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Abstract
Purpose: The purpose of this study was to investigate the effectiveness of applying different forms of Movement-Based Uni-lateral Priming (MBUP) in children
with unilateral cerebral palsy on manual dexterity and grip strength.
Methods: Thirty children with unilateral cerebral palsy have been assigned equally into three groups; group A, the control group, and two study groups, B and C.
Group A received a specially designed rehabilitation program; group B received MBUP on the more affected upper limb (cross-training) in addition to the program
given to group A while group C received MBUP on the less affected limb in addition to the program given to group A. Each participant received 30 sessions. Box
and Blocks test and hand-held dynamometer were used for assessment.
Results: There was no statistically significant difference between all groups regarding post-treatment mean values. On the other hand, the percent of change
within groups A, B, and C were 25%, 31.48%, and 35.85%, respectively, with a higher percent improvement in favor of group C rather than groups A and B.
Conclusion: This study shows that applying MBUP causes improvement in manual dexterity and handgrip strength with no statistical difference between different
modes of MBUP applied in this study.
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Introduction
Cerebral palsy (CP) is a group of disorders rather than a disease
that results in neurodevelopmental delay in gross motor and fine motor
development. It results from single or multiple insults affecting the immature
brain. The motor delay causes functional deficits that affect all activities of
daily living [1,2].
Unilateral cerebral palsy (UCP) represents one of the most types of
CP. It is defined by the one side affection, including upper extremities,
lower extremities, and trunk, resulting in tone disturbances and secondary
musculoskeletal deficits [3].
The functional limitations of the more affected upper extremity are the
most persisting problem due to somatosensory dysfunction and functional
limitations of the affected side [4,5].
Manual dexterity is using the fingers, hands, and arms to perform
a skillful movement. The diminished quality of daily living skills and
recreational activities is associated with limited hand function and manual
dexterity, which is associated with brain injuries [6].
Different approaches provide interventions for such cases and such
problems, but most concentrate on the affected side and on the targeted
skills to be learned.
Motor-based priming is a recent approach that focuses on the more
affected side or, the less affected side [7]. Cross-training is the type that
uses the abilities of the less affected side through muscle strengthening [8].
Also, it could be through training the more affected side before facilitating
the fine motor skills [9].
Understanding the neurophysiological reactions of the human body
to the application of different interventions will help design the optimum

beneficial rehabilitation programs. These reactions need clinical signs to
investigate their effects [10].
There is limited information about applying these methods in the
rehabilitation of pediatrics, especially when targeting the upper extremity
function [9]. The current study aimed to investigate the effect of different
forms of motor-based priming on manual dexterity and handgrip strength in
children with unilateral cerebral palsy.

Materials and Methods
The current Controlled Randomized Trial (CRT) was followed ethical
principles of the Declarations of Helsinki and conducted after approval
by the local ethical committee at the faculty of Physical Therapy, Cairo
University. Signed informal consent was obtained from each participant's
parents.

Sampling
G-Power 3.1.9.4 software (Windows version) was used to determine
sample size as follows: it was calculated by assuming the statistical test
within three groups. Assuming effect size=0.4, α=0.05, and power of 95%,
a sample size of 30 participants would be required.

Participants
Thirty participants, ages 7-10 years, with cerebral palsy of spastic
hemiparesis participated in this CRT. They were recruited from different
rehabilitation centers. According to the Modified Ashworth Scale, the degree
of spasticity ranged from grade 1 to 2. All participants could understand
and follow verbal commands and instructions during testing and training
sessions. Those with fixed musculoskeletal deformities were excluded,
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including one who had significant cognitive, perceptual, visual, and auditory
disorders.

applying the selected occupational therapy program to those participants
of group B.

Randomization

Cross-training protocol: This was applied in the form of resisted
exercises on the less affected side before applying the selected occupational
therapy program to group C. Design and application of exercises were based
on individual repetition maximum for each muscle group. The maximum
repetitions reached were 30 repetitions (3 sets of 10 repetitions) for each
muscle group. It was applied to fingers extensors, abductors and flexors,
wrist flexors and extensors, and elbow flexors and extensors. Sandbags
and rubber bands were used to apply resistance [12-18].

Based on equality (1:1:1) in all groups, randomization was allocated
to avoid bias in variation in results. Stratification was done by categorizing
participants into categories following the initial assessment to ensure equal
distribution regarding gender, affected side distribution, and spasticity
degree distribution between all groups. The block randomization technique
was used.
Children were assigned into three groups, the control group (A) and
experimental groups (B and C). Each group consisted of ten participants.
Group (A) engaged in a rehabilitation program based on selected
occupational therapy training activities. Children in group (B) engaged in
movement-based priming applied to the more affected upper extremity
followed by the same program received by participants of group A with a
break of 5-10 minutes in between. On the other hand, children in group
(C) engaged in movement-based priming applied to the less affected
upper extremity in the form of cross-training followed by the same program
received by group A participants with a break of 5-10 minutes in between.
Each participant received 30 hours of occupational therapy training
as the treatment session lasted one hour and was conducted five days a
week for six successive weeks. Any absence for more than two successive
sessions means exclusion from the study. The assessment protocols were
applied twice: pre-and post-treatment.

Evaluation procedure
Box and blocks test (BBT): Manual dexterity was measured using
the BBT. The equipment consists of a wooden box divided into two
compartments by a separator. All cubes were placed in one compartment.
Children were instructed to grasp the blocks individually, transport them
over the separator, and release them into the opposite empty compartment
of the box as quickly as possible. The allowed time was 60 seconds and
was observed by stopwatch. They performed the test with the more affected
hand. The measure was detected by counting the cubes transferred [11].
Handgrip strength (Kg): A JAMAR+ hand-held dynamometer was
used for measuring handgrip strength (Patterson Medical Inc., China).
Replacing the hydraulic system with a circuit board and electronic load
sensors gives a more accurate tool to measure hand strength in clients with
hand trauma and dysfunction. The readout displays isometric grip force up
to 90 kg.
The child was asked to sit on an adjustable height chair with a supported
back. The head was maintained in mid-position, the trunk erect. The hips
and knees were right-angled with fully supported feet on the ground. The
shoulder joint was maintained beside the body in the neutral position,
elbow joint flexed in right angle, forearm in mid-position (midway between
supination and pronation) with the wrist joint in slight extension position (15
degrees). Each child was then asked to hold the dynamometer's handle by
the affected hand and squeeze it as much as possible, then release it. then
the average of three trials was calculated.

Treatment procedure
Selected occupational therapy program: It was designed and
applied to all three groups. It usually started with stretching exercises as
warming up and aiming for relaxing muscles of the affected upper extremity
before task training. It included facilitation for wrist extensors, which was
applied using different techniques such as quick stretching and tapping,
and active movements. Proprioceptive training through weight-bearing from
different positions was applied. It also included exercises to facilitate hand
skills based on fine motor developmental sequence with repetitions. These
exercises were demonstrated in front of the child before performing them [12].
Homo-lateral motor priming protocol: It was applied in the form
of active-resisted exercises of the fingers, wrist, and elbow joints on the
more affected side using manual resistance of the therapist's hand before
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Statistical analysis: Data analyses were conducted using SPSS
for Windows, version 23 (SPSS, Inc., Chicago, IL). The collected data of
demographic and other baseline characteristics were statistically treated to
show the mean and standard deviation of measured parameters. One-way
ANOVA was used to compare baseline characteristics between groups [19-26].
The current study involved two independent variables (tested group)
and (measuring periods). In addition, this test involved two tested
dependent variables (BBT and grip strength). Before the final analysis,
data were screened for normality assumption, homogeneity of variance,
and extreme scores. This exploration was done as a pre-requisite for
parametric calculations of the analysis of difference. Accordingly, a 3 × 2 ×
2 Mixed MANOVA test compared the tested variables of interest at different
measuring periods among three groups. Tukey test was conducted to
compare between pairs of data. P-value (<0.05) was considered statistically
significant [26-30].

Results
Forty children with spastic unilateral cerebral palsy were initially
assessed for eligibility. The control group (n=10) was programmed for a
selected physical therapy program, whereas the experimental group B
(n=11) received unilateral motor priming in addition to treatment program
received by the control group and the experimental group C (n=11) received
cross-training in addition to treatment program received by the control
group. Of the experimental groups B and C, one withdrew from each group
(due to absence for more than 2 consecutive sessions)(Figure 1).
The summary of demographic and other baseline characteristics at
entry, including age, weight, and height, are presented in Table 1. There
were no significant differences between all groups (p>0.05) [31-34].
Regarding between groups comparisons concerning pre-treatment
results, there were not significant statistical differences (p>0.05) in all
measured variables.
Regarding within-group pairwise comparisons following six weeks of
application of the interventions Table 2, significant statistical differences
(p<0.05) were noticed in manual dexterity measure, Box and Blocks test
with pre-treatment mean values 10.5 ± 1.96, 10.6 ± 1.89, and 10.4 ± 1.84
for groups A, B, and C respectively. While post-treatment mean values
for groups A, B, and C were 13.3 ± 1.49, 13.7 ± 1.16, and 13.8 ± 0.79,
respectively [35-37].
Also, there were significant statistical differences (p<0.05) were
observed in handgrip strength (Kg) when comparing mean values within
each group. Pre-treatment mean values were 2.6 ± 0.52, 2.7 ± 0.59, and
2.65 ± 0.58 for groups A, B, and C, respectively, while post-treatment mean
values for groups A, B, and C were 3.25 ± 0.54, 3.55 ± 0.55, and 3.6 ± 0.46
respectively.
The percent of change was calculated between pre-and post-treatment
mean values within each group. It is shown in Table 2, which revealed a
higher percentage for group C rather than groups A and B.
Regarding between groups comparisons concerning post-treatment
results, there were not significant statistical differences (p>0.05) for all
measured parameters. Also, testing interaction between variables revealed
no significant difference.
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Figure 1. Consort flow diagram.
Table 1. Baseline characteristics.
Item
Age (year)
Weight (Kg.)
Height (meter)

Group (A)
8.71 ± 1.9
30.1 ± 4.7
1.36 ± 0.06

Group (B)
8.53 ± 1.8
31.2 ± 4.4
1.37 ± 0.02

Group (C)
8.61 ± 1.6
31.1 ± 4.6
1.37 ± 0.04

Table 2. Within-group pairwise comparisons for measured variables.
Item

Group (A)
Pre
Post
BBT (per minute)
10.5 ± 1.96
13.3 ± 1.49*
% of change
26.67%
Grip Strength (Kg)
2.6 ± 0.52
3.25 ± 0.54*
% of change
25%
Note: BBT: Box and Blocks Test, *Significant difference=p-value<0.05.

Group (B)
Pre
10.6 ± 1.89
29.25%
2.7 ± 0.59
31.48%

Discussion
Immature brain insult often results in movement impairment known as
cerebral palsy (CP). Injury to one hemisphere generally leads to unilateral
spastic CP (USCP), which first impairs hand function on the side opposite to
the brain injury. Maximal grip strength is a good index of UE whole strength
and even of the overall neuromuscular function, which is concerned with the
ability to do activities of daily living.
Cross education is the gained strength in the contralateral limb
following a unilateral training program on the corresponding limb. Age
selection of this study from 7 to 10 years agrees with Hinder who mentioned
that the magnitude of cross-education seems to decrease with age. So it
is imperative to start this form of treatment as early as possible to gain
its maximum benefits. The results of this study come in the agreement of
Stoykov who stated that Unilateral priming is a type of movement-based
priming induced by unilateral movement. Unilateral priming can originate
from either the affected or less affected limb for stroke survivors. As the
effect of MBUP appeared in groups B and C.
The results of this study come in the agreement of Sun who
demonstrated the effectiveness of cross-training by applying high-strength
isometric resistance exercise to non-paralytic wrist extension muscles in
patients with chronic stroke.
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Post
13.7 ± 1.16*
3.55 ± 0.55*

Group (C)
Pre
10.4 ± 1.84
32.69%
2.65 ± 0.58
35.85%

Post
13.8 ± 0.79*
3.6 ± 0.46*

The rehabilitative benefits of cross-education are strength gain and
prevention of strength loss. Andrushko detailed the preventative effects
(sparing of muscle atrophy) of unilateral limb training during a period of
contralateral limb immobilization. Alternatively, results have demonstrated
the presence of a strength gain in the contralateral (more-affected) limb of
patient populations, following unilateral training of the less-affected limb.
The selection of the treatment duration in this study comes in agreement
with Manca and Manca who stated that the cross-education effect is
observed only after a 6-week intervention and the selected duration of a
total of 30 sessions by given 5 sessions/week comes in the agreement of
Yurdakul in their study of the effect of cross-education affects muscles of
the paretic upper extremity as all patients underwent 30 sessions over 6
weeks of training.
The magnitude of contralateral strength transfer reported in different
research papers ranks between 3% to 104% of initial strength. The speed,
contraction type, the novelty of the strength task, the intensity used as well
as training of the non-dominant or dominant limb play a significant role in
the extent of strength transfer.
The finding of this study comes in the agreement of Dorrestijn who
mentioned that there is moderate to strong evidence that the phenomenon
of cross-education from the less affected side to the more affected side
can be applied in hemiplegic patients and has an impact on the recovery
of muscle strength. Also, it matched with findings of Ehrensberger who
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stated that there are indicators that the enhancement of strength following
unilateral training of the Less affected limb also translates into motor
function recovery.
The combination between the traditional occupational therapy
program and motor priming in this study to achieve the maximum amount
of improvement comes in agreement with Salehi Dehno who found that A
combination of unilateral strength training and conventional physiotherapy
seems to be a beneficial therapeutic modality for facilitating cortical
excitability and some clinical outcomes in patients with hemiplegia.
In children with hemiplegia, contralateral hand dexterity diminished.
Contralateral hand assessment may indicate opportunities for therapeutic
intervention that improve fine motor function. So, it was essential to improve
manual dexterity in children with unilateral cerebral palsy.
The improvement achieved in this study in a group (B) and group (C) can
be attributed to the following two theories according to Ruddy and Carson,
who stated that the adaptations that occurred could be attributed to two
theories that are hypothesized that, although compatible with each other,
try to explain how the neural adaptation mechanisms occur: a) the "crossactivation" model, which postulated that adaptations to unilateral exercise
extend to the opposite half of the body, and b) the "bilateral access" model,
which retains that the motor schema of a unilateral task is attainable by
trying to reproduce the same task in the opposite half of the body.
It can also be explained by Cirer-Sastre who suggested that unilateral
strength training produces adaptations in the opposite limb, depending on
the characteristics of the intervention performed. The training parameters
that might determine a more remarkable effect after a Cross Education
program are executing 3-5 sets of 8-15 repetitions of eccentric contractions
with rest times of 1-2 minutes between sets. In addition, there seems to
be a direct relationship between the training load applied and the effect
achieved.
It can be analyzed that there is more than one mechanism that made the
achieved improvement in a group (B) and group (C) according to findings
of Carroll who stated that there are two opinions of the mechanism by
which force-generating capacity could increase in the untrained, opposite
limb. First, unilateral strength training could cause a "spillover" of neural
drive to the untrained side that induces adaptations in the control system
for the opposite limb; and second, unilateral strength training could cause
neuromuscular adaptations in the control system for the trained limb that
can be accessed by the opposite limb.
One of the factors that may be attributed to the findings of this study
was the selected age of the children enrolled in this study which gives a
chance for the neural plasticity to work in addition to the effect of training
as mentioned by Sun and Zehr, who hypothesized that neural plasticity is
amplified, not diminished, after brain injury. More significant strength gains
and neural plasticity can facilitate the involving target muscles through the
preserved inter-limb neural network.
Hand function skills are severely affected in children with unilateral
cerebral palsy, which affects the whole upper limb function and activities of
daily living. That is not only involving the more affected side but also, the
less affected side. Motor priming is one of the most promising rehabilitation
techniques, but it was used commonly on the most affected side. Results
of this study show the importance of applying it on the less affected side,
which shows good improvement on the more affected side through the
effect of cross-training.
Age factor is one of the determinants for gaining the great effect of
cross-training, so it is recommended to introduce it in rehabilitation
programs of children with cerebral palsy.

Conclusion
Limitations of this study were the small sample size, investigating one
type of cerebral palsy, and no time for follow-up. It can be concluded that
applying MBUP causes improvement in manual dexterity and handgrip
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strength with no statistical difference between different modes of MBUP
applied in this study. For future research, it is recommended to investigate
the effect of MBUP on large sample sizes and different types of cerebral
palsy. Also, it is recommended to investigate the effect of MBUP on lower
limbs, using other evaluation parameters and investigate the long-term
effect of this technique.

Source of Funding
This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Conflict of Interests
The author has no conflict of interest to report.

Ethical Approval
No: P.T.REC/012/002796, Date: 15/7/2020.

Acknowledgments
The author would like to thank the children and their parents for their
involvement.

References
1. Rosenbaum, P. "A Report: The Definition and Classification of Cerebral
Palsy April 2006." Dev Med Child Neurol Suppl 49(2007): 480-480.
2. Graham, H Kerr, Peter Rosenbaum, Nigel Paneth, and Bernard et al. " Nat
Rev Dis Primers 2(2016): 1-1 .
3. Simon-Martinez, Cristina, Ellen Jaspers, Lisa Mailleux, and Kaat Desloovere,
et al. "Negative Influence of Motor Impairments on Upper Limb Movement
Patterns in Children with Unilateral Cerebral Palsy. A Statistical Parametric
Mapping Study." Front Hum Neurosci 11 (2017): 482.
4. Lang, Catherine E, Marghuretta D Bland, Ryan R Bailey, and Sydney Y
Schaefer, et al. "Assessment of Upper Extremity Impairment, Function, and
Activity after Stroke: Foundations for Clinical Decision Making." J Hand Ther
26(2013): 104-115.
5. Raghavan, Preeti. "Upper Limb Motor Impairment after Stroke." Phys Med
Rehabil Clin N Am 26(2015): 599-610.
6. Carmeli, E, Patish H, and Coleman R. “The Aging Hand.” J Gerontol A Biol
Sci Med Sci 58(2003):M146-52.
7. Stoykov, Mary Ellen, and Sangeetha Madhavan. "Motor Priming in
Neurorehabilitation." J Neurol Phys Ther 39(2015): 33.
8. Stoykov, Mary E, and Daniel M Corcos. "Abstract Wmp89: Bilateral Priming
Followed by Task Specific Training Can Improve Moderate to Severe Poststroke Upper Extremity Hemiparesis." Stroke 44(2013): AWMP89-AWMP89.
9. Stoykov, Mary Ellen, Daniel Montie Corcos, and Sangeetha Madhavan.
"Movement-based Priming: Clinical Applications and Neural Mechanisms."
J Mot Behav 49(2017): 88-97 .
10. Hatem, Samar M, Geoffroy Saussez, Margaux Della Faille, and Vincent Prist,
et al. "Rehabilitation of Motor Function after Stroke: A Multiple Systematic
Review Focused on Techniques to Stimulate Upper Extremity Recovery."
Front Hum Neurosci 10 (2016): 442.
11. Golubovic, S, and S Slavkovic. "Manual Ability and Manual Dexterity in
Children with Cerebral Palsy." Hippokratia 18(2014): 310-314.
12. Ismaeel, Marwa. "Contralateral Effect of Unilateral Motor Priming on
Grasping in Children with Unilateral Spastic Cerebral Palsy." Physiother Q
30(2022): 46-50.
13. Murase, Nagako, Julie Duque, Riccardo Mazzocchio, and Leonardo G
Cohen. "Influence of Interhemispheric Interactions on Motor Function in
Chronic Stroke." Ann Neurol 55(2004): 400-409.

Ismaeel MMI, et al.
14. Bohannon, Richard W. "Adequacy of Simple Measures for Characterizing
Impairment in Upper Limb Strength Following Stroke." Percept Mot Skills
99(2004): 813-817.
15. Green, Lara A, and David A Gabriel. "The Effect of Unilateral Training on
Contralateral Limb Strength in Young, Older, and Patient Populations: A
Meta-analysis of Cross Education." Phys Ther Rev 23(2018): 238-249.
16. Hinder, Mark R, Matthew W Schmidt, Michael I Garry, and Timothy J Carroll,
et al. "Absence of Cross-limb Transfer of Performance Gains Following
Ballistic Motor Practice in Older Adults." J Appl Physiol 110(2011): 166-175.
17. Sun, Yao, Noah MH Ledwell, Lara A Boyd, and E Paul Zehr. "Unilateral Wrist
Extension Training after Stroke Improves Strength and Neural Plasticity in
Both Arms." Exp Brain Res 236(2018): 2009-2021.
18. Andrushko, Justin W., Layla A. Gould, and Jonathan P. Farthing. "
Contralateral Effects of Unilateral Training: Sparing of Muscle Strength and
Size after Immobilization." Appl Physiol Nutr Metab 43(2018): 1131-1139 .
19. Manca, Andrea, Maria Paola Cabboi, Daniele Dragone, and Francesca
Ginatempo, et al. "Resistance Training for Muscle Weakness in Multiple
Sclerosis: Direct Versus Contralateral Approach in Individuals with Ankle
Dorsiflexors' Disparity in Strength." Arch Phys Med Rehabil 98(2017): 13481356.
20. Manca, A, Z Dvir, D Dragone, and G Mureddu, et al. "Time Course of Strength
Adaptations Following High-intensity Resistance Training in Individuals with
Multiple Sclerosis." Eur J Appl Physiol 117(2017): 731-743.
21. Yurdakul, Ozan Volkan, Mehmet Serkan Kilicoglu, Aylin Rezvani, and Okan
Kucukakkas, et al. "How Does Cross-education Affects Muscles of Paretic
Upper Extremity in Subacute Stroke Survivors?." Neurol Sci 41(2020): 36673675.
22. Garfinkel, S, and E Cafarelli. "Relative Changes in Maximal Force, Emg, and
Muscle Cross-sectional Area after Isometric Training." Med Sci Sports Exerc
24(1992): 1220-1227.
23. Hortobágyi, Tibor, Kevin Scott, Jean Lambert, and George Hamilton. "Crosseducation of Muscle Strength Is Greater with Stimulated than Voluntary
Contractions." Motor control 3(1999): 205-219.
24. Farthing, Jonathan P. "Cross-education of Strength Depends on Limb
Dominance: Implications for Theory and Application." Exerc Sport Sci Rev
37(2009): 179-187.
25. Hendy, Ashlee M, Michael Spittle, and Dawson J Kidgell. "Cross Education
and Immobilisation: Mechanisms and Implications for Injury Rehabilitation."
J Sci Med Sport 15(2012): 94-101.
26. Lee, Michael, Simon C. Gandevia, and Timothy J. Carroll. "Unilateral
Strength Training Increases Voluntary Activation of the Opposite Untrained
Limb." Clin Neurophysiol 120(2009): 802-808.

Page 5 of 5

Clin Schizophr Relat Psychoses, Volume 16: S3, 2022

27. Farthing, Jonathan P, and PHILIP D. Chilibeck, and Gord Binsted. "Crosseducation of Arm Muscular Strength Is Unidirectional in Right-handed
Individuals." Med Sci Sports Exerc 37(2005): 1594-1600.
28. Farthing, Jonathan P., and Philip D. Chilibeck. "The Effects of Eccentric and
Concentric Training at Different Velocities on Muscle Hypertrophy." Eur J
Appl Physiol 89(2003): 578-586.
29. Hortobágyi, TIBOR, NANCY J Lambert, and JEFFREY P Hill. "Greater Cross
Education Following Training with Muscle Lengthening than Shortening."
Med Sci Sports Exerc 29(1997): 107-112.
30. Dorrestijn, Oscar, Martin Stevens, Jan C Winters, and Klaas van der Meer,
et al. "Conservative or Surgical Treatment for Subacromial Impingement
Syndrome? A Systematic Review." J Shoulder Elbow Surg 18(2009): 652660.
31. Ehrensberger, Monika, Daniel Simpson, Patrick Broderick, and Kenneth
Monaghan. "Cross-education of Strength Has a Positive Impact on Poststroke Rehabilitation: A Systematic Literature Review." Top Stroke Rehabil
23(2016): 126-135.
32. Dehno, Nasrin Salehi, Fahimeh Kamali, Abdolhamid Shariat, and Shapour
Jaberzadeh. "Unilateral Strength Training of the Less Affected Hand Improves
Cortical Excitability and Clinical Outcomes in Patients with Subacute Stroke:
A Randomized Controlled Trial." Arch Phys Med Rehabil 102(2021):914-924.
33. Tomhave, Wendy A, Ann E Van Heest, Anita Bagley, and Michelle A James.
"Affected and Contralateral Hand Strength and Dexterity Measures in
Children with Hemiplegic Cerebral Palsy." J Hand Surg Am 40(2015):900907.
34. Ruddy, Kathy L, and Richard G Carson. "Neural Pathways Mediating Cross
Education of Motor Function." Front Hum Neurosci 7(2013): 397.
35. Cirer-Sastre, Rafel, Jose V Beltrán-Garrido, and Francisco Corbi.
"Contralateral Effects after Unilateral Strength Training: A Meta-analysis
Comparing Training Loads." J Sports Sci Med 16(2017): 180.
36. Carroll, Timothy J., Robert D. Herbert, Joanne Munn, Michael Lee, and
Simon C. Gandevia. "Contralateral Effects of Unilateral Strength Training:
Evidence and Possible Mechanisms." J Appl Physiol 101(2006): 1514-1522 .
37. Sun, Yao, and E Paul Zehr. "Training-induced Neural Plasticity and Strength
Are Amplified after Stroke." Exerc Sport Sci Rev 47(2019): 223.

How to cite this article: Ismaeel, Marwa Mostafa Ibrahim, Hend Ahmed Saad
Ata and Doaa Sayed Mostafa Mohamed. " Effect of Uni-Lateral Motor-Based
Priming on Manual Dexterity in Children with Unilateral Cerebral Palsy.” Clin
Schizophr Relat Psychoses 16S (2022). Doi: 10.3371/CSRP.MMAH.0602022

