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Abstract

Background Besides motor impairments, up to 90% of the children and adolescents with unilateral cerebral palsy
(UCP) present with somatosensory impairments in the upper limb. As somatosensory information is of utmost
importance for coordinated movements and motor learning, somatosensory impairments can further compromise
the effective use of the impaired upper limb in daily life activities. Yet, intervention approaches specifically designated
to target these somatosensory impairments are insufficiently investigated in children and adolescents with uCP.
Therefore, the aim of this randomized controlled trial (RCT) is to compare the effectiveness of somatosensory discrimi-
nation therapy and dose-matched motor therapy to improve sensorimotor upper limb function in children and ado-
lescents with uCP, who experience somatosensory impairments in the upper limb. We will further explore potential
behavioral and neurological predictors of therapy response.

Methods A parallel group, evaluator-blinded, phase-ll, single-center RCT will be conducted for which 50 chil-

dren and adolescents with uCP, aged 7 to 15 years, will be recruited. Participants will be randomized to receive

3 weekly sessions of 45 minutes of either somatosensory discrimination therapy or upper limb motor therapy

for a period of 8 weeks. Stratification will be performed based on age, manual ability, and severity of tactile impair-
ment at baseline. Sensorimotor upper limb function will be evaluated at baseline, immediately after the interven-
tion and after 6 months follow-up. The primary outcome measure will be bimanual performance as measured

with the Assisting Hand Assessment. Secondary outcomes include a comprehensive test battery to objectify soma-
tosensory function and measures of bimanual coordination, unimanual motor function, and goal attainment. Brain
imaging will be performed at baseline to investigate structural brain lesion characteristics and structural connectivity
of the white matter tracts.
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Discussion This protocol describes the design of an RCT comparing the effectiveness of somatosensory discrimina-
tion therapy and dose-matched motor therapy to improve sensorimotor upper limb function in children and adoles-
cents with uCP. The results of this study may aid in the selection of the most effective upper limb therapy, specifically
for children and adolescents with tactile impairments.

Trial registration ClinicalTrials.gov (NCTO6006065). Registered on August 8, 2023.

Keywords Unilateral cerebral palsy, Upper extremity, Somatosensation, Sensorimotor function, Neuroimaging,
Bimanual performance, Randomized controlled trial, Physiotherapy, Occupational therapy
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Introduction
Background and rationale {6a}
When performing activities of daily living, such as fill-
ing a drinking cup or jumping rope, we continuously
rely on the process of sensorimotor integration for suc-
cessful task performance [1]. Sensorimotor integration
has been described as the ability to integrate sensory
information from various modalities, while simultane-
ously transforming these inputs into motor actions [2].
More specifically, our somatosensory system provides
relevant information on the characteristics of objects,
such as their form, weight, and size. Also informa-
tion regarding the position and movements of our
body parts in space is provided, which is critical for a
smooth interaction with these objects [1, 2]. As such,
somatosensory impairments can significantly disturb
the process of sensorimotor integration, leading to dif-
ficulties when performing goal-directed activities and
exploring the environment [1, 3-5].

This is often the case for children and adolescents
with neurological disorders, such as cerebral palsy
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(CP). CP is the most common physical disability in
childhood, arising from an injury or malformation of
the developing brain [6, 7]. Unilateral cerebral palsy
(uCP) is a prevalent subtype, accounting for up to 44%
of the cases [8]. Children and adolescents with uCP
present with motor and somatosensory impairments
predominantly at one side of the body, which are often
more pronounced in the upper compared to the lower
limb [9]. Although CP has been primarily defined as a
motor disorder, previous research has shown that up
to 90% of the children and adolescents with uCP also
present with impairments in one or more modalities of
somatosensation [10-12].

Somatosensation comprises all aspects of touch and
proprioception that contribute to a person’s awareness
of his or her body parts in space and the direct inter-
face of these body parts with objects and the environ-
ment in the absence of vision [13]. Somatosensory
impairments can occur across different modalities of
somatosensation, including tactile registration, tac-
tile perception, and proprioception. Tactile registra-
tion comprises the awareness of an external stimulus,
while tactile perception also includes its interpretation
[14]. Proprioception, on the other hand, refers to the
ability to perceive limb positions and movements [15].
For example when filling a drinking cup, tactile regis-
tration and perception are needed to provide informa-
tion on the cup’s texture and weight which is needed
to adequately tune grip force [16], while proprioception
ensures that the position of both hands relative to each
other is properly maintained as the cup is filled and its
weight increases [17].

As such, accurate somatosensory information is cru-
cial for motor control and motor learning [1, 18, 19].
In children and adolescents with uCP, the presence of
somatosensory impairments has shown to be related
to worse motor performance, diminished fine motor
skills, and reduced use of the impaired upper limb
during bimanual activities [10, 20-25]. As a result,
developmental experiences will be restricted, limit-
ing somatosensory input and motor development even
more [6]. This vicious circle emphasizes the impor-
tance of addressing these somatosensory impairments
during rehabilitation [26, 27], to improve the use of
the more impaired upper limb during bimanual daily
life activities potentially further and as such stimulate
developmental experiences, functional independence,
and quality of life.

Up until now, improvements in somatosensory func-
tion are mostly considered as a potential by-product of
motor training [28]. Some studies have indeed shown
that after constraint-induced movement therapy [29] and
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bimanual motor therapy [30-32], significant improve-
ments in somatosensory function can be detected,
although the results are varying depending on the type
of participants, specific intervention performed, and
the outcome measures used. Furthermore, based on the
training principle of specificity, it can be expected that
interventions designated to specifically address these
somatosensory impairments might have a superior
effect. However, the effectiveness of such intervention
approaches has scarcely been investigated in children and
adolescents with uCP [28, 33, 34], despite growing evi-
dence in adult stroke patients.

Given the lack of strong evidence regarding soma-
tosensory therapy approaches specifically for chil-
dren with uCP, Auld and colleagues identified therapy
approaches used in adult stroke patients that may also
be beneficial for children and adolescents [35]. Trans-
fer enhanced somatosensory discrimination therapy,
also known as Sense® therapy, was one of the recom-
mended approaches [36]. Sense© therapy is a highly
structured therapy approach based on the principles
of perceptual learning and learning-dependent neuro-
plasticity. It consists of repeated and graded practice
discriminating differences in a variety of stimuli across
somatosensory modalities, and the practice of daily life
activities with targeted attention for somatosensory
aspects necessary for successful task completion [37].
The effectiveness of this therapy to improve soma-
tosensory impairments and functional upper limb use
in adult stroke patients has been investigated earlier
[35, 36, 38—40]. In 2017, McLean and colleagues modi-
fied the original concept of this therapy to accommo-
date the specific needs of children and adolescents,
resulting in the Sense for Kids therapy [41]. Based on
a feasibility study in children and adolescents with
uCP [41], this therapy might improve somatosensory
function, goal attainment, and motor performance.
Furthermore, Sense for Kids therapy has shown to be
feasible and engaging [42]. The full potential and the
long-term effects of this therapy in comparison to
upper limb motor therapy, however, still need to be
investigated in a randomized controlled trial (RCT).

Despite having the same diagnosis, large inter-indi-
vidual variability with regard to sensorimotor upper
limb function and therapy response after motor therapy
is seen in children and adolescents with uCP [43-48].
This variability has led researchers to investigate poten-
tial predictors of therapy response in order to determine
which children and adolescents may benefit most from
which type of upper limb therapy. Previous studies have
already investigated potential neurological and behavio-
ral predictors, however, sample sizes were often limited
and only motor-based interventions were considered
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[32, 45, 46, 49-51]. Which predictors can be identified
for somatosensory discrimination therapy remains to be
investigated.

In summary, somatosensory function has shown to
be crucial for upper limb motor function [1]. However,
evidence underpinning the effectiveness of therapy
approaches that specifically target somatosensory impair-
ments is still scarce. Based on an earlier study, Sense for
Kids has been proposed as a feasible and potentially
effective therapy approach to improve bimanual perfor-
mance and somatosensory function in children and ado-
lescents with uCP. Yet, the effectiveness of this therapy to
improve sensorimotor upper limb function when com-
pared to upper limb motor therapy, its long-term effects,
and potential predictors of therapy response still remain
to be explored in an RCT.

Objectives {7}

Therefore, this study protocol describes the design of an
RCT comparing the efficacy of Sense for Kids therapy
and dose-matched motor therapy to improve sensorimo-
tor upper limb function in children and adolescents with
uCP, who present with tactile impairments in the more
impaired upper limb. The primary objective is to inves-
tigate if somatosensory discrimination therapy results
in better bimanual performance at 6 months follow-up,
compared to upper limb motor therapy. Secondly, we will
investigate if somatosensory discrimination therapy is
superior to improve somatosensory impairments. Lastly,
we will explore the potential role of behavioral and neu-
rological predictors of therapy response. The results of
this study may aid in the selection of the most effective
therapy intervention, specifically for children and adoles-
cents with uCP who present with tactile impairments in
the upper limb.

We hypothesize that somatosensory discrimination
therapy will result in equal improvements in bimanual
performance compared to upper limb motor therapy,
immediately after the intervention period. However,
we expect further improvements in bimanual perfor-
mance during the follow-up period for participants
who received somatosensory discrimination therapy
because of the improved upper limb use in daily life,
but not after upper limb motor therapy. We further
hypothesize larger improvements in proprioceptive
function and tactile perception, both immediately after
the intervention and at follow-up, in participants who
received somatosensory discrimination therapy. By
considering the content and organization of the soma-
tosensory discrimination therapy, we expect a higher
therapy response for children and adolescents with
worse somatosensory function and better attentional
functioning at baseline. Lastly, we hypothesize that the
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occurrence of thalamic lesions is an important predic-
tor of therapy response, because of the crucial role this
brain structure has in the processing of somatosensory
information that is transmitted from the periphery to
the cortex [52].

Trial design {8}

This study is a parallel group, evaluator-blinded, phase-
11, single-center RCT [53]. Participants will be assigned
to the intervention or active control group, with an
equal (1:1) allocation ratio, based on stratified rand-
omization. The study protocol is reported according
to the SPIRIT (Standard Protocol Items: Recommen-
dations for Interventional Trials) statement [54, 55].
Figure 1 gives a graphical overview of the described
RCT. The study protocol, including the therapy inten-
sity, practical organization of the therapy delivery, and
duration of the assessments at each timepoint, was
discussed with relevant stakeholders during online
video-meetings to improve the feasibility of this RCT.
The stakeholders that participated during these meet-
ings were physiotherapists working in private practices
across Flanders and children and adolescents with uCP
and their parents.

Methods: participants, interventions,

and outcomes

Study setting {9}

Children and adolescents with uCP will be recruited
across Flanders (Belgium) via the Cerebral Palsy Refer-
ence Centre of the University Hospitals Leuven, private
pediatric physiotherapists and special needs education
schools.

Eligibility criteria {10}

Participants will be selected based on the following
inclusion criteria: (1) diagnosis of predominantly spas-
tic uCP; (2) aged 7 to 15 years old at the time of baseline
assessment; (3) sufficient cooperation to comprehend
and complete the test and therapy procedures; (4) mini-
mal ability to actively grasp and hold an object with the
more impaired hand (Modified House Functional Clas-
sification System (mHFCS)>4 [57]); and (5) having a
confirmed impairment in tactile registration and/or
tactile perception, as objectified using a clinical assess-
ment battery (see eligibility screening). The study will not
include children and adolescents who (1) received botuli-
num toxin-A injections six months prior to the baseline
assessment; (2) underwent upper limb surgery one year
prior to the baseline assessment; and (3) are unable to
communicate in Dutch. Eligibility of the participants will
be confirmed by the researchers based on an eligibility
screening, which is described below.
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Who will take informed consent? {26a}

Parents and potential participants will be informed about
the study protocol by giving an in-person explanation,
supported with written information documents. After-
wards, written informed consent to participate in the
eligibility screening will be obtained from the parents or
legal caregiver. Children and adolescents will be asked to
additionally sign the informed assent form. When a child
or adolescent meets the eligibility criteria based on the
screening, an additional written informed consent and
assent form to participate in the intervention study will
be completed by the parents or legal caregiver and par-
ticipant, respectively. The explanation of the study and
informed consent procedure will be performed by one of
the researchers.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
N/a—The collected participant data will not be used in
ancillary studies.

Interventions

Explanation for the choice of comparators {6b}

Within this RCT, we aim to investigate if a therapy
approach focusing on somatosensation has a superior
effect to improve sensorimotor upper limb function in
children and adolescents with uCP who present with
tactile impairments in the upper limb, compared to a
dose-matched motor therapy. A dose-matched active
comparator was selected to eliminate differences in
therapy intensity between both groups.

Intervention description {11a}

Participants in both groups will receive three sessions
of 45 minutes upper limb therapy per week for a period
of eight weeks, resulting in a total therapy duration of
18 hours. All therapy sessions will be performed by indi-
vidual physiotherapists or occupational therapists who
have experience working with children with CP. The par-
ticipant/therapist ratio will be 1:1 for both therapy groups.

Somatosensory discrimination therapy

Participants in the intervention group will receive the
Sense for Kids therapy, which is a highly structured inter-
vention program for the upper limb that aims to improve
different aspects of somatosensory function [58]. More
specifically, the therapy includes graded practice of three
components of somatosensation (ie., component-based
therapy): tactile object recognition, texture discrimina-
tion, and body position sense. Furthermore, it contains the
repetitive practice of self-chosen activities of daily living



Kleeren et al. Trials (2024) 25:147

Page 6 of 21

Eligible participants:

Children with uCP aged 7-15y
With tactile impairment

Inclusion criteria

Excluded:

v

« Not meeting inclusion criteria
« Declined to participate

v

Randomization:

Age (7-10 and 11-15)
MACS-level (1, Il and IIl)

Fifty children will be randomized according to:

Tactile impairment (mild and moderate-severe)

N

Experimental group | | Control group

\4 v

B line (To) nent:
Clinical evaluation
Brain imgaging protocol

v

Allocation

v

Experimental group: Control group:
« Somatosensory discrimination therapy « Upper limb motor therapy
« 3x/week, 45 minutes, 8 weeks « 3x/week, 45 minutes, 8 weeks

Post (T,) assessment:
Clinical evaluation

v

Follow-up (T.) assessment:
Clinical evaluation

Fig. 1 Flowchart of the described RCT based on the CONSORT guidelines [56]. Abbreviations: uCP = Unilateral cerebral palsy; MACS =Manual Ability
Classification System; Baseline (T;) =Maximally 2 weeks before the start of the therapy; Post (T;) = Maximally 2 weeks after the therapy has ended;
Follow-up (T,)=6 months after the therapy has ended, within a time frame of 2 weeks

during which attention is designated to the somatosen-
sory features necessary for successful task performance
(i.e., occupation-based therapy). The self-chosen activi-
ties will be determined based on the results of the Cana-
dian Occupational Performance Measure (COPM) [59], as
described below. The same principles of perceptual learn-
ing as described in previous studies [36, 37, 41, 58] will be
applied, consisting of active exploration without vision,
calibration with the less impaired hand and with vision,
feedback on performance and method of exploration,
anticipation trials, repetition, and progression from easier
to more difficult tasks. Each therapy session will consist of
30 minutes of component-based therapy, during which at

least two different components of somatosensation will be
practiced. These components will be selected based on the
somatosensory profile of the child. The remaining 15 min-
utes consist of occupation-based therapy, during which
one or two activities of daily living will be performed. To
assure the quality of the therapy, all therapists who will
perform the Sense for Kids therapy will follow an instruc-
tional course organized by the researchers. A therapy
manual and all necessary therapy materials are developed
based on the ones adapted by McLean et al. [41, 58] and
will be provided to the therapists. The therapy manual
contains detailed information regarding therapy delivery,
points of attention, and methods of progression.



Kleeren et al. Trials (2024) 25:147

Upper limb motor therapy

Participants in the control group will receive an equal
amount of intensive upper limb motor therapy. During
each session, they will perform 30 minutes of unimanual
motor tasks and 15 minutes of bimanual goal-directed
training. For the unimanual motor tasks, a therapy man-
ual will be provided by the researchers. This manual is
developed in a similar manner as the one developed by
Klingels et al. [44] and contains general information
regarding therapy provision (i.e., progression/regres-
sion and number of repetitions). The manual also
includes specific exercises grouped according to com-
monly reported upper limb motor problems: grasping
and releasing, forearm supination, active wrist extension,
thumb movements, and fine motor skills. Relevant exer-
cises will be selected on an individual basis considering
the upper limb function of the child or adolescent. This
selection will be made by the researchers in collaboration
with the individual therapist of the participant, taking
into account measures of upper limb function performed
at baseline and available in the medical record of the par-
ticipant. During each session, participants will perform
exercises targeting at least two different categories of
upper limb problems. The bimanual goal-directed train-
ing includes repetitive whole-task practice of self-chosen
activities of daily living, which will be determined based
on the results of the COPM. During each session, one or
two different activities of daily living will be practiced.
Selected motor learning principles will be implemented
throughout the upper limb motor therapy, including
repetitive whole-task practice, progressive increases of
task difficulty, provision of external feedback on task per-
formance, and task specificity [19, 60, 61].

Criteria for discontinuing or modifying allocated
interventions {11b}

N/a—The participant may voluntarily withdraw consent
to participate for any reason at any time. The partici-
pant’s request to withdraw from the study will always be
respected without prejudice or further consequences.

Strategies to improve adherence to interventions {11c}
To evaluate compliance, therapists from both groups will
be asked to record the frequency and duration of the effec-
tive therapy time and the executed exercises/activities.
After the first week of intervention and halfway through
the intervention period, parents and therapists will be con-
tacted by one of the researchers to discuss the feasibility of
the therapy and the progress the child has made.
Furthermore, for the intervention group, adherence of
the therapists to the Sense for Kids therapy protocol will
be scored using a fidelity checklist that contains all funda-
mental elements of the therapy and relevant implications
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regarding therapy receipt (Additional file 1) [58]. The
fidelity checklist was audited by five researchers and cli-
nicians who have experience with the provision of Sense
for Kids therapy. Modifications were made to improve
clarity of the necessary elements, include essential ele-
ments of occupational-based therapy and remove assess-
ment items to confine the forms application to individual
and subsequent Sense for Kids therapy sessions. Fidelity
of three randomly selected therapy sessions of each par-
ticipant will be assessed based on a video recording of
the therapy session. All video recordings will be scored
by an independent reviewer who has experience with the
Sense for Kids therapy but is not involved in the provision
of therapy within the scope of this study. Each criterion
will be scored on a 4-point Likert scale and a percentage
score will be computed to objectify adherence. A percent-
age score of 80% or higher will be considered as sufficient
adherence to the therapy protocol.

Relevant concomitant care permitted or prohibited

during the trial {11d}

In agreement with the treating physician and physiothera-
pist of the children and adolescents, conventional physi-
otherapy and occupational therapy for the upper limb will
be replaced by the intervention within this study during
the course of the 8-week intervention period. Other usual
care, such as the use of splints and night orthoses or phys-
iotherapy for the trunk and lower limbs, can be continued
throughout the course of the study. During the follow-up
period conventional physiotherapy and occupational ther-
apy for the upper limb will be continued again. Informa-
tion regarding the upper limb therapy received six months
before therapy commencement and during the follow-up
period will be collected based on a questionnaire com-
pleted by the parents and individual physiotherapist of the
child or adolescent. When a participant receives botuli-
num toxin-A injections or upper limb surgery during the
course of this study, the participant will be excluded and
no additional data will be collected.

Provisions for post-trial care {30}

N/a—After informed consent for the screening has been
obtained until the last follow-up visit, all adverse events
causally related to a study intervention will be reported
according to the regulation of the Ethics Committee
Research UZ/KU Leuven. Although adverse events and
possible injuries are not expected due to the clinical
nature of the study, participants are insured during their
participation in all study-related interventions, including
the assessments and therapy sessions, through the insur-
ance taken by KU Leuven.
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Outcomes {12}

For the primary outcome and secondary outcomes,
an overview of the specific outcome measures, analy-
sis metrics, methods of aggregation, and timepoints
of interest is shown in Table 1. Additional information
regarding the outcome measures can be found under
SPIRIT-item {18a}.

Participant timeline {13}

Table 2 gives a schematic overview of the study period
and related aspects, including which outcome measure
will be assessed at each timepoint.
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Sample size {14}

The sample size calculation is based on the primary objec-
tive, which is defined as the retention of therapy effects
on the primary outcome measure being bimanual per-
formance measured with the Assisting Hand Assessment
(AHA) at 6 months follow-up. The smallest detectable dif-
ference has been reported to be 5 AHA units [62]. Based
on a previous intervention study in children with uCP [46],
a standard deviation of 5.5 AHA units for improvements
after intensive upper limb therapy was calculated by taking
the average of the standard deviations between baseline
and post-intervention and baseline and follow-up of both
intensive therapy groups. The sample size estimate was

Table 1 Schematic overview of the specific outcome measures, analysis metrics, methods of aggregation and timepoints of interest

for the primary outcome and secondary outcomes

Specific outcome measure  Analysis metric  Method of aggregation Timepoints
of interest
Primary outcome
Bimanual performance (Adolescent) Assisting Hand Change over time  Logit-based total score To T,
Assessment (AHA/Ad-AHA) (0-100)
Secondary outcomes
Motor function Bimanual performance (Adolescent) Assisting Hand Change over time Logit-based total score To T
Assessment (AHA/Ad-AHA) (0-100)
Children’s Hand-use Experience Logit-based total scores To T, T,
Questionnaire (CHEQ) (0-100)

Bimanual coordination

bar task
Bimanual coordination Box opening task
Unimanual function

Goal attainment

Somatosensory function Tactile registration

ments
Tactile perception

Aesthesiometer

Tactile Discrimination Test

Proprioception Movement sense

Kinarm exoskeleton: Contralat-

Kinarm exoskeleton: Ball-on-

Tyneside pegboard test (TPT)
Goal Attainment Scaling (GAS)

Semmes-Weinstein Monofila-

Stereognosis assessment

Mean scores per level

Mean scores over 5 trials
Completion time in seconds

Classification based on cri-
terion references into 6
categories (—3-2)
Classification based

on threshold values into 5
categories (1-5)

Number of correctly identi-
fied objects (0-6)

Minimal distance in mm
that can be correctly
discriminated 5 consecutive
times (3->10 mm)

Area under the curve (0-100)

Classification based on per-
formance into 3 categories
0-2)

Mean scores across 24 trials

eral position matching task

Kinarm exoskeleton: Perceptual

boundary task

Kinarm exoskeleton: Indicating

location task

ETH MIKE: Passive position

sense task

Slope and inflection point
of the psychometric curve
Number of correctly identi-
fied locations (0-12)

Mean absolute error
across 11 trials

Abbreviations:mm millimeters, Baseline (T,) maximally 2 weeks before the start of the therapy, Post (T;) maximally 2 weeks after the therapy has ended, Follow-up (T,)

6 months after the therapy has ended, within a time frame of 2
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Table 2 Schematic diagram of the enrollment, intervention and primary and secondary assessments, according to the SPIRIT

statement [55]

STUDY PERIOD

Enrollment Allocation Post-allocation
TIMEPOINT T4 Ty T, T,
ENROLLMENT:
Eligibility screening X
Informed consent X
Allocation X
INTERVENTIONS:
Somatosensory discrimination therapy —T0
Upper limb motor therapy p—0
ASSESSMENTS:
Manual Ability Classification System (MACS) X
Modified House Functional Classification system (mHFCS) X
General questionnaire X
Child Behavior Checklist (CBCL) X
(Adolescent) Assisting Hand Assessment (AHA/Ad-AHA)* X X X
Children’s Hand-use Experience Questionnaire (CHEQ) X X X
Kinarm exoskeleton: Ball-on-bar task X X X
Box opening task X X X
Canadian Occupational Performance Measure (COPM) X X X
Goal Attainment Scaling (GAS) X X X
Tyneside Pegboard Test X X X
Semmes-Weinstein Monofilaments X X X X
Stereognosis assessment X X X X
Aesthesiometer X X X X
Tactile Discrimination Test X X X
Movement sense X X X
Kinarm exoskeleton: Contralateral position matching task, X X X
Perceptual boundary task and Indicating location task
ETH MIKE: Passive position sense task X X X
Brain imaging X

Abbreviations:Baseline (T;) maximally 2 weeks before the start of the therapy; Post (T;) maximally 2 weeks after the therapy has ended; Follow-up (T,) 6 months after

the therapy has ended, within a time frame of 2 weeks

The primary outcome measure is presented in bold and indicated with an asterisk (*)

calculated with G*Power for the following statistical test
“Means: Difference between two independent means (two
groups)” [63, 64]. With an estimated difference of 5 AHA
units in the mean improvement between the intervention
and control group and a standard deviation of 5.5 AHA
units for both groups, an effect size of 0.9 was calculated.
Based on an effect size of 0.9, an alpha level of 0.05 and a
statistical power of 0.80, a sample size of at least 21 partici-
pants is needed in each group to detect a difference equal
to or larger than the smallest detectable difference of 5
AHA units between groups. This number will be increased
to 25 per group to account for inevitable dropouts and to
maximize the study sample for prediction purposes.

Recruitment {15}
Described above, under SPIRIT item {9}.

Assignment of interventions: allocation

Sequence generation {16a}

After enrollment and prior to the baseline assessment,
participants will be assigned to the intervention or con-
trol group through randomization by minimization with
an allocation ratio of 1:1. A minimization technique will
be used to enhance homogeneity between both groups.
To diminish allocation prediction, an additional random
component of 80% probability will be implemented.
The first participant, and in case the marginal totals are
equal between both intervention groups, simple rand-
omization will be performed. Participants will be strati-
fied based on age (2 levels:<11 years and>11 years),
manual ability (3 MACS-levels: I, II, and III) and tactile
impairment (2 levels: mild or moderate-severe — flow-
chart shown in Fig. 3).
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Concealment mechanism {16b}

Participants will be enrolled by one of the researchers,
who will also perform the eligibility screening. Randomi-
zation will be performed by an independent person who
is not involved in the selection procedure and will not
have access to any additional clinical information about
the participants [65]. All necessary participant informa-
tion is provided to the independent person. In case of
doubt or difficulties during randomization, a second
independent person will be contacted to assist in resolv-
ing the difficulties.

Implementation {16c}
Described above, under SPIRIT item {16b}.

Assignment of interventions: Blinding

Who will be blinded {17a}

The assessments of sensorimotor upper limb function
at all three timepoints will be performed by a blinded
researcher who was not involved in the conception of
the study or the provision of therapy to the partici-
pants. Assessments that were video recorded (AHA
and Goal Attainment Scaling (GAS)) will be scored
afterwards by another evaluator who will be blind for
group allocation and timepoint of assessment. Since
the robotic measurements and three-dimensional
motion analysis are fully automated, these assessments
will be performed by a physiotherapist not blinded
to group allocation. Participants and parents will be
blinded to the study hypotheses. Lastly, the treating
therapists will not be blinded to group allocation.

Procedure for unblinding if needed {17b}

N/a—Because of the nature of the intervention and
the related health risks, there are no occasions where
unblinding is needed. Therefore, no specific procedure
for unblinding was foreseen.

Data collection and management

Plans for assessment and collection of outcomes {18a}

An eligibility screening will be performed prior to ran-
domization (7_;) to confirm eligibility of the child or
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adolescent based on the aforementioned in- and exclu-
sion criteria and to objectify the stratification factors.

After randomization, assessments will be performed
at T (baseline, within 2 weeks before the start of the
therapy), T; (post, within 2 weeks after the therapy has
ended), and T, (follow-up, 6 months after the interven-
tion has ended within a 2-week time frame). Upper limb
sensorimotor function will be comprehensively evaluated
at each timepoint using clinical assessments with estab-
lished measures of motor and somatosensory function
and upper limb activities, as well as instrumented assess-
ments with robotic measures and three-dimensional
motion analysis. The assessments of sensorimotor upper
limb function will be performed at the Faculty of Move-
ment and Rehabilitation Sciences (KU Leuven, Belgium)
and will be performed in the same order at all three time-
points. Furthermore, brain imaging will be performed at
baseline at the University Hospitals Leuven (Belgium).
All assessments will be performed by the same research-
ers, who have experience working with children with
uCP.

A summary of the assessment timepoints is presented
in Fig. 2.

Eligibility screening
During the eligibility screening, the participants will be
classified based on their upper limb function according
to the MACS and the mHFCS. The MACS is a five-level
scale indicating the ability of children and adolescents
with CP to handle objects during daily life activities
(Level I="Handles objects easily and successfully”;
Level V="Does not handle objects and has severely
limited ability to perform even simple actions”) [66, 67].
The mHEFCS is used to describe the role of the hands
during the performance of bimanual activities. The nine
levels of the mHFCS range from a hand that is not used
at all (grade 0) to completely independent and spon-
taneous hand use without reference to the other hand
(grade 8) [57]. An overview of all classification levels of
both scales is presented in Additional file 2.

To confirm the presence of a tactile impairment in
the more impaired hand, a short evaluation of tac-
tile registration (Semmes—Weinstein Monofilaments)

[Intervention: Somatosensory discrimination therapy]

T_1:
Eligibility :
screening i

Randomization

To: Baseline

(Control: Upper limb motor therapy )

@

-2 weeks Day 1

8 weeks 6 months "

Fig. 2 lllustration of the study design and assessment timepoints. Abbreviations: Baseline (T,) =maximally 2 weeks before the start of the therapy;
Post (T;) =maximally 2 weeks after the therapy has ended; Follow-up (T,) =6 months after the therapy has ended, within a time frame of 2 weeks
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and tactile perception (stereognosis and aesthesiom-
eter) will be performed. During the eligibility screen-
ing, these assessments will only be performed for the
more impaired hand. Additional information regarding
the administration of these assessments can be found
below, under the section “Somatosensory function” A
graphical overview of the cut-off values used for each
assessment to confirm the presence of a tactile impair-
ment is presented in Fig. 3.

The assessments for this eligibility screening were
carefully selected to minimize the duration as much as
possible, so that the screening can be performed by one
of the researchers during the routine follow-ups in the
Cerebral Palsy Reference Centre of the University Hos-
pitals Leuven. Therefore, the researchers have decided
to focus on the tactile impairments, which have shown
to be more prevalent based on clinical assessments
[23], and to not perform a screening of proprioceptive
function.

Clinical evaluation

Participant characteristics General participant charac-
teristics, including date of birth, sex, comorbidities, more
impaired side, hand preference, and current upper limb
therapy, will be collected at baseline based on a parental
questionnaire and by consulting the medical file and/or
individual physiotherapist of the participants. Parents
will be further asked to complete the Dutch version of
the Child Behavior Checklist for children and adoles-
cents aged 6 to 18 years old (CBCL 6-18, Dutch paren-
tal version) [68]. This questionnaire consists of 120 items
describing internalizing, externalizing, and total behav-
ioral problems in school-aged children and adolescents.
Eight syndrome scales are calculated based on the results:
(1) anxious/depressed behavior, (2) withdrawn/depressed
behavior, (3) somatic complaints, (4) social problems, (5)
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thought problems, (6) attention problems, (7) rule-break-
ing behavior, and (8) aggressive behavior. For the scope of
this study, the results of the attention problems subscale
will be considered as a potential predictor of therapy
response.

Primary outcome measure

— Assisting Hand Assessment, Adolescent Assisting
Hand Assessment

The AHA and Adolescent Assisting Hand Assessment
(Ad-AHA) evaluate the spontaneous use of the more
impaired upper limb during bimanual activities [69, 70].
A semi-structured play session with standardized toys
and materials that require the use of both hands is per-
formed and video recorded. Subsequently, 20 items are
scored on a 4-point Likert scale ranging from 1 (‘does not
do’) to 4 (‘effective use’) and a logit-based total score in
AHA units is calculated. The AHA and Ad-AHA have
shown to be reliable and valid assessments for children
and adolescents with uCP [71-74]. The AHA or Ad-AHA
will be evaluated at each timepoint, depending on the age
of the participant. The AHA will be the primary outcome
measure for this intervention study, because the ultimate
aim is to improve the use of the impaired upper limb dur-
ing daily life activities.

Secondary outcome
function

measures Somatosensory
— Clinical assessments

Somatosensory function will be measured clinically at all
timepoints. These assessments comprise standardized

( Tactile registration: Semmes-Weinstein Monofilaments )

‘Normal sensation’ ‘Diminished light touch’
=1.65 - 2.83 gram =3.22 - 3.61 gram

‘Diminished protective sensation’|| ‘Loss of protective sensation’

=4.00 - 300 gram

l .

=3.84 - 4.31 gram

( Tactile perception ] (

Tactile perception ]

Stereognosis: <5 objects and/or
Aesthesiometer: >4 mm

Stereognosis: <5 objects and
Aesthesiometer: >4 mm

Yl lN
D

i

lY

Fig. 3 Flowchart for categorization of tactile impairments, used for stratification. Abbreviations: Y =yes; N=no; mm=millimeters
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measures for tactile registration, tactile perception, and
proprioception. In all clinical assessments, except for
the one of stereognosis, the less impaired upper limb is
assessed first followed by the more impaired upper limb.
To determine threshold values for tactile registration, the
Semmes—Weinstein Monofilaments will be used. This
test consists of a kit of 20 nylon monofilaments (Jamar®
Monofilaments, Sammons Preston, Rolyan, Bolingbrook,
IL, United States) [12, 75]. The score is the lowest fila-
ment at which the participant was able to correctly iden-
tify three consecutive touches. The assessment starts
with the monofilament that represents the lower border
of normal tactile registration (0.07 g). Afterwards, diffi-
culty is increased (i.e., lower filament) or decreased (i.e.,
higher filament) depending on the performance. Tactile
registration will be classified as normal (0.008-0.07 g),
diminished light touch (0.16-0.4 g), diminished protec-
tive sensation (0.6—2 g), and loss of protective sensation
(4.19-300 g). Next, three different components of tac-
tile perception will be assessed: (1) stereognosis or tac-
tile object recognition, (2) two-point discrimination,
and (3) texture discrimination. First, stereognosis will
be assessed through the tactile identification of familiar
objects. This assessment will be performed as described
by Klingels et al. [76]. Participants are asked to identify
six out of twelve randomly selected objects, of which
three are matched in pairs similar in size and shape (pen-
cil/pen, coins/button, paperclip/safety pin) and three
clearly different objects (marble, spoon, comb, ball,
clothespin, key). The score is the number of correctly
identified objects. Second, two-point discrimination will
be evaluated using an Aesthesiometer which is placed
longitudinally and perpendicularly on the fingertip of the
index, as described by Klingels et al. [76]. The test score is
the minimal distance that the participant could still dis-
criminate as two discrete points in five consecutive tri-
als. The assessment starts with a distance of 4 mm that
is progressively decreased or increased depending on the
participant’s performance. A distance higher than 4 mm
is considered impaired [77]. Third, the Tactile Discrimi-
nation Test will be used to objectify texture discrimina-
tion [78, 79]. During this test, participants are guided
to feel several triplets of textures with their index finger
and are asked to identify which texture out of each set of
three is different. The score is calculated based on the dif-
ference in texture that the participant is still able to cor-
rectly differentiate. Lastly, passive movement sense of the
index finger will be evaluated as a measure of propriocep-
tion. During this assessment, the metacarpophalangeal
joint of the index finger is moved over a small amplitude
by the assessor and the participant is asked to indicate if
the movement was perceived. If the movement was not
perceived, the same procedure is repeated with a larger
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movement amplitude. Movement sense will be classi-
fied as normal (score 2—small amplitude perceived in all
three attempts), impaired (score 1—only larger amplitude
perceived), or absent (score 0—no movement perceived)
[76].

— Kinarm Exoskeleton: Contralateral position matching
task, Perceptual boundary task and Indicating loca-
tion task

Proprioception of the shoulder and elbow joints will
be assessed simultaneously using the Kinarm Exoskel-
eton robotic device (Kinarm, BKIN Technologies Ltd,
Kingston, Canada). Participants are seated on a height-
adjustable chair with both upper limbs positioned in
individually calibrated arm supports, allowing for upper
limb movements in the horizontal plane. A virtual real-
ity screen is positioned above the upper limbs to display
task visuals and to occlude direct vision of the upper
limbs. To objectify proprioception, three different tasks
will be performed: (1) the contralateral position matching
task, (2) the perceptual boundary task, and (3) the indi-
cating location task. All tasks are first performed with the
less impaired upper limb, followed by the more impaired
upper limb. First, the contralateral position match-
ing task is a valid measure of static position sense dur-
ing which the robot passively moves the upper limb that
is being assessed to one out of four spatial targets, each
separated by 12 cm [80, 81]. Afterwards, the participant
is instructed to actively mirror-match this position with
the contralateral upper limb. Each participant performs
24 trials, resulting in four parameters describing posi-
tion sense (ie., absolute error, variability, contraction/
expansion and systematic shift). The second task, the per-
ceptual boundary task, is an adapted version of the task
described by Vandevoorde et al. [82]. During this task, a
passive upper limb reaching movement with an angular
deviation relative to a straight line is performed by the
robotic device. The robot then passively returns the upper
limb to the starting position. Afterwards, participants are
asked to indicate whether the performed movement devi-
ated to the left or right compared to a straight line. The
angular deviation applied on the next trial depends on the
performance and is determined via a parameter estima-
tion by sequential testing procedure, in order to estimate
how accurately each participant can discriminate angular
deviations. A more detailed description of the procedure
to calculate the final parameter can be found elsewhere
[82]. Some minor adaptations compared to the protocol
described by Vandevoorde et al. were made to increase
applicability in children and adolescents with uCP.
Colored symbols were added on the left and right side of
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the virtual screen to assist in describing the direction of
the deviation (ie., left/yellow duck and right/green car).
Next, a straight reference line was added on the screen to
improve task comprehension. Lastly, the movement was
made passive to avoid interference of motor impairments
that might be present in the upper limb. In the third pro-
prioceptive task (indicating location task), the robot pas-
sively moves the upper limb to one out of four prespeci-
fied locations. The participant is then asked to indicate
the perceived position of the tip of their index finger. Each
potential location is marked by a colored circle contain-
ing a white figure to assist in describing the location (i.e.,
apple/green, tree/red, flower/yellow, house/blue), with
at least 5 cm of distance between neighboring locations.
Each participant will perform a total of 12 trials. The final
score is the number of trials during which the participant
correctly identified the location of the hand. The three
tasks will be performed at all timepoints.

— ETH MIKE: Passive position sense task

The ETH MIKE (Motor Impairment and Kinesthetic
Evaluation) robot (Rehabilitation engineering laboratory,
ETH Zirich, Ziirich, Switzerland) will be used to meas-
ure proprioception of the metacarpophalangeal joint of
the index finger during a passive position sense task. The
ETH MIKE is a one degree of freedom end-effector that
can accurately measure positions and movements. Par-
ticipants are seated in front of the device with their hand
grasping a handle and their index finger attached to the
end-effector using Velcro straps. The center of rotation is
aligned with the metacarpophalangeal joint of the index
finger. A tablet computer is positioned above the partici-
pant’s hand to display the task visuals and to block direct
vision of the hand. During the passive position sense task,
the participant’s index finger is passively moved from a
starting position of 0° flexion to one out of 11 predefined
positions, ranging from 10 to 30° flexion. The participant
is then asked to indicate their perceived finger position
on the tablet screen located above the hand. This results
in two parameters of interest: the mean absolute error
between the actual and the indicated position across the
11 trials and the mean variability over these trials. This
task has shown to be valid and reliable in children and
adolescents with uCP and will be performed at all time-
points [83]. More in-depth details regarding the ETH
MIKE can be found elsewhere [83-85].

Motor function

— Children’s Hand-use Experience Questionnaire
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The Children’s Hand-use Experience Questionnaire
(CHEQ) is an online questionnaire that captures the
child’s experience of using the more impaired hand
during 29 daily bimanual activities (available online at:
http://www.cheq.se/questionnaire) [86]. This question-
naire will be completed by the parents or legal caregiver.
For each bimanual activity, the parents are asked to indi-
cate if the child or adolescent uses one or both hands to
perform the activity or if assistance is needed. Followed
by three sub-questions that are scored on a 4-point Lik-
ert scale, indicating the (1) efficacy of the more impaired
hand, (2) time needed to perform the activity compared
to peers, and (3) if the child feels bothered by the more
impaired hand when performing the activity. The CHEQ
has shown to be reliable and valid for the use in children
and adolescents with uCP [87]. This questionnaire will be
completed at each timepoint.

— Kinarm Exoskeleton: Ball-on-bar task

The standardized ball-on-bar task will be performed on
the Kinarm Exoskeleton to quantify bimanual coordi-
nation. The fingertips of the participant are connected
using a virtual bar of 20 cm on which a ball is positioned.
The participants are instructed to move the ball to cir-
cular targets, while keeping it balanced on the bar. The
task has two difficulty levels; in the first level, the ball is
fixed to the bar, while in the second level, the ball moves
when the bar is being tilted. A more detailed description
of the set-up and task can be found elsewhere [81, 88].
Parameters of interest are determined based on previous
research in children and adolescents with uCP [89] and
include bar tilt standard deviation, hand path length bias,
reaction time difference, and hand speed difference. This
task will be performed at every timepoint.

— Box opening task

To evaluate temporal aspects of bimanual coordination,
three-dimensional motion analysis will be performed
during a bimanual box opening task (Oxford Brookes
University, Oxford, UK). Participants are requested to
open the lid of a transparent box with one hand and press
a button inside the box using their contralateral hand at a
self-selected pace. The task will be performed under two
conditions: opening the box with (1) the more impaired
hand and (2) the less impaired hand. Three-dimensional
motion-tracking sensors (Polhemus, Colchester, Ver-
mont, USA) are placed on the dorsal side of the third
metacarpal bone. More detailed information regarding
this assessment and data analysis is reported elsewhere
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[90, 91]. Parameters of interest are total movement time
and goal synchronization. Again, these parameters are
determined based on an earlier study in children and
adolescents with uCP and typically developing peers [92].
Participants will be asked to perform this task at every
timepoint.

— Canadian Occupational Performance Measure

The COPM is a measure of the participant’s self-per-
ceived occupational performance and satisfaction in
functional goals within the domains of self-care, leisure,
and productivity [59]. The COPM is a standardized test
in which maximally five functional goals are identified
by the parents or legal caregiver and/or the participant
during a semi-structured interview [93]. The perfor-
mance and satisfaction of each functional goal is rated
on a 10-point ordinal scale, where 1="not able to do it
all”/ “not satisfied at all” and 10="able to do it extremely
well”/ “extremely satisfied” The validity, reliability, and
responsiveness of the COPM have been shown previ-
ously [94, 95]. The parents and participants will be asked
to rank the identified goals from most important to least
important. The three goals that are identified as most
important will be practiced during the therapy sessions.
Mean performance and satisfaction scores for the func-
tional goals that were practiced and the ones that were
not practiced during therapy will be analyzed separately
to investigate therapy effects.

— Goal Attainment Scaling

Therapy effects on a functional level will be further meas-
ured using GAS. GAS is a valid and reliable, criterion-
referenced measure that is used to quantify achievement
of functional goals on a 6-point scale, ranging from — 3 to
2 [96-98]. The participant’s baseline performance is rep-
resented by a score of —2. Improvements in functional
goal performance correspond to scores ranging from—1
to+2, with score 0 being the expected outcome. Deterio-
ration in functional goal performance results in a score
of — 3. For each participant, the most and least important
functional goal identified by the COPM will be translated
into a GAS, resulting in a GAS for one practiced and one
unpracticed functional goal. Performance of these func-
tional goals will be video recorded and scored at each
timepoint.

— Tyneside Pegboard Test

Page 14 of 21

The Tyneside Pegboard Test (Newcastle University, New-
castle upon Tyne, UK) will be used to assess unimanual
dexterity. Validity and reliability of this test in children
and adolescents with uCP have been shown [25, 99]. Par-
ticipants are asked to transfer nine medium-sized pegs
from one board to an adjacent one as quickly as possible,
using first the less impaired and then the more impaired
hand. Completion time is electronically collected and
results are outputted using a custom-written software.
This task will be performed at all three timepoints.

Brain imaging

A brain magnetic resonance imaging (MRI) scan will be
performed at baseline on a 3.0 Tesla MRI scanner with a
32-channel head coil (Hercules, Philips Medical Systems,
Best, The Netherlands). The imaging protocol consists of
structural MRI for the anatomical characterization of the
brain lesion (i.e., lesion timing, location and extent) and
diffusion-weighted imaging (dMRI) to investigate white
matter structural connectivity. For children up to the age
of 10 years old and in case of anxiety for the MRI assess-
ment, a familiarization protocol will be performed before
the actual scan to introduce important characteristics of
the assessment (e.g., noise, small space, lying still, head-
phones for communication) [100]. Furthermore, all par-
ticipants will be allowed to watch a video of their choice
during the entire scan.

Structural MRI High-resolution T1-weighted images
will be acquired with the following parameters: echo
time=4.2 ms, repetition time=9.1 ms, inversion
time=760.3 ms, field of view=256 FHx180 RL X242
AP mm?3, voxel size=0.9x0.9%0.9 mm?, and 3D turbo
spin echo. In addition, T2-weighted fluid-attenu-
ated inversion recovery images will be acquired with
the following parameters: echo time=283 ms, rep-
etition time=4800 ms, inversion time=1650 ms, field
of view=250 FHx200 RLx250 AP mm? and voxel
size=1.0x1.0x1.0 mm?® Lastly, also T2-weighted
images will be collected with the following parameters:
echo time =280 ms, repetition time=3000 ms, inversion
time =548 ms, field of view=256 FHXx 198 RLx256 AP

mm?, and voxel size=1x1x1 mm?.

The MRI classification system (MRICS) will be applied
to the anatomical images in order to classify the brain
lesions according to the timing of the lesion and the pre-
dominant lesion pattern, resulting in five main groups:
(1) maldevelopments, (2) predominant white matter
injury, (3) predominant gray matter injury, (4) miscella-
neous, and (5) normal findings [101]. Next, lesion loca-
tion and extent will be evaluated in more detail using the
semi-quantitative MRI (sqMRI) scale developed by Fiori
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et al. [102, 103]. In short, the sqMRI scale consists of a
graphical black and white template on which the lesion is
drawn. This template is then used to quantitatively ana-
lyze the lesion characteristics, resulting in different global
and subscores that separately assess both hemispheres,
different brain regions and depths. More detailed infor-
mation regarding the MRICS and sqMRI can be found in
earlier publications [101, 102].

Diffusion-weighted  images. Multi-shell  diffusion-
weighted images will also be acquired using a 2D sin-
gle-shot spin echo sequence with the following speci-
fications: slice thickness=2.3 mm, echo time=93 ms,
repetition time=3765 ms, anterior—posterior phase
encoding direction, b-values =0/1000/25000 s/mm?2 with
3/50/74 uniformly distributed gradient direction respec-
tively, in-plane parallel acceleration factor=1.5 [104],
field of view=136 FHx240 RLx240 AP mm3, voxel
size=2.2X2.2X2.2 mm3, acquisition time=_8 min. There
were 124 uniformly distributed diffusion directions.
dMRI will be pre-processed using an MRTrix-based
pipeline [105]. Constraint spherical deconvolution will be
applied to delineate the motor and somatosensory tracts
for both hemispheres (e.g., corticospinal tract, thalamic
radiations, medial lemniscus) [106, 107].

Plans to promote participant retention and complete
follow-up {18b}

To avoid dropouts due to practical considerations, the
scheduling of therapy and assessment sessions will be
adapted to the participant’s preferences where possible.
Furthermore, one contact person will be appointed to
coordinate the scheduling of therapy and assessments
and to resolve any questions. Lastly, parents will be con-
tacted after the first week of therapy and halfway the
intervention period to discuss feasibility of the therapy
and the progress the child has made. In case of deviations
from the study protocol (e.g., missed therapy sessions
due to illness), the assessments will still be scheduled as
described above and the specific deviation will be noted.

Data management {19}

All data, including assessment results, video recordings,
and activity logs, will be digitalized and stored pseu-
donymized on a secured university network and/or on
the REDCap platform. To ensure data quality, double data
entry will be performed by two independent researchers.
Any discrepancies will be checked and adjusted by a third
researcher using the Data Comparison Tool of the RED-
Cap platform. Moreover, range checks will be built-in on
REDCap for all quantitative outcome measures. Anoma-
lies and data outliers will be inspected and adapted when
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appropriate before data analysis. The final trial dataset
will be accessible on REDCap to the day-to-day manage-
ment team.

Confidentiality {27}

An individual, study-specific identifier will be assigned to
all participants upon enrollment to guarantee confiden-
tiality. Next, a participant identification record will be
generated, containing personal information, and contact
details. This record will be stored separately and access
will be restricted to two researchers, who will also be
responsible for the pseudonymization. No identifiable or
personal data will be published or made available to other
researchers. The de-identified dataset will be made pub-
licly available upon publication of the study results via
KU Leuven Research Data Repository.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

N/a—No biological samples for genetic or molecular
analysis will be collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

All observations will be summarized as mean and stand-
ard deviation or median and interquartile range, according
to the nature of the data. Baseline comparability between
groups will be visually checked based on descriptive sta-
tistics. As the participants will be randomized to the inter-
vention or control group, statistical testing of baseline
differences will not be performed [108]. To study the time
effects of the intervention and to allow for comparison
between both groups, linear or generalized mixed mod-
els will be applied for the primary and secondary outcome
measures. By using random effects, such models correct
for the relation among repeated observations within sub-
jects. An additional benefit of these models is that they
provide a valid inference for missing values that are (com-
pletely) at random [109]. In case the data of an outcome
measure is not normally distributed based on the Shap-
iro—Wilk test and/or visual inspection of the data distribu-
tion, transformations will be applied. The main endpoint
will be to investigate if there is a difference in evolution of
the AHA score over time between both groups. As such,
interactions between therapy and time will be analyzed to
test for differences in improvements over time between
both groups (time*group interaction effect). When a sig-
nificant interaction is identified, time trends will be tested
in both therapy groups separately (time-effect). When the
interaction is not significant, the main effect of time will
be explored. Effect sizes for the full models will be further
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calculated using the Cohen’s partial n*> formula [partial
T12= (F debetween)/((F X dfbetween) + dfwithin)] [110]' Signiﬁ'
cant time trends will be further investigated with pairwise
post hoc tests to compare individual time points (7,—T7,
T,-T, T,-T,). For the model of the primary outcome
measure, the post hoc analysis will be Bonferroni cor-
rected and the pairwise post hoc test for T—T, will be
the primary outcome. For the models of secondary out-
come measures, a false discovery rate with an adjusted
p-value of 0.05 will be implemented. Effect sizes of these
comparisons will be calculated using Cohen’s d formula
[111]. For the second research objective, we will investi-
gate predictive factors of therapy response. Both behav-
ioral and neurological characteristics, i.e., somatosensory
function at baseline, attentional functioning, and thalamic
volume, will be included as covariates in the model for the
primary outcome measure. All statistical analyses will be
performed in SPSS Statistics for Windows. Level of signifi-
cance will be set at 0.05, two-sided. When needed, adapted
statistical techniques will be applied in close collaboration
with Leuven Biostatistics and statistical Bioinformatics
Centre (L-BioStat).

Interim analyses {21b}

No interim analyses are planned at this moment. How-
ever, the trial steering group can request interim analysis
at any time. In this case, the analysis will be performed by
one of the main researchers and results will be discussed
with the trial steering group.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Described above, under SPIRIT item {20a}.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Described above, under SPIRIT item {20a}.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

N/a—The full trial protocol will be available at Clinical-
Trials.gov and upon publication of this protocol paper.
The de-identified dataset will be made publicly availa-
ble upon publication of the study results via KU Leuven
Research Data Repository.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Different working groups have been established to
organize the design, execution, and follow-up of this
intervention study. Table 3 provides an overview of the
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composition, roles, and responsibilities and meeting fre-
quency of the involved working groups.

Composition of the data monitoring committee, its role
and reporting structure {21a}

N/a—No data monitoring committee will be composed
for this trial because of the activity-based character of the
therapy and assessments, which have shown to be safe in
earlier studies.

Adverse event reporting and harms {22}

Information regarding adverse events will be collected
from the participants and their parents through in-
person conversations during each participant contact.
According to the regulations of the Ethics Committee
Research UZ/KU Leuven, all adverse events will be evalu-
ated by the researchers as to seriousness, severity, and
causality to the therapy or assessments. Depending on
the severity of the adverse event, appropriate follow-up
and reporting of these events will be organized by the
researchers, and in consultation with the involved medi-
cal doctors.

Frequency and plans for auditing trial conduct {23}

First, to comply with the sponsor responsibilities related
to study monitoring, UZ/KU Leuven has appointed the
Clinical Trial Center (CTC), who is not involved in the
execution of clinical studies, to perform audits on UZ/
KU Leuven-sponsored studies. These audits are organ-
ized following a risk-based approach. Secondly, general
trial conduct will be evaluated by the day-to-day manage-
ment team. These evaluations include source data veri-
fication, follow-up of issues during data collection, and
validation of missing data. The day-to-day management
team will further submit a yearly progress report to the
Ethics Committee Research UZ/KU Leuven, according
to the regulation of good clinical practice (ICH-GCP).
Lastly, the researchers will permit study-related moni-
toring, audits, ethical committee review, and regulatory
inspection by any competent authority, providing direct
access to all related source data and/or documents.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

If important protocol modifications are required, a valid
and substantial amendment will be prepared by the prin-
cipal investigator, upon consultation of the trial steering
group. This amendment will be submitted to the Ethics
Committee Research UZ/KU Leuven for approval. When
ethical approval is obtained, the protocol registration at
ClinicalTrials.gov will be updated using tracked modi-
fications. Any changes compared to the initial protocol
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Table 3 Schematic overview of the composition, roles and responsi
trial support
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bilities, and meeting frequency of the working groups providing

Composition

Roles and responsibilities Meeting frequency

Trial steering group Day-to-day management team, child neu-
rologist, child orthopedic surgeon, experts
in the field of (pediatric) rehabilitation

Day-to-day management team Principle investigator and main

researchers
Principal investigator Senior professor at KU Leuven
Data management team Main researchers
Stakeholders Physiotherapists working in private

practices across Flanders and children
and adolescents with unilateral cerebral
palsy and their parents

- Agreement on final protocol Three times a year
- Reviewing study progress and if neces-

sary agreeing on changes to the protocol

- Assistance in patient recruitment

- Data analysis and interpretation

- Reporting of trial results to relevant

parties

- Advice on publicity and presentation

of all aspects of the trial

- Study planning and coordination (e.g., Monthly meetings
communication between involved
parties)

- Budget administration

- Initial preparation and revisions

of the study protocol and related
documents

- Organization of meetings with the trial
steering group

- Clinical trial registration (e.g., ClinicalTri-
als.gov)

- Trial conduct (e.g., scheduling therapy
sessions, performance of eligibility screen-
ing, study logistics)

- Recording and reporting of adverse
events

- Data quality assurance

- Provision of annual progress report

to the Ethics Committee Research UZ/KU
Leuven

- Supervise trial conduct /
- Protect rights, safety and well-being

of participants

- Responsible for data storage and
preservation

- Build trial specific database on REDCap ~ Monthly meetings
platform
- Data entry and verification

- Advice on study protocol (e.g. therapy ~ Occasional video-meetings
intensity, duration of therapy and assess-

ment sessions)

- Discussions on strengths/weaknesses/

opportunities/threats of this study

will further be pointed out in scientific publications of
the study results.

Dissemination plans {31a}

The results of this study will be disseminated by peer-
reviewed journal publications as well as active par-
ticipation at international conferences. Authorship of
publications will be determined in accordance with the
guidelines of KU Leuven and in accordance with the
requirements of the respective (medical) journal. We will
further participate in activities and events that focus on
science communication to a non-expert audience, includ-
ing parents, children and adolescents with and without
disabilities and clinicians.

Discussion
This study aims to investigate the efficacy of somatosen-
sory discrimination therapy and dose-matched motor
therapy to improve sensorimotor upper limb function in
children and adolescents with uCP who present with tac-
tile impairments. We will further investigate the potential
role of different behavioral and neurological predictors
of therapy response. Our main hypothesis is that soma-
tosensory discrimination therapy will result in improved
bimanual performance at follow-up, compared to dose-
matched motor therapy.

A comparable trial protocol has been published in 2018
by McLean and colleagues [58]. However, due to diffi-
culties with recruitment during the COVID19 period,
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earlier discontinuation of this trial was necessary. As only
six children with uCP had completed the intervention,
preliminary analysis of the trial results was impossible.
Nevertheless, their earlier feasibility study has shown
that Sense for Kids is a feasible and engaging therapy for
children and adolescents with uCP [41, 42].

Despite the fact that somatosensory function has
shown to be critical to coordinate and finetune move-
ments of each hand separately to a skilled bimanual per-
formance [1], therapy programs that specifically target
the somatosensory impairments are scarce. To the best
of our knowledge, this is the first RCT comparing the
effectiveness of an intervention approach specifically
designated to address somatosensory impairments to a
dose-matched motor therapy in children and adolescents
with uCP that present with tactile impairments in the
upper limb. Although there is favorable evidence for this
therapy concept to improve upper limb function in adult
stroke patients [28, 33, 34]. Sensorimotor upper limb
function will be comprehensively evaluated using clini-
cal assessments that have shown to be valid and reliable
in children and adolescents with uCP, as well as based on
robotic evaluations and instrumented three-dimensional
motion analysis.

Gaining insight in how somatosensory discrimina-
tion therapy impacts upper limb function might be
important to improve current upper limb therapies
specifically for children and adolescents with uCP who
present with tactile impairments. If targeting soma-
tosensory impairments in the upper limb could lead
to a breakdown of the vicious circle of somatosensory
impairments, reduced use of the impaired upper limb
during bimanual activities, and reduced developmental
experience, this therapy could result in improved func-
tional independence and quality of life. By investigating
potential predictors of therapy response, the results of
this study may aid in further individualization of upper
limb therapy.

Trial status

Recruitment started on August 8, 2023. The anticipated
end-date of recruitment is 30 June 2027 or when the
total number of 50 participants is reached. The trial will
be conducted according to the protocol (version 5.2 — 19
January 2024) for which ethical approval was obtained.

Abbreviations

CcP Cerebral palsy

ucp Unilateral cerebral palsy

RCT Randomized controlled trial

mHFCS Modified House Functional Classification System
COPM Canadian Occupational Performance Measure
AHA Assisting Hand Assessment

MACS Manual Ability Classification System
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GAS Goal Attainment Scaling

CBCL Child Behavior Checklist

Ad-AHA Adolescent Assisting Hand Assessment

CHEQ Children’s Hand-use Experience Questionnaire
ETHMIKE ~ ETH Motor Impairment and Kinesthetic Evaluation

MRI Magnetic resonance imaging

dMRI Diffusion-weighted imaging
MRICS MRI classification system
SqMRI Semi-quantitative MRI scale
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