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IMPORTANCE Intensive interventions are provided to young children with unilateral
cerebral palsy (UCP), classically focused on the upper extremity despite the frequent
impairment of gross motor function. Hand-Arm Bimanual Intensive Therapy Including
Lower Extremities (HABIT-ILE) effectively improves manual dexterity and gross motor
function in school-aged children.

OBJECTIVE To verify if HABIT-ILE would improve manual abilities in young children
with UCP more than usual motor activity.

DESIGN, SETTING, AND PARTICIPANTS This prospective randomized clinical trial (November
2018 to December 2021), including 2 parallel groups and a 1:1 allocation, took place at
European university hospitals, cerebral palsy specialized centers, and spontaneous
applications at 3 sites: Brussels, Belgium; Brest, France; and Pisa, Italy. Matched (age at
inclusion, lesion type, cause of cerebral palsy, and affected side) pairs randomization was
performed. Young children were assessed at baseline (T0), 2 weeks after baseline (T1),
and 3 months after baseline (T2). Health care professionals and assessors of main outcomes
were blinded to group allocation. At least 23 young children (in each group) aged 12 to 59
months with spastic/dyskinetic UCP and able to follow instructions were needed. Exclusion
criteria included uncontrolled seizures, scheduled botulinum toxin injections, orthopedic
surgery scheduled during the 6 months before or during the study period, severe
visual/cognitive impairments, or contraindications to magnetic resonance imaging.

INTERVENTIONS Two weeks of usual motor activity including usual rehabilitation
(control group) vs 2 weeks (50 hours) of HABIT-ILE (HABIT-ILE group).

MAIN OUTCOMES AND MEASURES Primary outcome: Assisting Hand Assessment (AHA);
secondary outcomes: Gross Motor Function Measure-66 (GMFM-66), Pediatric Evaluation
of Disability Inventory-Computer Adaptive Test (PEDI-CAT), and Canadian Occupational
Performance Measure (COPM).

RESULTS Of 50 recruited young children (26 girls [52%], median age; 35.3 months for
HABIT-ILE group; median age, 32.8 months for control group), 49 were included in the final
analyses. Change in AHA score from T0 to T2 was significantly greater in the HABIT-ILE group
(adjusted mean score difference [MD], 5.19; 95% CI, 2.84-7.55; P < .001). Changes in
GMFM-66 (MD, 4.72; 95% CI, 2.66-6.78), PEDI-CAT daily activities (MD, 1.40; 95% CI,
0.29-2.51), COPM performance (MD, 3.62; 95% CI, 2.91-4.32), and satisfaction (MD, 3.53;
95% CI, 2.70-4.36) scores were greater in the HABIT ILE group.

CONCLUSIONS AND RELEVANCE In this clinical trial, early HABIT-ILE was shown to be
an effective treatment to improve motor performance in young children with UCP.
Moreover, the improvements had an impact on daily life activities of these children.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04020354

JAMA Pediatr. doi:10.1001/jamapediatrics.2023.4809
Published online November 6, 2023.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Yannick
Bleyenheuft, PhD, Institute of
Neuroscience, Université catholique
de Louvain, 53 Avenue Mounier,
UCL-B1.53.04, B-1200 Brussels,
Belgium (yannick.bleyenheuft@
uclouvain.be).

Research

JAMA Pediatrics | Original Investigation

(Reprinted) E1

Downloaded from jamanetwork.com by guest on 11/27/2023

https://clinicaltrials.gov/study/NCT04020354
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.4809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4809
https://jamanetwork.com/journals/ped/fullarticle/10.1001/jamapediatrics.2023.4809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4809
mailto:yannick.bleyenheuft@uclouvain.be
mailto:yannick.bleyenheuft@uclouvain.be


C erebral palsy (CP) is the most common pediatric motor
disorder, occurring in 2 to 2.5 per 1000 live births.1,2 The
initial lesion or maldevelopment occurs before the age

of 2 years and can affect different periods of brain growth. CP
is caused by the ensuing atypical brain development, espe-
cially if the pathways for the control of skilled movements are
compromised.3-7 The motor impairments caused by CP mostly
affect the execution of daily life activities, primarily because
of reduced manual abilities and gross motor function.8 These
limitations may have a detrimental effect on the quality of life
and participation of these children throughout their lives.2

Evidence supports the use of intensive goal-directed in-
terventions based on motor skill learning to improve motor
function and daily activities in school-aged children with CP,
as compared with regular care.9-11 These interventions in-
duce neuroplastic changes that result in improved function.12,13

However, the main activity-dependent brain reorganization
produced by environmental experience occurs early in life.
Providing interventions to children with CP during this win-
dow of opportunity could potentially maximize functional
changes, positively impact the whole developmental curve,
and minimize subsequent complications.14-17 However, few
studies have evaluated the effectiveness of intensive rehabili-
tation in young children.9,15,17

Most intensive interventions investigated in young chil-
dren with unilateral CP (UCP) involved constraint-induced
movement therapy or bimanual training that only target the
upper extremities, despite the frequent impairment of gross
motor function, including the lower extremities and trunk.18

Hand-Arm Bimanual Intensive Therapy Including Lower Ex-
tremities (HABIT-ILE) is an intensive intervention that in-
volves the practice of voluntary movement with many repeti-
tions and progressive shaping in a child-friendly manner.
In addition to stimulating bimanual coordination, HABIT-ILE
includes continuous stimulation of the lower extremities and
trunk.19 Recently, a single-group, self-controlled pilot study of
the feasibility of HABIT-ILE in 10 preschool children with UCP
found large differences in manual dexterity and gross motor
function after 50 hours of therapy.20 It is now crucial to con-
firm these results in an adequately powered randomized
clinical trial (RCT).

We aimed to evaluate the effect of HABIT-ILE against usual
(spontaneous and unstructured) motor activity, including usual
rehabilitation on bimanual performance at 3 months in chil-
dren with UCP between 1 and 4 years old. We hypothesized
that HABIT-ILE would improve bimanual ability and gross mo-
tor function more than usual, unstructured motor activity.

Methods
Full ethical approval was obtained for this RCT in Belgium
(B403201316810), France (29BRC19.0050/N2019-A01173–
54), and Italy (244/2019). The parents of the young children
included provided signed informed consent for their child’s
participation. This study is part of a large multicenter Euro-
pean project including 2 RCTs: one for children with unilat-
eral cerebral palsy and the second for children with bilateral

cerebral palsy. This study is reported in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines. The study protocol is available in
Supplement 2.

Study Population
Fifty young children (1 to 4 years old) were recruited from Bel-
gian university hospital centers dedicated to the treatment of
children with CP, from Brest University Hospital Centre in
France, and from the IRCCS Fondazione Stella Maris in Pisa,
Italy. Spontaneous applications from the parents of children
were also considered. The inclusion criteria were young chil-
dren with a diagnosis of unilateral spastic or dyskinetic CP,
aged between 12 and 59 months (corrected age if preterm birth),
and able to follow instructions. Half of the children recruited
were aged 12 to 35 months, when descending motor path-
ways are likely to reorganize,21,22 and half were aged 36 to 59
months, when reorganization is less likely. Children were ex-
cluded if they had uncontrolled seizures, botulinum toxin in-
jections, orthopedic surgery scheduled less than 6 months pre-
viously or scheduled during the study period, had severe visual
or cognitive impairments that could interfere with the inter-
vention and/or assessments, or had any contraindications to
magnetic resonance imaging. Recruitment occurred across
the 3 sites: Belgium (n = 18), France (n = 16), and Italy (n = 16)
(Figure 1).

The young children were classified according to their
manual performance using the Manual Ability Classification
System for Children with CP aged 1 to 4 (Mini-MACS),23 and
their gross motor function using the Gross Motor Function Clas-
sification System-Expanded and Revised (GMFM-66),24 and
the corresponding modified versions for children younger than
2 years and those between 2 and 4 years old. Both systems in-
volve a 5-level classification, with I indicating the highest mo-
tor ability (best performers) and V the lowest motor ability level.

Study Design and Data Collection
This prospective multicenter RCT was a 2 parallel-group de-
sign with a 1:1 allocation ratio performed between November
2018 and December 2021. A matched-pairs randomization was
performed at each site according to age at inclusion, lesion type
(brain malformation/ periventricular white matter lesion/ gray

Key Points
Question What is the effect of early Hand-Arm Bimanual
Intensive Therapy Including Lower Extremities (HABIT-ILE)
intervention on bimanual performance vs usual, unstructured
spontaneous motor activity in children 1 and 4 years old with
unilateral cerebral palsy after 3 months?

Findings This randomized clinical trial including 50 children
found improvements in bimanual hand function scores that were
significantly higher in the HABIT-ILE group than in the control group.

Meaning Early HABIT-ILE improved bimanual performance more
than usual motor activity in young children with unilateral cerebral
palsy.
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matter lesion), and affected side (right/left). The young chil-
dren were then randomly allocated to either the control or the
treatment group using computer generated randomization.
Health care professionals, as well as the assessors of the As-
sisting Hand Assessment (AHA), GMFM-66, and Melbourne As-
sessment 2 (MA2) were blinded to group allocation. The RCT
compared the effect of 50 hours over 2 weeks of early
HABIT-ILE with spontaneous, unstructured motor activity with
an estimated activity time of around 50 hours over 2 weeks.
Assessments were performed at 3 time points: baseline (T0),
2 weeks after baseline (T1), and 3 months after baseline (T2).

Assessments
Primary Outcomes
The primary outcome was the between-group difference in
score change (T2-T0) at 3 months in the AHA25 (AHA, chil-
dren older than 18 months) or the version for children younger
than 18 months (Mini-AHA26). This tool evaluates how chil-
dren use their more affected hand to assist the less affected
hand in bimanual activities. Scores are transformed into lin-
ear measures on a scale from 0 to 100 using a Rasch model (logit
based AHA-unit). The session was video recorded for subse-
quent blind scoring by an AHA certified examiner.

Secondary Outcomes
The GMFM-6627 was used to evaluate the children’s gross mo-
tor function. The MA228,29 was used to evaluate the uni-
manual performance of the more and less affected upper ex-
tremity in terms of movement range, accuracy, dexterity, and

fluency. Each child’s MA2 and GMFM-66 test sessions were
video recorded for subsequent blind scoring.

The Canadian Occupational Performance Measure
(COPM)30 was used to establish and evaluate the children’s
functional goals (defined by their parents) in terms of the child’s
performance and parent’s satisfaction. The Pediatric Evalua-
tion of Disability Inventory-Computer Adaptive Test
(PEDI-CAT)31 was used to evaluate functional skills in the daily
activities and mobility domains. All questionnaires were
completed by the parents. For the secondary outcomes, P val-
ues should be considered as a reference for exploratory pur-
poses.

Procedures
Treatment Group: Early HABIT-ILE
Interventionists and physical or occupational therapists
oversaw daily by experienced and trained HABIT-ILE super-
visors provided the early HABIT-ILE intervention. Addition-
ally, to ensure fidelity to the intervention, therapists partici-
pated in 1 to 2 days of training to familiarize themselves with
the therapeutic concepts; they were subsequently guided by
the supervision team throughout the study. Throughout all
the study and sites, the same supervision team ensured the
exclusive use of HABIT-ILE, as well as the adaptation of the
intervention to the child’s age, motor abilities, and func-
tional goals.

The young children participated in day-camp therapy 5
days a week over 2 weeks.19,32,33 At least 1 interventionist was
assigned to each child. As described in the pilot study,20 to ac-

Figure 1. Flow Diagram of Participants

140 Assessed for eligibility

25 HABIT-ILE intervention

25 T0 assesment performed
25 Received allocated intervention

25 Analyzed
1 Missing data on main outcome

24 T2 assesment performed
1 Lost to follow-up
1 Travel issuess

25 T1 assesment performed

50 Randomized

90 Excluded
63 Did not meet inclusion criteria

18 Age >4 y
16 Associated disorders, such as uncontrolled seizure
15 Without unilateral cerebral palsy diagnosis
13 Without cerebral palsy diagnosis
1 Botulinum-toxic injection scheduled during surgery

27 Met inclusion criteria without matched pair

25 Control intervention

25 T0 assesment performed
1 Lost to T0
1 COVID-19 restrictions

24 Received allocated intervention

24 Analyzed
1 Missing data on main outcome

23 T2 assesment performed
1 Lost to follow-up
1 Lost contact/contact did not answer

24 T1 assesment performed

HABIT-ILE indicates Hand-Arm
Bimanual Intensive Therapy Including
Lower Extremities; T0, first testing
session (baseline); T1, second testing
session 2 weeks after T0; T2, third
testing session 3 months after T0.
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count for the specificity of children younger than 5 years, we
modified the original HABIT-ILE protocol.19 Daily sessions con-
sisted of 5 hours of HABIT-ILE per day with 3 hours in the morn-
ing, 2.5 hours off (nap/rest time), and 2 hours in the after-
noon, for a total of 50 hours. Briefly, therapy activities are
chosen according to the child’s baseline upper extremity and
lower extremity capacities and postural control. The activi-
ties are progressed by varying the environmental con-
straints, moving to more challenging activities as perfor-
mance improves.

Control Group: Spontaneous, Unstructured Motor Activity
Young children allocated to the active control group contin-
ued with their usual daily life activities, consisting mainly of
spontaneous unstructured motor activity (at home or day-
care). The estimated usual motor activity time of children 1 to
4 years old is around 5 hours per day.34,35 To ensure that this
theoretical amount of hours reported for this age group in the
literature matched the actual amount of activity performed
by the children in our sample (time spent in movement),36,37

we measured the daily amount of activity using inertial
sensors in both groups between T0 and T1. The children in the
control group performed their usual therapies during this time,
including physical, occupational, and psychomotor therapy
(mean total, 2 hours per week).

Sample Size
As reported in the study protocol,38 we calculated the sample
size based on previous studies of children older than 5 years39

and the pilot trial performed in children younger than 5 years.20

Those studies showed an improvement minima of 6 AHA units
in the treatment group and of 2 AHA units in the control group
(effect size, 1.26).39 The AHA improved by 10 (SD, 6.7) AHA units
at the third month of follow-up.20 Consequently, a minimal
improvement of 1 SD in the treatment group vs the control
group was expected, with an α of .05 and a 1-β of 0.9. Accord-
ingly, 46 participants were required (23 per group) but we
planned to recruit 50 children in case of dropouts.

Statistics
The analyses were performed by an independent group of
statisticians using SAS/STAT software, version 9.4 (SAS Insti-
tute). As planned in the study protocol,38 between-group
comparisons of the primary outcome were performed using
analysis of covariance (ANCOVA) with adjustment for base-
line measurements.40 Additionally, the same analyses were
performed with consideration of age (older than/younger
than 2 years old, ie, up to 35 and from 36 months) and
manual ability limitations (Mini-MACS level) to determine
their impact on the therapy outcomes. ANCOVA was also
performed on the secondary outcomes. If homoscedasticity
and normality were not met, nonparametric analyses (Wil-
coxon test) were performed. For exploratory purposes, the
paired t test (or Wilcoxon) was performed within groups to
compare outcomes between assessment time points. The
Fisher (or χ2) test was also used to comparing qualitative
data. Effects were considered statistically significant at
P < .05.

Results

From a total of 140 young children screened, 90 were ex-
cluded: 13 had no CP diagnosis and 15 did not have UCP, 18 were
older than 59 months, 16 had associated problems that could
interfere with assessments/intervention, and 1 had a sched-
uled botulinum toxin injection during the study period.
Twenty-seven children who fulfilled all the inclusion criteria
could not be peer matched. Among the 50 young children in-
cluded and randomized, 1 from the control group dropped-
out at T0 due to COVID-19 restrictions. One child from each
group did not perform the last assessment session (eTable 1
in Supplement 1).

The groups did not show imbalances at baseline in terms
of age, lesion type, affected side, GMFM-66 score, or sex
(Table 1). Only the Mini-MACS level showed a slight imbal-
ance between groups. Also, there was no between-group im-
balances in the number of minutes per week of usual rehabili-
tation, including physical therapy, occupational therapy,
and psychomotor therapy (Table 1).

Primary Outcome
Mini-MACS/AHA mean score differences (MD) between T0 and
T2 were significantly larger in the HABIT-ILE than the control
group (MD, 5.19; 95% CI, 2.84-7.55; P < .001) (Table 2). Larger
differences were also found in the HABIT-ILE group between
T0 and T1 but not between T1 and T2 (Figure 2 and Table 2).
Subgroup analysis revealed greater improvements in chil-
dren younger than 2 years old (Table 3) with no differences
in the extent of the improvement between the different
Mini-MACS levels (Table 3).

Secondary Outcomes
The results of the secondary outcomes have been presented
for exploratory purposes. GMFM-66 MDs between T0 and T2
were larger for the HABIT-ILE than the control group (MD, 4.72;
95% CI, 2.66-6.78). This was also the case as between T0 and
T1 but not between T1 and T2 (Figure 2 and Table 2).

MA2 MDs (more affected upper extremity) between T0
and T2 were larger for the HABIT-ILE than the control group
for movement range (MD, 14.12; 95% CI, 8.26-19.97), dex-
terity (MD, 18.18; 95% CI, 12.21-24.16), and fluency
(MD, 8.77; 95% CI, 1.07-16.46) but not accuracy (MD, 4.03;
95% CI, −3.20 to 11.26) (Table 2). The less affected up-
per extremity had MDs between T0 and T2 and were larger
for the HABIT-ILE than the control group for movement
range (MD, 5.98; 95% CI, 1.45-10.50) and dexterity (MD,
8.93; 95% CI, 4.37-13.49), but not for accuracy (MD, 3.57;
95% CI, −1.37 to 8.50) or fluency (MD, 2.78; 95% CI, −3.28 to
8.84).

COPM MDs between T0 and T2 were larger for the HABIT-
ILE than the control group for children’s performance (MD,
3.62; 95% CI, 2.91-4.32) and parents’ satisfaction level (MD,
3.53; 95% CI, 2.70-4.36) (Figure 2 and Table 2). Scaled
PEDI-CAT MDs were larger for the HABIT-ILE than the con-
trol group only for the daily activity domain between T0
and T2 (MD, 1.40; 95% CI, 0.29-2.51) (Table 2).
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The activity count did not differ between the HABIT-ILE
(n = 22) and the control group (n = 16) for the less affected up-
per extremity (HABIT-ILE: mean, 43.4 [SD, 8.43] activity count
per second; control: mean, 39.7 [SD, 5.15] activity count per
second; P = .28). In contrast, mean activity count was higher
for the more-affected upper extremity in the HABIT-ILE (mean,
27.7 [SD, 5.3] activity count per second) than the control group
(mean, 23.2 [SD, 2.61] activity count per second; P = .002)
(eTable 2 in Supplement 1).

Discussion

This multicenter RCT confirmed our hypothesis that 50 hours
of early HABIT-ILE would improve bimanual performance more
than usual unstructured motor activity in young children with
UCP aged 1 and 4 years old. Moreover, improvements in the
main outcome occurred in children who were younger than 2
years old. In addition, greater improvements in gross motor
function, functional goals, and daily life activities occurred with
HABIT-ILE than spontaneous unstructured motor activity.

The magnitude of change in bimanual performance mea-
sured by the AHA (5.17 AHA units) after 50 hours of therapy
exceeded the smallest detectable difference (5.0 AHA units)41

and was similar to that observed in older children after 90 hours
of HABIT-ILE (6 AHA units).32 Furthermore, the effect of the
therapy was greater in the younger children than the older chil-
dren included, although this needs to be confirmed by fur-
ther studies. This large change in children younger than 2 years,
despite the lower dose of HABIT-ILE than that provided to
school-aged children (6 years old and older), suggests that this
early intervention had a positive impact on neural structures,
particularly the corticospinal tract, since intense structured ac-
tivity has a large impact on the corticospinal tract during the
early stages of development, as demonstrated in an animal
model.42 The smaller effect in the older children in the pre-
sent study suggests that more than 50 hours of intervention
are required for children older than 2 years to achieve a clini-
cally meaningful change. Such a change occurred in school-
aged children who underwent 90 hours of HABIT-ILE. The sec-
ondary analyses of the AHA regarding the manual ability
limitations through the Mini-MACS showed a larger improve-
ment in children with greater limitations. These results are in
line with reports indicating that children with greater limita-
tions have lower AHA scores and their performance stabilizes
at an older age.43,44 Therefore, the window of opportunity for
progression of performance may be wider in this group.

Between-group differences were also found in gross mo-
tor function and unimanual performance. Previous studies in
young children with UCP mainly focused on the more af-
fected upper extremity.45,46 The results for unimanual perfor-
mance and gross motor function in the present study suggest
that the less affected hand and the lower extremities/trunk can
be successfully trained concomitantly to the more affected up-
per extremity in these young children, with no loss of effec-
tiveness on the more affected upper extremity. This is sup-
ported by a previous report47 of intensive interventions in
school-aged children with UCP that found that the addition of
the lower extremities/trunk component did not affect upper
extremity performance. The larger activity count for the more
affected upper extremity in the HABIT ILE than the control
group highlights the importance of intensity, in terms of
amount of active movement, on performance. However, al-
though the activity count for the less affected upper extrem-
ity did not differ between groups, the unimanual perfor-
mance of this upper extremity also improved more in the
HABIT-ILE group, suggesting that the structured motor activi-
ties also contribute to the effectiveness of this intervention.

Table 1. Baseline Participant Characteristics

Characteristic
Control group
(n = 24)

HABIT-ILE group
(n = 25)

Sex, No. (%)

Male 9 (38) 14 (56)

Female 15 (63) 11 (44)

Age, mo

Mean (SD) 33.16 (12.16) 35.51 (11.99)

Median (Q1-Q3) 32.8 (25.4-44.3) 35.3 (24.7-45.5)

Range 14-52 16-54

Lesion type, No. (%)

Premature 2 (8) 4 (16)

Perinatal asphyxia 1 (4) 1 (4)

Cerebrovascular accident 22 (92) 23 (92)

Other 2 (8) 3 (12)

Affected side, No. (%)

Right 19 (79) 20 (80)

Left 5 (21) 5 (20)

GMFM-66, No. (%)

I 16 (67) 17 (68)

II 5 (21) 5 (20)

III 2 (8) 1 (4)

IV 1 (4) 2 (8)

Mini-MACS, No. (%)

I 1 (4) 7 (28)

II 16 (67) 16 (64)

III 5 (21) 1 (4)

IV 1 (4) 1 (4)

V 1 (4) 0

Physiotherapy,
min per wk

Mean (SD) 40.45 (11.84) 40.77 (9.25)

Median (IQR) 37.5 (30.0-45.0) 45.0 (30.0-45.0)

Range 30-60 30-60

Occupational therapy,
min per wk

Mean (SD) 44.58 (8.91) 45.00 (9.49)

Median (IQR) 45.0 (45.0-45.0) 45.0 (45.0-45.0)

Range 30-65 30-60

Psychomotor therapy,
min per wk

Mean (SD) 44.62 (13.76) 43.75 (8.66)

Median (IQR) 45.0 (40.0-60.0) 45.0 (42.5-45.0)

Range 15-60 30-60

Abbreviations: GMFM-66, Gross Motor Function Measure;
HABIT-ILE, Hand-Arm Bimanual Intensive Therapy Including Lower Extremities;
min, minutes; Mini-MACS, Manual Ability.
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Table 2. Motor Assessments, Goals, and Questionnairea

Mean difference (95% CI)

Outcome Control groupb HABIT-ILE groupc
ANCOVA, adjusted difference
HABIT-ILE (control group)c

Primary outcome

AHA ΔT2-T0, AHA units 0.39 (2.69) 5.17 (4.76) 5.19 (2.84-7.55)

AHA ΔT1-T0, AHA units 0.21 (3.40) 3.60 (4.30) 3.82 (1.55-6.10)

AHA ΔT2-T1, AHA units 0.09 (2.95) 1.58 (2.38) 1.45 (−0.20 to 3.10)

Secondary outcomes

GMFM-66

ΔT2-T0, logits, % 1.21 (3.84) 5.80 (3.26) 4.72 (2.66-6.78)

ΔT1-T0, logits, % −0.09 (2.44) 2.84 (3.17) 3.01 (1.38-4.63)

ΔT2-T1, logits, % 1.18 (3.66) 2.97 (4.03) 1.75 (−0.58 to 4.07)

MA2 score of more-affected hand

ROM

ΔT2-T0, % 1.99 (6.50) 14.38 (13.29) 14.12 (8.26-19.97)

ΔT1-T0, % −0.31 (16.53) 10.34 (15.70) 12.56 (3.56-21.56)

ΔT2-T1, % 2.47 (17.22) 3.77 (9.23) 0.75 (−7.55 to 9.05)

Accuracy

ΔT2-T0, % 8.61 (11.50) 10.43 (13.25) 4.03 (−3.20 to 11.26)

ΔT1-T0, % 5.25 (13.70) 6.47 (15.38) 4.05 (−4.05 to 12.15)

ΔT1-T2, % 3.65 (17.22) 3.86 (10.84) −0.75 (−9.51 to 8.02)

Dexterity

ΔT2-T0, % −0.74 (8.23) 15.85 (13.73) 18.18 (12.21-24.16)

ΔT1-T0, % −0.80 (15.21) 10.21 (13.88) 12.61 (4.89-20.33)

ΔT2-T1, % −0.36 (15.23) 5.98 (12.54) 6.16 (−2.20 to 14.51)

Fluency

ΔT2-T0, % 5.83 (14.85) 12.71 (12.70) 8.77 (1.07-16.46)

ΔT1-T0, % 0.78 (14.47) 9.82 (14.60) 10.63 (2.66-18.60)

ΔT2-T1, % 4.19 (18.21) 2.88 (12.47) −1.13 (−10.52 to 8.26)

MA2 score of less-affected hand

ROM

ΔT2-T0, % −0.64 (8.41) 9.11 (11.56) 5.98 (1.45-10.50)

ΔT1-T0, % −4.79 (17.14) 7.86 (16.97) 6.92 (−1.20 to 15.04)

ΔT2-T1, % 4.35 (18.37) 1.23 (11.69) −1.03 (−10.18 to 8.12)

Accuracy

ΔT2-T0, % 3.65 (10.78) 7.33 (17.64) 3.57 (−1.37 to 8.50)

ΔT1-T0, % −2.00 (18.80) 4.96 (18.45) 6.83 (−1.25 to 14.91)

ΔT1-T2, % 5.74 (17.68) 2.17 (10.61) −3.57 (−12.18 to 5.05)

Dexterity

ΔT2-T0, % 0.17 (8.91) 9.49 (8.33) 8.93 (4.37-13.49)

ΔT1-T0, % 0.82 (8.39) 4.21 (9.42) 3.01 (−1.67 to 7.69)

ΔT2-T1, % −0.69 (11.48) 5.23 (6.96) 5.92 (0.30-11.55)

Fluency

ΔT2-T0, % 1.24 (17.18) 8.16 (11.61) 2.78 (−3.28 to 8.84)

ΔT1-T0, % −2.98 (20.10) 6.88 (17.39) 5.36 (−3.24 to 13.97)

ΔT2-T1, % 4.35 (19.89) 0.99 (13.61) −2.78 (−13.03 to 7.48)

COPM of children’s performance

ΔT2-T0 1.22 (1.17) 4.82 (1.26) 3.62 (2.91-4.32)

ΔT1-T0 0.20 (0.57) 4.18 (1.67) 4.00 (3.27-4.73)

ΔT2-T1 1.03 (1.24) 0.65 (1.37) −0.38 (−1.16 to 0.40)

ΔT2-T0 0.82 (1.47) 4.18 (1.84) 3.53 (2.70-4.36)

(continued)
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This is in agreement with a previous longitudinal study show-
ing the influence of therapy content on improvement in chil-
dren with CP.48 In addition, most improvements in motor out-
comes at the end of the HABIT-ILE were maintained at the
3-month follow-up (Tables 2, Figure 2), similarly to previous

studies of this intervention in school-aged children.32,49 This
finding suggests that participation in an intensive interven-
tion at such a young age opens a window of opportunity to pro-
mote new motor improvements in the ensuing weeks and
months, probably through the improvement in motor perfor-

Table 2. Motor Assessments, Goals, and Questionnairea (continued)

Mean difference (95% CI)

Outcome Control groupb HABIT-ILE groupc
ANCOVA, adjusted difference
HABIT-ILE (control group)c

COPM parent’s satisfaction

ΔT1-T0 0.07 (1.03) 3.86 (2.31) 3.97 (3.10-4.84)

ΔT2-T1 0.81 (1.19) 0.34 (1.69) −0.49 (−1.36 to 0.39)

PEDI-CAT: daily activity

ΔT2-T0, scaled score 0.83 (1.97) 1.96 (2.08) 1.40 (0.29-2.51)

ΔT1-T0, scaled score −0.13 (1.60) 1.63 (2.22) 1.90 (0.79-3.02)

ΔT2-T1, scaled score 0.91 (1.98) 0.13 (2.17) −0.52 (−1.73 to 0.70)

PEDI-CAT: mobility

ΔT2-T0, scaled score 0.65 (1.58) 1.39 (2.59) 0.86 (−0.33 to 2.04)

ΔT1-T0, scaled score −0.13 (1.73) 0.54 (1.86) 0.70 (−0.35 to 1.75)

ΔT2-T1, scaled score 0.70 (1.87) 0.88 (2.92) 0.30 (−1.16 to 1.76)

Abbreviations: AHA, Assisting Hand
Assessment; GMFM-66, Gross
Motor Function Measure;
HABIT-ILE, Hand-Arm Bimanual
Intensive Therapy Including Lower
Extremities; MA2, Melbourne
Assessment 2; ROM, range of motion;
COPM, Canadian Occupational
Performance Measure;
PEDI-CAT, Pediatric Evaluation of
Disability; T0, first testing session
(baseline); T1, second testing session;
T2, 3 months after T0.
a Inventory-Computer Adaptive Test;

Δ, score difference between
assessment times.

b P = .49.
c P < .001.

Figure 2. Changes in Motor and Functional Goals After Hand-Arm Bimanual Intensive Therapy
Including Lower Extremities (HABIT-ILE) Training
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mance and motor learning abilities acquired during the therapy,
as well as the motivation to learn new skills.

The changes in the PEDI-CAT and the COPM scores could
indicate that HABIT-ILE positively impacted on the child’s daily
life activities and the mastering of functional goals. The mag-
nitude of the change in both outcomes was similar to
previous studies in school-aged children with UCP after
HABIT-ILE.49 In addition, the improvements found in the pre-
sent study were greater than those found in studies involving
only upper extremities training in young children with UCP.46

This highlights the importance of including gross motor func-
tion training in intensive interventions at this age to improve
the performance of daily life activities, despite the some-
times lengthy time required to lead the parents and children
through the goal definition process.

The functional changes observed in this study most
probably result from neuroplastic changes induced by
HABIT-ILE.12,13 These neuroplastic changes are probably rel-
evant in children with CP because the persistent inflamma-
tion provoked by the early lesion50 alters a number of pro-
cesses in the gray and white matter.51-53 Several features of
the intervention likely potentiate neuroplastic changes, such
as the motivating, child-friendly, enriched environment
designed to promote motor experiences. In animal models,
this type of stimulation improves cognitive, motor, and
social function and is associated with morphological brain
changes.54-56 In addition, HABIT-ILE promotes the acquisi-
tion of new motor skills.12,13 Several animal model studies
have found changes in white matter, notably in the cortico-
spinal tract, associated with the effects of motor training, in

particular when the difficulty of the task is progressively
increased during the training.57,58 Therefore, intensive
therapies may promote activity-dependent neuroplasticity,
avoid maladaptive changes, and stimulate adaptative
neuroreorganization.

Limitations
Despite our efforts to control for confounding factors by using
the strictest method available, some factors, such as the cog-
nitive level of participants, may have impacted our results.
The activity count data of both upper extremities could not be
analyzed in all the children of each group; however, the re-
sults seem to reflect the overall behavior of the study group.
Another limitation could be the lack of evidence relating to
other interventions using similar protocols with which to com-
pare our results. Lastly, the results of our secondary out-
comes should be considered as exploratory because we did
not perform adjustment for multiple comparisons.

Conclusions
This multicenter RCT provides new evidence supporting the
effectiveness of HABIT-ILE provided as an early intervention
for young children with UCP, as compared with spontaneous,
unstructured motor activity. As recommended recently,59 the
next step is to promote the integration of this type of early in-
tervention into clinical guidelines. This would promote the
use of therapies based on scientific evidence in the rehabili-
tation process of children with CP from a young age.
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