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WHAT THIS PAPPER ADDS

e Children with unilateral cerebral palsy show alerting and executive attention deficits.
e HABIT-ILE intervention improves executive attention in children with UCP.

e Motor skill learning may underlie improvements in attention function.

ABBREVIATIONS
ANT : Attentional Network Test
CG : Control Group
CP: Cerebral palsy
GMFCS: Gross Motor Function Classification System
HABIT-ILE: Hand-Arm Bimanual Intensive Therapy Including Lower Extremities
MACS: Manual Ability Classification System
PT : Processing Time
RT : Reaction Time
T1: Baseline assessment time
T2: Second assessment time; two weeks after baseline
TG : Treatment Group

UCP: Unilateral Cerebral Palsy
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I. INTRODUCTION

Cerebral palsy (CP) is a permanent disorder of motor function and/or posture
resulting from permanent non-progressive brain lesions acquired during early brain
development, which includes the prenatal, perinatal, or the first two years of an
individual's life (Cans, 2005; Graham et al., 2016). Its overall prevalence is
estimated to range between 1.6 and 3.4 per 1000 live births, contingent upon the
economic status of the countries (Mclntyre et al., 2022). CP shows varied clinical
manifestations, with unilateral and bilateral forms (Graham et al., 2016). Although
unilateral cerebral palsy (UCP) is primarily identified by lateralized motor
impairments (Graham et al., 2016) and accounts for 30-40% of cases (Novak et al.,
2017), it frequently co-occurs with perceptual, sensory, cognitive and attentional

disorders (Fennell & Dikel, 2001; Graham et al., 2016).

Approximately 46% of children with CP experience intellectual disability (Novak
et al., 2012; Novak et al., 2020). Most children with UCP typically have a normal
cognition but often exhibit specific cognitive impairments (Bettcher et al., 2015),
affecting for example visuo-spatial cognition, visual imagery acquisition, or
executive functioning (Stadskleiv, 2020). Some authors highlight specific
impairments in sustained attention, divided attention (Bodimeade et al., 2013;
Bottcher et al., 2010; Laporta-Hoyos et al., 2019; Pirila et al., 2011; Sakash et al.,
2018) and a higher prevalence of attention deficit hyperactivity disorder (Gabis et
al., 2015; McDermott et al., 1996; Shank et al., 2010). These attentional deficits
impact social behavior and participation, as neural network tied to attention and
emotions interact (Crick & Dodge, 1994; Vilensky & van Hoesen, 1981), but also
academic achievement (Bottcher, 2010; Jenks et al., 2009; McCandliss et al., 2003).
Therefore, assessing and comprehending these processes that may influence the

rehabilitation of children with CP seems essential.

The Attention Network Test (ANT) is a single reaction-time task used to assess
three neural networks, with each network operating in specific brain regions, as
defined by Posner in 2007: alerting attention involves heightened responsiveness to
incoming stimuli; orienting attention focuses on selecting relevant sensory
information from a spatial array of stimuli; and executive attention manages
conflicting information (Fan et al., 2005; Posner & Rothbart, 2007; Rueda et al.,
2004). Despite its widespread application in assessing attention across various
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pathologies (Heeren et al., 2014; Mullane et al., 2011; Sinha et al., 2022), the
Attention Network Test has never been employed to evaluate the effects of a

rehabilitation protocol in children with CP.

Provided the strong relationship between motor development and attentional
development in children, assessing specific attention deficits becomes crucial
(Barnea-Goraly et al., 2005; Diamond, 2000; Hoare et al., 2018; van der Fels et al.,
2019). Motor skills demand significant attentional abilities but also support spatial
perception and body awareness, which are essential for attention development
(Pavlova & Krageloh-Mann, 2013). However, motor impairments in children with
UCP may impoverish sensorimotor experiences, potentially hampering attentional
development (Pavlova & Krageloh-Mann, 2013). Barra's study highlights a strong
association between postural control and attention, where increased balance
difficulty enhances alertness (Barra et al., 2015). Rosenbaum's recent comparative
study on prematurely born children reveals reduced executive control when
standing, suggesting the involvement of executive resources in position
maintenance, potentially due to underdeveloped postural control and motor

inhibition (Rosenbaum et al., 2022).

Intensive bimanual rehabilitation based on motor-skill learning like Hand-Arm
Bimanual Intensive Therapy Including Lower Extremities (HABIT-ILE) has shown
effectiveness in improving motor functions in children with UCP by integrating
postural control and lower extremity functions (Araneda et al., 2023; Bleyenheuft
et al., 2015). Since attentional and motor development have been shown
interdependent (Diamond, 2000; Hoare et al., 2018), this therapy could have
broader effects by improving not only motor functions but also attentional
processes. Some evidence suggests that multi-modal, cognitive and physical,
interventions, may impact general cognitive functioning in children with UCP, but
there i1s still a lack of research on specific cognitive domains (Blasco et al., 2023)
and the potential effects of intensive physical therapy like HABIT-ILE on

attentional networks remains unknown.

The main goal of this study is to investigate the difference in the efficiency of the
attentional networks between children with UCP and TDC, as well as to explore the
effects of an intensive therapy like HABIT-ILE on these functions (alertness,

orienting and executive attention).



II. METHODS

1. Participants
Thirty children with unilateral cerebral palsy (UCP) were recruited to participate in
a 2-week HABIT-ILE camp and were matched by gender and age with 27 typically
developing children (TDC). Inclusion criteria for children with UCP were (1)
diagnosed with unilateral CP, (2) aged 5 to 18 years old, (3) education level
comparable to typically developing peers and (4) capable of following instructions
and complete testing. Exclusion criteria included (1) uncontrollable seizures, (2)
recent/planned botulinum toxin injections within 6 months, (3) recent/planned
orthopedic interventions within 12 months and (4) uncorrectable visual
impairments likely to affect testing. Typically developing children needed to match
in gender and in age within & 6-month difference with children with UCP. Exclusion
criteria for TDC included (1) uncorrectable visual impairments likely to interfere

with the testing process and (2) neurological disorders.

All children and parents were asked to sign an informed consent before
participating in the study (See Appendix A). This study is part of a project approved
by the hospital-faculty Ethical Committee of the Saint-Luc University Clinics
(B403201316810) (See Appendix B) and is ancillary to a protocol registered on
ClinicalTrials.gov (NCT04403490).

2. Study design
This randomized controlled study included data of three intensive summer camps
in Brussels, Belgium (July 2020, 2021 and 2022). Children with UCP were

randomly allocated using Research Randomizer (https://www.randomizer.org/) into

two groups stratified by age, Manual Ability Classification System level (MACS)
(See Appendix B) and Gross Motor Function Classification System level (GMFCS)
(See Appendix C): the treatment group (TG: n=15) received HABIT-ILE therapy
and the control group (CG: n=12) received conventional therapy. After allocation,
each child underwent assessments at baseline (T1) and immediately after the end of
the therapy (T2). The TG received HABIT-ILE therapy between T1 and T2, while
the CG followed their conventional therapy.

3. Interventions
HABIT-ILE intervention involved 65 hours of therapy over 10 days (6,5 hours per

day) and focused on 5 functional goals per child. As previously described, HABIT-
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ILE is a structured and child-friendly intensive therapy rooted in motor skill
learning, incorporating a progressive increase in motor difficulty and a hands-off

approach.

Children receiving conventional therapy followed their usual therapy, typically
ranging from 1 to 5 hours of therapy per week (reported by parents), delivered either
in a private clinic, hospital, at the specialized institution attended by the child, or at

home. These therapies were generally based on neurodevelopmental theories.

4. Assessments
Assessments were conducted before (T1) as well as after each 2-week therapy
period (T2). Manual abilities and gross motor function were evaluated by the

MACS and GMFCS scales respectively.

The main outcome measure was the Attention Network Test, a reaction-time test
assessing three attentional networks: alerting, orienting and executive attention. As
described by Rueda et al. in 2004, in the children’s version of the test, children
quickly respond to a central fish’s direction on the screen (Figure 1). Trial types
include neutral (single fish), congruent (group of 5 fishes pointing the same way)
and incongruent (group of 5 fishes with the central fish pointing opposite). Four
warning cues precede each trial : none, central cue (an asterisk located at the center
of the screen), double cue (two asterisks located on either side of a central fixation
cross) or spatial cue (an asterisk located below or above the fixation cross). Reaction
time (RT) and number of errors (ER) are recorded using E-Prime 2 Professional®
Software (Psychology Software Tools, Pittsburgh, PA, USA) (Rueda et al., 2004).
To isolate the processing time for each attentional network, a subtraction method is
used. Alerting attention processing time represents the difference between the
average reaction times in no cue conditions and in double cue conditions (RT No
cue — RT Double cue). Orienting attention processing time is the difference between
average reaction times in central conditions and in spatial conditions (RT Central
cue — RT Spatial cue). Executive attention processing time represents the difference
between average reaction times in incongruent trials and in congruent trials (RT

Incongruent — RT Congruent) (Fan et al., 2002).
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Figure 1.
Children’s version of the Attention Network Test. In the task, the background is magenta and the fish are yellow
(from Rueda et al 2004).

Statistics

Normality and homoscedasticity were assessed using Shapiro-Wilk test and Brown-
Forsythe tests. First, baseline differences in attentional functions between UCP and
TDC were assessed using Student's ¢-test for normal data and Mann-Whitney U test
for non-parametric data. Secondly, in order to evaluate the impact of HABIT-ILE
therapy at times points T2 on the efficiency of the three distinct attentional
networks, we conducted a 2-group (control vs treatment) x 2 assessment time (T1,
T2) using a two-way repeated-measures ANOVA on the time factor. Holm-Sidak
post hoc tests were used for multiple comparisons. SigmaPlot13 (Systat software,
San Jose, CA, USA) was used to perform all analyses with a significance level set

at o= 0.05.



III. RESULTS

From 30 children screened, 27 children with UCP aged from Syears, 8months to
llyears, Smonths attended all the pre-camp assessments (mean age 7years,
Smonths; SD 2years, 4months; 12 females, 15 males) and were matched by gender
and age with 27 TDC aged from Syears, 4months to 10years, Smonths (mean age
Tyears, 7Tmonths; SD 2years, 3months; 12 females, 15 males). Overall, 25 children
with UPC were included in our analyses. Two children with UCP were excluded
due to insufficient response count for data analysis. As depicted in Table 1, children
with UCP and TDC did not significantly differ in terms of age, sex and manual
dominance. All children with UCP exhibited MACS levels between I and III and
GMEFCS levels between I and II.

Table 1. Demographics of children with unilateral cerebral palsy and typically developing children

Typically developpin
Children with unilateral cerebral palsy yPIcaRy PRINg

children
Caracteristic Treatment Control .
All children _
group group All children (n=27)
(n=27)
(n=15) (n=12)

Age
Mean (SD), years:months 7:6 (2:4) 7:5 (2:4) 7:5 (2:4) 7:7 (2:3)
Sex
Females 7 5 12 12
Males 8 7 15 15
Manual dominance, n(%6)
Right 11 (73) 6 (50) 17 (63) 23 (85)
Left 4 (27) 6 (50) 10 (37) 4 (15)
Manual Ability Classification System level, n (%6)
| 1(6) 2 (17) 3(11)
1 10 (67) 3 (25) 13 (48)
i 4 (27) 7 (58) 11 (41)
Gross Motor Function Classification System level, n (%6)
I 8 (53) 4 (33) 12 (44)
I 7(47) 8 (67) 15 (56)



1. Baseline difference between children with unilateral cerebral palsy and
typically developing children

The baseline difference in processing time between children with UCP and TDC

was calculated by a subtraction method of reaction times (RT) across the various

task conditions (See Figure 2). The number of errors (ER) was also assessed for

each attentional network (See Figure 3).

e Alerting attention

For alerting attention, a comparative analysis revealed significantly higher
processing times in children with UCP compared to TDC (ts0)= 2.39, p= 0.02;
UCP mean [SD]= 120.42 [68.33]; TDC mean [SD]= 81.36 [46.73]) and higher
number of errors committed (U= 141 .00, p<0.001; UCP median [25%—75%]=
12.00 [8.00-15.00]; TDC median [25%—75%]= 3.00 [1.00-8.50]).

e Qrienting attention

For orienting attention, no difference was observed between groups in terms of
processing times (U= 255.00, p= 0.133); however, the number of errors was
significantly higher for the UCP group than for the TDC group (U= 138.50,
p<0.001; UCP median [25%—75%]= 9.00 [7.00-15.00]; UCP median [25%—75%]=
3.00 [1.00-7.50]).

e Executive attention

For executive attention, children with UCP exhibited both significantly higher
processing times (tso)=3.24, p= 0.002; UCP mean [SD]= 159.41 [90.32]; TDC
mean[SD]= 88.15 [65.17]) and higher number of errors committed (U= 101.5,
p<0.001; UCP mean [25%—75%]=14.00 [12.00-20.00]; TDC mean [25%—
75%]=4.00 [2.00-10.50]) compared to TDC.



Figure 2.
Comparison of the mean processing time (in milliseconds) between children with unilateral cerebral palsy and
typically developing children, matched for the three neural networks : alerting attention, orienting attention et

executive attention.
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Notes. Cerebral palsy is associated with significantly higher processing time for alerting attention trials (RTno
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* p<0.05 ; ** p<0.01 ; *** p<0.001

Figure 3.
Comparison of the mean number of errors between children with unilateral cerebral palsy and typically
developing children, matched for the three neural networks : alerting attention, orienting attention et executive

attention.
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Notes : Cerebral palsy is associated with a higher number of errors for alerting attention, orienting attention
and executive attention trials. Errors bars represent standard error. Abbreviations. n= number

* p<0.05 ; ** p<0.01 ; *** p<0.001



2. Impact of intensive therapy on attentional networks
As detailed in the provided table (See Appendix F), we investigated the effect of
HABIT-ILE on attentional networks using a 2 (group : control [CG] vs treatment
[TG]) x 2 (time : T1, T2) repeated-measure ANOVA. We examined processing time
(as calculated by the difference in reaction times) and the percentage of errors, as a

function of time.

e Alerting attention

For alerting attention, no significant effects were observed for processing time
(Figure 4).

The analysis of percentage of errors in the alerting network revealed a significant
interaction between group and time (F(1, 20)= 5.210, p= 0.027). The Holm-
Sidék post-hoc analysis confirmed the interaction and demonstrated a significant
difference in percentage of errors between the groups at T1 (t(20)= 2.341, p=
0.023), with the treatment group exhibiting a higher percentage of errors (mean
difference= 14.259) compared to the control group. However, at T2, the difference
in percentage of errors between the groups was not statistically significant (t(20)=

0.916, p= 0.364) (Figure 4).

Figure 4.

Comparison of changes in processing time and percentage of errors for alerting attention trials, pre- and post-
intervention, between control and treatment groups.

Alerting attention Alerting attention
Reaction time Percentage of errors
300 100
S
£
w 200 £
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= Y
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Abbreviations. ms= milliseconds; T1= pre-intervention; T2= post-intervention



e QOrienting attention

For orienting attention, no significant effect was observed for processing time or
percentage of errors (Figure 5).
Figure 5.

Comparison of changes in processing time and percentage of errors for orienting attention trials, pre- and

post-intervention, between control and treatment groups.

Orienting attention Orienting attention
Processing time Percentage of errors
300 100
— 250 X g
E 0
@ 200 o
S o 60
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C (]
7 2 40
@ 100 g
] % (V]
o S 20 >
[a
50 o
0 0
T1 T2 T1 T2
==@==Control group ==@==Treatment group ==@==Control group e==@==Treatment group

Abbreviations. ms= milliseconds; T1= pre-intervention; T2= post-intervention

e Executive control

Regarding executive control, the analysis of reaction time revealed a significant
main effect of time (F(1, 20)= 7.418, p= 0.009) and a significant interaction
between group and time (F(1, 20) : 6.060, p= 0.017) (Figure 6).

The Holm-Sidak post-hoc analysis for the main effect of time confirmed a
significant difference in processing time between T1 and T2 (F(1, 20)= 2.724,
p=0.009). The children showed faster processing times at T2 (mean difference=
62.009) compared to T1.

The main effect of group was significant with faster processing times in the
treatment group compared to the control group at T2 (F(1,20= 2.456, p= 0.018),
while there was no significant difference in processing times at T1. Specifically, the
treatment group exhibited a more pronounced reduction in processing time (mean

reduction= 118.1) from T1 to T2 compared to the control group (mean reduction=
5.9).
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The analysis of percentage of errors in the executive network revealed a significant
main effect of time (F(1, 20)= 6.480, p=0.014). The main effect of group (F(1,20)=
0.112, p=0.739) and the interaction between group and time (F(1, 20)= 2.551,
p=0.117) were not statistically significant. The Holm-Siddk post-hoc analysis
confirmed the significant main effect of time. The comparison of the percentage of
errors at T2 and T1 revealed a significant reduction in the percentage of errors at
T2 (F(1,20)= 2,545, p= 0.014) for both groups (Figure 6).

Figure 6.

Comparison of changes in processing time and percentage of errors for executive attention trials, pre- and

post-intervention, between control and treatment groups.

Executive attention Executive attention
Processing time Percentage of errors
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Abbreviations. ms= milliseconds; T1= pre-intervention; T2= post-intervention
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IV. DISCUSSION

This study aimed to investigate the difference in the efficiency of the attentional
networks between children with UCP and TDC, as well as to explore the effects of
an intensive therapy on these networks. The results revealed a deficit in the alerting
and executive attention functions in children with UCP compared to TDC, as well
as a significant improvement mainly in executive attention following an intensive

therapy grounded in motor skill learning.

A comparative assessment of the attentional networks between children with UCP
and TDC using the Attention Network Test (Posner & Rothbart, 2007) had not
previously been studied. The observed deficits in alerting and executive attentional
functions in this study aligns with established knowledge of broader cognitive
impairments in children with UCP, notably alterations in divided and sustained
attention, in executive function, in inhibition and in shifting (Bottcher, 2010; Pirila
et al.,, 2011; Sakash et al., 2018). Other studies have also pointed to a higher
prevalence of attention deficit/hyperactivity disorder (ADHD) in children with CP
(Gabis et al., 2015; Shank et al., 2010). This evidence could indicate that children
with UCP may have limited attentional resources, potentially impacting their

cognitive functioning beyond motor impairments.

The literature have suggested that the attentional deficits observed in children with
UCP may be associated with the initial brain lesions observed in CP (Krageloh-
Mann & Horber, 2007). Magnetic resonance imaging studies have identified two
main types of lesions in children with CP (Krageloh-Mann & Horber, 2007):

cortical-subcortical lesions and periventricular lesions.

Cortical sub-cortical lesions, one of the most common type observed in children
with CP (31% of cases), affects the brain’s outer layer and arise from vascular
occlusion or neuronal death, while periventricular lesions, located around brain
ventricles, are mainly linked with white matter injury in premature infants and are
observed in 36% of cases (Hagel, 2018; Reid et al., 2014). The identification of
these two main types of lesions provides insight into the potential impact of
structural abnormalities in the brain on attentional networks. First, cortical lesions,
or deep gray matter lesions, frequently resulting from middle cerebral artery infarcts
and involving the central and parasagittal cortical regions (Krageloh-Mann &

Horber, 2007), have the potential to impact areas known to be critical for attentional
12



network such as alerting attention, orienting attention and executive attention
networks (Fan et al., 2002; Krageloh-Mann & Horber, 2007; Reid et al., 2014). Fan
et al. (2002) demonstrated that the parietal lobe plays a crucial role in alerting and
orienting attention networks. In addition, lesions in frontal areas (Krageloh-Mann
& Horber, 2007), which are recognized for their crucial role in executive functions
and planning, could further contribute to the attentional difficulties (Fan et al.,
2005). Beyond these cortical areas, subcortical lesions resulting from damage in
basal ganglia may also contribute to attentional deficits by playing a crucial role in
executive attention network (Cans et al., 2008; Fan et al., 2005). Therefore, the
spatial distribution of both cortical and subcortical lesions aligns with brain regions
functionally important for attention processing, potentially providing an

explanation for the attentional deficits identified in the current study.

In addition to cortical-subcortical lesions, white matter alterations due to
periventricular lesions, the second most common type of lesions observed in UCP
(Krageloh-Mann & Horber, 2007), may disrupt communication between brain
regions involved in attention and executive functions (Krageloh-Mann & Horber,
2007; Posner & Rothbart, 2007). A noteworthy study employed a combination of
tract and structural network topology analysis, revealing a selective vulnerability of
the parietal-occipital white matter region in preterm children with CP (Ceschin et
al., 2015). It also demonstrated a reorganization of the frontal-striatal and frontal-
limbic pathways (Ceschin et al., 2015). These pathways are all crucial for the
anterior networks of alerting and executive attention (Posner & Rothbart, 2007,
Reid et al., 2014). The disruption of communication between brain regions due to
these white matter lesions may directly impair the functioning of attentional
networks. White matter integrity can also be disrupted by hypoxic-ischemic brain
injury (Araneda et al., 2022; Bax et al., 2006; Krageloh-Mann & Horber, 2007).
Recent findings from an animal model in rats with UCP suggest that hypoxemic-
ischemic brain injury triggers a cascade of cellular and molecular events that
compromise the structural and functional integrity of white matter pathways (Fu et
al., 2024). This disruption can manifest for instance, as deficiencies in proteins
implicated in neuronal signaling, impaired myelin formation (Fu et al., 2024),
decreased fractional anisotropy associated with increased mean diffusivity (Pannek
et al., 2014; Scheck et al., 2012) and may lead to altered connectivity within and

between cortical brain regions (Scheck et al., 2015). Emerging evidence from
13



connectivity studies in human suggests alterations in specific white matter
pathways including the superior longitudinal fasciculus, a key white matter tract
connecting visual processing areas with parietal and frontal regions (Galli et al.,
2018), but also in fronto-striatal and fronto-parietal connections, crucial for
cognitive control and executive functions (Ballester-Plane et al., 2017). A recent
study in infants with spastic CP identified a link between white matter and gray
matter lesions in regions such as the anterior cingulate cortex of the inferior frontal
gyrus (Liu et al., 2024). These findings are consistent with previous studies
reporting altered connectivity within the cingulate cortex, particularly in children
with UCP, and its association with executive attentional dysfunction (Fluss &
Lidzba, 2020; Scheck et al., 2015). Therefore, the observed structural brain
abnormalities, encompassing both cortical and subcortical lesions, white matter
disruptions and potential alterations in specific white matter pathways, converge on
brain regions critically involved in attentional functions, providing an explanation

for the attentional deficits highlighted in this study.

Our findings indicate that a 2-week HABIT-ILE intervention specifically enhances
the executive attention function of children with UCP. This aligns with the well-
established theory by Fitts and Posner (1967) that motor skill acquisition and
attention are linked. HABIT-ILE, known for its effectiveness in improving motor
function and daily activities in children with UCP (Bleyenheuft et al., 2015)
achieves this improvement through its focus on goal-oriented, task-specific
training. This training, as predicted by Fitts and Posner, necessitates attention and
cognition as a fundamental basis for motor learning, with the initial cognitive phase
of motor learning demanding significant attentional resources and evidenced by
slower and imprecise movements observed during skill acquisition (Ferrel-Chapus
& Tahej, 2010; Posner, 1994). Research suggests that attentional reserve, the
capacity to sustain focused attention, increases alongside motor skill development,
suggesting that as individuals gain proficiency in a motor skill, their ability to
maintain attention also improves (Rietschel et al., 2014). Primitive attentional
deficits impair motor development (Beijing, 2007; Foulder-Hughes & Cooke, 2007,
Goulardins et al., 2017; Rosa Neto et al., 2015) while primary motor deficits limits
attentional development (Rietschel et al., 2014), highlighting a bidirectional
relationship between attention and motor impairment in children with UCP with

shared underlying processes (Diamond, 2000; Hoare et al., 2018). While attention
14



capacity predicts executive task performance (van der Fels et al., 2019), attentional
deficits can also affect executive function, reflected in planning difficulties
observed in children with UCP (Steenbergen et al., 2007). Studies further
demonstrated the impact of postural control on attention, with prematurely born
children aged 6-7 years exhibiting reduced executive performance in the Attention
Network Test when maintaining a standing posture compared to term-born children,
suggesting cognitive challenges associated with postural control and motor
inhibition (Rosenbaum et al., 2022). These findings align with Reilly et al.’s (2008)
observations of dual-task interference in postural control across stance positions in
children with CP, particularly affecting the executive attention of those with ataxic
CP during narrow stance (Reilly et al,, 2008). Therefore, HABIT-ILE’s
effectiveness in enhancing executive attention may be attributed to the inherent
attentional demands of motor learning and the well-established bidirectional

relationship between attention and motor development.

Beyond motor skill learning, HABIT-ILE positive impact on attentional functions
likely stems from three key mechanisms among the principles employed by the
therapy. Firstly, the progressive increase in motor task (or “shaping”) inherent to
HABIT-ILE is likely to stimulate continuous attentional engagement (Magill &
Anderson, 2011). Secondly, the voluntary bimanual component of HABIT-ILE may
further contribute to its beneficial effects. The “hands off” approach, which
emphasizes the importance of self-initiated movements without therapist guidance,
increases cognitive demands due to the need for greater intentionality, anticipatory
modulation and potentially higher attentional recruitment during task execution
(Bonnard et al., 2003). Furthermore, attentional deficits present in children with
UCP may disproportionately hinder bimanual tasks as these require more cognitive
resources than unimanual tasks (Baldauf & Deubel, 2008; Hoare et al., 2018). Some
authors suggest that bimanual therapies are more optimal for developing these
cognitive and perceptual processes related to a motor task, allowing improvement
in bimanual performance as well as in predetermined functional goals, further
supporting the findings of previous studies where HABIT-ILE effectively enhances
both bimanual motor performance and the ability to achieve daily living tasks in
children with UCP (Bleyenheuft et al., 2015; Dong et al., 2013; Hoare & Greaves,
2017). Our study is the first to assess the HABIT-ILE effects on the attentional
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networks described by Posner in children with UCP demonstrating improvements

in the specific executive attention network.

The observed improvements in executive function suggest that the motor learning
induced by HABIT-ILE could trigger neuroplastic changes and contribute to neural
plasticity, potentially modifying the structure and function of neural networks
involved in both motor and attentional control, particularly executive control. A
previous study involving 23 children with UCP demonstrated that HABIT-ILE
could enhance the integrity of corticospinal fibers in these children and this
improvement correlated with increased motor performance (Bleyenheuft et al.,
2020). This highlights the plasticity of white matter fibers in corticospinal tracts.
However, the plasticity of corticospinal tracts is insufficient to account for the
observed attentional gains, which require functional connectivity between distinct
brain regions (Fan et al., 2005; Fan et al., 2002; Rueda et al., 2004). An animal
study conducted by Xiao et al. (2016) demonstrated that motor learning stimulates
oligodendrocyte activity in the motor cortex, particularly during the early stages of
learning. This finding supports the notion that white matter changes observed
during motor learning result from adaptive myelination, which enhances synaptic
connectivity and accelerates the transmission of nerve signals (Xiao et al., 2016).
These findings align with a UCP rat model study, where Constraint-Induced
Movement Therapy, a form of motor skill learning, increased Sox2 and Fyn
expression, proteins vital for myelin formation. Notably, combined CIMT and Sox2
overexpression yielded the most significant motor improvement, along with more
oligodendrocytes and enhanced myelin structure (Fu et al., 2024). This adaptive
myelination in motor regions suggests a potential shared mechanism for white
matter improvement in both motor and attentional brain regions. Although these
studies suggest that HABIT-ILE’s effects on attention enhancement may be
attributed to motor learning-induced neuroplasticity, further research employing
neuroimaging techniques is necessary to determine whether this phenomenon

extends to brain regions involved in attention functions in children with UCP.
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V. LIMITATIONS

Although our study yielded statistically significant results, the relatively small
sample size limits the generalizability of our findings to larger populations. Future
research with a larger sample could provide a more robust understanding of HABIT-
ILE’s effects on attention. Additionally, the study assessed the effects of HABIT-
ILE on attention in the immediate post-intervention period, limiting our
understanding of its potential for middle- and long-term improvements. Given the
potential for attention deficits to manifest in various ways, the study could have
benefited from investigating the convergence between the Posner network attention
model and other clinical attention tests. This would have provided valuable insights
into the nature and extent of attentional impairments in this population. Finally,
while the Attention Network Test is a valuable tool for assessing attention, its
reliance on reaction times and percentage of errors necessitates careful

consideration of potential influences from motivation and fatigue.
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VI. CONCLUSION

In conclusion, this study is the first to identify deficits in the alerting and executive
attention functions in children with UCP compared to TDC, using the Attention
Network Test. It also supports the potential of a motor skill learning-based therapy
such as HABIT-ILE to improve specifically executive attention in this population.
These improvements may be linked to neuroplastic changes triggered by motor
learning, potentially involving enhanced white matter connectivity within brain

regions crucial for both motor and attentional control.
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VII.

APPENDIX

1. Appendix A : Information letter and consent form for parents

W UCLouvain @ ioNS

Lettre d’information a destination des parents d’enfants contrdles

Madame, Monsieur,

Dans le cadre de I'évaluation et de la mise en place de nouveaux traitements pour des enfants souffrant de
paralysie cérébrale, nous sollicitons votre aide.

Votre enfant est invité a participer de fagon volontaire a une expérimentation. Avant d’accepter d'y
participer, il est important de lire ce formulaire qui en décrit I'objectif et les modalités pratiques. Vous avez
le droit de poser a tout moment des questions en rapport avec cette expérimentation.

Objectif de I'expérimentation

Il s’agit d’'une expérimentation incluant 27 enfants atteints de paralysie cérébrale et 27 enfants au
développement normal en Belgique. L’objectif de cette étude est de rassembler des données afin de mesurer
le réseau attentionnel d’enfants ne présentant pas de trouble neurologique et de comparer ces données a
celles d’un groupe d’enfants atteints de paralysie cérébrale.

Promoteur de I'expérimentation

Cette étude est réalisée dans le cadre de notre Master en Kinésithérapie et Réadaptation et est supervisée
par la Pr. Yannick Bleyenheuft et par Mr. Rodrigo Araneda de IInstitut des Neurosciences (IoNS) de
I’'Université catholique de Louvain (UCL).

Ce projet fait partie d’'une étude plus large supervisée par la Pr. Yannick Bleyenheuft qui mesure les effets de
la rééducation chez les enfants souffrant de paralysie cérébrale. Le titre général de cette étude est « Effet de
la réadaptation sur les déficiences, limitations d’activité et restriction de la participation des enfants
présentant des lésions neurologiques non-évolutives (paralysie cérébrale). Impact des facteurs contextuels
sur le fonctionnement de ces patients ».

Description de I’expérimentation

La prise de données dure au maximum 1h incluant les explications et sera réalisée dans un endroit calme
permettant la concentration de votre enfant. Cet endroit sera convenu avec vous selon vos préférénces et
vos disponibilités.

Il sera demandé a votre enfant de réaliser une tache trés simple, sous forme de jeu, sur un ordinateur. Lors
de ce test, une rangée de poissons apparait a I’écran a plusieurs reprises. Peu importe la situation, I'objectif
assigné a votre enfant est de déterminer le plus rapidement possible le sens du poisson apparaissant au
centre de I'écran et ce, a I'aide des boutons gauche et droit de la souris d’ordinateur. L’ordinateur encode
les temps de réactions lors de ces diverses tentatives afin que ceux-ci puissent étre analysés ultérieurement.
La mise a disposition de l'ordinateur et de la souris d’ordinateur est assurée par nos soins.

Votre participation en tant que parent consister a remplir une bréve anamnése concernant votre enfant
(prénom, nom, date de naissance, genre, latéralité) et a signer un formulaire de consentement.
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B UCLouvain @®IoNS

Protection de la vie privée

Lidentité de votre enfant et votre participation a cette étude resteront strictement confidentielles. Les
informations relatives a votre enfant, qui seront communiquées aux investigateurs par le biais de 'anamnése,
concernent des données socio-démographiques (nom, date de naissance, genre, latéralité). Les
investigateurs s’engagent a tenir confidentielles toutes les informations relatives a I'enfant participant a
I'étude. Les données recueillies seront rendues anonymes lors de Fanalyse et de la publication des
résultats. L'étude ne comportera aucun résultat individuel.

Assurance

Si vous ou vos ayants-droit (famille) subissez un dommage lié a cette expérimentation, ce dommage sera
indemnisé par le promoteur de |'étude conformément a la loi relative aux expérimentations sur la personne
humaine du 7 mai 2004. Vous ne devez prouver la faute de quiconque.

Participation volontaire

Votre participation a cette expérimentation est entierement volontaire et vous avez le droit de refuser d'y
participer. Vous avez également le droit de vous retirer de I’expérimentation a tout moment, sans en préciser
la raison, méme apreés avoir signé le formulaire de consentement.

Personnes a contacter si vous avez des guestions
Si vous avez des questions concernant ce projet, vous pouvez contacter les investigateurs ou les promoteurs
de cette étude (contacts ci-apres).

En vous remerciant d’avance de |'attention et du temps que vous porterez a cette demande, nous vous prions
d’agréer, Madame, Monsieur, I’expression de nos sincéres salutations,

Investigateurs : VANCOLEN Elisa et SIBILLE Arthur
Master Kinésithérapie et Réadaptation, Faculté des Sciences de la Motricité, Université Catholique de Louvain

Contacts :
- VANCOLEN Elisa : elisa.vancolen@student.uclouvain.be ; numéro de téléphone : 0473/25 62 19
- SIBILLE Arthur : arthur.sibille @student.uclouvain.be ; numéro de téléphone : 0472/95 62 35

Pr. BLEYENHEUFT Yannick
Adresse du laboratoire : PT/PhD
Université Catholique de Louvain

MSL-IN/ COSY/ IONS yannick.bleyenheuft@uclouvain.be

Avenue Mounier 53, boite B1.53.02,

Tour Pasteur (n°53), 2™ étage, bureau 53.02.1338 ARANEDA Rodrigo

1200, Woluwe-Saint-Lambert PhD
Université Catholique de Louvain

rodrigo.araneda@uclouvain.be
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! UcLouvuin Protocole de recherche : Comparaison de I'efficacité du réseau attentionnel entre des {élo NS

enfants au développement neurotypique et des enfants atteints de paralysie cérébrale

Formulaire de consentement contréles
Enfant :

Moi, (nom, prénom), j’accepte de participer a I'étude sur
'analyse du réseau attentionnel chez des enfants sans trouble neurologique et que mes données soient
comparées a celles d’un groupe d’enfants atteints de paralysie cérébrale.

Signature du participant(e), Nom, Prénom (date)

Parents :

Je soussigné(e) ,parentde .
consent librement a faire participer mon enfant a I’étude de Elisa Vancolen et Arthur

Sibille sur la « Comparaison de I'efficacité du réseau attentionnel entre des enfants atteints de paralysie

cérébrale et des enfants au développement neurotypique »

Jai pris connaissance du formulaire et j’ai compris |e but, la nature et le déroulement du projet de recherche.
Je suis satisfait(e) des explications, précisions et réponses que le chercheur m’a fournies, le cas échéant,
quant a la participation de mon enfant a ce projet.

Signature du pére (date) Signature de la mere (date)
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2. Appendix B : Hospital-Faculty Ethics Committee

UCL BRUXELLES

W UCLouvain Q) siiie

Université Catholique de Louvain
Faculié de médecine

Comité d’Ethique Hospitalo-Facultaire
Bruxelles. ce 3 mai 2021

A Uinvestigateur responsable:
Dr Yannick BLEYENHEUFT
IONS/COSY

Av, Mounier 53 bte B1.53.02
1200 Bruxelles

Au président du comité d'Ethique de :
Cliniques Universitaires de Mont-Godinne

AMENDEMENT - avis favorable

Concerne : 2013/0IMAR/D69 - N° Enregistrement Belge : B403201316810

N? Protocole : 0

Acronyme : n/a

Intitulé : Effet de la réadaptation sur les déficiences, limitation d'activité et restriction de la participation des enfants
présentant des lésions neurologiques centrales. Impact des facteurs contextuels sur le fonctionnement de ces patients.
Partie 2.

Cher Collégue,

Le Comité d'Ethique Hospitalo-Facultaire Saint-Luc - UCL a pris connaissance de I'amendement substantiel relatif 2
I'étude susmentionnée et portant sur
= L'Inclusion du site de CHU UCL Namur site Godinne - Pr Yves Vandermeeren
= Lamise & jour des documents suite aux remarques du CE de CHU-UCL Namur :
o Information - participants intensif adultes v7 dd 15sep2020 - modifié mars 2021
o Information - parents intensif v6 dd 20aug2019 - modifié mars 2021
o Consentement - adultes intensif v7 dd 15sep2020 - modifié mars 2021

En tant que comité¢ d'éthique principal désigné par le promoteur, selon les directives de la loi du 07 mai 2004, nous
approuvons cet amendement et marquons notre accord pour la poursuite de ce projet.

Nous rappelons & linvestigateur qu'il est personnellement responsable de cette étude ot au promoteur qu'il est
responsable de la conformité linguistique des formulaires d'information et de consentement et de leur distribution aux
différents comités d'éthique locaux.

Nous vous prions d'agréer, cher Collégue, l'expression de nos sentiments les meilleurs.

Mbd

Pharm, P. de PIERPONT Prof. J-M."MALQJTEAUX
Membre CEHF Présiden

Prontenade de I'Alma 51 bie BI.43.03 - 1200 Bruxelies
TéL : 02/764.55.14 Fomadl : ission ethiq inthiciuc) in.be

1surl
CEHF-FORM-080_v2
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4. Appendix D : Gross Motor Function Classification System (GMFCS)

GMFCS E & R Descriptors and lllustrations for Childrer
between their 6™ and 12" birthday

: GMFCS Level |

 Children walk at home, school, outdoors and fn the
i community. They can climb stairs without the use

: of a railing. Children perform gross motor skills such
as running and jumping, but speed, balance and

: coordination are limited

 GMFCS Level Il

Children walk in most settings and climb stairs holding
: onto a railing. They may experience difficulty walking

: long distances and balancing on uneven terrain,

: inclines, in crowded areas or confined spaces.

: Children may walk with physical assistance, a hand-

: held mobility device or used wheeled mobility over
long distances. Children have only minimal ability to

: perform gross motor skills such as running and jumping.

: GMFCS Level IlI

Children walk using a hand-held mobility device in

: most indoor settings. They may climb stairs holding

: onto a railing with supervision or assistance. Children
i use wheeled mobility when traveling long distances

: and may self-propel for shorter distances.

: GMFCS Level IV

i Children use methods of mobility that require physical
i assistance or powered mobility in most settings. They
: may walk for short distances at home with physical
assistance or use powered mobility or a body support
: walker when positioned. At scheol, outdoors and in

: the community children are transported in a manual

i wheelchair or use powered mability.

: GMFCS Level V

Children are transported in a manual wheelchair

¢ in all settings. Children are limited in their ability

: to maintain antigravity head and trunk postures and
 control leg and arm movements.
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5. Appendix E : Standardized instructions and paper maps used for ANT

Instructions for Attention Network Test (Fish version for children)

" Tu vas jouer un jeu d'ordinateur out ton travail consistera de nourrir un poisson trés affamé. La
fagon de nourrir au poisson lorsqu'il apparait a 'écran est en appuyant sur le bouton de la souris
qui correspond avec la bouche du poisson."

Ensuite, montrez a l'enfant des cartes de repére des stimuli avec un seul poisson et demandez-

leur de montrer sur quel bouton ils appuieraient pour nourrir ce poisson {vers la gauche et apres
vers la droite)

Lorsque vous &tes siir que I'enfant comprend, vous pouvez continuer :
" Parfois, le poisson sera seul, comme tu viens d¢ le voir, et parfois le poisson nagera avec
d'autres poissons. Lorsque tu vois plus d'un poisson, tu dois nourrir uniquement le poisson au

centre. Donc, ce qui compte, c'est vers ou pointe la bouche du poisson du milieu."

Ensuite, montrez-leur des cartes des stimuli avec plusieurs poissons (d'abord congruents, puis
incongruents) et demandez & I'enfant de vous montrer sur quel bouton ils appuieraient

2D 3 B>
(T
T

Lorsque I'enfant comprend, passez aux essais pratiques. Dites-lui qu'il verra un signe plus au
milieu deI'écran et qu'il doit garder les yeux sur le signe plus tout au long du jeu. Dites-lui
¢galement qu'il devrait essayer de nourrir le poisson le plus rapidement possible, mais pas si vite
qu'il commettra de nombreuses erreurs. Vous pouvez également lui donnerun feedback verbal
pendant les essais pratiques. Entre chaque bloc, I'enfant peut choisir de faire une courte pause
ou de continuer, mais il ne doit pas prendre de pause a l'intérieur des blocs, seulement entre eux.
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6. Appendix F : Effects of HABIT-ILE on attentional changes

Two-way Repeated-Measure ANOVA

Pairwise Multiple Comparison

Test
/ T1, Mean T2, Mean Mean % of Group x .
G SEM SEM N Group effect Time effect T Group Time Group x Time
roup ( ) ( ) change tme factor factor P
(p-value)
F P F p F p (p-value) (p-value)
Alerting attention
Processing time (ms)
112.464 112.368
CG -0.085%
(18.676) (19.507)
0.0224 0882 0419 0521 0412 0.524 -
126.776 103.469
TG -18.18%
(16.705) (17.291)
Percentage of errors (%)
18.519 27.083
CG +46.22% TG vs CG
(4.540) (4.742)
0926 0.341 0.111  0.740 5210 0.027 - - within T1
32.778 21.280
TG -35.08% <0.05 (0.023)
(4.061) (4.203)
Orienting attention
Processing time (ms)
73.368 84.659
CG +15.35%
(17.058) (15.728)
0.0367 0.849 0.0117 0914 0444 0.508 -
80.292 72.153
TG -10.14%
(13.468) (13.941)
Percentage of errors (%)
19.329 21.780
CG +12.68%
(4.865) (5.081)
0.568  0.455 0.0598 0.808 0.586 0.448 -
26.481 21.726
TG -17.95%
4.351) (4.504)
Executive attention
Processing time (ms)
G 141915 135.952 120 Tl v T2
(23.520) (24.565) e T1vs T2 within TG
<0.001
1.164 0286 7.418 0.009 6.060 0.017 - <0.05 CGvs TG
- 173.400 55344 651400 0.009) oY
(21.037) (21.775) S within T2
<0.05 (0.018)
Percentage of errors (%)
cG 33.854 29.356 13.32%
(4.900) (5.118) e T1vsT2
0.112  0.739 6.480 0.014 2551 0.117 - <0.05 -
39.841 20.192
TG -49.35% (0.014)
(4.383) (4.536)

Abbreviations. SEM= standard error of the mean; ms= milliseconds; T1= pre-intervention; T2= post-

intervention; CG= control group; TG= treatment group
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ABSTRACT

Aim: This study aimed to investigate attentional networks (alertness, orienting and executive
attention) alterations in children with unilateral cerebral palsy (UCP) and to explore the effects of
an intensive motor skill learning therapy, Hand-Arm Bimanual Intensive Therapy Including

Lower Extremities (HABIT-ILE), on these networks.

Method: Twenty-seven children with UCP were randomized to a Treatment Group (TG; n=15),
participating in a 65-hour HABIT-ILE camp or to a Control Group (CG; n=12), receiving 2-week
conventional therapy. Attentional functions (alertness, orienting, executive control) were assessed
using the children’s Attention Network Test (ANT). Assessments were conducted pre- (T1) and
post-intervention (T2). UCP performance was compared to that of typically developing children

(TDC; n=27).

Results: Children with UCP exhibited slower processing times (PT) and increased number of
errors (ER) in alerting attention (ppr= 0.02; prr<0.001) and executive attention (ppr= 0.002;
pEr<0.001) compared to TDC. A 2 (CG vs TG) x 2 (T1, T2) Repeated-Measure ANOVA on the
time factor revealed a significant interaction effect for PT (F(1, 20)= 6.060; p=0.017), indicating

improvement specifically in the TG over time.

Conclusion : This study provides the first evidence of alerting and executive attention deficits in
UCP compared to TDC by using the ANT and suggests HABIT-ILE’s potential to enhance

specifically executive attention in this population.
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