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ABSTRACT

Cerebral palsy (CP) comes along with a variety of neurodevelopmental problems, frequently
characterized by seizures and musculoskeletal issues. Lesioning of the upper motor neuron (UMN)
further disrupts the corticospinal tract (CST) pathways, leading to difficulties and paralysis. Ischemic
conditioning and bimanual training are two effective ways to improve motor function in affected
adolescents. The purpose of this research is to compare the effectiveness of ischemic conditioning
combined with bimanual task training to a sham intervention. 22 children with unilateral cerebral
palsy (UCP) aged 8 to 16 participated in the 4 month randomized controlled experiment. MACS
levels and the capacity to stack 3 cups in under a minute were among the criteria that were used to
identify the participants. Blood pressure was recorded and pressure cuffs were inflated and deflated
every 5 minutes during the 45-minute interventions. The ratings from the Assisting Hand Assessment
(AHA) were among the data examined using SPSS version-26. Despite variations in demographics,
both intervention groups demonstrated enhanced motor function and skill acquisition. These results
show that ischemic conditioning combined with bimanual task training greatly improves motor
function and task efficiency in children with UCP.
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INTRODUCTION

Cerebral palsy is characterized by neurodevelopmental problems that impact posture and movement,
frequently combined with sensory and cognitive deficits. It usually arises from anomalies or injuries
sustained during early brain development; common causes include periventricular white matter
damage and other abnormalities of the brain (1, 2). Brain structural abnormalities leading to localized
deficits are the cause of cerebral palsy. Complementary medical disorders such as epilepsy and
learning disabilities impact a patient's ability to perform after therapy (3). Brain abnormalities or
middle cerebral artery infarction are two common causes of unilateral spastic cerebral palsy (CP),
which affects the motor regions and corticospinal tract (CST) (4). Problems with the CST make it
difficult to perform upper limb movements, which results in poor performance of precise tasks (1).
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The assessment of fingertip force determines the hand-motor coordination involved in effective
gripping. Children with cerebral palsy frequently exhibit delayed coordination, following that
of children, whereas typically growing children attain adult-like coordination by the time they are 6
or 8 years old (5). Upper Motor Neurons (UMN) in the cerebral cortex, spinal cord, brainstem, and
cerebellum are how the central nervous system (CNS) regulates movement of the body. The
corticospinal and corticobulbar tracts receive messages from these neurons after they leave the
pyramidal tract (6). Due to the fact that damage occurs above the cranial nerve nucleus or the anterior
horn cells of the spinal cord, UMN lesions result in weakness, spasticity, clonus, and hyperreflexia
(7). The pyramidal tract allows the upper motor neurons (UMN) to control movement directly from
the cerebral cortex to the spinal cord (8).

Spinal nerves are connected to corticospinal tract fibers, while cranial nerves are connected to the
corticobulbar fibers. The cerebral homunculus, which represents motor cortex, places leg control in
the center and face control at outermost position (7, 9). Pyramidal tract pathways must be understood
in order to comprehend UMN lesions. Lesions above affect contralateral side, causing muscular
weakness and stiffness. Symptoms vary depending on where the lesion is in relation to the pyramidal
decussation (10). Studies have shown that children who have been diagnosed with cerebral palsy (CP)
may face difficulties when trying to perform complex tasks that require exact command of voluntary
motions, such as gripping and reaching, using their affected limbs (11). Normally growing adults and
children use muscular activities to make smooth and graceful reaching motions when interacting with
objects in their environment (12). RIC can improve neurological function, reduce brain edema, and
significantly decrease infarct volume (13, 14).

In both young and old people, the combination of task-specific training with remote ischemic
conditioning (RIC) can improve the learning of motor skills, possibly via neuroprotective and
neuroplastic mechanisms. More research is necessary to determine the most effective technique to
employ RIC to help children with unilateral cerebral palsy (UCP) improve their motor skills (15). In
a cup stacking activity, participants used both hands to quickly construct and disassemble pyramids,
making corrections as they went (16). For Thailand's aging population, maintaining hand function is
a major difficulty that affects 5.8% to 15.3% of elders. For people over 65, research into rehabilitation
and alternative methods is required to enhance hand function and quality of life (17).

In this study, the effects of a five-week cup stacking intervention on upper limb coordination are
assessed using standardized measurements and kinematic analysis. The results are meant to support
the evidence-based inclusion of cup stacking in physical education programs (18). The 1980s
phenomenon known as "sports stacking" may benefit senior citizens by enhancing their motor and
cognitive abilities. There isn't much research on it, but it might improve coordination, balance, and
memory, which could improve quality of life (19). Children with unilateral upper limb disability are
measured for bimanual task performance using the Assisted Hand Assessment (AHA). Rasch analysis
validates its reliability and accuracy for rehabilitation (20).

Surkar SM, Willson JD, Cassidy JM, et al. investigated how bimanual training using remote ischemic
conditioning (RIC) affected children with unilateral cerebral palsy (UCP) between the ages of 8 and
16. With 46 individuals, the study examined corticospinal excitability and movement time to provide
treatment insights for UCP (21). Remote ischemic conditioning (RIC) has been studied by Wantong
Yu, Changhong Ren, and Xunming Ji for stroke recovery. It is suggested that RIC activates
neuroprotective pathways. RIC has potential, but further studies are required to fully grasp how it
affects healing (22). Researchers Wu, Yu-Kuang and Wecht, Jill M. discovered that, Remote
Ischemic Conditioning (RIC) may improve corticospinal transmission. Further research is necessary
to validate the safety and effectiveness of RIC, as preliminary findings suggest that it may boost
corticospinal excitability when combined with task-specific training (23).

Studies on motor learning investigate elements such as practice sequencing and learning strategies to
improve retention of skills. In a follow-up study, which involved 48 participants practicing cup
stacking and taking a retention test, the effects of interaction and observation were investigated (16).
Prasomsri and Wadbanjerd discovered that practicing cup stacking enhanced the hand-eye
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coordination of older persons, with physical practice exceeding mental exercise in terms of movement
time reduction. Both training modalities improved performance, but more study is required to fully
understand the impacts of retention and training strategies (17). 5 weeks of cup stacking instruction
increased bilateral coordination, concentration, and hand-eye coordination in 6™ grade students,
according to Rhea's research. Significant post-test gains were found using motion analysis and
standardized testing (18).

Greaves examined bimanual skill assessment instruments for children with hemiplegic cerebral palsy
under 3 years old. It is evident that infant-specific assessments are necessary to enable early
intervention because only the Assisting Hand Assessment demonstrated adequate validity and
reliability (24). The Assisting Hand Assessment (AHA) assesses young children with hemiplegic
cerebral palsy on their ability to complete bimanual tasks (20). Based on MACS levels, Klevberg and
Jahnsen's study of 166 children with unilateral cerebral palsy (CP) ages 18 months to 13 years showed
notable differences in development of hand usage. Before age of 6 many children could operate their
hands steadily, however this varied based on their starting skill level (25).

Bimanual training in combination with traditional physical treatment significantly improved hand-
eye coordination and everyday activities in patients with unilateral spastic cerebral palsy, according
to a study conducted in Kasur, Pakistan by Ejaz, Tanveer, and Ahmad (26). The combined
intervention appears to have a large favorable impact, according to hypothesis. The study has
potential to improve UCP patients' motor function and skill acquisition by providing evidence-based
therapy protocols. In order to evaluate combined therapies' beneficial impact on skill learning
outcomes, a challenging randomized control trial is utilized, which addresses lack of evidence on
combination interventions. The objectives are to assess the effects of ischemic conditioning and
bimanual task training, evaluate the sham intervention, and enhance skill learning and coordination
in UCP. The rationale highlights that bimanual function coordination is a significant problem that
inhibits children with UCP from being independent in their day-to-day activities.

MATERIALS & METHODS

In children with unilateral cerebral palsy (UCP), this randomized controlled experiment examined the
potential benefits of ischemic conditioning and bimanual task training for improving skill
development. After receiving approval from the ethical review committee, data was obtained over a
four-month period from Children Hospital in Faisalabad, Punjab, Pakistan. In order to reduce bias,
participants were divided into two groups at random using the chit and draw method, and patients
were recruited using purposive sampling. Children with UCP were the target group, and a sample
size of 22 was determined with a 95% confidence level using OpenEpi. UCP children with bimanual
coordination issues were identified using a self-generated screening form consisting of 10 questions.
The participants were 8 to 16-year-old children with unilateral cerebral palsy (UCP), categorized as
Levels I-111 on Manual Ability Classification System (MACS), who could stack three cups in almost
60 seconds. Children with developmental disorders (such as autism or ADHD), absence of active
motor threshold, cardiorespiratory, metabolic, or vascular diseases, hydrocephalus, neoplasm, recent
adjunct therapy, active or recent seizures, use of anti-seizure medications, and incompatible medical
devices or metal implants were excluded in this study (21). Children with unilateral cerebral palsy
(UCP) are assessed for bimanual coordination and hand function using Assisting Hand Assessment
(AHA). The arm use score on AHA ranges from 1 ("no arm use") to 4 ("effective arm use") based on
22 components. The BP Apparatus and AHA Question Scale were used as outcome collection
instruments. Physical materials such as stacking cups, physio mats, and BP apparatus were utilized
in addition to printed consent forms and screening questions.

Vol. 31 No. 08 (2024): JPTCP (262-272) Page | 264


https://jptcp.com/index.php/jptcp/issue/view/79

Effects Of Ischemic Conditioning Along With Bimanual Task Training To Improve Skill Learning In Children With
Unilateral Cerebral Palsy

Remote Ischemic conditioning

Pre- and post-assessments were used to divide individuals into two groups at random over the course
of 6 weeks: Ischemic Conditioning with Bimanual Task Training and Sham Intervention with
Bimanual Task Training. Cycles of cuff inflation and deflation were used in ischemic conditioning,
whereas equivalent procedures were performed on the sham group without requiring artery
constriction. Participants completed 15 trials per day over the course of 5 training days in order to
evaluate their timing and coordination using speed stack exercises. To guarantee security, vital signs
were tracked. The AHA assessed hand function in great detail, and scores indicated efficiency and
coordination in bimanual activities.

Bimanual Speed Cup Stacking Task

5 days following the 5" treatment session, follow-up evaluations were carried out to determine
whether ischemic conditioning and bimanual task training were beneficial for children with unilateral
cerebral palsy (UCP). Future clinical techniques for children with UCP will be guided by outcome,
such as the Assisting Hand Assessment (AHA). The study was approved by the University of
Faisalabad's Ethical Committee, and the guardians of the subjects provided informed consent. Strict
data coding guaranteed privacy, and data was securely maintained with participant safety as the top
priority.

Statistical Analysis

In two groups, ischemic conditioning with bimanual task training and sham conditioning with
bimanual task training, the significance of the interventions was assessed statistically using SPSS
version 26. Data normality was confirmed by the Shapiro-Wilk test, which produced significant
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findings. A normal distribution was indicated by the AHA score. Significant conclusions regarding
the effectiveness of treatment for bimanual task function rehabilitation were obtained from this
investigation.
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RESULTS

This study investigated at how bimanual task training and ischemic conditioning affected the
acquisition of skills in children with unilateral cerebral palsy. The study, which was carried out at
Children Hospital Faisalabad in Punjab, Pakistan, aimed to determine whether this combination
significantly improved learning over a Sham intervention. After allowing for a 20% dropout rate, 22
of the 30 participants who had initially been assessed for eligibility were enrolled and divided into
two groups at random. Group B had the same training regimen but with sham conditioning, while
Group A received ischemic conditioning and bimanual task training. The Assisting Hand Assessment
(AHA) ratings were used to evaluate the outcomes, and SPSS version 26 was used to thoroughly
analyze the data.

Age, gender, and side of disability were among the demographic factors that were considered; the
median age was 9 years old, and the approximate mean age was 9.59 years old. Age, gender, and side
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all had non-normal distributions according to the Shapiro-Wilk test, which indicated substantial
departures from typical distribution patterns. In particular, a higher incidence of right-side
participation was indicated by the side variable's mean of 1.41, and a larger prevalence of males was
suggested by the gender variable's mean of 1.5. Non-parametric statistical tests had to be used in order
to further analyze these data.

Interpretation of Normality Tests on pretest variable
Tests of Normality on pretest variable

Tests of Normality

Kolmogorov-Smirnov@ Shapiro-Wilk

Statistic  df Sig. Statistic  |df Sig.
TOTAL AHA score (PRE|215 22 .009 |.860 22 .005
Intervention)

The data is not normally distributed, as seen by the considerable deviations from normal distribution
found in the TOTAL AHA score (PRE Intervention) normality testing. For reliable data analysis,
non-parametric statistical tests are therefore required.

Non-Parametric Tests finding of Ischemic Conditioning Combined with Bimanual Task
Training Group
Within-group Analysis (Wilcoxon Signed Ranks Test) of RIC + Bimanual Task Training

Ranks
N Mean Rank [Sum of Ranks
TOTAL  AHA  score (POST [Negative Ranks |0 .00 .00
Intervention) - TOTAL AHA scorePositive Ranks 11  |6.00 66.00
(PRE Intervention) Ties 0
Total 11

Following the intervention, the TOTAL AHA score of all 11 paired observations significantly
improved, with each observation receiving a positive rank and no scores declining or equal.

Test Statistics

TOTAL AHA score (POST Intervention) - TOTAL AHA score (PRE
Intervention)

VA -2.937

Asymp. Sig. (2-tailed) [.003

Wilcoxon Signed Ranks Test yields a test statistic of -2.937 with a significance level of 0.003. This
suggests that following the intervention, scores significantly improved.

Non-Parametric Wilcoxon Test on Sham Combined with Bimanual Task Training Group
Within-Group Analysis (Wilcoxon Signed Ranks Test) of Sham + Bimanual Task Training

Ranks
N Mean Rank [Sum of Ranks
TOTAL AHA score (POST |Negative Ranks 2 3.00 6.00
Intervention) - TOTAL AHA/Positive Ranks ) 6.67 60.00
score (PRE Intervention) Ties 0
Total 11
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According to statistics on the Total AHA Score, 18.2% of cases showed a drop following the
intervention, whilst 81.8% of cases improved.

Test Statistics
TOTAL AHA score (POST Intervention) - TOTAL AHA
score (PRE Intervention)

Z -2.404

Asymp. Sig. (2-tailed) .016

The Total AHA Score had a significant change at a 98% confidence level, with a Z-score of -2.404
and a p-value of 0.016, or less than 0.05.

After the intervention, the TOTAL AHA score in Group A improved statistically significantly in all
11 paired observations, with no ties or reductions noted. At a 2-tailed significance level of 0.003, the
variations in the TOTAL AHA Score were statistically significant. Group B, on the other hand,
demonstrated a significant improvement in the Total AHA Score (Z-score of -2.404, p = 0.016), with
81.8% of cases improving and 18.2% showing a fall.

Total AHA Score
Between-Group Analysis (Mann Whitney U) of Total AHA Score

Ranks

Group N Mean Rank |Sum of Ranks
TOTAL AHA score (PRERIC + Bimanual Task 11 [12.09 133.00
Intervention) Sham + Bimanual Task  [11  [10.91 120.00

Total 22
TOTAL AHA  scoreRIC + Bimanual Task 11  (12.09 133.00
(POST Intervention) Sham + Bimanual Task  [11  [10.91 120.00

Total 22

Mann Whitney U Test reading on Total AHA Score between group A and Group B. On pre-
intervention, for group A, the mean rank was 12.09 and for group B, the mean rank was 10.9.
However, post-intervention results of both group A and B remained unchanged.

Mann Whitney U test statistics between both groups

Test Statistics®
TOTAL AHA score (PRETOTAL AHA score (POST
Intervention) Intervention)

Mann-Whitney U 54.000 54.000

Wilcoxon W 120.000 120.000

Z -.431 -.428

Asymp. Sig. (2-tailed) .666 .669

Exact Sig. [2*(1-tailed Sig.)] 1.699 .699

When comparing the both groups for the effectiveness of results, the Mann Whitney U test statistics
shows that P-value of post-intervention between both groups was 0.66, higher than 0.05, showing that
there is no statistically significant difference between both groups in bimanual hand task
improvement.

Vol. 31 No. 08 (2024): JPTCP (262-272) Page | 268


https://jptcp.com/index.php/jptcp/issue/view/79

Effects Of Ischemic Conditioning Along With Bimanual Task Training To Improve Skill Learning In Children With
Unilateral Cerebral Palsy

The Total AHA Score for Groups A and B was compared using the Mann-Whitney U test, which
showed mean ranks of 12.09 and 10.9, respectively, before to intervention. The post-intervention
outcomes for both groups did not improve. After the intervention, the P-value for the Mann-Whitney
U test was 0.66, which was greater than the 0.05 cutoff point and meant that there was no statistically
significant difference in the groups' performance on the bimanual hand task.

DISCUSSION

The purpose of this randomized clinical study was to find out how ischemic conditioning when
combined with bimanual task training improves the learning of skills in children with unilateral
cerebral palsy who are between the ages of 8 and 16. 22 individuals were split into two groups: Group
B performed a sham intervention along with bimanual task training, whereas Group A got
iIschemic conditioning. For 5 days in a row, participants got treatments at a frequency of 15 trials per
day and an intensity of 10 to 35 minutes per day. The bimanual task functioning was assessed using
the Assisting Hand Assessment Scale. Prior to any conditioning, baseline measurements of nine
stacking sequences were made. In order to ensure safety, pain levels were recorded prior to, during,
and following each session, as well as vital indicators like blood pressure, heart rate, and oxygen
saturation in the non-conditioned arm.

Previous research primarily examined specific treatments for children with unilateral cerebral palsy
(UCP). According to Surkar et al., bimanual training combined with remote ischemic conditioning
(RIC) enhanced the acquisition of new skills. The potential benefits of RIC in rehabilitation was
indicated by Yu et al. and Wu et al.'s demonstration of the neuroprotective advantages of RIC in
stroke recovery and spinal cord injuries (21, 27).

We investigated the possible advantages of ischemic conditioning when combined with bimanual
task training, and noticed significant enhancements in multiple important statistics, mainly in the total
AHA score following the intervention. These findings imply that the combination strategy can
improve motor learning and functional outcomes for UCP patients. Previous studies concentrated on
providing individualized therapies to improve motor function in children with UCP. By examining
the combined effects of ischemic conditioning and bimanual task training, this study raises the
possibility that an integrated strategy may be more advantageous than each intervention used alone
(28).

The results show the importance of modified and effective rehabilitation techniques and offer
important new information. We provide strong evidence for the approach's efficacy through
comprehensive analysis, indicating that it can enhance children with UCP's motor function and
quality of life and demonstrating the potential of multifunctional therapies in neurorehabilitation. The
intervention's effectiveness is demonstrated by the statistically significant increase in AHA scores,
which indicates a notable and lasting improvement that may be attributed to the intervention. These
findings are essential for comprehending how the intervention affected bimanual function and for
directing future interventions meant to enhance bimanual task performance.

Although the current study's limited data and lack of published journals may limit conclusive proof
of progress, it creates opportunities for future research by pointing out gaps and producing early
results. More thorough study is required to expand on our knowledge and make important strides in
the discipline, which will ultimately result in notable developments in neurorehabilitation.

CONCLUSION

These results demonstrate the intervention's significant impact on improving motor function. Children
with unilateral cerebral palsy, aged 8 to 16, who took part in randomized clinical research on bimanual
task training and ischemic conditioning showed appreciable improvements in bimanual task
performance, as indicated by a statistically significant increase in Total Assisting Hand Assessment
(AHA) scores post-intervention.
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Strength

e In order to improve motor learning in children with unilateral cerebral palsy, the study uses a novel
technique called remote ischemic conditioning (RIC).

e Requiring only a blood pressure cuff and a minimum level of technical competence, RIC is simple,
affordable, and practical for use in clinical, research, or home settings.

e Safety precautions guarantee participant wellbeing and uphold ethical standards. These include
monitoring vital signs and pain thresholds.

Limitations

¢ The study might have been limited by a comparatively small sample size, which might have had an
impact on how broadly the results might be applied.

e Measurement error or judgment may have resulted from limitations in the measurement instruments
employed to evaluate the variables under consideration.

e There wasn't enough statistical power in the research study to distinguish between people who
responded well to the treatment and people who didn't. As such, it was unable to fully understand
how the treatment affected various individuals.

Recommendations

e More multiple individuals should be included in future studies to increase the validity of the findings
and their applicability.

¢ To increase the accuracy of the data, researchers should measure variables using better and more
reliable tools.

e In order to get a better understanding of how variables interact and change, long-term studies can
be used to study changes over time.
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