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Abstract

Background—~Reorganization of the corticospinal tract (CST) can occur in unilateral spastic
cerebral palsy (USCP). The affected hand can be controlled via (1)typical contralateral projections
from the lesioned hemisphere, (2)ipsilateral projections from the non-lesioned hemisphere, (3)a
combination of contralateral and ipsilateral projections (i.e. bilateral). Intensive bimanual therapy
and constraint-induced movement therapy (CIMT) improve hand function of children with USCP.
Earlier it was suggested that the CST connectivity pattern may influence the efficacy of CIMT

Objective—To examine whether CST projection pattern influences the efficacy of intensive
bimanual therapy in children with USCP.

Participants—Thirty-three children with USCP (age 8.9+2.6 years, 16 females). Methods:
Bimanual therapy was provided in a day-camp setting (90 hours). Participants were involved in
different bimanual play and functional activities actively engaging both hands. Hand function was
tested before and after the intervention with the Jebsen-Taylor Test of Hand Function (JTTHF),
Assisting Hand Assessment (AHA), ABILHAND-Kids, and the Canadian Occupational
Performance Measure (COPM). Single-pulse TMS was used to determine each child’s CST
projection pattern (i.e. ipsilateral, contralateral, or bilateral).
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Results—Children whose affected hand was controlled only by ipsilateral CST projections had
worse JTTHF and AHA scores than children in the contralateral group at baseline. Bimanual hand
use and functional hand use was independent of CST projection pattern. After bimanual therapy,
improvements on all outcome measures were observed, and these improvements were independent
of the CST connectivity pattern.

Conclusion—The efficacy of bimanual therapy on hand function in children with USCP appears
to be independent of CST connectivity pattern.

Keywords

Cerebral Palsy; Hemiplegia; Exercise therapy; Rehabilitation; Corticospinal tract; Reorganization

Introduction

Intensive bimanual therapy?, such as Hand-Arm Bimanual Intensive Training (HABIT)?,
encourages skillful hand use in structured bimanual activities. Both bimanual therapy and
constraint-induced movement therapy (CIMT), a unimanual training approach, have been
found to improve hand function in children with Unilateral Spastic Cerebral Palsy
(USCP).3-5 Intensive, skilled, goal-directed training appears essential for obtaining long-
term effects of these training approaches, both on the functional and cortical level.>6
Neverthelesss, considerable variability in treatment outcomes exists. In our HABIT trials,
57% of participants showed clinically important improvements in bimanual performance®.
Although the key factors influencing efficacy of intensive therapy are still unclear, several
factors have been implicated, such as the type, location and extent of the lesion and
subsequent neuroplastic changes, age, and impairment level.”-9

The corticospinal tract (CST) is the main pathway for control of voluntary, skilled hand
movements.19 In healthy individuals, the CST shows a strongly lateralized contralateral
corticospinal projection, i.e. the left hemisphere controls the right upper extremity and vice
versa.10 However, after perinatal unilateral brain lesions, some children develop an
Ipsilateral CST in which the contralesional hemisphere controls both hands or have bilateral
CSTprojections so that the affected hand is controlled by both the lesioned and the
contralesional hemisphere.11:12

Three studies have examined the influence of CST connectivity on the efficacy of CIMT in
individuals with USCP. Kuhnke and colleagues’3 showed that children with a contralateral
CST increased dexterity after CIMT, whereas children with an ipsilateral CST decreased
dexterity (i.e. became slower). These findings were reinforced by a follow up study?® that
showed that the two groups also showed differences in exercise-induced neuroplasticity. In
contrast, Islam et al.” concluded that improvements in hand use after CIMT were present in
all participants, irrespective of their CST connectivity pattern. Based on these studies, each
with a small sample size, it is difficult to draw conclusions about the effect of CST
connectivity pattern on the efficacy of CIMT. More importantly, no study has examined the
effect of CST connectivity pattern on efficacy of bimanual therapy.
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Since evidence of efficacy and clinical use of bimanual therapy is mounting, it is important
to understand the factors that influence efficacy. Therefore, the aim of this study was to
examine the effect of CST laterality on the efficacy of bimanual therapy in children with
USCP. Individuals with a contralateral CST are believed to benefit from CIMT because it
might target the dis-balanced interhemispheric inhibition (IHI).13 In healthy individuals each
hemisphere inhibits the other hemisphere. However, individuals with hemiparesis can have
an unbalanced IHI in which the more active contralesional hemisphere inhibits the less
active lesioned hemisphere.1* CIMT lowers activity in the contralesional hemisphere (by
constraining the less-affected arm) and increases the activity in the lesioned hemisphere,
which in turn can ‘rebalance’ the (unbalanced) IHI.13 For individuals with an ipsilateral CST
however, IHI cannot be targeted since both motor representations are located in the
contralesional hemisphere.13 Intensive bimanual therapy increases activity in both
hemispheres.1® For individuals with a contralateral CST this is hypothesized to maximize
activity in both hemispheres and better interaction between the two hemispheres. For
children with an ipsilateral CST the use of both hands will increase activity of the
contralesional hemisphere, which controls both hands. Therefore, it was hypothesized that
improvements after intensive bimanual therapy are not dependent on the CST connectivity
pattern.

Thirty-three children with USCP and a unilateral brain lesion (confirmed with a Magnetic
Resonance Image, MRI) participated in the study (Table 1). Six children (7.9£2.0 years, 4
females) participated in a day-camp (see below) at Teachers College, Columbia University,
New York, USA (n=4) or at the Université Catholique de Louvain in Brussels, Belgium
(n=2) between 2009 and 2012 as part of previous studies. They returned to the laboratory
subsequently (between 2012 and 2014; maximum time between therapy and TMS was 3
years) for this study to determine their CST connectivity pattern with Transcranial Magnetic
Stimulation (TMS) and are therefore a sample of convenience of previous participants. The
other 27 children (9.1+2.7 years, 12 females) participated in studies on the efficacy of
bimanual therapy between 2010 and 2012 at Teachers College (n=19) and 2013 and 2014 at
Université Catholique de Louvain (n=8). For this group, CST connectivity pattern was
determined before they received intensive bimanual therapy. The behavioral data of some
children included in this paper have been published elsewhere.4:516-18

Participants were recruited through our website (http://www.tc.columbia.edu/centers/cit),
our Facebook page (Center for Cerebral Palsy Research) and online support groups.
Potential participants were first screened via telephone. If they appeared eligible for the
study they were invited for an on-site physical examination or, in case they were unable to
come to the university, for an examination videotaped by their physical/occupational
therapist (PT/OT). Inclusion criteria for the intervention performed in this study were: age
between 6 and 17 years, diagnosis of USCP, being able to lift the affected arm >15 cm above
the table surface and grasp light objects. Participants were excluded from the study if they
had any other medical illness unrelated to USCP, visual problems interfering with
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intervention/testing, severe muscle tone (Modified Ashworth Scale>3.5), surgery in the
affected upper limb within one year prior to the intervention, Botulinum Toxin in the upper
limb within 6 months prior to the intervention.3->19 For the TMS study, children were
excluded if they had seizures after the age of 2 years, current medication use to lower the
seizure threshold, claustrophobia, pregnancy, or presence of metallic object(s) in the body
other than dental hardware. Informed consent was obtained from all children and their
caregivers. The study was approved by the Institutional Review Boards of Teachers College,
Columbia University Medical Center, Université Catholique de Louvain, Burke-Cornell
Medical Research Institute, and Weill-Cornell Medical College.

The intervention consisted of HABIT23.16.20 provided in a day-camp setting at Teachers
College, Columbia University, New York, USA and at Université Catholique de Louvain,
Brussels, Belgium.

Procedures in New York: participants were engaged in age-appropriate bimanual activities
for 6 hours per day for 15 days (90 hours). During HABIT, participants were in a room with
4 to 5 other children of similar ages. An experienced PT or OT supervised the room. Each
child was paired with an interventionist so that there was at least a 1:1
interventionist:participant ratio. The interventionists were trained PTs, OTs, graduate,
undergraduate and graduate students in Kinesiology and related fields and undergraduates.*>
Activities included child-friendly fine and gross motor bimanual activities using motor
learning approaches. Examples of activities include playing board games, playing ball,
making lunch, and arts and crafts. Skill demands of the activities were increased over the
course of therapy and tailored to the abilities of each child. Children also practiced 3 to 5
different functional goals (e.g. tying shoe laces, carrying a tray) as determined by
participants and their parents. Further details of the therapy are described elsewhere.34

Procedures in Brussels: this camp was conducted in a single room near the university.
Therapy was provided for 9 hours per day for 10 consecutive days (90 hours). In addition to
bimanual therapy, which involved activities and goals similar to the camp in New York,
participants received simultaneous lower extremity training (HABIT-ILE2®), such as ball
sitting, standing, standing on balance board, running and jumping. Staff from the New York
camp was present to ensure the intensity and approach to upper extremity treatment were
identical at each site.

Determination of CST connectivity pattern

A detailed explanation of the determination of the CST connectivity pattern can be found in
the online-only material.

Single-pulse TMS was performed”-2:13 using a Magstim 200 stimulator and a figure-of-eight
coil (Magstim, UK). Motor-evoked potentials (MEPs) were recorded bilaterally from the
first dorsal interosseus muscle (FDI) and the wrist flexor using surface electromyography
(EMG) electrodes connected to a Neuroprax amplifier (Neuroconn GmbH, Germany). When
a hotspot for the FDI of the affected hand was found (in the lesioned hemisphere,
contralesional hemisphere, or both hemispheres), the coil was held over that spot to
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determine the resting motor threshold (MT). MT was defined as the stimulator output at
which an MEP equal or bigger than 50 microvolt could be elicited in 6 out of 10 consecutive
stimulations delivered at a frequency <0.1Hz. Subsequently, a 1 cm circular grid of 10cm in
diameter, centered around the affected FDI hotspot, was superimposed over the hemisphere.
Single TMS pulses were delivered to each grid point at a stimulus intensity of 110% MT at a
frequency of 0.1Hz. During the analyses, the total number of responses in the affected FDI
or wrist was calculated for each hemisphere. To determine the CST connectivity pattern, we
calculated the ratio between the number of responses in the affected FDI and wrist flexor
obtained from the lesioned and contralesional hemispheres. This ratio was termed the
Laterality Index (LI)21: 22:

#responses in affected hand when stimulating affected hemisphere

(#responses in affected hand when stimulating affected hemisphere
+
#responses in affected hand when stimulating unaffected hemisphere)

A participant was classified as having a contralateral CST connectivity pattern if the L1 was
between 0.9 and 1, meaning that 90-100% of the responses in the affected hand come from
the lesioned hemisphere. A participant was classified as having an ipsilateral CST
connectivity pattern if the LI was between 0 and 0.1, meaning that 0 to 10% of the responses
in the affected hand come from the lesioned hemisphere. If the LI was between 0.1 and 0.9,
the participant was classified as having a bilateral CST connectivity pattern.

Outcome measures

Participants were evaluated prior to the intervention (pretest) and within 4 days after the
intervention (posttest) by a physical therapist. Unimanual capacity of the affected upper limb
was measured with the Jebsen-Taylor Test of Hand Function (JTTHF), a standardized test
measuring manual dexterity as the time to complete a set of simulated functional unimanual
activities.23 Six of the seven subtests were used (writing task excluded) and the maximum
time for each activity was 180s.24:25

Bimanual performance was tested with the Assisting Hand Assessment (AHA, version
4.326), which measures the spontaneous use of the affected hand as an assisting hand in
bimanual activities. The test was videotaped and scored by an experienced blinded evaluator.
It has good validity2” and reliability (interrater 0.97 and intrarater 0.9928). Transformed logit
data (AHA units) were used for analysis.2

To measure the participant’s ability to perform daily manual activities, the ABILHAND-
Kids was used.30 This is a reliable and valid measure that consists of a list of 21 manual
activities that caregivers score on the amount of difficulty their child experiences while
performing the activities. The score is reported in logit-based units. Lastly, the Canadian
Occupational Performance Measure (COPM) was conducted with the parents to establish
and evaluate the participant’s functional goals in terms of performance and caregiver
satisfaction.31 Functional goals were identified in the areas of self-care, school, or leisure
activities. Each goal was scored before and after the intervention on a 10-point scale. The
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COPM is an individualized measure intended to capture change meaningful to the children
and their parents32 and is valid and reliable.33

Statistical analyses

Results

Using SPSS (IBM, version 21) an independent samples t-test was used to examine whether
the two study populations (New York and Brussels) were comparable in age, baseline
measures, and amount of improvement after therapy (Table 2). The two populations from
each two centers were combined for further analysis.

A 2x2 repeated measures ANOVA with within factor test (pretest vs. posttest) and between
factor CST group (ipsilateral vs. contralateral) was used to evaluate changes in scores of
each measure before and after treatment. In addition, for the JTTHF posttest score an
ANCOVA was performed with the pretest JTTHF score as covariate. A Fisher’s exact test
was used to compare the number of participants with and without improvements bigger than
the minimal clinically important differences (MCID) for the AHA and the COPM.
Participants with a bilateral CST were analyzed separately, comparing pre- and posttest
results with a paired-samples t-test (see below). The significance level was set at 0.05.

Hand function outcomes in children with ipsilateral versus contralateral CST

Unimanual capacity—Thirty-three children (Table 1) participated in the study. We
compared improvements on the JTTHF between the ipsilateral (n=14) and the contralateral
(n=9) groups. While the ipsilateral group was slower overall (main effect of group
F(1,21)=5.41, p=0.030, npz =0.21) and both groups improved (main effect of test
F(1,21)=16.68, p=0.001, an =0.44), there was a greater improvement in movement speed
for the ipsilateral than the contralateral group (test x group interaction F(1,21)=5.08,
p=0.035, npz =0.20). Given that the baseline JTTHF score for the ipsilateral group was
significantly higher compared to the contralateral group (Table 3; p=0.02), we performed an
ANCOVA with the pretest JTTHF score as covariate. When correcting for the baseline
difference between the groups, the JTTHF score on the posttest was not significantly
different between the ipsilateral and contralateral groups (F(1,23)=0.86, p=0.37, np2
=0.041). Thus, children in both groups had similar improvements in unimanual dexterity
after HABIT. Furthermore, there was no significant difference in percentage improvement in
JTTHF between the groups (t(17)=-1.41, p=0.18; ipsilateral: 29.9+4.44%, contralateral:
16.8+9.95%; Figure 1).

Bimanual performance—For the AHA, there was an overall increase from the pretest
(64.0£1.87) to the posttest (66.7+2.09; F(1,21)=7.88, p=0.01, np2 =0.27). In addition,
children with a contralateral CST on average had a higher score than children with an
ipsilateral CST (73.67£3.00 vs. 57.04+2.41 AHA units; main effect of group F(1,21)=18.67,
p<0.001, an =0.47). There was no interaction between the two variables (F(1,21)=1.92,
p=0.18, np2 =0.08), indicating that both groups improved similarly (Table 3; Figure 2). The
lack of difference between the two groups was also visible for the MCID. An MCID (i.e.
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>534) was achieved in 21% of the participants in the ipsilateral group and 33% in the
contralateral group (p=0.64; Table 3).

Functional outcomes—ABILHAND-Kids and COPM scores were available for 22
children (9 contralateral and 13 ipsilateral).

On the ABILHAND-Kids there was an average improvement from 2.06+0.33 to 2.82+0.38
(F(1,20)=9.52, p=0.006, an =0.32). However, no significant test x group interaction was
revealed (F(1,20)=0.11, p=0.74, npz =0.006), suggesting that the improvements were
irrespective of CST connectivity pattern (Table 3). For the COPM Performance measure,
overall, a significant improvement was observed after HABIT from 3.55+0.27 to 6.63+0.40
points (F(1,20)=90.07, p<0.001, np2 =0.82). However, there was no significant interaction
between test and CST group (F(1,20)=0.008, p=0.93, npz =0.00). Similarly, for the COPM
Satisfaction measure, there was a significant improvement after HABIT from 4.23+0.43 to
7.37%0.41 points (F(1,20)=47.63, p<0.001, T]p2 =0.70) but no test x CST group interaction
(F(1,20)=0.47, p=0.83, Tlp2 =0.002), suggesting that both groups increase their COPM score
to a similar degree after HABIT (Table 3). Likewise, the number of participants with an
improvement greater than the MCID (i.e.>2)33 was not different between groups. An MCID
on the COPM performance measure was achieved in 69% of the participants in the
ipsilateral group and 78% in the contralateral group (p=1.0; Table 3). For the COPM
satisfaction measure these values were 62% and 78% for the ipsilateral and contralateral
groups respectively (p=0.65; Table 3).

Hand Function Outcomes in Children with a Bilateral CST

This study focused on the differential efficacy of bimanual therapy in children with
ipsilateral versus contralateral CST patterns. However, one third of the present study sample
(and 15% to 40% of participants in previous studies’-11:12:35-37) had bilateral patterns. Since
their CST pattern is more complex, we analyzed their recovery separately.

Unimanual capacity—Figure 3 shows the percentage improvement on the JTTHF for all
participants. The participants with a bilateral CST (n=10; triangles) showed a large variety in
LI, varying from 0.29 to 0.79 indicating that some children have stronger contralateral
control, while other children have stronger ipsilateral control of the affected hand. The
average improvement of 69 seconds in this group showed a trend towards significance
(t(9)=2.23, p=0.053). Our sample size (n=10) does not allow statistical correlations between
LI and improvement in hand function, but in this group it seems to be unrelated. Importantly
60% of the participants improved more than 20% on the JTTHF, which is comparable to the
contralateral (55%) and ipsilateral (64%) groups. This suggests that bimanual therapy can
improve unimanual dexterity in children with a bilateral CST, irrespective of whether they
have stronger ipsilateral or contralateral connections.

Bimanual performance—Children with bilateral CST patterns showed an improvement
from 60.9+3.20 to 63.1+4.02 AHA units, which is comparable to the ipsilateral and
contralateral groups, but was not significant (t(9)=-1.52, p=0.162). Improvements larger
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than the MCID were achieved by 40% of the participants in the bilateral group, which is also
comparable to the other groups.

Functional outcomes—Children with a bilateral CST significantly improved 1.43 points
on the ABILHAND-Kids (t(9)=—-2.26, p=0.004), which is slightly higher than improvements
in the ipsilateral (0.84) and contralateral (0.67) groups.

Children with a bilateral CST significantly improved on both the COPM Performance (t(9)=
-6.03, p<0.001; mean difference 3.5) and Satisfaction measures (t(9)=5.22, p =0.001; mean
difference 3.6). This improvement is similar to what was found in children with a
contralateral or ipsilateral CST. Similar to the other groups, 80% and 70% of the participants
in the bilateral group showed an improvement larger than the MCID for the Performance and
Satisfaction measure, respectively.

Discussion

This study examined the influence of CST organization on the efficacy of HABIT in

children with unilateral cerebral palsy. The main finding was that children with an ipsilateral
CST versus a contralateral CST improve similarly on hand function and functional

measures. This suggests that the pattern of CST connectivity is not a key factor impacting
the efficacy of bimanual therapy. Previously, the ipsilateral CST was suggested to be
maladaptive and associated with poorer hand function.13:3% Indeed, we also found that
children with an ipsilateral CST have worse baseline hand function than children with a
contralateral CST. Two possible mechanisms have been suggested for the relationship
between baseline hand function and CST pattern.3® First, if the ipsilateral CST is regarded as
a compensatory mechanism following brain injury, the worse baseline hand function in
children with an ipsilateral CST suggests that the compensation mechanism is not sufficient
to fully compensate for the damage and restore function. Second, impaired sensory function
is suggested to play a role. In children with an ipsilateral CST there is a dissociation of
sensory input and motor output. The sensory cortex is located in the lesioned hemisphere,
whereas the motor cortex is relocated to the contralesional hemisphere.38:39 This disrupts the
sensorimotor loop and integration, which is important for skillful hand movements.

Nevertheless, despite their greater impairment, hand function in children with an ipsilateral
CST improved after bimanual therapy to a similar degree as children with a contralateral
CST. Moreover, a similar percentage of participants in each group achieved an MCID on the
AHA and the COPM. Interestingly, about 30% of the children achieved an improvement on
the AHA that was equal or greater than the MCID, whereas this was 50-75% of the children
for the COPM. As suggested by Brandao et al.®, this difference between the outcome
measures might be related to the older age of the children in this study. It is possible that
dexterity and functional use may improve whereas older children may have well-established
strategies for using the affected hand in bimanual activities. Nevertheless, the present
findings are important since they imply that responsiveness to bimanual therapy, such as
HABIT, is not limited by CST connectivity pattern. Friel et al.1” also suggested that a large
range of children could benefit from bimanual therapy. In their study they showed that
peduncle asymmetry (a measure of CST dysgenesis) was not related to improvements in
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hand function after HABIT. Although peduncle asymmetry has not been shown to be related
to CST connectivity patternl8, this study provides further evidence that bimanual therapy
can be beneficial for a large range of children with CP.

Another important finding of the present study is that children with a bilateral CST, who are
often left out of analyses because of their complicated connectivity pattern, also improve (to
the same extent) after bimanual therapy. This supports the suggestion that bimanual therapy
is suitable for children with USCP regardless of their CST connectivity pattern. Moreover, it
shows the importance of including children with bilateral connectivity patterns, who

comprise between 15 and 40%7:11.1235-37 of the USCP population, in rehabilitation studies.

Our findings add to the existing literature on the influence of CST connectivity pattern on
the efficacy of hand therapy. Although this literature is equivocal and had small samples,
there seems to be some evidence that CIMT is more effective for children with a
contralateral than with an ipsilateral CST®13 (in a homogeneous subpopulation of children
with USCP49). Our study suggests that this is not the case for bimanual therapy. This raises
the question why the efficacy of this approach does not seem to be influenced by CST
connectivity pattern whereas CIMT may be. Neurophysiological assessments may help to
delineate this matter!®. However, based on the suggestions by Kuhnke and colleagues!3 the
question seems not so much why HABIT could work for both groups but rather why CIMT
may not be ideal for children with an ipsilateral CST. Juenger et al.%, using TMS, functional
MRI and Magnetoencephalography to study exercise-induced neuroplasticity after CIMT in
individuals with an ipsilateral vs. a contralateral CST, showed for both groups increased
synaptic activity in S1. However, only the contralateral group showed increased excitability
of the M1 controlling the affected hand and increased synaptic activity during active
movement of the affected hand. The ipsilateral group showed a decrease in both parameters.
This difference might be related to the dissociation of S1 and M1 in the ipsilateral group and
is possibly caused by an inhibitory interhemispheric interaction from the exercise-induced
increase of activity in S1 in the lesioned hemisphere to M1 in the contralesional hemisphere.
Still, Juenger et al.% did not study bimanual therapy and studies that focus on the underlying
mechanisms of bimanual therapy and CIMT (i.e. rebalancing IHI and/or involvement of the
sensorimotor loop13) are needed.

Our study is, to our knowledge, the first to look at the influence of CST connectivity pattern
on the efficacy of bimanual therapy. However, there are several limitations to this study. This
study does not include follow-up data. It is possible that CST patterns influence retention of
gains. In addition, there was heterogeneity in our population in terms of the timing of the
determination of the CST connectivity pattern and the sites the children received the therapy.
The timing of the determination of the CST connectivity pattern was either done before or
some years after therapy. Although we cannot rule out changes in CST connectivity pattern
over time, to the best of our knowledge, there is currently no evidence that the CST
connectivity pattern changes during training or development (after the age of 2 years#1:42),
Similarly, we cannot rule out that including children from two different sites who received
slightly different therapies (HABIT vs. HABIT-ILE) influenced the outcomes. However, for
the upper extremity there was 100% overlap of focus and activities between the two sites. In
addition, we showed (Table 2) that the baseline values and the size of the improvements
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were similar between the groups. Bleyenheuft et al.20 showed effect sizes with HABIT-ILE
that were congruent with previous bimanual therapy studies, which suggests that adding
simultaneous lower extremity training does not decrease the possibility to improve upper
extremity function. Moreover, we repeated our analyses, excluding the children from the
Brussels site and the children with retrospective CST determination. All results were the
same for each of the outcome variables when these children were excluded. Thus these
factors did not appear to greatly influence our findings. Although we included more
participants than previous studies, we still have a limited number of participants, which
makes it difficult to draw firm conclusions. Moreover, similar to the study population from
Islam et al.”, our study population is rather heterogeneous, which makes it difficult to correct
for other issues such as lesion size, lesion location and timing of the injury, which may also
have an influence.

In addition, bimanual therapy and CIMT are both commonly used in the rehabilitation of
children with USCP. Existing studies (including the present study) have not directly
compared the impact of CST connectivity between the two approaches. This does not allow
us to determine which type of therapy is optimal for each individual. Therefore, a
randomized controlled trial with sufficient number of participants that compares the efficacy
of bimanual therapy and CIMT between children with an ipsilateral and children with a
contralateral CST could provide insight into this complex but important question. This could
potentially allow therapies to be tailored to individuals.

In conclusion, this study showed that bimanual therapy can improve hand function of
children with USCP irrespective of CST pattern and can therefore be provided to the general
USCP population. Moreover, this study provided a new, objective way to determine CST
pattern by using the LI, which may allow us to examine the relation between laterality and
outcomes in a more comprehensive manner in children with USCP.
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Figure 1.

Percentage improvement on the Jebsen-Taylor Test of Hand Function (JTTHF) for the
ipsilateral and the contralateral groups.
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Figure 2.

Intensive bimanual therapy improves scores on the (a) AHA, (b) Abilhand-Kids, (c) COPM
performance, (d) COPM satisfaction measure for the ipsilateral and the contralateral groups.
*p<0.05; **p<0.001.
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Figure 3.

Percentage improvement in JTTHF score plotted against the Laterality index (LI) for the
ipsi-, contra-, and bilateral groups.
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Comparison of the baseline and improvement values of the JTTHF and AHA between the New York camp site

and the Brussels camp site.

Table 2

Measure NEWMY;{: ((gEz) 23 | Br ﬁgﬁ ((nsé)lo) p-value, difference between sites
Age (years) 9.2 (0.6) 8.2 (0.4) 0.29
Baseline JTTHF (sec) 246.6 (39.8) 317.7 (102.8) 0.44
% improvement JTTHF 25.9% (5.3%) 5.6% (15.2%) 0.12
Baseline AHA (units) 60.9 (2.0) 64.2 (4.3) 0.44
Improvement AHA (units) 2.74 (0.94) 1.40 (1.45) 0.44
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