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Background: Children diagnosed with cancer experience muscle weakness and

impaired physical function caused by treatment and related immobility. The situation

forces them into a negative cycle of diminished participation in physical and leisure

activities and isolation from peers; inhibiting the natural development of social and gross

motor skills. This manuscript presents a protocol for a study that explores the effects of

using structured active play to maintain preschoolers’ age specific gross motor function

and social and personal skills while undertaking intensive cancer treatment.

Methods: The study is a two-arm, superiority randomized controlled trial with an

intervention and a control group designed to evaluate the effects of a structured

active play intervention on gross motor function. Gross motor subtests of the Peabody

Developmental Motor Scales, Second Edition (PDMS-2) are used for measurement;

with the primary end-point at 6 months post-treatment initiation. Eighty-four preschool

children (aged 1–5 years), newly diagnosed with cancer at the Copenhagen University

Hospital are randomly assigned to either an intervention or control group, using a 1:1

allocation. The intervention group receives a combined in-hospital and home-based

program that includes structured active play activities, while the control group receives

standard care, including physiotherapy. During hospital admission, the intervention group

undertakes 45-min structured active play group sessions three times weekly, conducted

by exercise professionals. Parents receive training and supervision to facilitate daily

individual sessions outside of group sessions. Secondary study outcomes target the

children’s overall function level in everyday life, general physical performance, and health-

related quality of life. As well, children’s and parents’ experiences within the intervention

are explored and the children’s social and personal development is observed.

Discussion: Limited evidence exists regarding the effectiveness of rehabilitation

interventions, particularly those including active play, for preschoolers diagnosed
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with cancer. This manuscript reporting on a study protocol will enhance clarity and

transparency in reporting and offer insights for others with interest in this same topic.

Once completed, findings from this study could extend knowledge about the conduct

and measurement of effectiveness in rehabilitation initiatives. If study findings suggest

that the intervention is effective, structured active play may become a standard part

of rehabilitation.

Trial Registration: ClinicalTrials.gov: NCT04672681. Registered December 17,

2020. https://clinicaltrials.gov/ct2/show/NCT04672681.

Keywords: preschool children, rehabilitation, structured active play, physical activity, gross motor function, social

skills, randomized, pediatric oncology

INTRODUCTION

Childhood cancer treatment causes multiple adverse events
including myopathy, neuropathy, and loss of gross motor
function (jumping, running, hopping, throwing and kicking,
etc.). When experienced in parallel with treatment-related
infections, inactivity and long-term bed rest this can lead to
muscle weakness and decreased cardiorespiratory fitness (1–4).
Such physical acute adverse events have been detected in cancer
patients aged 4–18 years (1, 2, 4), and studies have shown that
significantly impaired physical performance and gross motor
function start in children immediately following cancer diagnosis
(1, 5).

Findings suggest that younger children diagnosed with
cancer (aged 6 months to 3 years) are significantly more
affected by neuropathy and gross motor function impairment
compared with school aged children (3). Further, interview and
observational data suggest that younger children (under the age
of 7) diagnosed with cancer still have a need to play, however,
when visibly affected by the disease and treatment they tend
to engage in sedentary play and have difficulty participating in
physical activities with peers (6, 7). As such, there is an urgent
need for interventions that counteract consequences of cancer
treatment on gross motor function.

Previously published research indicates that physical activity
and testing physical performance during cancer treatment are
safe and feasible in children 6–18 years old (4, 8, 9). Moreover,
physical activity positively correlates with cardiorespiratory
fitness, physical function and health-related quality of life in
children diagnosed with cancer (2, 4, 8, 10, 11). However, most
of these studies focus on children with cancer, aged 4–18 years.

Physical activity is positively associated with bone and
cardiorespiratory health, development of gross motor skills
and cognition in healthy school-aged children (12–14).
Developing fundamental motor function early in life ensures
later development of finer motor skills (15, 16). Inadequate gross
motor function in healthy preschoolers causes movement

Abbreviations: PDMS-2, Peabody Developmental Motor Scales, Second Edition;
PEDI, Pediatric Evaluation of Disability Inventory; 6MWT, Six-minute walk
test; 2MWT, Two-minute walk test; HRQoL, Health-related quality of life; ITT,
Intention-to-treat; TTI, Treatment initiation; CONTROL, Childhood Oncology
Network Targeting Research, Organization & Life expectancy.

insecurity and can lead to sedentary behavior (17–20).
Collectively, researchers have found significant gross motor
function improvement in healthy preschoolers who followed a
physical activity program compared with control groups who did
not receive physical activity (16, 21–24). Yet, this has not been
explored in preschoolers facing cancer treatment.

Gross motor function must be developed and reinforced
through activity and interaction with others (15, 16, 20). Physical
activity for preschoolers takes the form of play (25). Playing
allows children to explore a world they can master, use their
imagination and confronts their fears (26). Learning essential
grossmotor skills increases self-esteem (20) and is associated with
language development, social cognition and interaction (27).
Hence, gross motor function is fundamental to engaging in social
and physical activities throughout the life span. Structured active
play with others provides an initial arena for socialization and
these peer interactions are vital to developing personal and social
skills (20, 26, 28, 29). As such, structured active play is directly
linked to the development of interdependent motor, social and
personal skills (20, 26, 29, 30).

Taken together, cancer can impede preschoolers’ fundamental
gross motor function and delaying social and personal skills
development. The RePlay study (Rehabilitation including
structured active play for preschoolers with cancer) targets these
risks in this population group. This protocol introduces the
RePlay study and offer greater transparency about the study by
reflecting the choices made and the expected challenges.

Study Aims and Hypotheses
The RePlay study investigates the effectiveness of a 6-month
structured active play intervention on gross motor function
development in children aged 1–5 years, who are diagnosed with
cancer. We hypothesize that children in the intervention group
will acquire improved gross motor function compared with the
children receiving standard care, in the control group.

Secondary study aims include investigation of the effectiveness
of the intervention on the children’s: (1) functional level in
everyday life; (2) general physical performance (2 and 6min. walk
test and handgrip strength); and (3) heath-related quality of life
of the children and their parents.

The study also qualitatively explores the experiences of the
children and their parents. Specifically, the children’s confidence
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in movement, joy of movement and social interactions will be
probed in an effort to capture social and personal development.

We hypothesize that the intervention group will have
improved gross motor function, general physical performance
and health-related quality of life post-intervention compared
with the standard care control group.

METHODS AND ANALYSES

This protocol is reported according to SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials)
guidelines (31).

Study Design
The study is a two-arm, superiority randomized controlled trial
(RCT) with an intervention and a control group. The 6-month
structured active play intervention is initiated, in parallel, with
the treatment start and ends with a follow-up session 1 year
post-treatment. Qualitative and quantitative data are collected
and will be reported independently. The study is registered at
ClinicalTrials.gov: NCT04672681.

Setting
The study is carried out in the Department for Pediatrics
and Adolescent Medicine at Copenhagen University Hospital,
Denmark. All children participating in the study are screened in
accordance with the study’s eligibility criteria.

Eligibility Criteria
Children eligible to participate in the study must be: (1) newly
diagnosed with cancer or cancer-like benign disorders; (2)
between the ages of ≥1 to <6 years at the time of diagnosis;
(3) undergoing chemotherapy and/or radiation therapy at
the Department for Pediatrics and Adolescent Medicine at
Copenhagen University Hospital; and (4) have parents able to
understand and communicate in Danish. Children considered
ineligible are those diagnosed with mental disorders that prevent
them from following instructions in relation to the intervention
and testing.

Recruitment
Recruitment started January 2021. Participants are recruited
through referral from pediatricians in the Department for
Pediatrics and Adolescent Medicine to the project nurse. Eligible
participants will receive information about the study verbally,
and their parents are given oral and written study information
by a project nurse before providing written informed consent for
their child to participate.

Randomization
Following baseline data collection, participants are randomly
placed in either the intervention or control group by means of
centrally administered computer-generated (R-studio) random
numbers and using a secure concealed allocation procedure.
The randomization procedure is stratified by age at inclusion
[respectively, <36 and ≥36 months old) and diagnostic group
(hematologic malignancy, tumors located in the central nervous

system (CNS tumor), and extracranial solid tumors]. The project
nurse who includes the children is blinded to the randomization
strategy and randomization is performed by a statistician who
is not a member of the research group and who is blinded to
baseline results. Due to the nature of the intervention, neither
the children nor parents are blinded to their group allocation.
If baseline assessment cannot be performed within two weeks
of treatment initiation, randomization is carried out first, after
which the children commence in either the intervention or
control group without a baseline assessment.

Structured Active Play Intervention
(RePlay)
Children and their parents who are allocated to the intervention
group participate in a combined in-hospital and home-based
program that comprises 45min of daily structured active play
activities targeting gross motor function. In-hospital structured
active play is conducted in group sessions at the hospital’s
pediatric physiotherapy clinic three times weekly, when the
children are either admitted or visit the out-patient clinic.
Outside of these group sessions, parents (or a parental figure)
facilitate individual sessions for their child either in the hospital
or at home. The intervention content is inspired by the Mighty
Moves intervention (21). Further, the intervention was developed
in collaboration with a parent panel comprising six families,
each with a child aged 1–5 years and diagnosed with cancer.
Different aspects of the study design were pilot tested on healthy
children and children with cancer. More specifically, pilot testing
of the primary outcome was done using four healthy children and
two children with cancer. Additionally, two children with cancer
undertook two months of the structured active play intervention
prior to the inclusion process for the randomized trial. Table 1
shows the weekly schedule for the Study’s intervention group.

Intervention Concept
The concept of “Structured Active Play” used in this study refers
specifically to instructor- or parent-led sessions of goal-oriented,
age sensitive, fun movement activities that teach preschoolers
gross motor skills while enhancing their social and personal skills
(20, 25, 26).

Group Structured Active Play Sessions
Group sessions are characterized by socialization amongst
children and their parents. However, the primary aim of the
sessions is to enhance the children’s gross motor skills as well
as social and personal skills through structured active play
(20, 26, 32). Each session is guided by three core principles:
(1) ritual practices; (2) reinforcement of movement through
repetition; and (3) development through appropriate challenge
(15, 20, 33). As such, all sessions have the same start and ending
ritual to establish recognizability and security for the children.
Many of the activities are repeated from session to session to
reinforce gross motor function development and all sessions aim
to challenge the children’s movement skill level. The exercise
professional subjectively assesses, on a daily basis, each child’s
progress and sets the appropriate challenge level that can either
be up- or down-scaled accordingly.
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TABLE 1 | Example of a weekly schedule of structured active play for preschoolers with cancer, during treatment.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Individual structured

active play session*

Individual structured

active play session*

Individual structured

active play session*

Individual structured

active play session*

Individual structured

active play session*

Individual structured

active play session*

Individual structured

active play session*

or or or

Group structured active

play session**

Group structured active

play session**

Group structured active

play session**

*The individual sessions are conducted by the parents either at home or in the hospital room. **The group sessions are conducted by an exercise professional or a trained

pediatric physiotherapist.

The group sessions are supervised by an exercise professional
or a trained pediatric physiotherapist and take place in the
pediatric occupational and physiotherapeutic clinic of the
hospital. Respecting age-specific development, participants are
divided into two groups: children<36 months old and those≥36
months old. Families (including siblings if present) participate
when admitted to the Department for Pediatrics and Adolescent
Medicine or during appointments in the out-patient clinic. To
ensure participation, the parents receive a text message reminder
on the morning of each group session as well as being reminded
in person. Amember of the project team communicates regularly
with the family and the nurse assigned to the child regarding the
child’s treatment and care status to ensure his/her participation
in group sessions. For safety’s sake, a set of daily inclusion
criteria are applied to ensure that each child participating in a
group session on any given day can avoid risk of an adverse
event (i.e., hemoglobin >5.0 mmol/l; platelets >10 billion/l at
moderate to intense activities; no active diarrhea, coughing, or
cold; temperature <38.5◦C; no severe comorbidities that could
hinder structured active play). The treating physician and nurse
are consulted prior to each child participating in a session.
Admitted families treated in isolation or otherwise prevented
from participating in a group session are offered an individual
session with the exercise professional or pediatric physiotherapist
for 45min. These substitute sessions comprise similar activities to
those in group sessions.

Individual Structured Active Play Sessions
On days when there are no intervention group sessions or
when the children are not hospitalized, the parents facilitate
individual sessions in the ward or at home. Inspirational packs
are provided to assist them in facilitating active play with
their child while they continue to receive oral instruction and
supervision from the project team throughout the intervention.
Packs include an introductory page and cards with drawings
and explanations of the different activities (see introductory
page and sample activities—Supplementary File 1). Many of
the activities are the same as in the group sessions. Parent
participation in group sessions serves to teach and inspire
them to do new and old activities. Activities are color coded
according to the achieved gross motor skill level of the child
(34, 35). Materials are developed for two age groups: children
<36 months old and those ≥36 months old; with illustrative
drawings that engage the child in selecting activities that he/she
prefers. Activity descriptions encourage participation by siblings
and other family members.

Control Group
Children allocated to the control group receive standard care,
including physiotherapy for deficits during hospitalization.
Following hospital discharge, these patients may also undergo
rehabilitation, based on a deficits plan. For ethical reasons, post-
intervention, those randomly allocated to the control group
are offered the same inspirational material and an option to
participate in the same structured active play group sessions as
the intervention group families. However, they do not receive
instruction or supervision for any parent-led session.

Intervention Fidelity and Feasibility
Feasibility is assessed through acceptance, attrition, and
adherence (36–38). Acceptance is defined as interest and
willingness to participate in the study (i.e., the number of eligible
children entering the study). Attrition is assessed by registering
the number of children leaving prior to the study’s completion.
Adherence is measured by participation level in the intervention
(i.e., monitoring of participant compliance) (36); and for which
several strategies are used. Each child’s participation in group
sessions (including rationale for non-participation) as well as the
type and duration of his/her activities are registered on standard
forms. Parents are also provided a logbook for their child’s
individual sessions and in which they must record duration and
type of activities undertaken or reasons for not doing activities.

Outcomes
Assessments for all included children are conducted at treatment
initiation (T1, baseline), 3 months after treatment initiation (T2),
and at 6 months after treatment initiation (T3, post-intervention,
primary end-point). Long-term follow-up will occur at 12
months after treatment initiation (T4), and 1-year post-treatment
(T5). An overview of the study design, including enrollment and
assessments, is summarized in Table 2.

Participant Characteristics
Upon inclusion socio-demographic information from the
children and parents is collected through a questionnaire,
including: place of birth, place of residence, family structure,
parent admitted with the child, support from friends/relatives,
daycare/preschool attendance, physical and leisure activities of
the child and parents, and educational level of the parents.
Furthermore, the following data are extracted from the children’s
medical records: sex, age, diagnosis, date of diagnosis, date
of treatment initiation, date of relapse, possible date of
death, comorbidity, treatment (e.g., treatment protocol, medical
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TABLE 2 | Schedule of enrollment, interventions, and assessments of participants in the RePlay study that explores gross motor function in children aged 1–5 years

during intensive cancer treatment.

STUDY PERIOD

Enrolment Pre-allocation Post-allocation

Intervention Follow-up

Timepoints TTI T1

(Baseline)

T11 T2 T3

(primary end-point)

T4 T5

ENROLMENT

Eligibility screen X

Oral and written information X

Informed consent X

INTERVENTION

Structured active play

Standard care

ASSESSMENTS

Medical record info

PDMS-2 X X X X X

PEDI X X X X X

Handgrip strength X X X X X

6-min walk X X X X X

Socio-demographics X X X X

PedsQL Generic Core Scale (parent proxy report) X X X X

PedsQL Cancer (parent proxy report) X X X X

PedsQL Multidimensional Fatigue Scale (parent proxy

report)

X X X X

RAND 36-item Health Survey X X X X

INTERVENTION ASSESSMENTS

Adverse events

Adherence to structured active play intervention

Safety measures

ADDITIONAL EMPIRICAL DATA

Interview X

Observation

TTI, Treatment initiation; T1 = +1–14 days after TTI (Baseline), T11 = +1–14 days after TTI, T2 = 3 months (±14 days) after TTI, T3 = 6 months (±14 days) after TTI (post-intervention,

primary end-point), T4 = 12 months (±14 days) after TTI, and T5 = 1 year (±14 days) after ended treatment.

treatment) and medical care. In relation to daily inclusion safety
criteria, data on hemoglobin level; platelets; leukocyte levels;
temperature; infection symptoms and infections (organism,
place, cause) are gathered from the treating physician and nurse.

Primary Outcome Measure
Gross Motor Function
Gross motor function is measured using Peabody Developmental
Motor Scales, Second Edition (PDMS-2), that calculates fine and
gross motor function in children aged 0–6 years (39). Only the
gross motor function subtests of the PDMS-2 are used in this
study and consist of a total of 143 items, each scored from 0
to 2. The items are divided into three domains [i.e., stationary
(30 items), locomotion (89 items) and object manipulation (24
items)] (39). The assessment is done by a trained member of
the project team. The test is conducted by starting with a given
item in the domain, depending on the child’s age (specified in

months). The items are treated singularly until the child scores
2 in three consecutive items, after which the lower level can then
be determined. It may be necessary to revert to earlier items to
achieve three consecutive scores of 2. The remaining items are
given the score of 2. The test then proceeds with further items
until the child scores 0 in three consecutive items, determining
the ceiling level. The remaining items are then given the score
of 0. The raw score for each domain is the sum of all the
items. The test has shown acceptable psychometric properties
including Cronbach α = 0.89–0.97, test-retest r = 0.82–0.93, and
interscorer r = 0.96–0.99 (39, 40).

Secondary Outcome Measures
Level of Everyday Function
The children’s function level is determined using the Pediatric
Evaluation of Disability Inventory (PEDI). The assessment is a
structured interview with parents of children aged 6 months
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to 7 years old. PEDI is assessed by a trained member of the
project team possessing comprehensive experience with the tool
(41). The instrument measures capability and performance of
selected functional activities on three scales: functional skills,
caregiver assistance, and modifications (41, 42). In this study,
the modification scale is not used. The functional skills scale is
divided into three domains: self-care (73 items), mobility (59
items), and social function (65 items). Each item in the functional
skill scale is scored with a 0 or 1. The caregiver assistance scale
is divided into three domains: self-care (8 items), mobility (7
items) and social function (5 items). Each item in the caregiver
assistance scale is scored 0 to 5 Aggregate scores are defined as
the sum of each domain (42).

Handgrip Strength
Handgrip strength is measured using the handgrip strength test
and the KLS Martin Vigorimeter (KLS Martin group, 78532
Tuttlingen, Germany) (43, 44). The instrument is a pneumatic
dynamometer with three sizes of rubber bulbs. The smallest
bulb is recommended for smaller children and is used for all
participants in this study (43, 44). The bulb is placed with the air
tube extending outward between the thumb and index finger and
the fingers wrap around the bulb. The test is given twice per hand,
with left and right hands alternated and a 30 s break between each
trial. The children are verbally encouraged to squeeze the bulb as
hard as they can. All scores (kPa) are registered and the highest
score for each hand is used for the analysis.

Six-Minute Walk Test
The six-minute walk test (6MWT) is a general physical
performance indicator (45). The test is done in a hallway with
a 15-meter track that is clearly marked at each end. The child is
asked to walk from onemark to the other as many times as he/she
can within 6min. The assessor verbally encourages the child to
keep walking during the 6min; if needed, parents can walk beside
their child along the track and are reminded that it is the child
who sets the pace. Given that the 6MWT with younger children
whose concentration is limited can be difficult there will also be
a recording of the distance walked after the initial 2 minutes
(2MWT) in case they can’t walk all 6minutes. The 2MWT is
validated in younger children (46, 47).

Health-Related Quality of Life (HRQoL)
HRQoL of the children and parents are measured through four
standardized questionnaires. HRQoL of the children is measured
through three parent proxy-report questionnaires designed to
assess the parent’s perceptions of their child’s health-related
quality of life. The PedsQL Generic Core Scale measures quality
of life using 21 items in 4 domains; physical, emotional and social
function; and school/preschool activity (48). PedsQL Cancer
measures the effect of cancer on the child using 25 items in
8 domains: pain, nausea, procedure anxiety, treatment anxiety,
worry, cognitive issues, physical appearance and communication
(48). The PedsQL Multidimensional Fatigue Scale measures
fatigue through 18 items in 3 domains: general fatigue, sleep/rest
fatigue, and cognitive fatigue (48). The PedsQL questionnaires
use a five-point Likert scale: 0 = never a problem; 1 = almost

never a problem; 2= sometimes a problem; 3= often a problem;
4= almost always a problem.

Parental HRQoL is measured by means of a Short Form
Survey Instrument (RAND 36-item Health Survey) (49). It
consists of 36 items divided into 8 domains (Physical functioning,
limitations due to physical health, limitations due to emotional
health, energy/fatigue, emotional well-being, social functioning,
pain, and general health). All items are scored on a 5-point
Likert scale from 0 to 100, with 100 representing the highest
level of functioning possible. Aggregate scores are compiled as
a percentage of the total points possible, using the RAND scoring
table. The scores from the itemswithin each domain are averaged,
for a final score per domain (49). A physical and a mental
component summary score can be calculated but not a total
score (49).

Additional Interview and Observations
Semi-structured Interview
Interviews take place with the intervention group children and
parents within two weeks post intervention. The interview
guide is semi-structured, with open-ended questions to
help understand parents’ and children’s experiences and
perspectives (50, 51). The interview guide is attached as
Supplementary File 2. The interview guide seeks to explore
the children’s confidence in movement, joy of movement and
social interactions. The interviewer asks the child questions
such as: “What activities do you do at the hospital?”; “Can you
tell me what you think is fun to play?”; “Can you tell me what
you think is boring to play?”; or “Who do you play with?”. The
parents are asked questions within the same focus sphere, such
as: “How is your child’s gross motor function right now?”; “Have
you seen any changes over the last 6 months?”; “How do you
feel about having participated in the intervention?”; “How do
you feel challenging your child to develop his/her gross motor
functioning?”, “How do you experience your child’s belief in
his/her own abilities?”. Follow-up questions are posed to both
children and parents for deeper understanding and clarification
purposes. Darcy et al. (6, 52) inspired the interview modality
for the participants aged 3–5 years. Each child-parent dyad is
interviewed as a unit with a clear indication when the questions
are directed to the parents or to the child. Playing and toys
are used to break the ice and to facilitate responses from the
children. When a child is hesitant to participate, the interviewer
directs questions only to the parents while the child can join in at
any desired moment (6). Only the parents are interviewed when
the child is younger than 3 years old, however, those children are
encouraged to join in if they desire.

Observation
Observations are made during the active play sessions to
get an understanding of how structured active play impacts
the development of the children’s social and personal skills
and focuses on confidence in movement, joy of movement
and social interactions. Observations are made over the
first 12 months of the intervention when conducted at
the hospital. The intervention research team members are
considered participant observers during the sessions as they
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both actively participate while simultaneously observing the
children (53). This active insider-observer perspective is
selected to allow upfront observation of the children. Written
notes are consequently made directly following each session
and then reformulated into scenic descriptions, a narrative-
inspired observation method (54, 55). Scenic descriptions create
nuanced insight and understanding of what occurs during
session activities. The researcher’s voice can be present in the
descriptions, however, he/she must remain true to what is
experienced (54, 56, 57).

Sample Size
RCT
No studies have been identified in the literature that investigate
the potential effectiveness of a structured active play intervention
on gross motor function in preschool children diagnosed with
cancer. Hence, the sample size for the current study is based on
a study that investigated the effectiveness of a structured active
play intervention on gross motor function in healthy preschool
children (21). Based on the mean and standard deviation (SD)
in the intervention group = 99.31 (9.07), and a mean (SD) in
the control group = 93.24 (9.02), an Alpha = 0.05 and Power
= 80%, it is estimated that 70 children are required for the study.
However, to account for possible attrition, 20%more participants
are included. Hence, the study includes 84 children in total (42 in
each group).

Interviews
To ensure credibility and data adequacy, a minimum sample of
20 families will be interviewed at T3 (post-intervention, primary
end-point) (51, 58, 59). Broad representation will be attempted by
including all age groups, diagnostic groups and family structures
(50, 60, 61). However, a convenience sampling strategy will be
applied. Only the intervention group families are invited to
be interviewed with the project team, within two weeks post-
intervention.

Analysis
Statistical Considerations
The collected data will be analyzed based on intention-to-treat
(ITT). The treatment effect difference will be estimated through
constrained longitudinal data analysis that constrains the mean
at baseline to be equal between the arms. Constrained linear
mixed models will be applied in two scenarios. In the 1st
scenario, predictors include follow-up time points categorized
as T2 (3 months after treatment initiation) and T3 (6 months
after initiation) to account for any non-linear effect and
dummy variables representing the intervention group at T2
and T3 follow-ups, respectively. In the 2nd scenario, the time
variable will be treated as a continuous variable and interaction
between groups and the time variable will be included instead.
Baseline characteristics such as age (as a continuous variable)
and cancer type (hematologic malignancy, tumors located in
the central nervous system (CNS tumor), and extracranial
solid tumors) will be included additionally as covariates in
both scenarios. Patient identity serves as a random intercept.
Likelihood ratio tests based on maximal likelihood will be

applied for model selection of the fixed effects to determine
linear or non-linear associations. A significance level at 0.05 will
be used.

Thematic Analysis
Interviews will be transcribed verbatim and the observation
notes will be transformed into scenic descriptions. Thematic
analysis will be conducted on all data (interview and scenic
description transcripts) (62). The analysis will be inductive
and focuses on the children’s and parents’ experiences with
structured active play. The interview and scenic descriptions
will be analyzed independently. Both sets of qualitative data
will be analyzed following four flexible steps: (1) reading the
material to obtain an overall understanding; (2) identifying
meaningful units; (3) coding the units; and (4) summarizing
the codes into key themes (62, 63). Two researchers will
conduct the analysis independently and then together, and
reflect and discuss results during the process to strengthen
credibility and dependability of the data and, as such, the
trustworthiness of the study (50, 60). Credibility will be
enhanced through the use of relevant direct quotes from the
data (60).

Data Management
All data are collected in paper form and then manually entered
in a secure electronic database (REDCap) by a member of the
project team. As this process can produce data management
errors, the data will be cross-checked independently by two
members of the project team to assure their quality.

DISCUSSION

This two-arm parallel, superiority randomized controlled
trial (RCT), with an intervention group and a control group,
can potentially examine the effects of a structured active
play intervention on gross motor function in preschool
children diagnosed with cancer. Additionally, it can explore
the children’s and parents’ experiences with structured
active play and how that impacts their child’s gross motor,
social, and personal development. This protocol reflects
choices made when designing this study and considers the
expected challenges, strengths and dilemmas of exploring the
experience of preschool children undergoing intensive cancer
treatment in parallel with an intervention and securing viable
outcome measurements.

Testing children is generally difficult and testing preschool
children (1 to 5 years old) diagnosed with cancer is expected
to be even more challenging due to their burdened physical
and mental state. Testing for objective data in this age group
and the results of these tests will vary on any given day in
correlation with the child’s level of well-being (e.g., treatment-
related side effects, including pain or nausea, etc.), mood
(including mood changes related to dexamethasone treatment)
and ability to understand instructions and to cooperate. However,
as we are aware of this methodological challenge, various efforts
have been made to optimize the opportunity of obtaining
data, such as: (1) having an assessor who is an experienced
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pediatric physiotherapist assigned to the patient group and
when performing the gross motor function tests; (2) creating
an environment in which the children feel a sense of familiarity
and security; and (3) including parent proxy assessments.
To create a trusting testing environment, parents are present
during all tests as they often provide both familiarity and
security for their child. We also prioritized having experienced
physiotherapists familiar to the participant group as outcome
assessors to increase the probability of successfully obtaining
data. This outweighed having blinded outcome assessors. To
further strengthen findings from this study a secondary outcome
that measures gross motor function is selected (i.e., the PEDI).
This is a subjective parent proxy means of reporting the child’s
level of everyday function.

With regards to the intervention design, the research team
developed an intervention program targeting preschoolers’
gross motor function through structured active play. Similar to
above, conducting this type of activity intervention within the
preschooler age group is challenging given developmental
considerations and disease characteristics. The study
intervention uses a structured active play approach. Play is
fundamental for children, fun and provides an opportunity
for them to create and explore a world they can master (26).
When using play in physical activity it is possible to stimulate
imagination and have fun using gross motor skills in a way
that appeals to the child. Instead of asking a child to practice
balance and build leg strength by merely jumping, a scenario
can be created in which the child can imagine being a frog
jumping through a forest. Designing a structured active play
intervention, while allowing for individualization, also means
compromising and forgoing a strict protocol. The trade-off
is reduced reproducibility. When playing with children, it is
necessary to be open to their imagination and be prepared
to spontaneously change an activity in order to entice them.
Not all children are motivated by the same thing and this
raises the question of whether it is possible to describe exactly
what the intervention comprises. This intervention uses three
theoretical core principles, including: ritual practices, repetition
and challenge; all aiming to establish recognizability, security
and motivation for the children. These components also
ensure that all the sessions are identically structured, with
the same starting and ending rituals, repeated activities and
challenges. Exact activities performed during each session
are documented.

Gross motor function in preschoolers is developed through
interaction with others (children, parents or other adults) and
reinforced through activities. The intervention is therefore
designed to allow intervention group children and parents to
participate together in the in-hospital sessions, when possible.
Moreover, the exercise professional conducting the sessions
at the hospital as well as parents and siblings participate by
either following, supporting the child or leading in an activity.
Whether moving across the floor like an animal or balancing
through an obstacle course, each party participates. Active
participation by parents during the sessions can also reinforce
the parents’ ability to carry out the same activities with their
child at home. Participation with others in activities is not

only essential in supporting the child’s physical development
but also his/her social and personal skills. Group activities
necessitate patience, ability to take turns and to cooperate
with others.

Finally, a strength of this study is that it will collect long-
term data. Being physically active is correlated with optimal
gross motor function development and the latter is associated
with social-, cognitive-, language- and personal- development
in healthy preschool children (12–14, 27). The longitudinal
relationship between gross motor function and health shows
that reduced motor function competence during childhood is
associated with higher body fat, lower cardiorespiratory fitness
and lower physical fitness later in life (64, 65). Studies of children
diagnosed with cancer, aged 1–18 years show that gross motor
function impairments are still present two years after diagnosis
and up to seven years post-treatment (5, 66). Research in physical
activity and preschoolers diagnosed with cancer is important
to better understand how physical activity can play a role in
counteracting impairments of gross motor function and increase
the possibility of sustaining normal everyday activities during
and after treatment.

This protocol describes a study that will contribute
by providing data on differences in gross motor function
between preschoolers diagnosed with cancer who participate
in an early initiated structured active play intervention
and children diagnosed with cancer who are receiving
standard care. Findings from this study, once completed,
will also provide insights into the intervention group
children’s and parents’ experiences with structured active
play. If the trial proves the intervention to be effective,
structured active play may become a standard rehabilitation
component and findings from the study may be transferable
to children with other chronic diseases and those experiencing
long-term hospitalization.

ETHICS AND DISSEMINATION

The study complies with the ethical research principles
described in the Declaration of Helsinki II. The study has
been peer-reviewed and approved by the National Committee
on Health Ethics Research through the Regional Research
Ethics Committee in the Capital Region of Denmark (jr.nr.:
H-20023949), and data handling is approved by the Danish
Data Protection Agency (jr. nr.: P-2020-290). Written informed
consent is obtained from parents prior to inclusion in the study
and parents are informed that participation is voluntary and
that their child or themselves can drop out of the study at
any time.

Safety and Adverse Events
Previous studies have shown physical activity is found safe
for children with cancer, regardless of diagnosis (2, 4, 5, 11,
67). Nevertheless, all adverse events defined as unintended
negative consequences that are experienced during the structured
active play sessions are documented, despite the possibility
of a causal relationship between the intervention and usual
care (68).
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Future results will be presented in peer-reviewed scientific
journals and at international conferences. Authorship eligibility
will follow the Vancouver Recommendations for authorships.
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