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ABSTRACT

Introduction: Children with cerebral palsy (CP) classified as Gross Motor Function
Classification System (GMFCS) levels llI-IV demonstrate impaired sitting and reaching
control abilities that hamper their overall functional performance. Yet, efficacious
interventions for improving sitting-related activities are scarce for these children. We
recently designed a motor learning-based intervention delivered with the robotic Trunk-
Support-Trainer (TruST-intervention), in which we apply force field technology to
individualize sitting balance support. We propose a randomized controlled trial to test the
efficacy of the motor intervention delivered with robotic TruST or a static trunk support
system.

Methods and analysis: We will recruit 82 participants with CP, GMFCS llI-1V, and aged
6-17yrs. Concealed allocation to either TruST- or static trunk-support intervention will be
ensured by enrolling participants with opaque sealed envelopes prepared by someone
unrelated to our study. We will apply an intention-to-treat protocol. Intervention schedules
will be 2H/sessions, 3/week, over 4 weeks. Participants will start both interventions with
pelvic strapping. In TruST-intervention, postural task-progression will be implemented by
a progressive increase of the force field boundaries, and then by removing the pelvic
straps. In static trunk support-intervention, we will progressively lower the trunk support
and remove pelvic strapping. Outcomes will be assessed at baseline, midpoint of the
motor training, 1week post-intervention, and 3month follow-up. Primary outcomes will
include modified functional reach test, sitting workspace area, and Box & Block test.
Secondary outcomes will include: Segmental Assessment of Trunk Control test, Seated
Postural & Reaching Control test, Gross Motor Function Measure-ltem Set, Canadian
Occupational Performance Outcome, The Participation and Environment Measure and
Youth, and postural and reaching kinematics.

Ethics and dissemination: Approval for this first study protocol version was granted by
the Institutional Review Board at Columbia University (AAAS7804). This study has been
funded by the National Institutes of Health (1RO1HD101903-01) and is registered at
clinicaltrials.gov (NCT04897347).
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INTRODUCTION

Cerebral palsy (CP) is the most common life-long childhood physical disability with 2.0-
3.5 per 1000 births, and a lifetime cost per person of $921,000 in the US."-2 Approximately
29% of these children have moderate-to-severe bilateral CP (BCP)—Gross Motor
Function Classification System (GMFCS) levels IlI-V.3-%> Abnormal posture and motor
deficits are some of the most disabling impairments.356 Yet, efficacious therapies
targeting sitting postural control that result in long-lasting functional benefits are scarce.’
This is particularly problematic for children with BCP, GMFCS IlI-1V, who require sitting
abilities for wheeled mobility, activities of daily living (ADLs), an active physical life, and
community participation.8-12 Sitting control deficits are commonly resolved by assistive
systems and by modifying contextual factors (i.e., power wheelchairs, head and lateral
trunk supports, seating adaptations, and personal assistance).’®'* This assistive
approach facilitates participation; however, these children may not be performing at their
maximal independent motor potential. Thus, promoting postural and reaching abilities
during independent sitting are essential to enhance the functional life of these children.
Nonetheless, what is the best evidence-based therapeutic strategy to target seated
functions in children with BCP?

Children with GMFCS IlI-IV show segmental trunk control deficits at middle or lower
thorax, and reaching impairments—as determined by the Segmental Assessment of
Trunk Control (SATCo) and Seated Postural & Reaching Control (SP&R-co) Tests.5.16
Consequently, changing an external support from mid-ribs to pelvis significantly
decreases sitting and reaching control.’ This suggests the potential application of
external support on specific trunk regions to deliver seated postural interventions.819 A
recent randomized controlled trial (RCT) in CP, GMFCS IlI-V, compared conventional
therapy with a home-based activity training delivered with external support at the impaired
trunk segment. The intervention resulted in significant short-term postural improvements
(i.e., sway) but not in long-term motor benefits.?20 The absence of long-term effects may
be because the intervention was not structured around motor learning and control
principles; which are quintessential for inducing neural plasticity and lasting functional
outcomes.?1-25

In the present study, we have developed a robotic Trunk-Support-Trainer (TruST) to
evaluate sitting balance and implement a motor learning-based postural intervention
(TruST-intervention).2627 TruST is a motorized-cable driven belt that applies force field
technology. A key factor is that the force field matches the participants’ sitting stability
region and supplements their motor efforts when their trunk is beyond such postural limits.
Thus, force fields are tailored to the stability status of the participants as their postural
control improves across intervention sessions (i.e., postural task-progression). Moreover,
TruST displays real-time feedback about the trunk’s location with respect to the stability
boundaries, which allows the clinician to target postural strategies within, at, or beyond
sitting control boundaries. Our current RCT investigates the efficacy of TruST-intervention
compared to the same motor intervention implemented with a static trunk support system
in children with BCP, GMFCS llI-IV.
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z 146  AIMS AND HYPOTHESES

Z 147  Overall Aim

7 148  We will test whether a motor learning-and-control-based intervention can improve

g 149  seated postural and reaching abilities in children with BCP, GMFCS IlI-IV. We expect

10 150  improvements with TruST and the static trunk support system. However, we
11 151  hypothesize superiority of TruST-intervention.

13 152 Primary Hypotheses

15 153 Inthe TruST-intervention group, we expect greater sitting workspace improvements, as
16 154 measured by a customized postural-star sitting test (PSST) and the modified functional
17155 reach test (mFRT). Nonetheless, we expect improvements in upper extremity control in
156  both groups, as determined by the Box and Block (B&B) test and video-coding analysis.

20 157  Secondary Hypothesis

22 158  We expect improvements in both intervention groups. However, we expect a greater
159  improvement rate with TruST-intervention in segmental trunk control (SATCo), postural
25 160  sitting and reaching control (Seated Postural & Reaching Control Test, SP&R-co), gross
26 161 motor function (Gross Motor Function Measure-ltem Set, GMFM-IS), child- and family-
27 162  centered functional and participation outcomes (Canadian Occupational Performance
163  Outcome, COPM, The Participation and Environment Measure and Youth, PEM-CY), as
30 164  well as in postural and reaching kinematics.

165 METHODS

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING

32
gi 166  Study design
22 167  The study is an explanatory parallel RCT conducted at Columbia University (New York,

37 168 US)in 82 children with BCP GMFCS llI-IV, aged 6-17yrs. The study timeline is from
38 169 February 2022 to December 2026. After baseline measurements, we will test potential
39 170 improvements at mid-point of the intervention (6" session), 1week post-intervention,
40 171 and 3mos follow-up. The Consolidated Standards of Reporting Trials (CONSORT) will
4> 172 be followed to design the trial, conduct experiments, and report the results.2829

43 .
4 173 Recruitment
22 174  Participants will have a confirmed medical diagnosis of BCP. They will be recruited by

47 175 advertising on our and other websites, social media platforms, clinicaltrials.gov
48 176  (NCT04897347), and through NYC school districts. This study involves local centers and
49 177  hospitals such as New York-Presbyterian: Columbia Irving Medical Center, Weill Cornell
178  Medicine, and Weinberg Cerebral Palsy Center. Testing and training sessions will be
5 179 adjusted to the family’s schedule before starting the study. During initial pre-screening, a
53 180 phone survey will be scheduled to interview families, caregivers, or legal guardians by KC
54 181 orVS. We will obtain information beforehand on participants' eligibility criteria and discuss
> 182  our study design, research goals, potential risks, and reciprocal commitment with
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participants and families. We expect that our recruitment strategies will maximize
retention and intervention benefits.

Inclusion and exclusion criteria are included in table 1.

Table 1. Inclusion & Exclusion Criteria

Inclusion Criteria

. Age 6-17 years.

. Diagnosis of BCP: diplegia, triplegia, or quadriplegia.

. GMFCS levels Il or IV.

. Ability to sit 5s with manual support provided to any trunk region mid-ribs and pelvis
(SATCo = 3-7).

. Cognitive capacity to follow basic verbal instructions (e.g., "do not put your hands

on your lap", “keep your hands up in the air”, or "follow and reach or touch the toy").

A OWON -

(&)}

Exclusion Criteria

1. Absent head control (SATCo = 1).

2. Current medical illness unrelated to CP at the time of the study.

3. Severe dyskinesia that impedes the child to sit and/or when the child performs
postural and/or reaching movements.

4. History of recurrent seizures (daily) or refractory epilepsy.

5. Severe structural deformities of the spine: scoliosis >40° and/or kyphosis >45°.

6. Orthopedic surgery of the spine, upper and/or lower extremities in the last 6 months
prior to the start of the study.

7. Severe spasticity of biceps/triceps in both upper extremities that prevent reaching
movements (Modified Ashworth Scale = 4).

8. Chemodenervation or neurolysis (e.g., botulinum toxin or phenol/ethyl alcohol
injections) in upper or lower extremity muscles in the previous 3 months or are
planned during the length of the study.

9. Other major surgeries in the previous 6 months (only if medically contraindicated).

Randomization and Participant Allocation

A researcher oblivious to our study will create computer-generated lists of random
numbers assigned to seven blocks with 10 participants and to one block with 12
participants (n = 82). To prevent selection bias, the allocation sequence will be
concealed from the research team. After randomization to either TruST- or static trunk
support-intervention group, an independent researcher will communicate to the
research team the assigned group by opaque and sealed envelopes. Carbon paper
inside the envelope will be used to transfer the information onto an allocation card that
will be kept with the participant’s record. The envelopes will be opened after the enrolled
participant is consented and completes the corresponding baseline assessments.
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All assessments will be videotaped and scored by clinical evaluators with expertise in
CP. The evaluator will be blinded to group allocation and testing sessions. Blinding of
families and children to the intervention will not be possible due to equipment
characteristics—i.e., robotic-TruST versus static trunk support system.

Study Locations

The TruST-intervention will take place at the Robotics and Rehabilitation (ROAR)
Laboratory; whereas, the static trunk support-intervention will be carried at the Center
for Cerebral Palsy, Teachers College. Excluding clinical evaluations, the same research
personnel will collect data and deliver the motor interventions in the assigned study
locations at Columbia University.

Study Interventions

Participants will follow their regular therapeutic care during the study. The TruST- and
static trunk support-interventions are detailed in table 2, following the Template for
Intervention Description and Replication (TIDieR) Checklist.3%-3' The same motor
learning and control principles, and activities will be applied to both interventions.26

Table 2. TiDIiER checklist for comparison between TruST-intervention and static

trunk support-interventions

buzzers, white board and
colors. A bench with
adjustable height and
straps to support the pelvis
is fixed to a mechanical
lifter. The robotic TruST
dynamically controls the
trunk in sitting; and thus,
the entire upper body
moves within the pre-

Name Trunk-Support-Trainer Static Trunk Support-
Intervention (Experimental) | intervention (Control)
Why Motor learning principles The therapeutic elements
and motor-task and intervention protocol
progression implemented. | are the same. However,
Postural task-progression | the postural task-
is objectively tailored to the | progression is
child’s sitting balance implemented by lowering
status and systematically the static trunk support as
progressed in each training | the child improves in
session. segmental trunk control
stability across sessions.
What: Toys, balloons, balls, cups, | Same equipment and
Equipment blocks, board games, bench. However, the

bench is integrated with a
rigid apparatus to adjust
the level of support at the
specific sub-region of the
torso where the child loses
sitting balance control.
Thus, only the upper body
region above the rigid
support can freely move
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defined sitting stability
boundaries.

during the motor
intervention.

What:
Procedures

Age-appropriate discrete,
serial, and continuous
motor tasks, including:
reaching (pointing and
grasping with whole hand
and fingers), catching,
throwing, punching, hitting
(or tapping), and lifting.
Motor activities will be
practiced along 8 star-
radiated directions that are
approximately spaced 45°
apart and have their center
at the child’s pelvis. Motor
practice will be within and
beyond reaching distance
in each one of the 8
directions covering the full
child’s peripersonal space
(360°). A total of 30-50
repetitions will be trained in
a clockwise and
counterclockwise fashion
to train the more- and less-
impaired upper limbs.

Same intervention
structure and procedures.

Providers

Two researchers with
clinical/kinesiology
knowledge and a
bioengineer will participate
in each session. The
assignment of the
personnel providing the
intervention will be
counterbalanced.

Same providers and
counterbalance design.

How

A one-on-one intervention
delivery. Motor learning-
based intervention that is
task-oriented (predefined
motor goal), age-
appropriate (engaging
practice), intensive mass
practice (training > resting,
high number of trials, and
reduced performance

Same therapeutic
program, clinical delivery,
and motor learning and
control principles will be
applied. The motor tasks
are equally practiced at
two distances: “within
maximum active reaching
distance” and “beyond
active reaching distance”.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING


http://bmjopen.bmj.com/

Page 9 of 35

oNOYTULT D WN =

BMJ Open

time), sequential skill
progression (part-task
training), and motor
randomization (variability
during task practice).
Motor control parameters
modulated to challenge
motor performance. TruST
via visual feedback on a
screen guides the clinician
to train two distances:
“within boundaries*
(maximum active reaching
distance) and “beyond
boundaries” (beyond active
reaching distance”).
TruST-force fields assist
the child in performing
postural trunk movements.

The rigid trunk support
system assists the postural
trunk movements by
statically holding the sub-
region of the child’s torso
where the loss of sitting
balance is found.

Where Laboratory setting Same setting
When and how much: The training dosage and Same intervention
a) Intensity schedule will be 2hour- schedule and dosage.

b) Frequency
c) Session Time
d) Overall Duration

sessions, 3 X week, over 4
weeks, with an estimated
overall duration of 24
hours of training.

Tailoring

Postural task-progression
will be implemented via
assist-as-needed force
fields that are equivalent to
10% of the child’s body
weight. These force fields
will be determined by the
area and boundaries of
stable sitting control
measured by a customized
postural star-sitting test
(i.e., a trunk control-based
kinematic measurement).
Force fields are re-
adjusted at the beginning
of each training session to
maintain the postural and
motor challenge at a
maximum level during the
motor intervention.

The static support will be
placed at the trunk region
at which the child loses
sitting balance, as
determined by the SATCo.
Postural task-progression
will be implemented by
lowering the rigid support,
as the child acquires
greater trunk control. The
SATCo, starting at the
most-impaired trunk
segment, will be
systematically used prior to
starting the motor
intervention to re-adjust
the support system and
ensure the maximum level
of postural challenge
during the intervention.
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Modifications

Games and motor
activities will be selected
based on the child’s
preferences. Otherwise, no
modifications are expected
to occur.

Same method for the
selection of games and
motor activities.

How Well:
Planned
a) Fidelity strategies
b) Fidelity
assessment

Videos and logs to
monitor: i) study
attendance, ii)
discomfort/pain (Wong-
Baker FACES pain
scale),32 iii) perceived
physical exertion (OMNI),26
iv) motor control
parameters used and
modulated during training.
Video-coding of training
session recordings to
determine effectiveness of
training (i.e., performance
of active movements
without considering
breaks, setup, transfers
time between activities,
toilet use), type of motor
activity and practice time,
and motor capacity (e.g.,
successful trials).

Same procedure to
monitor study attendance,
child’s discomfort/pain, and
motor learning/control
modulation for ensuring
intervention fidelity.

How Well: Actual

We will determine whether
the study and intervention
plans are achieved based
on attendance to measure
participation, data from the
customized postural star-
sitting test (i.e., increases
in force fields boundaries
will indicate improved
sitting workspace area),
and video-coding data to
measure motor capacity
improvements.

The presence of
unexpected accidents or
therapeutic adverse effects
together with the level of
fatigue and discomfort or

Similarly, we will determine
whether the study and
intervention plans are
achieved based on
attendance to measure
participation, data from the
SATCo across sessions to
determine enhanced trunk
control, and video-coding
data about the type of
motor activity to study
improved motor capacity.
The presence of
unexpected accidents or
therapeutic adverse effects
together with the level of
fatigue and discomfort or

pain will inform on

10
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1
2

2 pain will determine intervention safety and

5 intervention safety and feasibility in a large scale
6 feasibility in a large scale of children with BCP.

7 of children with BCP.

8 215

9

10 216 Common Intervention Procedures: TruST- & Static Trunk Support-Interventions
12 217 Dosage

14 218  The dosage for both interventions will be identical, 2H/session, 3x/week, over 4 weeks
15 219 (12 training sessions in total). In our previous study,?® we found the proposed
16 220 intervention schedule and dosage to be effective in promoting short- and long-term

1; 221 improvements in seated postural and reaching abilities and gross motor functions.
;g 222 Therapeutic Approach

21 223 In both intervention groups, all motor activities will be trained along 8 star-radiated

224  directions spaced at 45° and with the center at the participant’s pelvis. The goal of this
24 225 postural intervention scheme is to cover the 360° peripersonal space around the

25 226  participant in sitting while being trained at different reaching distances (Fig 1A).

27 227 Activities will be practiced under moderate-high intensity but never beyond extreme
28 228 fatigue, as reported by the child or by the presence of clinical signs such as muscle
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gg 229 trembling. Any potential pain or discomfort will be monitored with the Wong-Baker
31 230 Faces pain scale during and after the intervention.®3

gg 231  Parameterization of the Motor Intervention

gg 232 The motor intervention features have already been investigated in previous studies

36 233 (Table 3).26:3* A subset of modified motor parameters defined by Fleishman (1972) will
37 234 be used to modulate postural and reaching control strategies during the motor

38 235 intervention.3> Motor learning-based interventions depend upon participants’ own

236  preference, motivation, and cognitive-motor abilities. Thus, these parameters will be
41 237 adjusted across participants and intervention sessions.2"23:3¢

Table 3. Activities & Motor Learning and Control Parameters

45 Motor Activity Descriptors

46 _ Reaching, grasping, catching, throwing, drawing,
47 Hand Actions punching, or coloring

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

Games Connect Four®, Jenga®, white board and pens

51 Balloons, punching bag, balls, marbles, cars, bowling
52 Toys and Objects pins, strings, light- and sound-emitting buzzers,
53 constructions blocks, small cups, and shape-like puzzles
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Motor Learning
Parameters

Descriptors

Task nature

Discrete: Task characterized by a defined start and end.
Continuous: Motor task that stops arbitrarily. Serial: An
orderly sequence of discrete tasks

Movement Repetitions

30-50 trials

Motor skill progression

50% success required to progress the complexity of the
motor task: object features (size, shape, or weight) and
task constraints (pointing versus grasping)

Motor practice

First practice without objects. Then, objects are
incorporated. Whole-task training is emphasized.
However, in case of learning deficits, a part-task training
following a segmentation method is applied (i.e., splitting
the motor activity into components so that the first
component is trained first, and then this component is
combined with the second, and set forth)

Sequence skill progression

Motor task variations are progressively trained in a
sequence from less to more complex

Verbal feedback

In case of learning deficits of the task goal or how to
perform it, verbal feedback is incorporated. Knowledge
of results (action outcomes) is prioritized over
knowledge of performance (movement-based
information). A bandwidth mode with a 50% acceptable
performance error will be delivered as terminal feedback
after motor practice of a block of trials (e.g., in 10 trials,
feedback delivered after a block of 5 unsuccessful
trials).

Motor randomization

Motor variability (e.g., object location or moving versus
stationary targets) and motor parameters (control
strategies) are addressed during postural and reaching
tasks performed beyond maximum reaching distance.

Motor Control
Parameters

Descriptors

Control precision

Ability to perform rapid and precise movements to
control devices, games, or toys.

Response orientation

Ability to move to specific direction/s.

Arm movement speed

Ability to perform rapid arm movements.

Rate control

Ability to time continuous anticipatory and compensatory
movements in response to speed/directional changes.

Multilimb Coordination

Ability to move and coordinate upper extremities to
achieve symmetrical/asymmetrical bilateral tasks.

Manual dexterity

Ability to perform skillful in-hand movements.

12
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1

2

3 . . Ability to perform skillful finger movements with small

4 Finger dexterity . :

5 obj.e.cts such. as coins.

6 Arm-hand steadiness Abl!lty to malntaln ste.ady hand-arm and/or postures

7 during an interval of time.

g Wrist, finger speed Ability to perform rapid and repetitive wrist and finger
movements.

1(1) Ability to move the hand or finger to static and/or moving

12 Aiming and accuracy targets of different dimensions; or throwing tasks that

13 demand visual accuracy.

14 Reaction time Ability to respond as qupk as posglble and with rapid

15 movements to external visual/auditory cues.

16 238

17

18 239  Mode of Intervention Delivery and Setting

19

20 240 One-to-one interventions will be delivered in a lab setting by a physical or occupational
21 241  therapist. All research personnel will be trained and supervised. A physical therapist and
242  researcher (VS) will provide direct supervision every two intervention sessions. Also, a
24 243  bioengineer (XA) will operate TruST while another researcher/clinician collects

25 244  kinematic data or deliver the motor intervention.

26

27 245 Postural-Task Progression Procedures

28

29 246 TruST-Intervention: Postural Assistive-Force Fields
30

31 247 The TruST-belt will be placed on lower ribs (Tq.12) to provide “assist-as-needed” forces.
32 248 The PSST will be used to match the assistive force-tunnel to the participant’s sitting

33 249  control boundaries and measure sitting workspace (cm?2).26:37 This test is based on the
250  Star Excursion Balance Test; in which the person displaces the foot along eight

36 251 directions, following the shape of a star during one leg stance.3® Similarly, the PSST is a
37 252 game-oriented test in which the seated participant performs maximal trunk excursions.
38 253  Alarge ball is presented nearby the participant’s face to guide the 8 trunk movements
254  that radiate in a star-like fashion. After each maximum trunk displacement, the

41 255  participant needs to recover sitting posture without suing the hands for support.
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256  During TruST-intervention, the assistive-force field intensity equals 10% of the child’s

44 257 body weight (Fig 1B). These forces assist sitting balance toward the pre-defined stability
45 258 boundaries and not to the center of the star-shaped region. Moreover, assistive forces
46 759  are only provided when the trunk is beyond the boundaries to supplement the

260 participant’s motor efforts. This configuration promotes continuous active sitting control
49 261  without hand support to practice goal-oriented tasks. As the participant expands the

50 262  sitting control boundaries across intervention sessions, the assistive-force fields are

51 263 increased to the new sitting control boundaries (i.e., postural-task progression).
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53 264  Another critical parameter to the achievement of independent sitting will be the removal
265  of pelvic strapping (i.e., unsupported sitting). We will follow one of two criteria to remove
s 266  the straps. The child shows a pre-training sitting workspace area above two standard
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errors (SE) of the mean from the two, or more, previous pre-training sessions; or pelvic
strapping is removed after the 6" session. Our previous study indicates that participants
will likely acquire unsupported sitting (unstrapped) by the 6™ intervention session.

Static Trunk Support-Intervention: Segment-by-Segment Approach

The static trunk support system (Figure 1C) design follows engineering principles,
kinematic and electromyographic data in sitting and reaching control that apply to
healthy adults, developing infants, and children with CP.17.19.20.39-43 Ag determined by
the SATCo, we will follow a top-down segment-by-segment approach to evaluate trunk
control in sitting at the beginning of each intervention session. We will define the most-
impaired trunk segment, place the support, and deliver the motor intervention. The
constraint of caudal trunk segments to the one being trained might help to reduce the
overload of sensorimotor information to process and to control the body dynamics
during seated motor activities.3°43

For postural task-progression, when there is an improvement in the SATCo—i.e.,
improved sitting balance at a lower trunk segment—the support is lowered one level.
The trunk support system will offer a firm support for a systematic, objective, and
reliable SATCo evaluation across participants and sessions.

Discontinuation Criteria for Motor Interventions

We will discontinue TruST-intervention if pervasive postural control detriments are
observed—calculated as a decrease in workspace area during 3 consecutive days and
below 2SE of the averaged pre-intervention sessions before the detriment onset. Static
trunk control-intervention will be discontinued if the SATCo score decreases 1 level, or
more, for 3 consecutive days with respect to the previous pre-intervention sessions.

Motor-Task Progression Procedure
In TruST-intervention, we will follow the next sequential skill motor training:

1. Within sitting boundaries (inactive TruST-force field): The participant performs
30-50 simple reaches (i.e., pointing) with the less- and more-impaired upper
extremities. The target is placed at maximum active reaching distance without
eliciting additional trunk movements on the right and left sides of the body,
following the 8 star-like directions—as we follow in the postural star-sitting test. If
60% of attempts are successful in a minimum of 5 out of the 8 directions
(clockwise or counterclockwise), the participant progresses to stage 2.

2. Beyond sitting control boundaries (active TruST-force field): The target is placed
beyond stability boundaries (~120% active reaching distance) along the 8
directions to elicit trunk movements. In this stage, the participant relies on
assistive-force fields to complete the motor activity and return to sitting posture
without using the hands to recover sitting stability. As in stage 1, the participant
can progress to stage 3 when 60% of attempts are successful at least in 5 out of
the 8 directions (clockwise or counterclockwise).

14
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1
2

2 306 3. Beyond sitting control boundaries under challenging motor conditions: The

5 307 training procedure is like stage 2. However, in stage 3, the clinician modulates

6 308 specific motor control parameters (see table 3 above), adds practice variability—
7 309 movement distance and directionality—and introduce diverse goal-oriented

g 310 activities (i.e., contextual interference) to address maximum motor complexity.

10311 In the static trunk support-group, we will follow the same sequential motor skill training.
312  However, in stage 2 and 3, the participants will rely on a static trunk support to perform
13 313 the postural and reaching activities without the additional use of the hands for support.

15 314 Adverse events and safety

315 As per our IRB-protocol, major risks or serious long-term harm are not expected. Thus,
18 316  pre-established compensation has not been determined. Major falls from the bench will
19 317 be prevented with a slacked harness—to avoid weight support during the intervention.
20 318  Minor equipment- or intervention-related injuries that do not require medical attention
319 are muscle fatigue, minor dermic abrasions, and localized erythema or petechiae under
23 320 the belt or trunk support. If adverse events such as muscle or articular pain, excessive
24 321 physical or cognitive fatigue, musculotendinous strains, or ligament sprains occur, these
25 322 will be reported in our study protocols (see “Fidelity” section) and study IRB.

27 323  Fidelity

29 324 Supervisory team: researchers attributes, scientific documentation, and
30 325  personnel training.

32 326 We will have a multisite Manual of Procedures (MOP) in place. The MOP will describe
327 the study design, personnel roles, experimental procedures, interventions, data

35 328 analyses, precautions and safety measures, and how to handle blinded and private

36 329 data. It will register adverse events, and protocol or procedure modification logs.

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING

38 330 Allresearch personnel (including volunteers) in direct contact with participants will

39 331 receive training in ethical, safety, experimental, and intervention protocols to achieve

40 332  optimal ethical and professional attributes to carry the study. This training will include
333 IRB-related coursework (e.g., “Good Clinical Practice”), basic first aid and CPR training,
43 334 communication skills to interact with participants and families, information on RCT

44 335 designs—ensuring internal and external validity of the study—and a two-hour in-person
45 336 training seminar to learn on postural- and reaching-related deficits in CP, motor
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j? 337 intervention design, and basic operations of TruST and static trunk support systems.
jg 338 Data Monitoring during the Study

50 339  Attendance will be used to measure participation and monitor potential dropouts,

340 including if the reason is internal or external to our study. Video footage of training

53 341 sessions will be video-coded to determine training effectiveness (i.e., time-on-task), type
54 342 and frequency of motor activities practiced, toys or objects used, and motor capacity

55 343 (e.g., success to achieve the goal, time to achieve the task, and repetitions). An external
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researcher with expertise in video-coding analyses, who is independent to our study
team, will analyze masked video data with Datavyu software (https://datavyu.org/).

A data monitoring committee has not been established. In weekly meetings, we will
monitor if all study protocols are implemented as planned. Aside from an external
statistical analysis, interim statistical analyses will be carried to monitor the progression
of the two study arms. If 50% of the projected sample size does not improve in either
intervention, we will inform the funding agency and discontinue our RCT.

Participant’s Data

Using the ICF framework, we will collect data within the body structure and function,
activity, and participation domains.'* Figure 2 depicts study outline and data collections.

Medical and Demographic Data

NIH questionnaires will be used to gather demographic data, sex, age, race, and
ethnicity. This data will be used to ensure cultural diversity. Medical information such as
CP diagnosis and subtype, brain injury, and other comorbidities will be obtained from
medical records. We will record the current medical and therapeutic regimens of
participants for further interpretation of our study outcomes. Any communication that
involves personal or medical information will follow the Health Insurance Portability and
Accountability Act of 1996 (HIPAA).44

Screening and descriptive measures

GMFCS: The GMFCS comprises five levels of severity. It categorizes functional abilities
such as sitting, walking, running or jumping while considering the need for assistive
equipment (postural support, wheeled mobility, or walkers).4®

Manual Ability Classification System (MACS): The MACS categorizes how children
manipulate objects during ADL depending on their functional independence.*6

Spasticity will be measured with the Modified Ashworth Scale (MAS): The MAS can
be used to assess spasticity in CP. 4748 |t scores the increase in muscle resistance
through passive limb movements. The score ranges from 0 (no increase in muscle tone)
to 4 (limb rigid in flexion or extension). We will be cautious interpreting spasticity as MAS
scores depend upon joint and muscle features, and examiners.*2

Primary Outcomes

mFRT: The mFRT measures proactive postural control during maximum reaching
distance. It is a valid and reliable tool in CP; and it discriminates GMFCS levels.49:%0 Test
responsiveness is unknown in CP.

PSST: It will be performed before and after interventions to monitor sitting control
progression in both TruST- and static trunk control-intervention groups. The investigators
have several motivations that rationalize this customized measurement. It: 1) is age-
appropriate, 2) is goal-oriented, 3) directly measures sitting based on trunk control
improvements, 4) is responsive to capture sitting workspace area increases, and 5) offers
data with a straightforward functional interpretation.

16
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383 B&B: It examines manual dexterity. The child moves the maximum number of blocks
384  (2.5cm?), one at a time, between the compartments of a partitioned box in 60s.5' B&B is
385 sensitive to post-intervention changes with the more- and less-affected hand.5253 Arm
386 displacement and grasping will be analyzed with Datavyu.5* An instruction manual has
387 been created to standardize video-coding procedures and define the reaching variables.
9 388  Grasping will be defined from the moment the hand contacts the block to the time this is
10 389 lifted from the surface. Arm displacement will be defined from end of grasping to block
390 release. Reaching performance will be the summation of grasping and arm displacement.
391 Two, or more, coders will be used to determine video-coding reliability.

14 392 Secondary Outcomes

15 393  GMFM-IS: The GMFM-IS determines the gross motor function of children with CP—A:
394 lying and rolling, B: sitting, C: crawling, D: standing and E: walking, running & jumping. It
18 395 is an abbreviated and validated version of the GMFM-66. It includes an algorithm with
19 396 three critical items to decide which one of four item sets is most appropriate to assess
20 397 motor function and obtain a GMFM-66 score.>®> GMFM has been shown to be valid,
21 398 reliable, and responsive to change in CP. The minimum clinically important difference
22 399  (MCID) is 0.8-1.6 for a medium effect size and 1.3-2.6 for a large effect size.56

>4 400 COPM: The COPM will be used to investigate perceived parent- and child-based goals,
25 401 and preferences that are specific to motor impediments in seated posture and reaching
26 402 abilities that restrict participation.>” COPM can detect clinical important differences across
403  time and above the MCID of 2 points.%8.5°

29 404 PEM-CY: The PEM-CY is a valid and reliable tool to measure participation—home, school
30 405 and community—including environmental factors.6%.6' PEM-CY can capture post-
31 406 intervention changes in each of its dimensions in children with physical disabilities.52

33 407 SP&R-co test: The theoretical framework, reliability, internal consistency, and construct
34 408 validity of the SP&R-co has been validated in CP. It targets children with moderate-to-
35 409 severe CP within a play-oriented framework. Like the SATCo, the SP&R-co follows a
36 410 segment-by-segment trunk approach to assess quantitatively sitting control across static,
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;73 411 active, proactive (via bimanual and unimanual reaches), and reactive dimensions.
39 412 Responsiveness has not been addressed, but the standard error measurements for each

40 413  seated postural dimension of the SP&R-co test are available.'®

41 414 Postural and reaching kinematics: We will follow the seated postural framework
42 415 validated in the SP&R-co to capture motor improvements in the next tasks:
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44 416 Static Seated Task: Postural orientation and balance in sitting during 20s.

45 417 Active Seated Task: Simultaneous control of the trunk and head rotations when the
j? 418 child visually follows an object 90° to the right and left (i.e., chin over shoulder).

48 419 Proactive Seated Task: Seated anticipatory and compensatory postural control
49 420 during direction-specific reaches performed straight, and 45° to the right and left.

50 421 SATCo: ltis a valid and reliable test in CP. The evaluator offers support at various trunk
422  segments (shoulders, axillae, inferior angle of scapulae, on lower ribs, below lower ribs,
53 423 and pelvis) to measure trunk control across 3 dimensions: static (during 5s), proactive
54 424  (visually following an object to the right and left), and reactive (postural responses to

55 425 nudges). The score is from 1 (no head control) to 8 (full trunk control).'® Test
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responsiveness has not been established but studies show potential to identify trunk
balance improvements in each of the tested trunk segments. 943

Data Management and Data Collections

After subject’s eligibility is confirmed, we will assign a code to each participant only
accessed by the Pls (SKA and AMG), co-investigator (VS), and research coordinator
(KC). All data collections will be digitized and saved in encrypted endpoint hard drives.
Paper forms will be collected as safe copies in a private locked cabinet in the PI’s office.

To keep young children informed and engaged during the study, each one will receive a
personalized fun “Research Passport” that lists each study stage and explains the
purpose of each visit. Upon completion of each procedure, the child will earn a stamp
on each page. Additionally, we will offer families the possibility of receiving a brief
clinical informative report with the functional status of the child after the study by VS—
who is a board-certified pediatric and licensed physical therapist in NY.

We will divide our three main data collection events (baseline, 1-week post-training, and
3-mos follow-up) into two sub-sessions to reduce the burden and physical fatigue that
the evaluations may cause (Fig 2). We will empower participants with the ability to stop
any study session and request breaks verbally or with a laminated red stop sign.

Data Analysis
Sample size estimation

We used our previous study and literature to estimate sample and effect sizes.'”26 G-
Power (version 3.1.9.4., Dusseldorf University) and SPSS (version 25, IBM) were applied.
Our primary outcome was upper body balance during seated reaching (Pilot average =
30°+ SD = 22°, partial 72 =0.10, n = 11). With a mixed Analysis of Variance (ANOVA), we
estimated 68 subjects to achieve a power = 0.8, considering a two-tailed o rate = 0.01.
We will recruit an additional 20% of participants (a total of 82 participants) to account for
potential groups heterogeneity and dropouts.

Statistical Procedures

An alpha rate = 0.01 will be used for statistical analyses. The effect of interventions on
primary and secondary outcomes will be analyzed with a two-factor mixed ANOVA,
including groups as a between-subjects factor (TruST- and static trunk support groups),
and testing sessions as a repeated measures factor (baseline, mid-point training, 1week
post-training, and 3mos follow-up). The group X testing session interaction will be used
to test the hypothesis that TruST-intervention is superior to static trunk support-
intervention. If the ANOVA model is significant, we will perform post-hoc comparisons
with Holm-Bonferroni procedure to control familywise error.

Statistical Handling of Non-Normally Distributed and Missing Data

In the event that participants miss sessions for unpredicted reasons (e.g., illness) or drop
the study, we will apply a Generalized Estimating Equations (GEE) as an alternative

18
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1
2

2 464  statistical plan. In this way, we will account for missing data and follow an intent-to-treat
5 465  principle. The GEE will analyze events-in-trials following a repeated-measures procedure
6 466  with subjects as clusters, test session as the within-subject variable, and intervention
7 467 groups as the between-subject variable. A linear model will be selected, and the
8 468  covariance structure will be specified as correlation matrix based on the quasi-likelihood
?0 469  under independence criterion (QIC) goodness of fit coefficient.53

11 470 Ethics, Resource Sharing Plan, and Dissemination

13 471  The present RCT has been registered in clinicalgov.org (#{NCT04897347). The study

14 472  protocol, recruitment materials, and assent and consent forms have been approved by
1> 473 the Columbia University Institutional Review Board (IRB AAAS7804). Study information,
17 474 assent, and informed consent forms will be signed by all participants and caregivers

18 475  prior to requesting medical records and starting the study. Participants will be verbally
19 476 reminded they can withdraw consent at any time without penalty. All de-identified data
477  will be stored for 3 years after study completion in password protected computers. We
5> 478  will store de-identified data in an online HIPAA-compliant database (REDCap). The

23 479  study protocols follow standardized procedures in RCT such as CONSORT and TIDieR
24 480 to facilitate appropriate scientific, ethical, and safety assessments and to increase the
2> 481 likelihood of research success.28:30.31

27 482  We will make available the study data via the Data and Specimen Hub (DASH)—a data
483  sharing platform of the Eunice Kennedy Shriver National Institute of Child Health and
30 484 Development. Findings will be disseminated through peer-reviewed publication and

31 485 national and international conferences. Participants and families will be informed on the
32 486 study progress via newsletters and meetings.

34 487 Discussion

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING

36 488 We are expanding on our previous feasibilty study in which we did not include a control
37 489  group—the static trunk support-intervention of our current RCT.26 We expect our motor
490 learning-based postural intervention to induce postural and reaching improvements with
40 491  TruST and the static trunk support system. Nonetheless, we expect that postural-task
41 492  progression tailored to the participant’s sitting balance boundaries via TruST-force fields
42 493  will have a synergistic effect with the motor intervention and will lead to greater

494  improvements. If our hypothesis is supported, a critical point will be knowledge

45 495 translation of TruST-intervention. The team will study the potential conversion of TruST
46 496 into a versatile, affordable, and accessible equipment for clinical settings. Moreover, we
47 497  will investigate how to develop a user-friendly interface to operate TruST-system in

498 clinical settings by non-specialized personnel. Regarding our intervention, we will also
so 499  study whether a distributed motor practice, more similar to regular therapy schedules

51 500 (30-60min versus 120min), would be equally effective. Finally, if participants acquire

52 501 unsupported sitting, further studies will be necessary to objectively address how to

502  modify the child’s context (physical barriers) to transfer the functional gains to ADLs.
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There was not a patient or family advisory board included during the planning of the
proposed RCT study.
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Figure Captions
Figure 1

Fig 1. Figure A depicts the star-shaped scheme applied during the motor intervention
with TruST and rigid trunk support systems. The postural star-sitting test follows the
same scheme to compute sitting workspace area (cm?). Figure B shows a model of
TruST with a child. The main components are numbered: motors (1), pulleys and cable
tension sensors (2), cables (3), mechanical lifting platform (4), bench with pelvic
strapping (5), and ball used during the postural star-sitting test (6). The arrow depicts
the active trunk excursion. Figure C depicts the static trunk support system and the
main components: principal rigid column (1), U-shaped trunk support that slides along
the vertical column (2), trunk support adjustments in the frontal and sagittal planes (3),
base of the frame with wheels that can be locked (4). Note that the frontal belt and
bench are not shown in this model.

20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING


http://bmjopen.bmj.com/

Page 21 of 35 BMJ Open

©

<

1 @)
; 3
. 540 Figure 2 =
5 541  Fig 2. Diagram depicting the timeline data collections and type of data gathered during the é
6 542  study. S
7 (%]
g 543 %
10 544 References T b5
11 o P
12 545 1. Colver A, Fairhurst C, Pharoah POD. Cerebral palsy. Lancet. 2014;(383):1240- % ]
13 546 1249. doi:10.1016/S0140-6736(13)61835-8 S 3
14 g ©
15 547 2. Honeycutt A, Dunlap L, Chen H, al Homsi G, Grosse S, Schendel D. Economic 3 E
16 548 Costs Associated with Mental Retardation, Cerebral Palsy, Hearing Loss, and % S
17 549 Vision Impairment --- United States, 2003. Center for Disease Control and ER
B 550 Prevention (CDC). 53(03). s 3
o 551 https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5303a4.htm. Published 2004. 2 §
;; 552 3. Hutton JL, Pharoah POD. Life expectancy in severe cerebral palsy. Arch Dis a E
53 553 Child. 2006;91(3):254-258. doi:10.1136/adc.2005.075002 S >
;‘5‘ 554 4. Reid SM, Carlin JB, Reddihough DS. Using the Gross Motor Function 8o
% 955 Classification System to describe patterns of motor severity in cerebral palsy. Dev B o
57 556 Med Child Neurol. 2011;53(11):1007-1012. doi:10.1111/j.1469- %cg S
28 557 8749.2011.04044 x 520
S0

;g 558 5. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content validity of the gé’g
31 559 expanded and revised Gross Motor Function Classification System. Dev Med %%%
32 560 Child Neurol. 2008;50(10):744-750. doi:10.1111/j.1469-8749.2008.03089.x %E 2
33 8 = =
34 561 6. Angsupaisal M, Maathuis CGB, Hadders-algra M. Adaptive seating systems in §§§
35 562 children with severe cerebral palsy across International Classification of e
36 563 Functioning , Disability and Health for Children and Youth version domains: a ‘i' =
37 564 systematic review. Dev Med Child Neurol. 2015;57(10):919-930. = 3
Sy 565 doi:10.1111/dmcn. 12762 25
40 566 7. Novak I, Morgan C, Fahey M, et al. State of the Evidence Traffic Lights 2019: f g
41 567 Systematic Review of Interventions for Preventing and Treating Children with 2 8
fé 568 Cerebral Palsy. Curr Neurol Neurosci Rep. 2020;20(3):1-21. doi:10.1007/s11910- g 3
41 569 020-1022-z = S
22 570 8. Majnemer A, Shevell M, Law M, et al. Participation and enjoyment of leisure g %
47 571 activities in school-aged children with cerebral palsy. Dev Med Child Neurol. 3 B
48 572 2008;50(10):751-758. doi:10.1111/j.1469-8749.2008.03068.x S
® N

gg 573 9. Bjornson KF, Belza B, Kartin D, Logsdon RG, McLaughlin J. Self-Reported Health ? S
57 574 Status and Quality of Life in Youth With Cerebral Palsy and Typically Developing &
52 575 Youth. Arch Phys Med Rehabil. 2008;89(1):121-127. S
53 576 doi:10.1016/j.apmr.2007.09.016 ul
54 o
ss 577 10. Boyle CA, Decouflé P, Yeargin-Allsopp M. Prevalence and Health Impact of g
56 578 Developmental Disabilities in US Children. Pediatrics. 1994;93(3):399-403. s
57 =)
58 21 =
59 g
i

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

579
580
581

582
583
584
585

586
587
588

589
590
591

592
593
594
595

596
597
598

599
600
601

602
603
604

605
606
607

608
609
610

611
612
613

614
615
616
617

618

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

BMJ Open

http://pediatrics.aappublications.org/content/93/3/399%5Cnhttp://pediatrics.aappu
blications.org/content/93/3/399.short%5Cnhttp://www.ncbi.nlm.nih.gov/pubmed/75
09480.

Dalvand H, Dehghan L, Hadian MR, Feizy A, Hosseini SA. Relationship between
gross motor and intellectual function in children with cerebral palsy: A cross-
sectional study. Arch Phys Med Rehabil. 2012;93(3):480-484.
doi:10.1016/j.apmr.2011.10.019

Varni J, Burwinkle T, Sherman S, et al. Health-related quality of life of children
and adolescents with cerebral palsy: hearing the voices of the children. Dev Med
Child Neurol. 2005;47(9):592-597.

Majnemer A, Shevell M, Law M, et al. Participation and enjoyment of leisure
activities in school-aged children with cerebral palsy. Dev Med Child Neurol.
2008;50(10):751-758. doi:10.1111/j.1469-8749.2008.03068.x

Schiariti V, Selb M, Cieza A, O’Donnell M. International Classification of
Functioning, Disability and Health Core Sets for children and youth with cerebral
palsy: A consensus meeting. Dev Med Child Neurol. 2015;57(2):149-158.
doi:10.1111/dmcn.12551

Santamaria V, Rachwani J, Saussez G, et al. The Seated Postural & Reaching
Control Test in Cerebral Palsy: A Validation Study. Phys Occup Ther Pediatr.
2020;40(4):441-469. doi:10.1080/01942638.2019.1705456

Butler PB, Saavedra S, Sofranac M, Jarvis SE, Woollacott MH. Refinement,
Reliability, and Validity of the Segmental Assessment of Trunk Control. Pediatr
Phys Ther. 2010;22(3):246-257. doi:10.1097/PEP.0b013e3181e69490

Santamaria V, Rachwani J, Saavedra SL, Woollacott MH. Effect of Segmental
Trunk Support on Posture and Reaching in Children With Cerebral Palsy. Pediatr
Phys Ther. 2016;28:285-293.

Saavedra SL, Woollacott MH. Segmental contributions to trunk control in children
with moderate-to-severe cerebral palsy. Arch Phys Med Rehabil.
2015;96(6):1088-1097. doi:10.1016/j.apmr.2015.01.016

Pin TW, Butler PB, Shum SLF. Targeted Training in Managing Children with Poor
Trunk Control: 4 Case Reports. Pediatr Phys Ther. 2018;30:E8-E13.
doi:10.1097/PEP.0000000000000499

Curtis D, Woollacott M, Bencke J, et al. The functional effect of segmental trunk
and head control training in moderate-to-severe cerebral palsy: A randomized
controlled trial. Dev Neurorehabil. 2018;21(2):1751-8431.

Gordon AM, Hung Y-C, Brandao M, et al. Bimanual Training and Constraint-
Induced Movement Therapy in Children With Hemiplegic Cerebral Palsy.
Neurorehabil Neural Repair. 2011;25(8):692-702.
doi:10.1177/1545968311402508

Bleyenheuft Y, Ebner-Karestinos D, Surana B, et al. Intensive upper- and lower-

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING


http://bmjopen.bmj.com/

Page 23 of 35 BMJ Open

1
2
z 619 extremity training for children with bilateral cerebral palsy: a quasi-randomized
s 620 trial. Dev Med Child Neurol. 2017;59(6):625-633. doi:10.1111/dmcn.13379
6 621 23. Hung YC, Branddo MB, Gordon AM. Structured skill practice during intensive
; 622 bimanual training leads to better trunk and arm control than unstructured practice
9 623 in children with unilateral spastic cerebral palsy. Res Dev Disabil. 2017;60:65-76.
10 624 doi:10.1016/j.ridd.2016.11.012 .
:; 625 24. BleyenheuftY, Dricot L, Ebner-Karestinos D, et al. Motor Skill Training May %
13 626 Restore Impaired Corticospinal Tract Fibers in Children With Cerebral Palsy. T
14 627 Neurorehabil Neural Repair. 2020;34(6):533-546. g
15 628 doi:10.1177/1545968320918841 3
16 S
17 629 25. Friel KM, Kuo H-C, Fuller J, et al. Skilled Bimanual Training Drives Motor Cortex E
18 630 Plasticity in Children With Unilateral Cerebral Palsy. Neurorehabil Neural Repair. ?
19 631 2016;30(9):834-844. doi:10.1177/1545968315625838 3
20 s
21 632 26. Santamaria V, Khan M, Luna T, et al. Promoting Functional and Independent 3
22 633 Sitting in Children with Cerebral Palsy Using the Robotic Trunk Support Trainer. 3
23 634 IEEE Trans Neural Syst Rehabil Eng. 2020;28(12):2995-3004. g .
e 635 doi:10.1109/TNSRE.2020.3031580 22
=0
26 g36 27. Khan M, Santamaria V, Agrawal S. Improving Trunk-Pelvis Stability Using Active %‘?D
333 637 Force Control at the Trunk and Passive Resistance at the Pelvis. IEEE Robot 83
5 638 Autom Lett. 2018;3(3):2569-2575. doi:10.1109/LRA.2018.2809919 ;i
3(1) 639 28. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated guidelines g?z
22 640 for reporting parallel group randomised trials. PLoS Med. 2010;7(3):1-7. oo
33 641 doi:10.1371/journal.pmed.1000251 g%
os}
gg 642 29. Begg C, Cho M, Eastwood S, et al. Improving the Quality of Reporting of 2@
36 643 Randomized Controlled Trials: The CONSORT Statement. JAMA. a-
37 644 1996;276(8):637-639. >
gg 645 30. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interventions: %;
40 646 Template for intervention description and replication (TIDieR) checklist and guide. @
41 647 BMJ. 2014;348:1-12. doi:10.1136/bmj.g1687 2
42 o
43 648 31. Abell B, Glasziou P, Hoffmann T. Reporting and Replicating Trials of Exercise- 5
44 649 Based Cardiac Rehabilitation: Do We Know What the Researchers Actually Did? )
45 650 Circ Cardiovasc Qual Outcomes. 2015;8:187-194. )
46 651 doi:10.1161/CIRCOUTCOMES.114.001381 3
47 o
48 652 32. Mird J, Castarlenas E, de la Vega R, et al. Validity of Three Rating Scales for Q
49 653 Measuring Pain Intensity in Youths with Physical Disabilities. Eur J Pain. &
g? 654 2016;20(1):130-137. doi:10.1002/ejp.704 .Validity
52 655 33. Tomlinson D, Von Baeyer CL, Stinson JN, Sung L. A systematic review of faces
33 656 scales for the self-report of pain intensity in children. Pediatrics. 2010;126:1168-
g‘s‘ 657 1197. doi:10.1542/peds.2010-1609

56 658 34. Santamaria V, Luna TD, Agrawal SK. Feasibility and tolerance of a robotic

58 23

| 9p anbiydeiBoliqig 9ousby Je GZoz ‘TT aung uo /wod fwq uadolway/:diy woly papeojumoq "€z20z 1snbny LT uo 99T€.0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado g

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

659
660

661
662

663
664
665
666

667
668
669
670

671
672
673
674

675
676
677

678
679
680

681
682
683

684
685
686

687
688
689
690
691

692
693

694
695
696
697
698

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

BMJ Open

postural training to improve standing in a person with ambulatory spinal cord
injury. Spinal Cord Ser Cases. 2021;7(94):1-9. doi:10.1038/s41394-021-00454-x

Magill R, Anderson D. Motor Learning and Control: Concepts and Applications.
10th ed. New York, NY: McGraw-Hill; 2014.

Bleyenheuft Y, Arnould C, Brandao MB, Bleyenheuft C, Gordon AM. Hand and
Arm Bimanual Intensive Therapy Including Lower Extremity (HABIT-ILE) in
Children With Unilateral Spastic Cerebral Palsy. Neurorehabil Neural Repair.
2015;29(7):645-657. doi:10.1177/1545968314562109

Santamaria V, Luna T, Khan M, Agrawal S. The robotic Trunk-Support-Trainer
(TruST) to measure and increase postural workspace during sitting in people with
spinal cord injury. Spinal Cord Ser Cases. 2020;(6):1-7. doi:10.1038/s41394-019-
0245-1

Gribble PA, Hertel J, Facsm A, Plisky P. Using the Star Excursion Balance Test to
Assess Dynamic Postural-Control Deficits and Outcomes in Lower Extremity
Injury: A Literature and Systematic Review. J Athl Train. 2012;47(3):339-357.
doi:10.4085/1062-6050-47.3.08

Major RE, Johnson GR, Butler PB. Learning motor control in the upright position:
a mechanical engineering approach. Proc Inst Mech Eng J. 2001;215:315-323.
doi:10.1243/0954411011535911

Rachwani J, Santamaria V, Saavedra SL, Woollacott MH. The development of
trunk control and its relation to reaching in infancy: a longitudinal study. Front
Hum Neurosci. 2015;9(94):1-12. doi:10.3389/fnhum.2015.00094

Saavedra SL, van Donkelaar P, Woollacott MH. Learning about gravity:
segmental assessment of upright control as infants develop independent sitting. J
Neurophysiol. 2012;(108):2215-2229. doi:10.1152/jn.01193.2011

Santamaria V, Rachwani J, Manselle W, Saavedra SL, Woollacott M. The Impact
of Segmental Trunk Support on Posture and Reaching While Sitting in Healthy
Adults. J Mot Behav. 2018;50(1):51-64. doi:10.1080/00222895.2017.1283289

Butler P. A preliminary report on the effectiveness of trunk targeting in achieving
independent sitting balance in children with cerebral palsy. Clin Rehabil.
1998;12(4):281-293.
http://ezproxy.bangor.ac.uk/login?url=http://search.ebscohost.com/login.aspx?dire
ct=true&db=c8h&AN=107171190&site=ehost-live.

Russo H. HIPAA Creating privacy protection that works. Caring. Caring.
2001;20(5):12-22.

Palisano R, Rosenbaum P, Bartlett D, Livingston M. GMFCS - E & R. CanChild
Centre for Childhood Disability Research, McMaster University.
https://www.canchild.ca/en/resources/42-gross-motor-function-classification-
system-expanded-revised-gmfcs-e-r. Published 2007. Accessed November 9,
2018.

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING


http://bmjopen.bmj.com/

Page 25 of 35 BMJ Open

©

=

1 @)
; 3
2 699 46. Eliasson A, Krumlinde Sundholm, L Résblad B, Beckung E, Arner M, Ohrvall A, 3
s 700 Rosenbaum P. The Manual Ability Classification System (MACS) for children with 5
6 701 cerebral palsy: scale development and evidence of validity and reliability. Dev =
7 702 Med Child Neurol. 2006;48:549-554. a
@

g 703 47. Scholtes VAB, Becher JG, Beelen A, Lankhorst GJ. Clinical assessment of ;
10 704 spasticity in children with cerebral palsy: A critical review of available instruments. v B
11 705 Dev Med Child Neurol. 2006;48(1):64-73. doi:10.1017/S0012162206000132 S kB
12 ® w
13 706  48. Mutlu A, Livanelioglu A, Gunel MK. Reliability of Ashworth and Modified Ashworth T %
14 707 Scales in children with spastic cerebral palsy. BMC Musculoskelet Disord. -
15 708 2008;9(44):1-8. doi:10.1186/1471-2474-9-44 g B
16 S %
17 709 49. Gan SM, Tung LC, Tang YH, Wang CH. Psychometric properties of functional E §
18 710 balance assessment in children with cerebral palsy. Neurorehabil Neural Repair. f S
19 711 2008;22(6):745-753. doi:10.1177/1545968308316474 3 =
20 g_ o)
21 712 50. Bartlett D, Birmingham T. Validity and Reliability of a Pediatric Reach Test. R
22 713 Pediatr Phys Ther. 2003;15:84-92. doi:10.1097/01.PEP.0000067885.63909.5C z X
23 - >
24 714 51. Mathiowetz V, Federman S, Wiemer D. Box and Block Test. Can J Occup Ther. @ gﬂé
25 715 1985;52(5):241-245. % 2
26 25
27 716 52. Araneda R, Ebner-Karestinos D, Paradis J, et al. Reliability and responsiveness %‘3" §
28 717 of the Jebsen-Taylor Test of Hand Function and the Box and Block Test for 539
29 718 children with cerebral palsy. Dev Med Child Neurol. 2019:1-8. g3
719 doi:10.1111/dmcn.14184 =
32720 53. Liang KJ, Chen HL, Shieh JY, Wang TN. Measurement properties of the box and gg%
33 m block test in children with unilateral cerebral palsy. Sci Rep. 2021;11(20955):1-8. g =3
e 722 doi:10.1038/s41598-021-00379-3 v E
g? 723 54. Adolph K. Datavyu. Datavyu. S §
38 724 55. Russell DJ, Rosenbaum PL, Wright M, Avery LM. Gross Motor Function Measure g ;S;
39 725 (GMFM-66 & GMFM-88) User’s Manual. 2nd ed. London, UK: Mac Keith Press; sz
726 2013. 2 3
42 727 56. Harvey AR. The Gross Motor Function Measure (GMFM). J Physiother. ; §
ji 728 2017;63(3):187. doi:10.1016/j.jphys.2017.05.007 ?T S
45 729 57. Dedding C, Cardol M, Eyssen |, Dekker J, Beelen A. Validity of the Canadian é %
46 730 occupational performance measure. Clin Rehabil. 2004;18:660-667. s =
731 doi:10.1002/0ti.58 S
e 9

@

49 732 58. SakzewskiL, Boyd R, Ziviani J. Clinimetric properties of participation measures @ g
g? 733 for 5- to 13-year-old children with cerebral palsy: A systematic review. Dev Med P
sy 734 Child Neurol. 2007;49:232-240. doi:10.1111/j.1469-8749.2007.00232.x 2
gi 735 59. Cusick A, Lannin N, Lowe K. Adapting the Canadian Occupational Performance ;
55 736 Measure for use in a paediatric clinical trial. Disabil Rehabil. 2007;29(10):761-766. %
56 E
57 E;
58 25 =
59 g
i

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

737
738
739

740
741
742

743
744
745

746
747

748

60.

61.

62.

63.

BMJ Open

Coster W, Law M, Bedell G, Khetani M, Cousins M, Teplicky R. Development of
the participation and environment measure for children and youth: Conceptual
basis. Disabil Rehabil. 2012;34(3):238-246. doi:10.3109/09638288.2011.603017

Coster W, Bedell G, Law M, et al. Psychometric evaluation of the Participation
and Environment Measure for Children and Youth. Dev Med Child Neurol.
2011;53(11):1030-1037. doi:10.1111/j.1469-8749.2011.04094 .x

Hoehne C, Baranski B, Benmohammed L, et al. Changes in overall participation
profile of youth with physical disabilities following the prep intervention. Int J
Environ Res Public Health. 2020;17:1-18. doi:10.3390/ijerph17113990

Garson GD. Generalized Linear Models & Generalized Estimating Equations.
Asheboro, NC: Statistical Associates; 2013.

26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| p anbiydeibollqig sousby 1e Gzoz ‘TT aune uo jwod fwq uadofwgy/:dny wouy pspeojumoq "€20z Isnbny LT U0 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd 1siy :usdo rINg


http://bmjopen.bmj.com/

BMJ Open

Page 27 of 35

BMJ Open: first published as 10.1136/bmjopen-2023-073166 on 17 August 2023. Downloaded from http://bmjopen.bmj.com/ on June 11, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Figure 1

— NN TN ONOWORN


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

§; fHuipnjour ‘1ybruAdoo Aq paio

€20z 1sefny LT [uo 99T£20-£202-uadolwa/gs

Figure 2
A B
BASELINE TRAINING PROGRAM
=
v I v &2
H o =
1st Session 2nd Session §§
. GMFCS e - e SR N
« SATCo End of 1st Training Block (6t session) End of 22%Training Block (12t session)
*  GMFM-IS . B&B - PSST & mFRT + PSSP &mFRT
- MACS N R
+ SP&R-co + Kinematics LS
«  PEM-CY -5
. COPM = E=ol 233
+  mFRT a=2
oc
Q=
o
C D T
Sun=
1week Post-Training Assessment 3months Post-Training AsseSsment
' v ; ==
g 2"
) nd i d T
1st Session . MAS 2" Session 1%t Session D s 2 Session
- GMFCS c e - GMFCS 54
«  GMFM-IS . GMFM.IS *  SATGp
- MACS < B&B Rt . B3B3
+ SP&R-co + Kinematics +  SP&R2co BKinematics
«  PEM-CY . pssT «  PEM-CY . pssE
« COPM . COPM =
« mFRT « mFRE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salbojouyoa

| @p anbiydeuiboiqig aouaby e GZog ‘TT aurC uo /wiod [wqg:

Page 28 of 35


http://bmjopen.bmj.com/

Page 29 of 35

oNOYTULT D WN =

BMJ Open

B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

Blasug

Study Title:
Study protocol for a randomized controlled trial to determine the efficacy of an intensive seated
robotic and rigid trunk support systems

20z 1snbny 2T uo 99T£/0-£202-uadolw

a@iau
3

dns 1u
ojumogQ

ural intervention delivered with

e 1x9] o1gPIe|al sasn 1oy Buipnjoul ‘yybriAdod Aq |

9
e

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related docig@ents*

Section/item ItemNo Description

Administrative information Manuscript Page (lines)

Buruil erep
" (s3@vy) In
g//:dny oy p

Title 1 Descriptive title identifying the study design, population, interventions, and, Ka
trial acronym

licable, p.1

g

5
]
2

Trial registration  2a Trial identifier and registry name. If not yet registered, name of intended regf:%t Abstract (p.2, line 62) and
a p.5 (line175)
o,

2b All items from the World Health Organization Trial Registration Data Set ?—, Clinicaltrials.gov includes all

% WHO items.
(o]

Protocol version 3 Date and version identifier § Abstract (p.2, line 59)
o

Funding 4 Sources and types of financial, material, and other support E p.19 (line 511-513)

Roles and 5a Names, affiliations, and roles of protocol contributors p.19 (lines 504-510)

responsibilities

5b Name and contact information for the trial sponsor p.19 (line 511-513)

| @p anbiydelibolqig aouaby e Gzoz ‘TT aunc uo /woo'[igq'uado

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

Introduction

5c

5d

Background and 6a

rationale

Objectives

Trial design

6b

o =
BMJ Open s 3
c g
° 0
< 0N
5 3
3 @
Role of study sponsor and funders, if any, in study design; collection, mana@ment p.19 (line 512)
analysis, and interpretation of data; writing of the report; and the decision to%ub?mt the
report for publication, including whether they will have ultimate authority ove? ar}‘y of
these activities § (5:«::
= @ .‘ﬁ
Composition, roles, and responsibilities of the coordinating centre, steering g@nguttee Some of the roles are N/A.
endpoint adjudication committee, data management team, and other mdmd&ﬁs»or An independent researcher
groups overseeing the trial, if applicable (see ltem 21a for data monitoring c@rﬁrglttee will test training effectiveness
223 (p.15 lines 323-337); Data
§%§ management plan (p.18,
2 g lines 427-442); Formal
B3 training/supervising plan of
§j@§ research personnel (p. 15-
=]
a- g 16, lines 322-336); and Data
§ 3 monitoring (p.15-16, lines
= @]
%; ° 337-349)
E=
» 3
a 3
Description of research question and justification for undertaking the trial, méluc%g p. 4 (lines 103-119)
summary of relevant studies (published and unpublished) examining benefits arid harms
for each intervention g 5
>0
Explanation for choice of comparators § E p. 4 (lines 123-132)
e Q
Specific objectives or hypotheses 3 § p. 5 (lines 145-163)

Description of trial design including type of trial (eg, parallel group, crossover, f%;torial, p. 5 (lines 149-160, 165-171)
single group), allocation ratio, and framework (eg, superiority, equivalence, noniferiority,
exploratory)

| @p anbiydeiboilqig o

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 35


http://bmjopen.bmj.com/

Page 31 of 35

oNOYTULT D WN =

o =
BMJ Open s 3
c g
2 %
= o
g B
- O
5 o
Z 5
Methods: Participants, interventions, and outcomes % >
Q =]
Study setting 9 Description of study settings (eg, community clinic, academic hospital) and It 63
countries where data will be collected. Reference to where list of study sitesgcg@ be
obtained oa §
S 8
Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criterig@ gtistudy
centres and individuals who will perform the interventions (eg, surgeons, &39
psychotherapists) g‘é’%
588
Qoo
oc o
L=
@ >0
Interventions 11a Interventions for each group with sufficient detail to allow replication, includlggﬁ@w and
when they will be administered EQ%'
11b Criteria for discontinuing or modifying allocated interventions for a given tria Ep Elc:lpant
(eg, drug dose change in response to harms, participant request, or improvi Eg/viorsemng
disease) 2 &
3
Q=
11c Strategies to improve adherence to intervention protocols, and any proceduges for
. w 3
monitoring adherence (eg, drug tablet return, laboratory tests) ES
;—J' =]
g 5
11d Relevant concomitant care and interventions that are permitted or prohibite@duﬁng the
trial s 1
Q O
Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement véhable

(eg, systolic blood pressure), analysis metric (eg, change from baseline, final vaé:ue, time
to event), method of aggregation (eg, median, proportion), and time point for eagh

outcome. Explanation of the clinical relevance of chosen efficacy and harm outghmes is
strongly recommended

| @p anbiydeuiboiql

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

p.7 (lines 203-208)

Table 1: Inclusion/Exclusion

criteria (p.6); Personnel
delivering the intervention:
p.13 (lines 238-243, and
Table 2);

Tables 2-3, Figure 1, and
p.7-14 (lines 209-310)

p.14 (lines 283-288) and p.

16 (lines 348-349).

p.5-6 (lines 172-183), p.15-

16 (lines 323-349), p.18
(lines 427-441)

p.7 (line 210).

p. 16-18 (lines 353-426)


http://bmjopen.bmj.com/

oNOYTULT D WN =

Participant 13
timeline

Sample size 14
Recruitment 15

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding 17a
(masking)

o =
BMJ Open s 3
c g
2 %
= o
S ®
&~ 9
5 §
Time schedule of enrolment, interventions (including any run-ins and washogtsﬁ Figure 2 and p. 5 (lines 167-
assessments, and visits for participants. A schematic diagram is highly reca&ménded 170).
(see Figure) =} ;‘
% m@
Estimated number of participants needed to achieve study objectives and h&v\ﬁlﬁwas p.18 (lines 443-450)
determined, including clinical and statistical assumptions supporting any sa@@egsme
calculations SR
5389
Strategies for achieving adequate participant enrolment to reach target samglga Size p.5-6 (lines 172-183), p.15-
g;lg é 16 (lines 323-349), p.18
oog (lines 427-441)
L=
@ >0
w3
EE:
5~g5
Q- =
> T
Method of generating the allocation sequence (eg, computer-generated ran&on‘é p. 6 (lines 186-195)

numbers), and list of any factors for stratification. To reduce predictability ofza rapdom
sequence, details of any planned restriction (eg, blocking) should be prowded uga
separate document that is unavailable to those who enrol participants or asggno

interventions 2 3
3 o
Mechanism of implementing the allocation sequence (eg, central telephone ecg,lentlally p.6 (lines 192-194)

numbered, opaque, sealed envelopes), describing any steps to conceal the geqﬁlenoe

until interventions are assigned % =

N

Q 9

Who will generate the allocation sequence, who will enrol participants, and \&ho:&vnl p.6 (lines 192-194) & p.6-7
assign participants to interventions > (lines 200-204)

«Q

1]
Who will be blinded after assignment to interventions (eg, trial participants, caref; p.7 (lines 198-202)
providers, outcome assessors, data analysts), and how o}

(e}

g

«Q

£

=3

Qo

c

0]

Q.

id

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 35


http://bmjopen.bmj.com/

o =
Page 33 of 35 BMJ Open s 3

c g

2 %

= o
1 ER
2 =9
3 s B
4 17b If blinded, circumstances under which unblinding is permissible, and procedgre §)r p.7 (lines 198-202)
5 revealing a participant’s allocated intervention during the trial @ >
6 g I
7 Methods: Data collection, management, and analysis = m(’g
8 =
9 Data collection 18a Plans for assessment and collection of outcome, baseline, and other trial daﬁa‘_'(? f;fgcluding p. 5 (lines 168-170); and p.
10 methods any related processes to promote data quality (eg, duplicate measurements~t€a§nng of 16-17 (lines 372-426).
1; assessors) and a description of study instruments (eg, questionnaires, Iaborgég tests)
13 along with their reliability and validity, if known. Reference to where data col;lac ®n forms
14 can be found, if not in the protocol 9;58 §
15 250
16 18b Plans to promote participant retention and complete follow-up, including list @Ea:ﬁy p. 5 (lines 178-183); and p.
17 outcome data to be collected for participants who discontinue or deviate fror% %5 18 (lines 432-441).
18 intervention protocols =X
19 3- 2
;? Data 19 Plans for data entry, coding, security, and storage, including any related prozesges to p.18 (lines 428-431)
2 management promote data quality (eg, double data entry; range checks for data values). Ref&ence to
23 where details of data management procedures can be found, if not in the prtoc%l
24 3
25 Statistical 20a Statistical methods for analysing primary and secondary outcomes. Referen%e ’@ where p. 16 (lines 347-349); p.18
26 methods other details of the statistical analysis plan can be found, if not in the protocg 3 (lines 451-458)
27 2 o
28 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) Ej ; p.18-19 (lines 459-467)
29 8 =
30 20c Definition of analysis population relating to protocol non-adherence (eg, as r% d:émised p.18-19 (lines 459-467)
g; analysis), and any statistical methods to handle missing data (eg, multiple ||;gp g ion)

N
33 o
34 &
35 2
36 3
37 Methods: Monitoring ©
(e}

38 =
39 Q
40 B
4 E
42 o
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
45


http://bmjopen.bmj.com/

oNOYTULT D WN =

Data monitoring

Harms

Auditing

Ethics and dissemination

Research ethics
approval

Protocol
amendments
Consent or

assent

Confidentiality

21a

21b

22

23

24

25

26a

26b

o =
BMJ Open s 3
c g
2 %
= o
R
&~ 9
3 @
Composition of data monitoring committee (DMC); summary of its role and @po%mg p. 15 (lines 337-349)
structure; statement of whether it is independent from the sponsor and comﬁetuﬁ’_g
interests; and reference to where further details about its charter can be fouﬁd E not in
the protocol. Alternatively, an explanation of why a DMC is not needed § "3”<g
222
Description of any interim analyses and stopping guidelines, including who §if have p. 16 (lines 345-349)
access to these interim results and make the final decision to terminate the Rl%lB
=20
o 2 o
Plans for collecting, assessing, reporting, and managing solicited and spont@ng@usly p. 14 (lines 313-321) and p.
reported adverse events and other unintended effects of trial interventions Qﬁ;@lgl 15 (line 328)
conduct oo
L=
Frequency and procedures for auditing trial conduct, if any, and whether theﬁess will N/A
be independent from investigators and the sponsor E@E
25
S 3
Plans for seeking research ethics committee/institutional review board (REGIRB) p. 19 (lines 468-484)
approval = 3
S o
Plans for communicating important protocol modifications (eg, changes to Ii(;lb@ity p. 15 (line 328)
criteria, outcomes, analyses) to relevant parties (eg, investigators, REC/IRB% tréal
participants, trial registries, journals, regulators) % §
2 o
Who will obtain informed consent or assent from potential trial participants oiadfnorlsed p. 5-6 (lines 178-183)
surrogates, and how (see Item 32) Q §
e o
Additional consent provisions for collection and use of participant data and blokf”glcal N/A
specimens in ancillary studies, if applicable <
3
How personal information about potential and enrolled participants will be collec:%ed, p. 18 (lines 428-431)

shared, and maintained in order to protect confidentiality before, during, and aftdr the trial

| @p anbiyde.ibo

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 34 of 35


http://bmjopen.bmj.com/

Page 35 of 35

oNOYTULT D WN =

Declaration of 28
interests

Access to data 29

Ancillary and 30
post-trial care
Dissemination 31a
policy
31b
31c
Appendices

Informed consent 32
materials

Biological 33
specimens

BMJ Open

@oul ‘1y61Adoo Aq |
JoTE.0-c20Z-uadolw

Financial and other competing interests for principal investigators for the ovéralkirial and

each study site

v /T uo

Statement of who will have access to the final trial dataset, and disclosure tractual

agreements that limit such access for investigators

EX sasﬁuo; Bu
ﬁﬁgasu%

adhs Jusw

Z 1snb

Provisions, if any, for ancillary and post-trial care, and for compensation to t who

suffer harm from trial participation

Plans for investigators and sponsor to communicate trial results to participa
healthcare professionals, the public, and other relevant groups (eg, via pub
reporting in results databases, or other data sharing arrangements), includi
publication restrictions

1&re o1 01 p

BPEPeojuMod €80

e
)i
2

ululw e
(s3gv

gounc uo /wod fwq uaddfuay:dny wo

Authorship eligibility guidelines and any intended use of professional writer

v B

Plans, if any, for granting public access to the full protocol, participant-level datgset, and

statistical code

@IS pue ‘Bulure

Model consent form and other related documentation given to participants aad

authorised surrogates

r
dies, if

(Boay rey
w »
GZ0ET

Plans for collection, laboratory evaluation, and storage of biological specim
genetic or molecular analysis in the current trial and for future use in ancilla
applicable

salbQfo

p. 20 (line 514)

p. 20 (line 511)

p. 15 (line 314-315)

p.19 (lines 480-484)

N/A

p. 20 (line 513)

Added as supplementary

material

N/A

- &
*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & E@Eboration for important clarification on
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted bygthe SPIRIT Group under the Creative
o

Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.

| @p anbiydeiboiqig @

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Study protocol for a randomized controlled trial to
determine the efficacy of an intensive seated postural
intervention delivered with robotic and rigid trunk support

systems.

Journal:

BMJ Open

Manuscript ID

bmjopen-2023-073166.R1

Article Type:

Protocol

Date Submitted by the
Author:

06-Jul-2023

Complete List of Authors:

Santamaria, Victor; New York Medical College, Rehabilitation Sciences
Department: Physical Therapy Division

Ai, Xupeng; Columbia University, Mechanical Engineering

Chin, Karen; Columbia University; Burke Neurological Institute
Dutkowsky, Joseph; Columbia University, Orthopaedic Surgery
Gordon, Andrew; Columbia University, Biobehavioral Sciences
Department

Agrawal, Sunil; Columbia University, Mechanical Engineering

<b>Primary Subject
Heading</b>:

Research methods

Secondary Subject Heading:

Evidence based practice, Paediatrics

Keywords:

REHABILITATION MEDICINE, Paediatric neurology < NEUROLOGY, Motor
neurone disease < NEUROLOGY, Clinical trials < THERAPEUTICS

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘TT aunc uo jwod fwa uadolway/:diy woly pspeojumoqd '€2oz 1snbny T uo 99T€/0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uado CING


http://bmjopen.bmj.com/

Page 1 of 35 BMJ Open

©
: =
5 S
g
z 1 Study protocol for a randomized controlled trial to determine the efficacy of an =
5 2 intensive seated postural intervention delivered with robotic and rigid trunk 5
6 3  support systems. s
7 )
8 4  Victor Santamaria’, Xupeng Ai2, Karen Chin3, Joseph P. Dutkowsky*, Andrew M. 8
9 5 Gordon?3, Sunil K. Agrawal®5. 2
10 5
e o
7 5 2
2 3
14 > 3
15 g Affiliations s 3
=]
16 o . . L : S {
17 9 'Rehabilitation Sciences Department: Physical Therapy Division, New York Medical E §
18 10 College, NY, USA ES
19 11 2Mechanical Engineering Department, Columbia University, NY, USA 3 §
20 12  3Biobehavioral Sciences Department, Teachers College, NY, USA s 8
21 13 “4Orthopaedic Surgery Department, Columbia University, NY, USA 2 S
;g 14 >Rehabilitation and Regenerative Medicine Department, Columbia University, NY, USA S 'ﬁ
24 15 s
25 425
26 16 %‘% S
27 Y
29 sws
30 18  Word Count: 4500 words 252
31 528
19 )
32 ac o
20 ==
33 >0
34 21 3®3
Sn=>
35 22 5=
36 23 Address correspondence to: i' =
37 24  Victor Santamaria, PT, MSc, PhD, PCS. = 3
gg 25  Department of Physical Therapy g; 3
40 26 New York Medical College, School of Health Sciences and Practice 3 >
41 27 Valhalla, NY, USA s 2
42 28 vsantama@nymc.edu o S
43 3 5
44 29 3 2
45 o S
30 T 5
zs
g 1 8 S
@
49 3 ° 9
50 Z
51 33 @
52 3
@
53 34 w
54 i
55 35 S
56 £
57 =)
58 1 E
59 o
®

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:sa3077@columbia.edu
http://bmjopen.bmj.com/

oNOYTULT D WN =

36

37
38
39
40
41
42
43
44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

61
62
63

64

65

66

67

68

69

70

71

72

BMJ Open

ABSTRACT

Introduction: Children with cerebral palsy (CP) classified as Gross Motor Function
Classification System (GMFCS) levels llI-IV demonstrate impaired sitting and reaching
control abilities that hamper their overall functional performance. Yet, efficacious
interventions for improving sitting-related activities are scarce. We recently designed a
motor learning-based intervention delivered with the robotic Trunk-Support-Trainer
(TruST-intervention), in which we apply force field technology to individualize sitting
balance support. We propose a randomized controlled trial to test the efficacy of the motor
intervention delivered with robotic TruST compared to a static trunk support system.

Methods and analysis: We will recruit 82 participants with CP, GMFCS llI-1V, and aged
6-17yrs. Randomization using concealed allocation to either the TruST- or static trunk-
support intervention will be conducted using opaque sealed envelopes prepared by
someone unrelated to the study. We will apply an intention-to-treat protocol. The
Interventions will be provided 2H/sessions, 3/week, for 4 weeks. Participants will start
both interventions with pelvic strapping. In the TruST-intervention, postural task-
progression will be implemented by a progressive increase of the force field boundaries,
and then by removing the pelvic straps. In the static trunk support-intervention, we will
progressively lower the trunk support and remove pelvic strapping. Outcomes will be
assessed at baseline, the training midpoint, 1week post-intervention, and a 3month
follow-up. Primary outcomes will include the modified functional reach test, a kinematic
evaluation of sitting workspace, and the Box & Block test. Secondary outcomes will
include: The Segmental Assessment of Trunk Control test, Seated Postural & Reaching
Control test, Gross Motor Function Measure-ltem Set, Canadian Occupational
Performance Outcome, The Participation and Environment Measure and Youth, and
postural and reaching kinematics.

Ethics and dissemination: The study was approved by the Columbia University
Institutional Review Board (AAAS7804). This study is funded by the National Institutes of
Health (1R01HD101903-01) and is registered at clinicaltrials.gov (NCT04897347).
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INTRODUCTION

Cerebral palsy (CP) is the most common life-long childhood physical disability with 2.0-
3.5 per 1000 births, and a lifetime cost per person of $921,000 in the US.[1], [2]
Approximately 29% of these children have moderate-to-severe bilateral CP (BCP)—
Gross Motor Function Classification System (GMFCS) levels IlI-V.[3]-[5] Abnormal
posture and motor deficits are some of the most disabling impairments.[3], [5], [6] Yet,
efficacious therapies targeting sitting postural control that result in long-lasting functional
benefits are scarce.[7] This is particularly problematic for children with BCP, GMFCS III-
IV, who require sitting abilities for wheeled mobility, activities of daily living (ADLs), an
active physical life, and community participation.[8]-[12] Sitting control deficits are
commonly resolved by assistive systems and by modifying contextual factors (i.e., power
wheelchairs, head and lateral trunk supports, seating adaptations, and personal
assistance).[13], [14] This assistive approach facilitates participation; however, these
children may not be performing at their maximal independent motor potential. Thus,
promoting postural and reaching abilities during independent sitting are essential to
enhance the functional life of these children. Nonetheless, what is the best evidence-
based therapeutic strategy to target seated functions in children with BCP?

Children with GMFCS IlI-IV show segmental trunk control deficits at the middle or lower
thorax levels, and reaching impairments—as determined by the Segmental Assessment
of Trunk Control (SATCo) and Seated Postural & Reaching Control (SP&R-co) Tests.[15],
[16] Consequently, changing an external support from mid-ribs to pelvis significantly
decreases sitting and reaching control.[17] This suggests the potential application of
external support at specific trunk levels to deliver seated postural interventions.[18], [19] A
recent randomized controlled trial (RCT) in CP, GMFCS IlI-V, compared conventional
therapy with a home-based activity training delivered with external support at the impaired
trunk segment. The intervention resulted in significant short-term postural improvements
(i.e., sway) but not in long-term motor benefits.[20] The absence of long-term effects may
be because the intervention was not structured around motor learning and control
principles, which is essential for inducing neural plasticity and lasting functional
outcomes.[21]-[25]

In the present study, we have developed a robotic Trunk-Support-Trainer (TruST) to
evaluate seated balance and implement a motor learning-based postural intervention
(TruST-intervention).[26], [27] TruST is a motorized-cable driven belt that applies force
field technology. A key factor is that the force field matches the participants’ sitting stability
trunk region and supplements their motor efforts when their trunk is beyond such postural
limits. Thus, force fields are tailored to the ability of the participants as their postural
control improves across intervention sessions (i.e., postural task-progression). Moreover,
TruST displays real-time feedback about the trunk’s location with respect to the stability
boundaries, which allows the clinician to target postural strategies within, at, or beyond
sitting control boundaries. The current RCT investigates the efficacy of TruST-intervention
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1
2

2 142  compared to the same motor intervention implemented with a static trunk support system
5 143 in children with BCP, GMFCS llI-IV.

6 144  AIMS AND HYPOTHESES

273 145  Overall Aim

9

10 146  We will test whether a motor learning-and-control-based intervention can improve
11 147 seated postural and reaching abilities in children with BCP, GMFCS llI-IV.

13 148 Primary Hypotheses

15 149  We expect improvements with TruST and the static trunk support system. However, we
16 150 hypothesize greater improvements for the TruST-intervention. These will be seen by
151  larger improvements in a customized postural-star sitting test (PSST), the modified

19 152 functional reach test (mFRT) and in upper extremity control in both groups, as

20 153 determined by the Box and Block (B&B) test and video-coding analysis.

22 154  Secondary Hypothesis

54 155  We expect improvements in both intervention groups. However, we expect a greater

25 156 improvement rate with TruST-intervention in segmental trunk control (SATCo), postural
26 157  sitting and reaching control (Seated Postural & Reaching Control Test, SP&R-co), gross
158  motor function (Gross Motor Function Measure-ltem Set, GMFM-IS), child- and family-
29 159  centered functional and participation outcomes (Canadian Occupational Performance
30 160 Outcome, COPM, The Participation and Environment Measure and Youth, PEM-CY), as
31 161  well as in postural and reaching kinematics.
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32
33 162 METHODS
34

35 163  Study design
36

37 164 This is an explanatory parallel RCT conducted at Columbia University (NY) in 82

38 165 children with BCP, GMFCS llI-IV, aged 6-17yrs. The study timeline is from February

39 166 2022 to December 2026. After baselines, we will test improvements at mid-point of the
41 167  intervention (6" session), 1 week post-intervention, and 3 months follow-up. The

42 168 Consolidated Standards of Reporting Trials (CONSORT) will be followed.[28], [29] A

43 169 patient or family advisory board did not particpiate during the planning of our RCT study.

45 170  Recruitment

47 171 Participants will have a confirmed medical diagnosis of BCP. They will be recruited by
48 172 advertising on our and other websites, social media platforms, clinicaltrials.gov
173 (NCT04897347), various local clinics and through NYC area school districts. Testing and
57 174  training sessions will be adjusted to the family’s schedule before starting the study. During
52 175 initial pre-screening, a phone survey will be scheduled to interview families, caregivers,
53 176  or legal guardians by KC or VS. We will obtain information beforehand on participants’
177  eligibility criteria and discuss our study design, research goals, potential risks, and
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reciprocal commitment with participants and families. We expect that our recruitment
strategies will maximize retention and intervention benefits.

The participants will meet the following inclusion criteria to participate in our study: 1) age
6-17 years; 2) medical diagnosis of BCP (diplegia, triplegia, or quadriplegia); 3) GMFCS
levels Il or 1V; 4) ability to sit 5s with manual support provided to any trunk region at or
between mid-ribs and pelvis (SATCo = 3-7); and 5) cognitive capacity to follow basic
verbal instructions (e.g., "do not put your hands on your lap", “keep your hands up in the
air’, or "follow and reach or touch the toy"). Exclusion criteria include: 1) absent head
control (SATCo = 1); 2) current medical iliness unrelated to CP at the time of the study;
3) severe dyskinesia that impedes the child to sit and/or perform postural and/or reaching
movements; 4) history of recurrent seizures (daily) or refractory epilepsy; 5) severe
structural deformities of the spine (scoliosis >40° and/or kyphosis >45°); 6) orthopedic
surgery of the spine, and/or upper and/or lower extremities in the last 6 months before
the study onset; 7) severe spasticity of biceps/triceps in both upper extremities that
prevent reaching movements (Modified Ashworth Scale = 4); 8) chemodenervation or
neurolysis (e.g., botulinum toxin or phenol/ethyl alcohol injections) in the upper or lower
extremity muscles 3 months before the study or planned during the duration of the study;
and 9) major surgeries in the previous 6 months (only if medically contraindicated).

Randomization and Participant Allocation

A researcher blinded to our study will create computer-generated lists of random
numbers assigned to seven blocks with 10 participants and to one block with 12
participants (n = 82). To prevent selection bias, the allocation sequence will be
concealed from the research team. After randomization to either the TruST- or static
trunk support-intervention group, an independent researcher will communicate to the
research team the assigned group by opaque, sealed envelopes. Carbon paper inside
the envelope will be used to transfer the information onto an allocation card that will be
kept with the participant’s record. The envelopes will be opened after the consent of the
enrolled participant and completion of baseline assessments.

Blinding

All assessments will be videotaped and scored by clinical evaluators with expertise in
CP. The evaluators will be blinded to group allocation and testing sessions. Blinding of
families and children to the intervention will not be possible due to equipment
characteristics—i.e., robotic-TruST versus static trunk support system.

Study Locations

Both intervention arms will be delivered at Columbia University (NY, US). The TruST-
intervention will take place at the Robotics and Rehabilitation (ROAR) Laboratory;
whereas, the static trunk support-intervention will be carried at the Center for Cerebral
Palsy, Teachers College. The same research personnel will collect data and deliver the
motor interventions. However, clinical evaluators will be blind to participant allocation.
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Participants will concurrently follow their regular therapeutic care during the study,
which will be documented. The TruST- and static trunk support-interventions are
detailed in table 1, following the Template for Intervention Description and Replication
(TIDieR) Checklist.[30], [31] The same motor learning and control principles, and
activities will be applied to both interventions.[26]

Table 1. TiDIER checklist for comparison between TruST-intervention and static

trunk support-interventions

Name Trunk-Support-Trainer Static Trunk Support-
Intervention (Experimental) | intervention (Control)
Why Motor learning principles The therapeutic elements
and motor-task and intervention protocol
progression implemented. | are the same. However,
Postural task-progression | the postural task-
is objectively tailored to the | progression is
child’s sitting balance implemented by lowering
status and systematically the static trunk support as
progressed in each training | the child improves in
session. segmental trunk control
stability across sessions.
What: Toys, balloons, balls, cups, | Same equipment and
Equipment blocks, board games, bench. However, the
buzzers, white board and bench is integrated with a
colors. A bench with rigid apparatus to adjust
adjustable height and the level of support at the
straps to support the pelvis | specific sub-region of the
is fixed to a mechanical torso where the child loses
lifter. The robotic TruST sitting balance control.
dynamically controls the Thus, only the upper body
trunk in sitting; and thus, region above the rigid
the entire upper body support can freely move
moves within the pre- during the motor
defined sitting stability intervention.
boundaries.
What: Age-appropriate discrete, Same intervention
Procedures serial, and continuous structure and procedures.
motor tasks, including:
reaching (pointing and
grasping with whole hand
and fingers), catching,
throwing, punching, hitting
(or tapping), and lifting.
Motor activities will be
practiced along 8 star-
radiated directions that are
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approximately spaced 45°
apart and have their center
at the child’s pelvis. Motor
practice will be within and
beyond reaching distance
in each one of the 8
directions covering the full
child’s peripersonal space
(360°). A total of 30-50
repetitions will be trained in
a clockwise and
counterclockwise fashion
to train the more- and less-
impaired upper limbs.

Providers

Two researchers with
clinical/kinesiology
knowledge and a
bioengineer will participate
in each session. The
assignment of the
personnel providing the
intervention will be
counterbalanced.

Same providers and
counterbalance design.

How

A one-on-one intervention
delivery. Motor learning-
based intervention that is
task-oriented (predefined
motor goal), age-
appropriate (engaging
practice), intensive mass
practice (training > resting,
high number of trials, and
reduced performance
time), sequential skill
progression (part-task
training), and motor
randomization (variability
during task practice).
Motor control parameters
modulated to challenge
motor performance. TruST
via visual feedback on a
screen guides the clinician
to train two distances:
“within boundaries®
(maximum active reaching

Same therapeutic
program, clinical delivery,
and motor learning and
control principles will be
applied. The motor tasks
are equally practiced at
two distances: “within
maximum active reaching
distance” and “beyond
active reaching distance”.
The rigid trunk support
system assists the postural
trunk movements by
statically holding the sub-
region of the child’s torso
where the loss of sitting
balance is found.
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distance) and “beyond
boundaries” (beyond active
reaching distance”).
TruST-force fields assist
the child in performing
postural trunk movements.

Where Laboratory setting Same setting
When and how much: The training dosage and Same intervention
a) Intensity schedule will be 2hour- schedule and dosage.

b) Frequency
c) Session Time
d) Overall Duration

sessions, 3 X week, over 4
weeks, with an estimated
overall duration of 24
hours of training.

Tailoring

Postural task-progression
will be implemented via
assist-as-needed force
fields that are equivalent to
10% of the child’s body
weight. These force fields
will be determined by the
area and boundaries of
stable sitting control
measured by a customized
postural star-sitting test
(i.e., a trunk control-based
kinematic measurement).
Force fields are re-
adjusted at the beginning
of each training session to
maintain the postural and
motor challenge at a
maximum level during the
motor intervention.

The static support will be
placed at the trunk region
at which the child loses
sitting balance, as
determined by the SATCo.
Postural task-progression
will be implemented by
lowering the rigid support,
as the child acquires
greater trunk control. The
SATCo, starting at the
most-impaired trunk
segment, will be
systematically used prior to
starting the motor
intervention to re-adjust
the support system and
ensure the maximum level
of postural challenge
during the intervention.

Modifications

Games and motor
activities will be selected
based on the child’s
preferences. Otherwise, no
modifications are expected
to occur.

Same method for the
selection of games and
motor activities.

How Well:
Planned
a) Fidelity strategies
b) Fidelity
assessment

Videos and logs to
monitor: i) study
attendance, ii) visual
analogue scale (VAS) for
discomfort/pain (Wong-
Baker FACES),[32] iii)
perceived physical exertion

Same procedure to
monitor study attendance,
child’s discomfort/pain, and
motor learning/control
modulation for ensuring
intervention fidelity.
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(OMNI),[26] iv) motor
control parameters used
and modulated during
training.

Video-coding of training
session recordings to
determine effectiveness of
training (i.e., performance
of active movements
without considering
breaks, setup, transfers
time between activities,
toilet use), type of motor
activity and practice time,
and motor capacity (e.g.,
successful trials).

How Well: Actual

We will determine whether
the study and intervention
plans are achieved based
on attendance to measure
participation, data from the
customized postural star-
sitting test (i.e., increases
in force fields boundaries
will indicate improved
sitting workspace area),
and video-coding data to
measure motor capacity
improvements.

The presence of
unexpected accidents or
therapeutic adverse effects
together with the level of
fatigue and discomfort or
pain will determine
intervention safety and
feasibility in a large scale
of children with BCP.

Similarly, we will determine
whether the study and
intervention plans are
achieved based on
attendance to measure
participation, data from the
SATCo across sessions to
determine enhanced trunk
control, and video-coding
data about the type of
motor activity to study
improved motor capacity.
The presence of
unexpected accidents or
therapeutic adverse effects
together with the level of
fatigue and discomfort or
pain will inform on
intervention safety and
feasibility in a large scale
of children with BCP.

Common Intervention Procedures: TruST- & Static Trunk Support-Interventions

Dosage

The dosage for both interventions will be identical, 2H/session, 3x/week, for 4 weeks
(12 training sessions). In our previous study,[26] we found the proposed intervention

10
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©
=
1 @)
; 3
2 228 schedule and dosage to be effective in promoting short- and long-term improvements in =
5 229  seated postural and reaching abilities and gross motor functions. 5
? 230 Therapeutic Approach %
g 231 In both intervention groups, all motor activities will be trained along 8 star-radiated %
10 232 directions spaced at 45° and with the center at the participant’s pelvis. The goal of this o é
11 233 postural intervention scheme is to cover the 360° peripersonal space around the % P
12 234 participant in sitting while being trained at different reaching distances (Fig 1A). 2 §
13 o
3
14 235  Activities will be practiced under moderate-high intensity but never beyond extreme 23
15 236 fatigue, as reported by the child or by the presence of clinical signs such as muscle § g
1? 237  trembling. Any potential pain or discomfort will be monitored with the Wong-Baker E §
18 238  Faces pain scale during and after the intervention.[33] ES
2
19 3 @
20 239 Parameterization of the Motor Intervention c 9
5 (@]
;; 240  The motor intervention parameters were investigated in previous studies in preliminary a 2
23 241 studies (Table 2).[26], [34] A subset of modified motor parameters defined by Fleishman E g
24 242  (1972) will be used to modulate postural and reaching control strategies during the o (B:‘g
;2 243  motor intervention.[35] Motor learning-based interventions depend upon participants’ ag-ﬁ
57 244 own preference, motivation, and cognitive-motor abilities. Thus, these parameters will §§ §
28 245 be adjusted across participants and intervention sessions.[21], [23], [36] 589
29 T 0=
30 Table 2. Activities & Motor Learning and Control Parameters %:C:%
31 235
32 Motor Activity Descriptors 855
33 Reaching, grasping, catching, throwing, drawing, B3
34 : ; . 3m
35 Hand Actions punching, or coloring RS
=]
g? Games Connect Four®, Jenga®, white board and pens > S
38 Balloons, punching bag, balls, marbles, cars, bowling 5 3
23 Toys and Objects pins, strir!gs, light- and sound-emitting buzzerg, § i
a7 constructions blocks, small cups, and shape-like puzzles 2 3
42 § 8
43 Motor Learning 2 2
=. (@]
44 Parameters Descriptors 3 2
45 g S
46 Discrete: Task characterized by a defined start and end. % °
47 Task nature Continuous: Motor task that stops arbitrarily. Serial: An s
48 orderly sequence of discrete tasks < 8
49 ) g‘
g? Movement Repetitions 30-50 trials é
[¢]
32 50% success required to progress the complexity of the §
gi Motor skill progression motor task: object features (size, shape, or weight) and ©
55 task constraints (pointing versus grasping) E
56 5
57 E;
58 11 <
59 g
i
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Motor practice

First practice without objects. Then, objects are
incorporated. Whole-task training is emphasized.
However, in case of learning deficits, a part-task training
following a segmentation method is applied (i.e., splitting
the motor activity into components so that the first
component is trained first, and then this component is
combined with the second, and set forth)

Sequence skill progression

Motor task variations are progressively trained in a
sequence from less to more complex

Verbal feedback

In case of learning deficits of the task goal or how to
perform it, verbal feedback is incorporated. Knowledge
of results (action outcomes) is prioritized over
knowledge of performance (movement-based
information). A bandwidth mode with a 50% acceptable
performance error will be delivered as terminal feedback
after motor practice of a block of trials (e.g., in 10 trials,
feedback delivered after a block of 5 unsuccessful
trials).

Motor randomization

Motor variability (e.g., object location or moving versus
stationary targets) and motor parameters (control
strategies) are addressed during postural and reaching
tasks performed beyond maximum reaching distance.

Motor Control
Parameters

Descriptors

Control precision

Ability to perform rapid and precise movements to
control devices, games, or toys.

Response orientation

Ability to move to specific direction/s.

Arm movement speed

Ability to perform rapid arm movements.

Rate control

Ability to time continuous anticipatory and compensatory
movements in response to speed/directional changes.

Multilimb Coordination

Ability to move and coordinate upper extremities to
achieve symmetrical/asymmetrical bilateral tasks.

Manual dexterity

Ability to perform skillful in-hand movements.

Finger dexterity

Ability to perform skillful finger movements with small
objects such as coins.

Arm-hand steadiness

Ability to maintain steady hand-arm and/or postures
during an interval of time.

Wrist, finger speed

Ability to perform rapid and repetitive wrist and finger
movements.

Aiming and accuracy

Ability to move the hand or finger to static and/or moving
targets of different dimensions; or throwing tasks that
demand visual accuracy.

Reaction time

Ability to respond as quick as possible and with rapid

movements to external visual/auditory cues.

12
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247  Mode of Intervention Delivery and Setting

248  One-to-one interventions will be delivered in a lab setting by a physical or occupational
249  therapist. All research personnel will be trained and supervised. A physical therapist and
250 researcher (VS) will provide direct supervision every two intervention sessions. Also, a

9 251  bioengineer (XA) will operate TruST while another researcher/clinician collects

10 252  kinematic data or deliver the motor intervention.

oNOYTULT D WN =

12 253 Postural-Task Progression Procedures
14 254  TruST-Intervention: Postural Assistive-Force Fields

16 255  The TruST-belt will be placed on lower ribs (Tg.12) to provide “assist-as-needed” forces.
17 256  The PSST will be used to match the assistive force-tunnel to the participant’s sitting

257  control boundaries and measure sitting workspace (cm?).[26], [37] This test is based on
20 258 the Star Excursion Balance Test; in which the person displaces the foot along eight

21 259 directions, following the shape of a star during one leg stance.[38] Similarly, the PSST is
22 260 agame-oriented test in which the seated participant performs maximal trunk excursions.
261 A large ball is presented nearby the participant’s face to guide the 8 trunk movements
25 262 thatradiate in a star-like fashion. After each maximum trunk displacement, the

26 263 participant needs to recover upright sitting posture without using the hands for support.

28 264  During the TruST-intervention, the assistive-force field intensity equals 10% of the

29 265 child’s body weight (Fig 1B). These forces assist sitting balance toward the pre-defined
30 266  stability boundaries and not to the center of the star-shaped region. Moreover, assistive
267 forces are only provided when the trunk is beyond the boundaries to supplement the

33 268 participant’'s motor efforts. This configuration promotes continuous active sitting control
34 269 without hand support to practice goal-oriented tasks. As the participant expands the

35 270 sitting control boundaries across intervention sessions, the assistive-force field areas
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g? 271  are increased to the new sitting control boundaries (i.e., postural-task progression).
gg 272 Another critical parameter to the achievement of independent sitting will be the removal

40 273  of pelvic strapping (i.e., unsupported sitting). We will follow one of two criteria to remove
41 274 the straps. The child shows a pre-training sitting workspace area above two standard

42 275  errors (SE) of the mean from the two, or more, previous pre-training sessions; or pelvic
276  strapping is removed after the 6" session. Our previous study suggests that participants
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jg 277  will likely acquire unsupported sitting (unstrapped) by the 6t intervention session.
j? 278  Static Trunk Support-Iintervention: Segment-by-Segment Approach
jg 279  The static trunk support system (Figure 1C) design follows engineering principles,

so 280  kinematic and electromyographic data in sitting and reaching control that apply to

51 281 healthy adults, developing infants, and children with CP.[17], [19], [20], [39]-[43] As

52 282 determined by the SATCo, we will follow a top-down segment-by-segment approach to
283  evaluate trunk control in sitting at the beginning of each intervention session. We will
s5 284  define the most-impaired trunk segment, place the support, and deliver the motor

56 285 intervention. The constraint of caudal trunk segments to the one being trained might

58 13
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help to reduce the overload of sensorimotor information to process and to control the
body dynamics during seated motor activities.[39], [43]

For postural task-progression, when there is an improvement in the SATCo—i.e.,
improved sitting balance at a lower trunk segment—the support is lowered one level.
The trunk support system will offer a firm support for a systematic, objective, and
reliable SATCo evaluation across participants and sessions.

Discontinuation Criteria for Motor Interventions

We will discontinue the TruST-intervention if postural detriments are observed—i.e.,
workspace area decreases during 3 consecutive days and below 2SE of the averaged
pre-intervention sessions before the detriment onset. Static trunk control-intervention
will be discontinued if the SATCo score decreases 1 level, or more, for 3 consecutive
days. Any intervention will stop if the participants report excessive pain (VAS 2 7).

Motor-Task Progression Procedure
In the TruST-intervention, motor training will be progressed as follows:

1. Within sitting boundaries (inactive TruST-force field): The participant performs
30-50 simple reaches (i.e., pointing) with the less- and more-impaired upper
extremities. The target is placed at maximum active reaching distance without
eliciting additional trunk movements on the right and left sides of the body,
following the 8 star-like directions—as we follow in the postural star-sitting test. If
60% of attempts are successful in a minimum of 5 out of the 8 directions
(clockwise or counterclockwise), the participant progresses to stage 2.

2. Beyond sitting control boundaries (active TruST-force field): The target is placed
beyond stability boundaries (~120% active reaching distance) along the 8
directions to elicit trunk movements. In this stage, the participant relies on
assistive-force fields to complete the motor activity and return to sitting posture
without using the hands to recover sitting stability. As in stage 1, the participant
can progress to stage 3 when 60% of attempts are successful at least in 5 out of
the 8 directions (clockwise or counterclockwise).

3. Beyond sitting control boundaries under challenging motor conditions: The
training procedure is like stage 2. However, in stage 3, the clinician modulates
specific motor control parameters (see table 2 above), adds practice variability—
movement distance and directionality—and introduce diverse goal-oriented
activities (i.e., contextual interference) to address maximum motor complexity.

In the static trunk support-group, we will follow the same sequential motor skill training.
However, in stage 2 and 3, the participants will rely on a static trunk support to perform
the postural and reaching activities without the additional use of the hands for support.

Adverse events and safety

14
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1
2

2 323  As per our IRB-protocol, major risks or serious long-term harm are not expected. Thus,
5 324  pre-established compensation has not been determined. Major falls from the bench will
6 325 be prevented with a slacked harness—to avoid weight support during the intervention.
7 326 Minor equipment- or intervention-related injuries that do not require medical attention

g 327 are muscle fatigue, minor dermic abrasions, and localized erythema or petechiae under
10 328 the belt or trunk support. If adverse events such as muscle or articular pain, excessive

11 329 physical or cognitive fatigue, musculotendinous strains, or ligament sprains occur, these
12 330 will be reported in our study protocols (see “Fidelity” section) and study IRB.

14 331 Fidelity

16 332  Supervisory team: researchers attributes, scientific documentation, and
17 333  personnel training.

19 334 We will have a Manual of Procedures (MOP) in place that covers each treatment arm.
20 335  The MOP will describe the study design, personnel roles, experimental procedures,
336 interventions, data analyses, precautions and safety measures, and how to handle

>3 337 Dblinded and private data. It will register adverse events, and protocol or procedure

24 338 modification logs.

26 339 All research personnel (including volunteers) in direct contact with participants will

27 340 receive training in ethical, safety, experimental, and intervention protocols to achieve

28 341 optimal ethical and professional attributes to perform the study. This training will include
342  IRB-related coursework (e.g., “Good Clinical Practice”), basic first aid and CPR training,
31 343 communication skills to interact with participants and families, information on RCT

32 344 designs—ensuring internal and external validity of the study—and a two-hour in-person
33 345 training seminar to learn about postural- and reaching-related deficits in CP, motor
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gg 346 intervention design, and basic operations of TruST and static trunk support systems.
g? 347  Data Monitoring during the Study

38 348  Attendance will be used to measure participation and monitor potential dropouts,

40 349 including if the reason is internal or external to our study. Video footage of training

41 350 sessions will be video-coded to determine training effectiveness (i.e., time-on-task), type
42 351 and frequency of motor activities practiced, toys or objects used, and motor capacity

43 352 (e.g., success to achieve the goal, time to achieve the task, and repetitions). An external
353 researcher with expertise in video-coding analyses, who is independent to our study

46 354 team, will analyze masked video data with Datavyu software (https://datavyu.org/).

48 355 A data monitoring committee has not been established. In weekly meetings, we will

49 356 monitor if all study protocols are implemented as planned. Aside from an external

50 357  statistical analysis, interim statistical analyses will be carried to monitor the progression
358  of the two study arms. If 50% of the projected sample size does not improve in either
53 359  intervention, we will inform the funding agency and discontinue our RCT.
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Using the ICF framework, we will collect data within the body structure and function,
activity, and participation domains.[14] Figure 2 depicts the study outline and data
collections.

Medical, Demographic, and Concurrent Therapy Data

NIH questionnaires will be used to gather demographic data, sex, age, race, and
ethnicity. This data will be used to ensure cultural diversity. Medical information such as
CP diagnosis and subtype, brain injury, and other comorbidities will be obtained from
medical records. We will record the current medical and therapeutic regimens—type,
schedule, and intensity—of participants for further interpretation of our study outcomes.
Any communication that involves personal or medical information will follow the Health
Insurance Portability and Accountability Act of 1996 (HIPAA).[44]

Screening and descriptive measures

GMFCS: The GMFCS comprises five levels of severity. It categorizes functional abilities
such as sitting, walking, running or jumping while considering the need for assistive
equipment (postural support, wheeled mobility, or walkers).[45]

Manual Ability Classification System (MACS): The MACS categorizes how children
manipulate objects during ADL depending on their functional independence.[46]

Spasticity will be measured with the Modified Ashworth Scale (MAS): The MAS can
be used to assess spasticity in CP. [47], [48] It scores the increase in muscle resistance
through passive limb movements. The score ranges from 0 (no increase in muscle tone)
to 4 (limb rigid in flexion or extension). We will be cautious interpreting spasticity as MAS
scores depend upon joint and muscle features, and examiners.[48]

Primary Outcomes
mFRT: The mFRT measures proactive postural control during maximum reaching

distance. It is reliable tool in CP (r = 0.42 to 0.77) and discriminates GMFCS levels
(GMFCS Il = 10.8cm = SD: 3.8).[49], [50] Test responsiveness is unknown in CP, however.

PSST: It will be performed before and after interventions to monitor sitting control
progression in both TruST- and static trunk control-intervention groups. The investigators
have several motivations that rationalize this customized measurement. It: 1) is age-
appropriate, 2) is goal-oriented, 3) directly measures sitting based on trunk control
improvements, 4) is responsive to capture sitting workspace area increases, and 5) offers
data with a straightforward functional interpretation.

B&B: It examines manual dexterity. The child moves a maximum number of blocks (block
size = 2.5cm?), one at a time, between the compartments of a partitioned box in 60s.[51]
In BCP, B&B shows a strong association (r = 0.7) with self-care, mobility, and social
function.[521 B&B is responsive to motor interventions that include more- and less-affected
hands with a minimal clinically important difference (MCID) of 1.9 and 3.0 blocks,
respectively.[53], [54] Arm displacement and grasping will be analyzed with Datavyu.[55] An

instruction manual has been created to standardize video-coding procedures and define
the reaching variables. Grasping is defined as the moment the hand contacts the block
to the time the block is lifted from the surface. Arm displacement is defined from end of

16
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1
2

2 402 grasping to block release. Reaching performance is the summation of grasping and arm
s 403  displacement. Two, or more, coders will determine video-coding reliability (r = 0.7).

6 404  Secondary Outcomes

/ 405 GMFM-IS: The GMFM-IS determines the gross motor function of children with CP—A:
g 406 lying and rolling, B: sitting, C: crawling, D: standing and E: walking, running & jumping. It
10 407 is an abbreviated and validated version of the GMFM-66. It includes an algorithm with

11 408 three critical items to decide which one of four item sets is most appropriate to assess
12 409  motor function and obtain a GMFM-66 score.[s6) GMFM shows strong interrater reliability
13 410 (k= 0.75) for 2-12yrs and strong inverse correlation with GMFCS (r = -0.91).[57], [58]
4 411 Moreover, it is responsive to change with an MCID of 0.8-1.6 (medium effect size) and
412 1.3-2.6 (large effect size).[59]

17 413 COPM: It will be used to measure parent- and child-centered functional goals and
18 414 preferences specific to seated posture and reaching impediments that restrict
415  participation.[60] COPM has high interrater agreement in prioritizing problems (80%) and
21 416 it can detect clinical important differences across time (MCID above 2-point change).[61]-
22 417  [63]

418 PEM-CY: It measures participation—12 home items, 17 school items and 16 community
25 419 items—including environmental factors (reliability: home = 0.71, school = 0.76, and
26 420 community = 0.69).[64], [65] A study on environmental-based intervention showed that
27 421 PEM-CY can capture improvements in children with physical disabilities. We will explore
422  if PEM-CY can capture post-intervention changes in our study.[66]

30 423 SP&R-co test: The theoretical play-oriented framework and metrics of the SP&R-co test
31 424 have been validated in children with CP who have moderate-to-severe motor conditions.
32 425 |t shows good-excellent interrater and intrarater reliability (ICCs = 0.68—0.86, and 0.64—
426  0.95, respectively). As the SATCo, the SP&R-co follows a segment-by-segment trunk
35 427 approach to assess quantitatively sitting control across static, active, proactive (via
36 428 bimanual and unimanual reaches), and reactive dimensions. Responsiveness has not
37 429 been addressed, but the standard error measurements for each seated postural
38 430 dimension of the SP&R-co test are available.[15]
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40 431 Postural and reaching kinematics: We will follow the seated postural framework
41 432 validated in the SP&R-co to capture motor improvements in the next tasks:

fé 433 Static Seated Task: Postural orientation and balance in sitting during 20s.

a0 434 Active Seated Task: Simultaneous control of the trunk and head rotations when the
45 435 child visually follows an object 90° to the right and left (i.e., chin over shoulder).

46 436 Proactive Seated Task: Seated anticipatory and compensatory postural control
j; 437 during direction-specific reaches performed straight, and 45° to the right and left.
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49 438 SATCo: Itis validated in children with CP and shows excellent interrater and intrarater
50 439 reliability (ICCs > 0.84 and 0.98, respectively). The evaluator offers support at various

51 440 trunk segments (shoulders, axillae, inferior angle of scapulae, on lower ribs, below lower
441  ribs, and pelvis) to measure trunk control across 3 dimensions: static (during 5s),

54 442 proactive (visually following an object to the right and left), and reactive (postural

55 443  responses to nudges). The score is from 1 (no head control) to 8 (full trunk control).[16]
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Test responsiveness has not been established but studies show potential to identify
trunk balance improvements in each of the tested trunk segments.[19], [43]

Data Management and Data Collections

After the subject eligibility is confirmed, we will assign a code to each participant only
accessed by the Pls (SKA and AMG), co-investigator (VS), and research coordinator
(KC). All data collections will be digitized and saved in encrypted endpoint hard drives.
Paper forms will be collected as safe copies in a private locked cabinet in the PI’s office.

To keep young children informed and engaged during the study, each one will receive a
personalized fun “Research Passport” that lists each study stage and explains the
purpose of each visit. Upon completion of each procedure, the child will earn a stamp
on each page. Additionally, we will offer families the possibility of receiving a brief
clinical informative report with the functional status of the child after the study by VS—
who is a board-certified pediatric and licensed physical therapist in NY.

We will divide our three main data collection events (baseline, 1-week post-training, and
3-mos follow-up) into two sub-sessions to reduce the burden and physical fatigue that
the evaluations may cause (Fig 2). We will empower participants with the ability to stop
any study session and request breaks verbally or with a laminated red stop sign.

Data Analysis
Sample size estimation

We used preliminary data from our previous study and literature to estimate sample and
effect sizes.[17], [26] G-Power (version 3.1.9.4., Dusseldorf University) and SPSS (version
25, IBM) were applied. Our primary outcome was upper body balance during seated
reaching (Pilot average = 30°+ SD = 22°, partial »* = 0.10, n = 11). With a mixed Analysis
of Variance (ANOVA), we estimated 68 subjects to achieve a power = 0.8, considering a
two-tailed a rate = 0.01. We will recruit an additional 20% of participants (a total of 82
participants) to account for potential group heterogeneity and dropouts.

Statistical Procedures

An alpha rate = 0.01 will be used for statistical analyses. The effect of interventions on
primary and secondary outcomes will be analyzed with a two-factor mixed ANOVA,
including groups as a between-subjects factor (TruST- and static trunk support groups),
and testing sessions as a repeated measures factor (baseline, mid-point training, 1week
post-training, and 3mos follow-up). The group X testing session interaction will be used
to test the hypothesis that TruST-intervention is superior to static trunk support-
intervention. If the ANOVA model is significant, we will perform post-hoc comparisons
with Holm-Bonferroni procedure to control familywise error.

Statistical Handling of Non-Normally Distributed and Missing Data

18
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©
=
1
z 480 In the event that participants miss sessions for unpredicted reasons (e.g., iliness) or drop =
5 481 the study, we will apply a Generalized Estimating Equations (GEE) as an alternative 5
6 482  statistical plan. In this way, we will account for missing data and follow an intent-to-treat s
7 483  principle. The GEE will analyze events-in-trials following a repeated-measures procedure o
g 484  with subjects as clusters, test session as the within-subject variable, and intervention %
10 485 groups as the between-subject variable. A linear model will be selected, and the o %
11 486  covariance structure will be specified as correlation matrix based on the quasi-likelihood S B
12 487 under independence criterion (QIC) goodness of fit coefficient.[67] % §
12 488 Ethics, Resource Sharing Plan, and Dissemination E %
o ©
12 489  The present RCT has been registered in clinicalgov.org (#NCT04897347). The study § i
17 490  protocol, recruitment materials, and assent and consent forms have been approved by s 8
18 491 the Columbia University Institutional Review Board (IRB AAAS7804). Study information, f §
19 492 assent, and informed consent forms will be signed by all participants and caregivers a g
;? 493  prior to requesting medical records and starting the study. Participants will be verbally § >
5> 494  reminded they can withdraw consent at any time without penalty. All de-identified data e 2
23 495  will be stored for 3 years after study completion in password protected computers. We E g
24 496  will store de-identified data in an online HIPAA-compliant database (REDCap). The o é”‘g
;Z 497  study protocols follow standardized procedures in RCT such as CONSORT and TIDieR gg-‘ﬁ
>7 498  tofacilitate appropriate scientific, ethical, and safety assessments and to increase the §§ §
28 499 likelihood of research success.[28], [30], [31] 539
T0Hs
§§ 500 We will make available the study data via the Data and Specimen Hub (DASH)—a data %%é
31 501 sharing platform of the Eunice Kennedy Shriver National Institute of Child Health and a=2
gg 502 Development. Findings will be disseminated through peer-reviewed publication and gi;
34 503 national and international conferences. Participants and families will be informed on the ;ﬁ%
35 504  study progress via newsletters and meetings. g@é
[CIE
> 505 Discussion > g
gg 506 We are expanding on our previous small feasibilty study in which we did not include a %; ?Z
40 507  control group (i.e., static trunk support-intervention).[26] We expect our motor learning- a %’
41 508 based postural interventions to induce postural and reaching improvements. "a’ 5
42 509  Nonetheless, we expect that postural-task progression tailored to the participant’s e 3
43 " : : ; o . 3
4a 510  postural sitting control via TruST-force fields will have a synergistic effect during motor = S
45 511 trainig that may lead to greater improvements. As shown in our previous studies, we will = ‘g
46 512  apply motor-task progression to challenge the child via specific motor parameters in % N4
j; 513 age-approriate and goal-oriented activities that maximize engagement. Tailored postural § g
49 514  support that is progressively lowered allows participants to experience a full motor g B
so 515 repertoire based on self-initiated movements and trial and error. We do not expect ' “i
51 516 safety concerns during the motor interventions but physical fatigue is highly plausable @
52 517  due to the motor- and postural-task progression nature. If our hypothesis is supported, a §
gi 518 critical point will be knowledge translation of TruST-intervention. Valid static trunk 2
55 519  support systems are accessible in most rehab settings and special education schools. ]
56 520 Regarding TruST, the team will investigate its development into a versatile and 3
57 >
58 19 g
59 o
i
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affordable equipment with an user-friendly interface for clinical use. Regarding our
intervention, we will also study whether a distributed motor practice, more similar to
regular therapy schedules (30-60min versus 120min), would be equally effective.
Finally, if participants acquire unsupported sitting, further studies will be necessary to
objectively address how to modify the child’s context (physical barriers) to fully transfer
and retain their functional gains to everyday ADLSs.
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SKA, AMG, JD, and VS have designed the RCT and standardized study procedures
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Figure Captions
Figure 1

Fig 1. Figure A depicts the star-shaped scheme applied during the motor intervention
with TruST and rigid trunk support systems. The postural star-sitting test follows the
same scheme to compute sitting workspace area (cm?). Figure B shows a model of
TruST with a child. The main components are numbered: motors (1), pulleys and cable
tension sensors (2), cables (3), mechanical lifting platform (4), bench with pelvic
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1
2

2 557  strapping (5), and ball used during the postural star-sitting test (6). The arrow depicts
5 558 the active trunk excursion. Figure C depicts the static trunk support system and the

6 559  main components: principal rigid column (1), U-shaped trunk support that slides along
7 560 the vertical column (2), trunk support adjustments in the frontal and sagittal planes (3),
8 561 base of the frame with wheels that can be locked (4). Note that the frontal belt and

?0 562  bench are not shown in this model.

11

1, 963

13 564 Figure 2

14

15 565  Fig 2. Diagram depicting the timeline data collections and type of data gathered during the
16 566 study.

18 567
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Participant 13
timeline

Sample size 14
Recruitment 15

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding 17a
(masking)

17b

BMJ Open
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9

Time schedule of enrolment, interventions (including any run-ins and washogts)qv
assessments, and visits for participants. A schematic diagram is highly reca&ménded
(see Figure) S

c

wn M
Estimated number of participants needed to achieve study objectives and h&v@ ;Ewas
determined, including clinical and statistical assumptions supporting any sa@@egsme

oo N

calculations

nv /T

@ usW
umoq ‘¢

N
(o)

Strategies for achieving adequate participant enrolment to reach target samgl

IV26uluiw eyep pue 1xg 01 pa
" (s39v) Inauadn
duy wou} papeo|

Method of generating the allocation sequence (eg, computer-generated ranqong
numbers), and list of any factors for stratification. To reduce predictability of:a r%udom
sequence, details of any planned restriction (eg, blocking) should be prowded uga
separate document that is unavailable to those who enrol participants or ass.fﬂgncr
interventions

IS pue
Jwoo [w

Mechanism of implementing the allocation sequence (eg, central telephone %e(g.lentlally
numbered, opaque, sealed envelopes), describing any steps to conceal the 5 seo&lence
until interventions are assigned

Oé"l:'l:a

Who will generate the allocation sequence, who will enrol participants, and
assign participants to interventions

(0]

'sagﬁgjouuoa

B’V le Gg

Who will be blinded after assignment to interventions (eg, trial participants, car
providers, outcome assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure &
revealing a participant’s allocated intervention during the trial

-
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Methods: Data collection, management, and analysis

Data collection 18a
methods

18b
Data 19
management
Statistical 20a
methods

20b

20c

Methods: Monitoring

Data monitoring  21a
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Plans for assessment and collection of outcome, baseline, and other trial da@e, iqcluding  p. 15 (lines 344-346) and p.
any related processes to promote data quality (eg, duplicate measurementsgtﬁ@ing of 16-17 (lines 384-444).
assessors) and a description of study instruments (eg, questionnaires, Iabo@@@ tests)

along with their reliability and validity, if known. Reference to where data colfsgtjon forms

can be found, if not in the protocol g% N

=10

o>
Plans to promote participant retention and complete follow-up, including list Qfga%y p. 5 (lines 178-183); and p.
outcome data to be collected for participants who discontinue or deviate from;si?j2 é 18 (lines 450-458).
intervention protocols oo

L=
Plans for data entry, coding, security, and storage, including any related prog%ges to p.18 (lines 446-449) and p.
promote data quality (eg, double data entry; range checks for data values). gg@’ence to 19 (line 495).

where details of data management procedures can be found, if not in the p@t'odgl

S 2
Statistical methods for analysing primary and secondary outcomes. Referenge © where p. 15 (lines 357-358); p.18
other details of the statistical analysis plan can be found, if not in the protoc§ i (lines 469-477)
3
Methods for any additional analyses (eg, subgroup and adjusted analyses) gé E p.18-19 (lines 478-486)
@ 3
Definition of analysis population relating to protocol non-adherence (eg, as @nd@mised p.18-19 (lines 478-486)
analysis), and any statistical methods to handle missing data (eg, multiple irﬁpu?tion)
@
o r
8 B
g o
Composition of data monitoring committee (DMC); summary of its role and repogting p. 15 (lines 337-349)

structure; statement of whether it is independent from the sponsor and competit§g
interests; and reference to where further details about its charter can be found, E not in
the protocol. Alternatively, an explanation of why a DMC is not needed
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21b
Harms 22
Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments
Consent or 26a
assent

26b
Confidentiality 27
Declaration of 28
interests

Access to data 29

o =
BMJ Open s 3
c g
2 %
= o
g 3
&~ 9
3 @
Description of any interim analyses and stopping guidelines, including who \&lll i?ave p. 15 (lines 347-359)
access to these interim results and make the final decision to terminate the <ﬁ*|al3
o g
Plans for collecting, assessing, reporting, and managing solicited and spontar}gﬁusly p. 15 (lines 334-338) and p.
reported adverse events and other unintended effects of trial interventions of @Iﬁ 15 (line 355-359)
conduct oan
236
Frequency and procedures for auditing trial conduct, if any, and whether thea{gcécess will N/A
be independent from investigators and the sponsor T c:éé
ne=-E=)
L oow
L
Plans for seeking research ethics committee/institutional review board (REC%/IB%) p. 19 (lines 487-498)
=M
approval ERZE!
a. g
Plans for communicating important protocol modifications (eg, changes to eligi b@ty p. 15 (line 355-359)
criteria, outcomes, analyses) to relevant parties (eg, investigators, REC/IRB§ tial
participants, trial registries, journals, regulators) 2 5
(Q (o
Who will obtain informed consent or assent from potential trial participants o% Lﬁhorised p. 5-6 (lines 174-178)
surrogates, and how (see ltem 32) o 3
3 o
Additional consent provisions for collection and use of participant data and Blolqgical N/A
=~ C
specimens in ancillary studies, if applicable § 3
> [
How personal information about potential and enrolled participants will be c<§1e¢\pd, p. 16 (lines 370-371) and p.
o
shared, and maintained in order to protect confidentiality before, during, and%aft@r the trial 18 (lines 446-449)
Financial and other competing interests for principal investigators for the overalgtrlal and p. 20 (line 539)
each study site S
@
Statement of who will have access to the final trial dataset, and disclosure of cogtractual p. 19 (lines 499-503)
agreements that limit such access for investigators S
g
EL
c
@
Q.
id
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Ancillary and
post-trial care

Dissemination
policy

Appendices

31a

31b
31c

Informed consent 32

materials

Biological
specimens

33
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=

5 3

[¢]
Provisions, if any, for ancillary and post-trial care, and for compensation to tRo sgwho p. 15 (line 323-324)
suffer harm from trial participation % E

o ~
Plans for investigators and sponsor to communicate trial results to part|C|par¢t§ﬂ: p.19 (lines 499-503) and p.
healthcare professionals, the public, and other relevant groups (eg, via publiﬂ:ét?@n 20 (537-538)
reporting in results databases, or other data sharing arrangements), mcludw&gagy
publication restrictions g% E

=

Authorship eligibility guidelines and any intended use of professional writers@i’é% N/A

~oT O
Plans, if any, for granting public access to the full protocol, participant-level a%%et, and p.19 (lines 499-503) and p.
statistical code 552 20 (537-538)

23S

S5z

8. %
Model consent form and other related documentation given to participants agd § See supplementary material
authorised surrogates g g

=} @
Plans for collection, laboratory evaluation, and storage of biological specimeﬁﬁs f;er N/A
genetic or molecular analysis in the current trial and for future use in ancﬂla@ stgdies, if
applicable o, §

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Ekaboration for important clarification on
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrlghte@' bﬁthe SPIRIT Group under the Creative

Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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