyzing the effect of NMES on skeletal muscle and then
on biomechanics of movement, functional mobility,
strength, spasticity, muscle architecture, and body
composition of children and adolescents with chronic
neurological disorders and chronic diseases. They noted
that the use of NMES programs for children diagnosed with
cerebral palsy, spinal muscular atrophy, and obstetric injury
of the brachial plexus was effective in improving muscle
strength, biomechanics of movement, and functional
mobility39.

In our study, after brain tumor surgery, hemiplegic children
in group A who received the biofeedback program showed
the greatest brain-derived neurotrophic factor (BDNF)
improvement (60.02%), followed by group B with
neuromuscular electrical stimulation (34.71%), and the
control group (14.61%).

Supporting our study, that a notable increase in serum
BDNF and NGF levels in patients following combined
treatment of biofeedback electrical stimulation combined
with early intensive rehabilitation training40.

Furthermore, a study stated that the combined effect of
hippotherapy and neurofeedback on the BDNF level of

W2G showed an increased tendency (pretraining, 1968.28
+ 429.08 pg/ml; post training, 1976.28 + 425.35 pg/ml)41.

Also, another study carried out a study on 11 healthy male
subjects completed three interventions (NMES, voluntary
exercise, and resting interventions) for 20 min on different
days. They highlighted that NMES was more effective for
enhancing serum BDNF than voluntary exercise42.

The observed improvements in SEMG in the myofeedback
group align with previous studies highlighting the benefits
of myofeedback in enhancing motor control and muscle
activation patterns in individuals with neurological
impairments43 myofeedback provides real-time feedback
on muscle activity, allowing patients to adjust and refine
their motor strategies, potentially leading to more effective
motor learning and recovery. The significant increase in
BDNF levels in the myofeedback group further supports the
notion that this intervention promotes neuroplasticity and
neuronal adaptation, crucial for functional recovery after
brain injury 44.

The NMES group also demonstrated significant
improvements in SEMG and BDNF, consistent with
research indicating that electrical stimulation can enhance
muscle strength and promote neural plasticity 45,46.
However, the lesser magnitude of improvement compared
to the biofeedback group may suggest that while NMES is
beneficial, it may not be as effective in promoting active
motor engagement and learning as myofeedback. The lack
of significant changes in the control group underscores the
importance of targeted interventions in promoting recovery
in children with hemiplegia. Standard physical therapy,
while beneficial, may not provide the same level of
specificity and intensity as biofeedback or NMES in
addressing motor impairments.47

The findings of this study have implications for
rehabilitation strategies in pediatric patients with
hemiplegia after brain tumor surgery. Incorporating
myofeedback and NMES into treatment plans may enhance
motor outcomes and promote neurological recovery.
Further research is needed to explore the long-term effects
of these interventions and to identify patient-specific factors
that may influence treatment response.

CONCLUSION

This study demonstrates that myofeedback and NMES
programs are effective interventions for improving motor
function and neurological outcomes in children with
hemiplegia after brain tumor surgery. The myofeedback
program showed superior improvements in surface
electromyography (SEMG) and brain-derived neurotrophic
factor (BDNF) levels compared to NMES and standard
physical therapy.
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