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-
Abstract

~

Background: Unilateral spastic cerebral palsy (USCP), which is caused by an early brain injury, primarily affects one side of the
body and is associated with sensory-motor deficits and spasticity. Cerebral palsy can also lead to cognitive, sensory,
communicative, perceptual, and behavioral disorders, as well as seizures.

Objectives: The present study investigated the effects of mirror visual feedback therapy (MVFT) on behavioral problems in
children with USCP.

Methods: Using a pretest-posttest experimental design, 14 children (aged 6 - 12 years) with hemiplegic CP were randomly
assigned to either an experimental group (n = 7) that performed movements in front of a mirror or a control group (n =7) that
performed the same movements without a mirror. The Strengths and Difficulties Questionnaire (SDQ) was administered to
assess behavioral problems at baseline and after 16 sessions of 30 minutes each. The experimental group performed finger,
wrist, and elbow flexion/extension; forearm rotation; finger stretching; and making a fist with their unaffected hand in front of
a mirror, while the control group performed identical exercises without a mirror. Data normality was confirmed using the
Shapiro-Wilk test, and the data were analyzed using two-way repeated-measures ANOVA.

Results: Posttest results showed a significant reduction in total difficulties (TD; P < 0.05) and a significant increase in prosocial
behaviors (PB; P < 0.05) in the experimental group compared to the control group.

Conclusions: The MVFT effectively reduced behavioral problems, suggesting that motor training in front of a mirror can be

beneficial for children with USCP.

-
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1. Background

Unilateral spastic cerebral palsy (USCP), resulting
from early neurological lesions, is characterized by
sensory-motor  deficits and  spasticity  that
predominantly affect one side of the body (1, 2). In
addition to limitations in movement, cerebral palsy (CP)
may also cause cognitive, sensory, communicative,
seizure-related, perceptual and behavioral disorders (3,
4). Brain injuries do not cause specific behavioral
patterns, but associated motor deficits can significantly
influence a child’s behavior (5, 6). Children exhibiting

disabilities of the central nervous system are at
increased risk for encountering behavioral difficulties
(6). Behavioral difficulties are defined as socially
inappropriate actions that interfere with the conduct of
daily life (7). Such behaviors may encompass challenges
with peer interactions, attention deficits, hyperactivity,
emotional disturbances, increased dependency, social
withdrawal, obstinacy, and antisocial tendencies (5).
These issues, reported in 26% to 40% of children with CP,
significantly impact personal and social interactions (8).
Few studies have explored behavioral issues in children
with CP. Voyer et al. found that even those with high
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motor function (GMFCS levels I-II) can experience
significant social impairments alongside motor
challenges (9). Schuengel et al. also reported that
perceived motor ability, physical appearance, and self-
worth were positively related to aggression (10).
Children with CP may struggle to maintain peer
relationships and a sense of belonging because they
leave the classroom for supportive services and feel
anxious about fitting in at school. Dababneh (11)
associated physical appearance concerns in children
with CP with social and behavioral problems, citing
reduced mirror neuron activity. Mirror neurons,
primarily found in the ventral premotor cortex and
parietal lobe, are widely distributed throughout the
cerebral cortex, forming what is known as the mirror
neuron system (MNS) (4). These neurons are localized in
regions of the brain that are associated with advanced
perceptual, motor and cognitive functions (12). Given
the importance of these factors, the implementation of
new therapies is crucial for children with CP (11). While
approximately 182 therapeutic interventions are
available, common motor-based approaches include
constraint-induced movement therapy (CIMT), muscle
strengthening programs, hippotherapy, and task-
oriented training (4). Mirror visual feedback therapy
(MVFT) is a modern, inexpensive, and effective option
with no side effects, special equipment needs, or pain
and can be easily performed without involving the
affected limb (4, 13). It is believed to work by facilitating
motor pathways, preventing learned disuse, and
activating mirror neurons (14).

The MVFT is thought to work through the MNS, where
visuomotor neurons are activated during observation,
imagination, or execution of motor tasks (15, 16).
Observing an action increases excitability in visual and
somatosensory areas, potentially reflecting increased
attention to resolve perceptual incongruence (17). This
process is linked to awareness of sensory
feedback/agency control (insular cortex) and movement
monitoring (DLPFC) (18, 19). Furthermore, increased
activity in the posterior parietal and cingulate cortex
suggests increased attentional demands. The posterior
cingulate cortex (PCC) plays a role in cognitive control
(12). Observation also increases excitability in the
primary motor cortex (M1) and related muscle groups,
aiding cortical reorganization crucial for hand recovery
(20, 21). Children with USCP often develop "learned non-
use" of the affected hand, leading to a preference for the
unaffected side and further functional decline. The
MVFT counteracts this by encouraging use of the
impaired hand and reducing neglect. Applying MVFT to
the less-affected hand has been shown to significantly
improve gross motor performance in children with

USCP (22). Although MVFT is known to improve motor
function, its effects on behavioral issues common yet
often overlooked in children with CP remain unclear.
Addressing these behaviors is essential for enhancing
therapeutic outcomes and family quality of life.

2. Objectives

The present study investigated the impact of MVFT on
behavioral problems in children with USCP.

3. Methods

3.1. Subjects

A total of 14 patients with USCP participated in this
between-group, randomized, counterbalanced, single-
blind, and sham-controlled research. The sample size
was calculated via G*Power software (version 3.1.9.2, Kiel,
Germany) with the following parameters: Test family = F
tests; statistical test = ANOVA: Repeated measures,
between groups; error probability a = 0.05; statistical
power (1-B) = 0.80; effect size = 1.14 (23). The software
recommended at least 6 participants per group.
Considering a 20% dropout rate, 7 participants were
selected for each group, which were equally divided into
mirror training and no-mirror training groups. In this
research, the inclusion criteria for children with USCP
(mean age 9 years) referred to the Kermanshah Medical
Center were reviewed. The inclusion criteria required
sufficient trunk control for independent sitting, along
with adequate verbal and cognitive abilities (including
concentration, working memory, and attention).
Exclusion criteria consisted of pain or prior surgery in
the affected hand, epilepsy, visual impairments, or
cardiac issues. These strict criteria significantly reduced
the number of eligible participants (22). Finally, 14
children were selected via convenience sampling and
randomly divided into two groups, i.e., the MVFT or
therapy group (7 children) and the control group or no
mirror group (7 children).

3.2. Procedure

The study was conducted at Sepid Neurology Clinic in
Kermanshah, Iran. Each participant underwent a total of
18 sessions. The first session served as an orientation,
during which demographic and clinical data were
collected using the Personal Information Questionnaire
and the Strengths and Difficulties Questionnaire (SDQ).
Participants were also familiarized with the motor
assessment and intervention procedures. Written
informed consent was obtained from the parents or
legal guardians of all participants under the age of 16
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prior to any formal evaluation. During the intervention,
participants were instructed to focus for one to two
minutes on the mirror image of their unaffected hand,
aiming to visualize it as their affected limb behind the
mirror. Treatment commenced once the participants
perceived the mirror image as representing their
affected limb.

The MVFT was administered over six weeks, with
three 30-minute sessions per week. During the first two
to three weeks, participants performed simple motor
exercises — including finger, wrist, and elbow
flexion/extension; forearm rotation; and finger
stretching. They practiced unilateral, bilateral, affected-
hand-guided, and therapist-guided movements
(approximately 15 repetitions each). The movement that
produced the strongest mirror illusion was selected for
use in subsequent sessions. Training then progressed to
more complex tasks, such as ball transfers, dumbbell
wrist flexion/extension, forearm pronation/supination,
palmar and finger ball presses, and ball grasping (Figure
1).

During MVFT sessions, participants performed
specific exercises with their unaffected hand. A key
element of this therapy was the strategic placement of a
mirror precisely in the sagittal plane between the two
hands. This setup created a visual illusion intended to
stimulate the brain: Participants could see the actual
movement of their unaffected hand while
simultaneously viewing its mirror reflection, which was
carefully aligned with the hidden affected hand. This
visual feedback was designed to create the powerful
impression that the affected hand was moving
symmetrically and smoothly. Consequently, participants
were motivated to consciously attempt to mimic the
observed movements with their affected hand, thereby
promoting the feeling of coordinated bimanual motion.
This process aims to facilitate neural plasticity and
improve motor function in the affected limb by tricking
the brain into perceiving improved movement in the
impaired hand (22, 24-26).

To minimize the influence of daily variations in
bodily function, all training sessions were conducted at
the same time of day for each participant, controlling
for potential circadian effects. The control group
performed identical motor tasks using their unaffected
hand, but without the use of a mirror. The two groups
attended sessions on separate days to prevent awareness
of the alternative intervention, and parents were not
informed of the specific exercise details to reduce the
risk of bias.

3.3. Measurement of Behavioral Problems

] Motor Control Learn. 2025; 7(3): €159725

The SDQ, a screening tool for behavioral problems in
children and adolescents aged 4 to 16 years, was used to
assess participants before and after the intervention.
Designed by Robert Goodman in England in 1997, the
SDQ has parent, teacher, and self-report versions (the
latter for ages 11 - 16). The questionnaire consists of 25
items divided into five scales, each containing five
items: Emotional symptoms, conduct problems,
hyperactivity/inattention, peer relationship problems,
and prosocial behavior. The parent-report version was
used in this study. Respondents rated each item as "not
true" (scoring 0), "somewhat true" (scoring 1), or
"certainly true" (scoring 2). Scale scores are calculated by
summing the scores of the five items within each scale,
resulting in a range of 0 to 10 for each subscale. The
internal consistency (Cronbach’s alpha) for the parent
SDQ in this study was a = 0.7 (27, 28).

3.4. Data Analysis

Data are presented as mean * standard deviation (M
+ SD). The normality of the data was confirmed using
the Shapiro-Wilk test. A two-way repeated-measures
ANOVA (2 groups x 2 time points) was employed to
analyze the SDQ scores. In the case of a significant group
x time interaction, Bonferroni post hoc tests were used
for pairwise comparisons.

For the ANOVA, effect sizes were reported as partial

eta-squared (np?) and interpreted as follows: Small (0.01
- 0.059), medium (0.06 - 0.139), or large (= 0.14). For
pairwise comparisons, effect sizes were calculated using
Cohen’s d and classified as small (0.20 - 0.49), medium
(0.50 - 0.79), or large (= 0.80). The percentage change
(A%) from pretest to posttest was also calculated for each
condition.

All statistical analyses were performed using SPSS
version 27 (SPSS Inc., Chicago, IL, USA), with the
significance level set at P < 0.05. Figures were prepared
using Microsoft Excel.

4. Results

The M £ SDs of the participants’ scores by group and
measurement time period are presented in Table 1.

The results of the mixed analysis of variance revealed
that for the total difficulties (TD) variable, the
interaction effects of group x time [F(1.12) = 54.04, P <
0.001] and time [F(112) = 74.16, P < 0.001] were
statistically significant, whereas the main effect of
group [F(1.12) = 3.465, P > 0.001] was not statistically
significant. The simple effects of group and time were
analyzed separately because of the significance of the
interaction effect. The results revealed that in the pretest
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Figure 1. The flexion and extension movements of the unaffected hand

Table 1. Mean and Standard Deviation at the Two Time Points of the Pretest and Posttest in the Two Groups *

Groups

Subscales Experimental Control

Pretest Posttest Pretest Posttest
Emotional symptoms 4.71£0.95 3.14+1.06 4.57+£0.78 4.57+0.78
Conduct problems 2.42+0.97 214 £0.69 2.57+0.97 2.42+0.97
Hyperactivity problems 4141134 2.42%0.97 4.00£1.29 3.85£1.34
Peer problems 3.421+0.78 171£0.48 3.28£0.75 3.141+0.89
TD 14.71+2.62 9.28+2.21 14.42+2.14 14.00 £2.23
BP 4.00£0.81 5.85+1.21 4.14%0.69 4.281+0.48

Abbreviations: TD, total difficulties; PB, prosocial behaviors.

2 Values are expressed as M % SD.

phase, there was no significant difference in the average
TD between the two intervention groups (P > 0.05).
Compared with the control group, the experimental
group presented a significant reduction in TD (P < 0.001,
dav = 212, A = -40.5%) at the posttest. Pairwise
comparisons revealed that TD improved significantly
from pretest to postintervention (P < 0.001, dav =2.24, A
=-36.91%) in the experimental group.

Additionally, the results of the mixed analysis of
variance revealed that for the prosocial behaviors (PB)
variable, the interaction effects of group x time [F(1.12) =
33.23, P < 0.001] and time [F(1.12) = 45.23, P < 0.001] were
statistically significant, whereas the main effect of

group [F(1.12) = 3.465, P > 0.001] was not statistically
significant. The simple effects of group and time were
analyzed separately because of the significance of the
interaction effect. The results revealed that in the pretest
phase, there was no significant difference in the average
PB between the two intervention groups (P > 0.05). The
PB was also significantly greater in the experimental
group than in the control group (P = 0.008, dav=1.86, A
= 0.31%) at the posttest. Pairwise comparisons revealed
that PB improved significantly from pretest to
postintervention (P < 0.001, dav = 1.01, A = +46.25%) in
the experimental group (Figure 2).
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Figure 2. Comparison of improvements in behavioral problems between the two groups (*significant difference with the pretest and #significant difference with the control

group)

5. Discussion

This study is the first to examine the effect of MVFT on
behavioral problems in children with USCP. The results
demonstrated that MVFT significantly reduces
behavioral problems and increases PB. These findings
are consistent with Whittingham et al. (29), who
reported that stepping stones triple P (SSTP) reduces
behavioral problems in children with CP, with
additional benefits from acceptance and commitment
therapy (ACT). While behavioral interventions directly
improve conduct, persistent motor impairments may
contribute to problem recurrence, as supported by
Dababneh (11), who linked social-behavioral difficulties
in CP to concerns about physical appearance and
reduced mirror neuron activity. In contrast, the current
study applied MVFT to address motor dysfunction
directly.

Supporting this approach, Farzamfar et al. (22)
showed that MVFT enhances motor performance in
hemiplegia. Proposed mechanisms include reduced
visual attention to the affected limb (30), enhanced
visual feedback, and MNS activation (31). These processes
may facilitate corticospinal tract activation and
rebalance  interhemispheric inhibition, thereby
improving motor function (20). Observing the
unaffected hand’s mirror image generates motor
imagery of the affected hand, activating the MNS.
Buccino et al. (32) further indicated that MNS
engagement stimulates the M1 cortex and reactivates
motor regions related to observed actions, ultimately
improving motor skills (6, 33,34).

Sankar and Gordon et al. (35, 36) used the "Constraint
Induced Movement Therapy (CIMT)" strategy to improve

] Motor Control Learn. 2025; 7(3): €159725

the affected hand of hemiplegic children. This involves
physical constraint of the unaffected hand to increase
the use of the affected hand, which is associated with
pain in the affected limb. Yamaguchi et al. reported that
while pain intensity appears to be associated with
behavioral and emotional problems in children, pain
anxiety may still be more strongly associated (7). The
experience of pain appears to disrupt activities
associated with the default mode network (DMN) and
with cognitive performance (37). As a result, in the
present research, focusing on exercise in the mirror by a
healthy hand reduced pain anxiety in the patient and
thus  improved  behavioral problems.  Early
rehabilitation on the affected side and the use of a
healthy limb with the aim of stimulating the affected
side stimulate the residual involved tissue to
compensate for functional deficits and provide a better
position for tissue reconstruction and improvement of
motor and behavioral problems (38).

Additionally, mirror neurons support emotion, social
interaction, and empathy (39). The MNS is essential for
social communication, empathy, imitation, and action
understanding, illustrating how motor function
influences behavior (40). This system is part of a broader
network affecting behavior, especially emotional
behavior. The cerebral cortex consists of specialized
regions interconnected by complex axonal pathways
(41). The DMN includes subsystems linked by hubs (42),
such as the PCC, insular cortex, precuneus, and parietal
and prefrontal cortices (41). These regions are highly
interconnected (43), with the PCC acting as an
information hub involved in cognitive control (12). The
PCC subregions interact with executive, attentional,
motor, language, and DMNs (44). Thus, MVFT improves
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motor function and reduces behavioral problems (11,
45). Cummins et al. (46) found that poor motor
performance reduces a child’s self-esteem, increasing
peer problems, potentially due to negative peer
attitudes toward children with USCP (8, 47). Improved
motor function and physical appearance may help
reduce these peer issues.

Schuengel et al. and Sigurdardottir highlighted that
motor impairments restrict activities in young children,
leading to frustration, social isolation, and maladaptive
behaviors. Improving motor function in children with
USCP reduces behavioral problems (10, 48), likely by
decreasing frustration, promoting social inclusion, and
reducing maladaptive behaviors. While MVFT shows
promise in enhancing motor skills and reducing
behavioral issues, it remains unclear whether these
behavioral benefits stem directly from motor
improvement or from a more direct neuromodulatory
effect on behavior-related neural pathways. Future
studies should incorporate brain imaging to precisely
identify the brain regions modulated by MVFT and
clarify whether it acts primarily on motor networks or
directly influences behavioral and emotional circuits.

This study had several limitations. Some patients had
difficulty focusing on the healthy limb’s image, which
may have affected the results. Future studies should use
more engaging exercises and shorter sessions with
frequent breaks to address this. Another limitation was
patient distraction with the mirror image and difficulty
locating the affected hand behind it, which reduced
treatment efficacy. Using a mirror box to conceal the
affected hand is recommended for future research.
Furthermore, the study focused on children aged 6 -12,a
critical period for prefrontal cortex development. Age-
related physiological changes, such as decreased
synaptic plasticity, can reduce the brain’s capacity for
plasticity, as shown by PAS protocols. Since the intensity
of PAS-induced plasticity is greater in younger
individuals (49, 50), understanding the effect of age on
MVFT outcomes is crucial. Future research should
therefore include older age groups and utilize the self-
report version of the SDQ to identify potential age-
related differences in response.

The MVFT may reduce behavioral challenges in
children with USCP. Motor training using a mirror
shows promise as a valuable therapeutic intervention
for improving behavioral outcomes in this population.

Footnotes

Authors' Contribution: P. F, A. H, and M. S.
conceptualized and designed the research. P. E

conducted the experiments. P. F. and A. H. participated in
the formal analysis. P. E. and A. H. wrote the original
draft of the manuscript. M. S. reviewed and edited the
manuscript. All authors approved the final version of
the manuscript.

Clinical Trial Registration Code: The clinical trial
code of the present study is IRCT20230728058946N1 .

Conflict of Interests Statement: The authors declare
no conflict of interests.

Data Availability: The dataset presented in the study
is available upon request from the corresponding
author during submission or after publication.

Ethical Approval: The presents study was approved
under the ethical code of IR.RAZI.REC.1402.049 .

Funding/Support: This study received no specific
grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Informed Consent: Informed consent was obtained
from all participants.

References

1. Ortega-Martinez A, Palomo-Carrion R, Varela-Ferro C, Bagur-Calafat
MC. Feasibility of a Home-Based Mirror Therapy Program in Children
with Unilateral Spastic Cerebral Palsy. Healthcare (Basel). 2023;11(12).
[PubMed ID: 37372915]. [PubMed Central ID: PMC10298458].
https://doi.org/10.3390/healthcare11121797.

2. Patel DR, Neelakantan M, Pandher K, Merrick |. Cerebral palsy in
children: a clinical overview. Transl Pediatr. 2020;9(Suppl 1):5125-35.
[PubMed ID: 32206590]. [PubMed Central ID: PMC70822438|.
https://doi.org/10.21037/tp.2020.01.01.

3. Kara OK, Yardimci BN, Sahin S, Orhan C, Livanelioglu A, Soylu AR.
Combined Effects of Mirror Therapy and Exercises on the Upper
Extremities in Children with Unilateral Cerebral Palsy: A
Randomized Controlled Trial. Dev Neurorehabil. 2020;23(4):253-64.
[PubMed ID: 31514564]. https://doi.org/10.1080/17518423.2019.1662853.

4. Alipour ], Askary R, Ahmadzadeh M. Mirror Therapy in Children with
Cerebral Palsy: A Narrative Review. Journal of Clinical Physiotherapy
Research. 2023;8(4):e96.

5. Freitas PM, Haase VG. Behavioral Disorders in Unilateral and Bilateral
Cerebral Palsy: A Comparative Study. International Journal of Psychiatry
Research. 2024;7(6). https:[/doi.org[10.33425/2641-4317.1208.

6. Brossard-Racine M, Hall N, Majnemer A, Shevell MI, Law M, Poulin C,
et al. Behavioural problems in school age children with cerebral
palsy. Eur | Paediatr Neurol. 2012;16(1):35-41. [PubMed ID: 22036311].
https://doi.org/10.1016/j.ejpn.2011.10.001.

7. Yamaguchi R, Nicholson Perry K, Hines M. Pain, pain anxiety and
emotional and behavioural problems in children with cerebral palsy.
Disabil ~ Rehabil. 2014;36(2):125-30. [PubMed ID: 23596998].
https://doi.org/10.3109/09638288.2013.782356.

8. Parkes ], White-Koning M, Dickinson HO, Thyen U, Arnaud C, Beckung
E, et al. Psychological problems in children with cerebral palsy: a
cross-sectional European study. ] Child Psychol Psychiatry.

] Motor Control Learn. 2025; 7(3): €159725


https://brieflands.com/articles/jmcl-159725
https://irct.behdasht.gov.ir/trial/72731
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=393824
http://www.ncbi.nlm.nih.gov/pubmed/37372915
https://www.ncbi.nlm.nih.gov/pmc/PMC10298458
https://doi.org/10.3390/healthcare11121797
http://www.ncbi.nlm.nih.gov/pubmed/32206590
https://www.ncbi.nlm.nih.gov/pmc/PMC7082248
https://doi.org/10.21037/tp.2020.01.01
http://www.ncbi.nlm.nih.gov/pubmed/31514564
https://doi.org/10.1080/17518423.2019.1662853
https://doi.org/10.33425/2641-4317.1208
http://www.ncbi.nlm.nih.gov/pubmed/22036311
https://doi.org/10.1016/j.ejpn.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23596998
https://doi.org/10.3109/09638288.2013.782356

Farzamfar Pet al.

Brieflands

10.

1.

14.

15.

17.

18.

19.

20.

21

22,

2008;49(4):405-13. [PubMed ID:
https://doi.org/10.1111/j.1469-7610.2007.01845.X.

18081767].

Voyer AP, Nadeau L, Tessier R. Social dominance in children with
cerebral palsy during a problem-solving task with peers. Disabil
Rehabil. 2018;40(19):2288-92. [PubMed ID: 28585442]‘
https://doi.org[10.1080/09638288.2017.1334237.

Schuengel C, Voorman J, Stolk ], Dallmeijer A, Vermeer A, Becher ].
Self-worth, perceived competence, and behaviour problems in
children with cerebral palsy. Disabil Rehabil. 2006;28(20):1251-8.
[PubMed ID:17083170]. https://doi.org[10.1080/09638280600554652.

Dababneh KA. The socio-emotional behavioural problems of
children with cerebral palsy according to their parents' perspectives.
International Journal of Adolescence and Youth. 2013;18(2):85-104.
https://doi.org[10.1080/02673843.2012.655443.

Deconinck F], Smorenburg AR, Benham A, Ledebt A, Feltham MG,
Savelsbergh GJ. Reflections on mirror therapy: a systematic review of
the effect of mirror visual feedback on the brain. Neurorehabil Neural
Repair. 2015;29(4):349-61. [PubMed ID: 25160567).
https://doi.org[10.1177/1545968314546134.

Michielsen ME, Selles RW, van der Geest |N, Eckhardt M, Yavuzer G,
Stam HJ, et al. Motor recovery and cortical reorganization after
mirror therapy in chronic stroke patients: a phase II randomized
controlled trial. Neurorehabil Neural Repair. 2011;25(3):223-33.
[PubMed ID: 21051765]. https://doi.org/10.1177/1545968310385127.

Xing T, Liu X, Liu R, Shan S, Wang G. Mirror therapy: a potential
rehabilitation treatment. TMR Non-Drug Therapy. 2019;2(4).
https://doi.org[10.53388/tmrnd201902019.

Matthys K, Smits M, Van der Geest JN, Van der Lugt A, Seurinck R,
Stam HJ, et al. Mirror-induced visual illusion of hand movements: a
functional magnetic resonance imaging study. Arch Phys Med Rehabil.
2009;90(4):675-81. [PubMed ID: 19345786].
https://doi.org/10.1016/j.apmr.2008.09.571.

Ramachandran VS, Altschuler EL. The use of visual feedback, in
particular mirror visual feedback, in restoring brain function. Brain.
2009;132(Pt 7)1693-710. [PubMed ID: 19506071].
https://doi.org[10.1093/brain/awpi135.

Wasaka T, Kakigi R. The effect of unpredicted visual feedback on
activation in the secondary somatosensory cortex during movement
execution. BMC Neurosci. 2012;13:138. [PubMed ID: 23126264]. [PubMed
Central ID: PMC3508609]. https://doi.org[10.1186[1471-2202-13-138.

Farrer C, Frith CD. Experiencing oneself vs another person as being
the cause of an action: the neural correlates of the experience of
agency. Neuroimage. 2002;15(3):596-603. [PubMed ID: 11848702].
https://doi.org[10.1006/nimg.2001.1009.

Mima T, Nagamine T, Nakamura K, Shibasaki H. Attention modulates
both primary and second somatosensory cortical activities in
humans: a magnetoencephalographic study. ] Neurophysiol.
1998;80(4):2215-21. [PubMed ID: 9772274].
https://doi.org/10.1152/jn.1998.80.4.2215.

Cheng CH, Lin SH, Wu CY, Liao YH, Chang KC, Hsieh YW. Mirror
Illusion Modulates M1 Activities and Functional Connectivity
Patterns of Perceptual-Attention Circuits During Bimanual
Movements: A Magnetoencephalography Study. Front Neurosci.
2019;13:1363. [PubMed ID: 32009873]. [PubMed Central ID:
PMC6972502]. https://doi.org/10.3389/fnins.2019.01363.

Chen CY, Rich TL, Cassidy JM, Gillick BT. Corticospinal Excitability in
Children with Congenital Hemiparesis. Brain Sci. 2016;6(4). [PubMed
ID: 27775599]. [PubMed Central ID: PMC5187563).
https://doi.org/10.3390/brainsci6040049.

Farzamfar P, Heirani A, Sedighi M. The Effect of Motor Training in
Mirror Therapy on Gross Motor Skills of the Affected Hand in
Children With Hemiplegia. Iranian Rehabilitation  Journal.
2017;15(3):243-8. https:[/doi.org[10.29252/nrip.irj.15.3.243.

] Motor Control Learn. 2025; 7(3): €159725

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Palomo-Carrion R, Zuil-Escobar JC, Cabrera-Guerra M, Barreda-
Martinez P, Martinez-Cepa CB. Mirror Therapy and Action
Observation Therapy to Increase the Affected Upper Limb
Functionality in Children with Hemiplegia: A Randomized
Controlled Trial Protocol. Int | Environ Res Public Health. 2021;18(3).
[PubMed ID: 33504040]. [PubMed Central ID: PMC7908253].
https://doi.org/10.3390/ijerph18031051.

Garry M], Loftus A, Summers JJ. Mirror, mirror on the wall: viewing a
mirror reflection of wunilateral hand movements facilitates
ipsilateral M1 excitability. Exp Brain Res. 2005;163(1):118-22. [PubMed
ID: 15754176]. https://doi.org[10.1007/s00221-005-2226-9.

Smorenburg AR, Ledebt A, Deconinck FJ, Savelsbergh GJ. Matching
accuracy in hemiparetic cerebral palsy during unimanual and
bimanual movements with (mirror) visual feedback. Res Dev Disabil.
2012;33(6):2088-98. [PubMed ID: 22771984).
https://doi.org[10.1016/j.ridd.2012.06.004.

Toh SFM, Fong KN. Systematic Review on the Effectiveness of Mirror
Therapy in Training Upper Limb Hemiparesis after Stroke. Hong Kong
Journal of Occupational Therapy. 2012;22(2):84-95.
https://doi.org[10.1016/j.hkjot.2012.12.009.

Giannakopoulos G, Dimitrakaki C, Papadopoulou K, Tzavara C,
Kolaitis G, Ravens-Sieberer U, et al. Reliability and validity of the
Strengths and Difficulties Questionnaire in Greek adolescents and
their parents. Health. 2013;5(11):1774-83.
https:|/doi.org/10.4236/health.2013.511239.

Mieloo C, Raat H, van Oort F, Bevaart F, Vogel I, Donker M, et al.
Validity and reliability of the strengths and difficulties
questionnaire in 5-6 year olds: differences by gender or by parental
education? PLoS One. 2012;7(5). e36805. [PubMed ID: 22629332].
[PubMed Central ID: PM(3356337].
https://doi.org[10.1371/journal.pone.0036805.

Whittingham K, Sanders M, McKinlay L, Boyd RN. Interventions to
reduce behavioral problems in children with cerebral palsy: an RCT.
Pediatrics.  2014;133(5):e1249-57.  [PubMed  ID:  24709926].
https://doi.org[10.1542/peds.2013-3620.

Moseley LG, Wiech K. The effect of tactile discrimination training is
enhanced when patients watch the reflected image of their
unaffected limb during training. Pain. 2009;144(3):314-9. [PubMed
ID:19501965]. https://doi.org/10.1016/j.pain.2009.04.030.

Park EJ, Baek SH, Park S. Systematic review of the effects of mirror
therapy in children with cerebral palsy. | Phys Ther Sci.
2016;28(11):3227-31. [PubMed ID: 27942154]. [PubMed Central ID:
PMC5140834]. https://doi.org[10.1589/jpts.28.3227.

Buccino G, Binkofski F, Riggio L. The mirror neuron system and
action recognition. Brain Lang. 2004;89(2):370-6. [PubMed ID:
15068920]. https://doi.org/10.1016/S0093-934X(03)00356-0.

Lingam R, Jongmans M]J, Ellis M, Hunt LP, Golding ], Emond A. Mental
health difficulties in children with developmental coordination
disorder. Pediatrics. 2012;129(4):e882-91. [PubMed ID: 22451706].
https://doi.org[10.1542/peds.2011-1556.

Cairney ], Veldhuizen S, Szatmari P. Motor coordination and
emotional-behavioral problems in children. Curr Opin Psychiatry.
2010;23(4):324-9. [PubMed ID: 20520549].
https://doi.org/10.1097/YCO.0b013e32833aa0aa.

Gordon AM, Charles ], Wolf SL. Methods of constraint-induced
movement therapy for children with hemiplegic cerebral palsy:
development of a child-friendly intervention for improving upper-
extremity function. Arch Phys Med Rehabil. 2005;86(4):837-44.
[PubMed ID: 15827942]. https://doi.org/10.1016/j.apmr.2004.10.008.

DeLuca SC, Case-Smith ], Stevenson R, Ramey SL. Constraint-induced
movement therapy (CIMT) for young children with cerebral palsy:
effects of therapeutic dosage. J Pediatr Rehabil Med. 2012;5(2):133-42.
[PubMed ID: 22699104]. https://doi.org[10.3233/PRM-2012-0206.


https://brieflands.com/articles/jmcl-159725
http://www.ncbi.nlm.nih.gov/pubmed/18081767
https://doi.org/10.1111/j.1469-7610.2007.01845.x
http://www.ncbi.nlm.nih.gov/pubmed/28585442
https://doi.org/10.1080/09638288.2017.1334237
http://www.ncbi.nlm.nih.gov/pubmed/17083170
https://doi.org/10.1080/09638280600554652
https://doi.org/10.1080/02673843.2012.655443
http://www.ncbi.nlm.nih.gov/pubmed/25160567
https://doi.org/10.1177/1545968314546134
http://www.ncbi.nlm.nih.gov/pubmed/21051765
https://doi.org/10.1177/1545968310385127
https://doi.org/10.53388/tmrnd201902019
http://www.ncbi.nlm.nih.gov/pubmed/19345786
https://doi.org/10.1016/j.apmr.2008.09.571
http://www.ncbi.nlm.nih.gov/pubmed/19506071
https://doi.org/10.1093/brain/awp135
http://www.ncbi.nlm.nih.gov/pubmed/23126264
https://www.ncbi.nlm.nih.gov/pmc/PMC3508609
https://doi.org/10.1186/1471-2202-13-138
http://www.ncbi.nlm.nih.gov/pubmed/11848702
https://doi.org/10.1006/nimg.2001.1009
http://www.ncbi.nlm.nih.gov/pubmed/9772274
https://doi.org/10.1152/jn.1998.80.4.2215
http://www.ncbi.nlm.nih.gov/pubmed/32009873
https://www.ncbi.nlm.nih.gov/pmc/PMC6972502
https://doi.org/10.3389/fnins.2019.01363
http://www.ncbi.nlm.nih.gov/pubmed/27775599
https://www.ncbi.nlm.nih.gov/pmc/PMC5187563
https://doi.org/10.3390/brainsci6040049
https://doi.org/10.29252/nrip.irj.15.3.243
http://www.ncbi.nlm.nih.gov/pubmed/33504040
https://www.ncbi.nlm.nih.gov/pmc/PMC7908253
https://doi.org/10.3390/ijerph18031051
http://www.ncbi.nlm.nih.gov/pubmed/15754176
https://doi.org/10.1007/s00221-005-2226-9
http://www.ncbi.nlm.nih.gov/pubmed/22771984
https://doi.org/10.1016/j.ridd.2012.06.004
https://doi.org/10.1016/j.hkjot.2012.12.009
https://doi.org/10.4236/health.2013.511239
http://www.ncbi.nlm.nih.gov/pubmed/22629332
https://www.ncbi.nlm.nih.gov/pmc/PMC3356337
https://doi.org/10.1371/journal.pone.0036805
http://www.ncbi.nlm.nih.gov/pubmed/24709926
https://doi.org/10.1542/peds.2013-3620
http://www.ncbi.nlm.nih.gov/pubmed/19501965
https://doi.org/10.1016/j.pain.2009.04.030
http://www.ncbi.nlm.nih.gov/pubmed/27942154
https://www.ncbi.nlm.nih.gov/pmc/PMC5140834
https://doi.org/10.1589/jpts.28.3227
http://www.ncbi.nlm.nih.gov/pubmed/15068920
https://doi.org/10.1016/S0093-934X(03)00356-0
http://www.ncbi.nlm.nih.gov/pubmed/22451706
https://doi.org/10.1542/peds.2011-1556
http://www.ncbi.nlm.nih.gov/pubmed/20520549
https://doi.org/10.1097/YCO.0b013e32833aa0aa
http://www.ncbi.nlm.nih.gov/pubmed/15827942
https://doi.org/10.1016/j.apmr.2004.10.008
http://www.ncbi.nlm.nih.gov/pubmed/22699104
https://doi.org/10.3233/PRM-2012-0206

Farzamfar P et al.

Brieflands

37.

38.

39.

40.

41.

42.

43.

Tajik-Parvinchi D, Davis A, Roth S, Rosenbaum P, Hopmans SN, Dudin
A, et al. Functional connectivity and quality of life in young adults
with cerebral palsy: a feasibility study. BMC Neurol. 2020;20(1):388.
[PubMed ID: 33096988]. [PubMed Central ID: PMC7583292].
https:[/doi.org[10.1186/s12883-020-01950-7.

Risedal A, Zeng |, Johansson BB. Early training may exacerbate brain
damage after focal brain ischemia in the rat. ] Cereb Blood Flow Metab.
1999;19(9):997-1003. [PubMed ID: 10478651].
https://doi.org/10.1097/00004647-199909000-00007.

Gallese V. Embodied simulation: from mirror neuron systems to
interpersonal relations. Empathy and Fairness: Novartis Foundation
Symposium 278. Wiley Online Library; 2006. p. 3-19.

Oberman LM, Pineda JA, Ramachandran VS. The human mirror
neuron system: a link between action observation and social skills.
Soc Cogn Affect Neurosci. 2007;2(1):62-6. [PubMed ID: 18985120].
[PubMed Central ID: PMC2555434].
https://doi.org/10.1093/scan/nsl022.

Hagmann P, Cammoun L, Gigandet X, Meuli R, Honey CJ, Wedeen V],
et al. Mapping the structural core of human cerebral cortex. PLoS
Biol. 2008;6(7). e159. [PubMed ID: 18597554]. [PubMed Central ID:
PM(C2443193]. https://doi.org[10.1371/journal.pbio.0060159.

Buckner RL, Andrews-Hanna JR, Schacter DL. The brain's default
network: anatomy, function, and relevance to disease. Ann N Y Acad
Sci. 2008;1124:1-38. [PubMed ID: 18400922].
https://doi.org/10.1196/annals.1440.011.

Parvizi |, Van Hoesen GW, Buckwalter ], Damasio A. Neural
connections of the posteromedial cortex in the macaque. Proc Natl
Acad Sci U S A. 2006;103(5):1563-8. [PubMed ID: 16432221]. [PubMed
Central ID: PMC1345704]. https:|/doi.org[10.1073/pnas.0507729103.

44.

45.

46.

47.

48.

49.

50.

Leech R, Braga R, Sharp DJ. Echoes of the brain within the posterior
cingulate cortex. | Neurosci. 2012;32(1):215-22. [PubMed ID: 22219283].
[PubMed Central ID: PMC6621313].
https://doi.org[10.1523/J]NEUROSCI.3689-11.2012.

Peters LH, Maathuis CG, Hadders-Algra M. Children with behavioral
problems and motor problems have a worse neurological condition
than children with behavioral problems only. Early Hum Dev.
2014;90(12):803-7. [PubMed ID: 25463824].
https://doi.org/10.1016/j.earlhumdev.2014.09.001.

Cummins A, Piek JP, Dyck MJ. Motor coordination, empathy, and
social behaviour in school-aged children. Developmental Medicine &
Child Neurology. 2005;47(7):437-42.
https://doi.org/10.1017/s001216220500085X.

Yude C, Goodman R, McConachie H. Peer problems of children with
hemiplegia in mainstream primary schools. ] Child Psychol Psychiatry.
1998;39(4):533-41. [PubMed ID: 9599781].

Sigurdardottir S, Indredavik MS, Eiriksdottir A, Einarsdottir K,
Gudmundsson HS, Vik T. Behavioural and emotional symptoms of
preschool children with cerebral palsy: a population-based study.
Dev Med Child Neurol. 2010;52(11):1056-61. [PubMed ID: 20497458].
https://doi.org[10.1111/j.1469-8749.2010.03698 X.

Ridding MC, Ziemann U. Determinants of the induction of cortical
plasticity by non-invasive brain stimulation in healthy subjects. J
Physiol. 2010;588(Pt 13):2291-304. [PubMed ID: 20478978]. [PubMed
Central ID: PMC2915507]. https://doi.org/10.1113[jphysiol.2010.190314.

Ghasemian-Shirvan E, Farnad L, Mosayebi-Samani M, Verstraelen S,
Meesen RLJ, Kuo MF, et al. Age-related differences of motor cortex
plasticity in adults: A transcranial direct current stimulation study.
Brain  Stimul.  2020;13(6):1588-99. [PubMed ID: 32949779].
https://doi.org[10.1016/j.brs.2020.09.004.

] Motor Control Learn. 2025; 7(3): €159725


https://brieflands.com/articles/jmcl-159725
http://www.ncbi.nlm.nih.gov/pubmed/33096988
https://www.ncbi.nlm.nih.gov/pmc/PMC7583292
https://doi.org/10.1186/s12883-020-01950-7
http://www.ncbi.nlm.nih.gov/pubmed/10478651
https://doi.org/10.1097/00004647-199909000-00007
http://www.ncbi.nlm.nih.gov/pubmed/18985120
https://www.ncbi.nlm.nih.gov/pmc/PMC2555434
https://doi.org/10.1093/scan/nsl022
http://www.ncbi.nlm.nih.gov/pubmed/18597554
https://www.ncbi.nlm.nih.gov/pmc/PMC2443193
https://doi.org/10.1371/journal.pbio.0060159
http://www.ncbi.nlm.nih.gov/pubmed/18400922
https://doi.org/10.1196/annals.1440.011
http://www.ncbi.nlm.nih.gov/pubmed/16432221
https://www.ncbi.nlm.nih.gov/pmc/PMC1345704
https://doi.org/10.1073/pnas.0507729103
http://www.ncbi.nlm.nih.gov/pubmed/22219283
https://www.ncbi.nlm.nih.gov/pmc/PMC6621313
https://doi.org/10.1523/JNEUROSCI.3689-11.2012
http://www.ncbi.nlm.nih.gov/pubmed/25463824
https://doi.org/10.1016/j.earlhumdev.2014.09.001
https://doi.org/10.1017/s001216220500085x
http://www.ncbi.nlm.nih.gov/pubmed/9599781
http://www.ncbi.nlm.nih.gov/pubmed/20497458
https://doi.org/10.1111/j.1469-8749.2010.03698.x
http://www.ncbi.nlm.nih.gov/pubmed/20478978
https://www.ncbi.nlm.nih.gov/pmc/PMC2915507
https://doi.org/10.1113/jphysiol.2010.190314
http://www.ncbi.nlm.nih.gov/pubmed/32949779
https://doi.org/10.1016/j.brs.2020.09.004

