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Barriers to rehabilitation access in pediatric oncology, including geographical constraints,
treatment burden, and clinical vulnerability, have increased interest in telerehabilitation.
However, existing evidence remains fragmented, with variability in intervention models
and reported outcomes. This study aimed to examine telerehabilitation interventions in
pediatric oncology by identifying delivery models and synthesizing evidence on functional
outcomes, feasibility, adherence, and acceptability. A narrative literature review was
conducted using PubMed, Web of Science, Scopus, and Google Scholar. Studies published
from 2015 onward involving structured telerehabilitation interventions in pediatric
oncology populations (<21 years) were included. Sixteen studies (14 intervention studies
and 2 protocols) were analyzed descriptively. Interventions were categorized as
supervised synchronous programs, low-supervision digital interventions, and hybrid care
models. The evidence base is predominantly composed of small-sample feasibility and
pilot studies, although randomized and hybrid effectiveness-implementation designs are
emerging. Supervised synchronous programs demonstrated high adherence rates
(approximately 80-90%) and favorable safety profiles, with no serious adverse events
reported. These interventions were associated with more consistent improvements in
muscle strength, power, and flexibility, whereas cardiorespiratory endurance and fatigue
outcomes were more variable. Low-supervision interventions showed limited or
inconsistent effects on functional outcomes. Evidence on participation-level and long-
term outcomes remains scarce. Telerehabilitation appears to be a feasible and safe
approach in pediatric oncology, particularly when delivered through structured and
supervised models. Hybrid care models may offer a promising balance between clinical
effectiveness and accessibility. Further research should focus on larger trials,
standardized outcomes, and broader clinical populations.

1. Introduction

With increasing survival rates in childhood
cancer, long-term treatment-related physical and
functional impairments have emerged as a major
clinical concern. In pediatric oncology populations,
these impairments are not solely attributable to
general physical inactivity; rather, they are shaped
by diagnosis- and treatment-specific clinical
phenotypes. In  particular, children with
hematological malignancies, especially acute

lymphoblastic  leukemia  (ALL), frequently
experience steroid-induced myopathy,
chemotherapy-related peripheral neuropathy,
osteonecrosis risk, muscle weakness, and persistent
fatigue. Consequently, rehabilitation and exercise
interventions in this population primarily target
muscle  strength, mobility, balance, and
cardiorespiratory fitness [1-4].

In contrast, in heterogeneous pediatric
oncology populations involving multiple cancer
types, intervention programs tend to be more
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modular and symptom-oriented [5-7]. However, an
important limitation in the current literature is the
underrepresentation of diagnosis-specific motor
phenotypes, particularly in conditions such as
central nervous system tumors and sarcomas. This
gap limits the generalizability of existing evidence
across different diagnostic groups.

Another key determinant of telerehabilitation
design and implementation is the treatment phase.
During active treatment, fluctuating symptoms,
infection risk, treatment-related fatigue, and
intensive clinical schedules may directly affect
intervention dose and adherence [5,6,8]. In
contrast, early survivorship provides a more stable
clinical context in which structured exercise
interventions can be more effectively implemented
[1-3]. In later survivorship phases, interventions
increasingly shift toward eHealth-based physical
activity programs focused on behavioral change,
often incorporating web-based platforms, wearable
devices, and remote monitoring systems [9-11].

Available evidence indicates that
telerehabilitation interventions in pediatric
oncology can be broadly categorized into three
primary delivery models. The first consists of
synchronous, supervised videoconference-based
programs, in which a therapist directly observes
and guides exercise sessions in real time. This
model closely resembles conventional
rehabilitation and is commonly used in ALL
survivorship populations [1,2,5]. The second
includes asynchronous or low-supervision physical
activity programs, typically supported by wearable
devices, mobile applications, or web-based
platforms. While these approaches offer greater
scalability, their impact on functional outcomes
such as motor performance and muscle strength
may be more limited [7,9,10]. The third model
involves hybrid care approaches that combine face-
to-face rehabilitation with remote intervention
components, and recent studies indicate a growing
shift toward these models [4,5].

A  major methodological challenge in
telerehabilitation research is obtaining reliable and
standardized outcome measures in home-based
settings. Consequently, studies have employed a
wide range of outcome domains, including muscle
strength, cardiorespiratory fitness, flexibility,
mobility, fatigue, and quality of life. In addition,
wearable device-derived physical activity metrics
have become increasingly common. However, these
measures do not always directly reflect changes in
functional capacity; for example, increases in daily
step count do not necessarily correspond to
improvements in muscle strength or motor
performance [6,9].
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Despite growing interest, the current
evidence base in pediatric oncology
telerehabilitation is largely dominated by small-
scale feasibility and pilot studies [1,2,5,8]. While
these studies provide valuable insights into safety,
feasibility, and acceptability, they offer limited
evidence regarding comparative effectiveness.
More recently, there has been a shift toward hybrid
effectiveness-implementation designs, which aim
to evaluate not only clinical outcomes but also real-
world applicability and sustainability within
healthcare systems [6,12].

Nevertheless, the existing literature remains
limited and heterogeneous. Intervention models,
technological platforms, and outcome measures
vary considerably across studies. Furthermore,

most studies focus on ALL survivorship
populations, with limited data available for other
cancer types and treatment phases. This

heterogeneity highlights the need for a more
structured synthesis of evidence to Dbetter
understand how different telerehabilitation models
relate to specific functional outcomes.

Therefore, the aim of this study is to examine
telerehabilitation interventions in pediatric
oncology by identifying delivery models, examining
their associations with physical function outcomes,
and synthesizing evidence related to feasibility,
adherence, and acceptability. Furthermore, this
study aims to propose a conceptual framework for
structuring telerehabilitation programs in pediatric
oncology care (Fig. 1).

2. Materials And Methods

2.1. Study Design and Search Strategy

This study was conducted as a narrative
review to examine telerehabilitation-based exercise
and rehabilitation interventions in pediatric
oncology. A literature search was conducted in
January 2026 using PubMed, Web of Science,
Scopus, and Google Scholar databases. The study
selection process was conducted in accordance with
the PRISMA 2020 guidelines.

The search strategy included combinations of
the following keywords: telerehabilitation, tele-
exercise, telehealth rehabilitation, pediatric cancer,
childhood cancer, oncology rehabilitation, and
physical activity intervention. The search was
limited to studies published in English.

The initial search yielded 451 records. After
removal of duplicate records, 300 studies were
screened at the title and abstract level. Following
this screening process, 250 studies were excluded,
and 50 articles were assessed for full-text eligibility.
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Of these, 16 studies met the inclusion criteria and were included in the final synthesis (Fig. 2).

DIAGNOSIS-SPECIFIC FUNCTIONAL PHENOTYPE

ALL, CNS tumors, sarcomas Treatment-related neuromuscular effects

TREATMENT PHASE

Active treatment Maintenance therapy Early survivorship Long-term survivarship

INTERVENTON DELIVERY MODEL

Synchronous telerehabilitation Asynchronous tele-exercise Hybrid rehabilitation

\ 4

Videoconferencing Wearable devices Mobile applications Web-based platforms

FUNCTIONAL OUTCOME DOMAINS

Muscle strength Cardiorespiratory endurance Balance and mobility Flexibility Fatigue Physical activity level

i‘i

IMPLEMENTATION OUTCOMES
Feasibility Adherence Acceptability Safety Program sustainability

Figure 1. Conceptual framework for structuring telerehabilitation interventions in pediatric oncology
The model illustrates the relationships between diagnosis-specific functional phenotypes, treatment phase, intervention delivery
models, technological platforms, and both physical function and implementation outcomes.

Literature Search and Study Selection
PubMed, Web of Science, Scopus and Google Scholar

Records identified in databases
(January 2026)
* Pubmed (n=98)
*  Web of Science (n=141)
*  Scopus (n=122)
* Google Scholar (n=90)

—— Duplicate records removed (n=151)

Total records: n=451 Records excluded after title and abstract screening
. (n=250)
* Not involving telerehabilitation (n=96)
Records screened at title and abstract ___* Not involving a pediatric population (n=65)
level (n=300) * No rehabilitation intervention (n=63)
* Opinion/theoretical articles (n=26)

Full-text articles assessed for

eligibility (n=50) Full-text articles excluded (n=34)
* No appropriate intervention (n=7)
l * Not involving a pediatric population (n=14)

Studies included in qualitative * Not meeting inclusion criteria (n=13)

synthesis (n=16)
¢ Intervention studies (n=14)
* Protocol studies (n=2)

Figure 2. PRISMA 2020 flow diagram of the literature search and study selection process
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2.2. Eligibility Criteria

Studies were included if they met the
following criteria:
(i) were published in 2015 or later;
(ii) involved pediatric oncology populations aged
<21 years;
(iii) included telerehabilitation-based exercise or
rehabilitation interventions; and
(iv) reported at least one physical function outcome
and/or implementation-related outcome (e.g,
feasibility, adherence, or acceptability).

Studies were excluded if they:
(i) were theoretical papers, opinion articles, or
reviews without an intervention component;
(ii) involved adult oncology populations; or
(iii) examined physical activity interventions
without a telerehabilitation component.

2.3. Study Selection

All identified records were initially screened
at the title and abstract level. Studies meeting the
inclusion criteria were subsequently assessed
through full-text review. Eligible studies were then
included in the final analysis.

A total of 16 studies were included, consisting
of 14 intervention studies and 2 study protocols.

2.4. Data Extraction and Analysis

Data from the included studies were
extracted and synthesized according to the
following variables:

(i) study design;
(ii) participant characteristics and cancer diagnosis;
(iii) treatment phase;

(iv) intervention model (synchronous
telerehabilitation, asynchronous programs, or
hybrid models);

(v) technological platforms;
(vi) physical function outcomes; and

(vii) feasibility, adherence, and acceptability
outcomes.
Data were synthesized descriptively.

Telerehabilitation interventions were compared in
terms of their structural characteristics and
reported outcomes, with a particular focus on
differences across delivery models.

3. Results

3.1. Study Designs and Level of Evidence
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The methodological characteristics, clinical
populations, and intervention features of the
included studies are summarized in Table 1.

The available evidence indicates that
telerehabilitation and remote exercise
interventions in pediatric oncology are largely
based on small-sample feasibility and pilot studies.
A substantial proportion of these studies employed
single-arm designs, with outcomes typically
evaluated using pre-post intervention comparisons
[1,4-6,8,12,13].

Recent developments in the literature further

indicate the emergence of more robust
methodological approaches. Notably, hybrid
effectiveness-implementation designs and

pragmatic clinical trial protocols have begun to
appear, aiming to evaluate both clinical outcomes
and implementation processes simultaneously [4-6,
12,13].

Marked heterogeneity exists across studies in
terms of intervention types, delivery methods, and
outcome measures, reflecting the evolving nature of
telerehabilitation in pediatric oncology.

3.2. Intervention Delivery Models

The included studies indicate that
telerehabilitation interventions can be broadly
grouped into three primary delivery models (Fig. 3).

3.2.1. Synchronous, supervised videoconference-
based exercise programs

In this model, exercise sessions are delivered
in real time via videoconferencing platforms and
directly supervised by a physiotherapist or exercise
specialist [1-3,6,8,12]. Interventions are typically
delivered in individual or small-group formats.

These programs generally involve
multicomponent exercise protocols, including
aerobic exercise, resistance training, flexibility
exercises, and, in some cases, balance training.
Exercise intensity and progression are usually
individualized based on patient capacity and clinical
status [1,2,5,6,8].

3.2.2. Hybrid care models

Some studies implemented hybrid models
combining face-to-face rehabilitation with remote
telerehabilitation = components [4,5,13]. This
approach is often preferred for patients with higher
clinical needs or to improve access to rehabilitation
services.

For example, the PEACE protocol describes a
hybrid physiotherapy model targeting
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chemotherapy-related functional impairments, allowing interventions to be delivered both in-person and

remotely [4].

Table 1. Clinical and methodological characteristics of the included studies (n = 16)

Study Design Age Cancer Treatment n Intervention Duration
(yr) Diagnosis Phase Type
Le et al, Pilot int. 8-18 Childhood Surv. 19 Home-based PA 6 mo
[14] cancers (leuk., program
lymph., solid (activity tracker)
tumors)
Mendoza Pilot RCT 13-25 Childhood Surv. 60 mHealth int. 10 wk
etal, [11] cancers (Fitbit + online
support)
Gotte et Controlled 6-18 Childhood Active tx 40 Home-based 6-8 wk
al, [7] int. cancers (leuk., exercise (activity
lymph., solid tracker)
tumors)
Howell et RCT 11-18 Childhood Surv. 97 Web-based PA 24 wk
al, [10] cancers program
Devine et Pilot RCT 13-25 Childhood Surv. 49 Tech-supported 3 mo
al, [15] cancers group exercise
Lambert Pilot int. 6-18 ALL Surv. 12 Home-based 16 wk
etal, [1] telerehab
exercise
Lambert Qual. 6-18 ALL Surv. 12 Group telerehab 16 wk
etal, [3] program
Kim et al,, Pilot int. 9-12 Pediatric Surv. 8 Video-based 8 wk
[8] cancers home exercise
(mixed dx)
Wurz et  Single-arm 18-39  Mixed cancers Surv. 30 Video-based 8 wk
al, [16] hybrid pilot (solid & hem. yoga program
malign.)
Babicova Pilot int. 6-18 ALL Surv. 13 Online home 8 wk
etal, [2] exercise
Faith etal,, Pilot RCT 15-25 Childhood Surv. 58 Telehealth 12 sess
[17] cancers lifestyle int. (PA
+ nutrition)
McLaughli Hybrid 8-18 Pediatric Activetx/  ongoin Individualized 12 wk
n et al, effectiveness- cancers Surv. g PA program
[12] implementati (video-based)
on prot.
Neu et al.,  Multicenter 8-18 Pediatric Active tx / 450 Digital 8-10 wk
[13] RCT prot. cancers Surv. personalized
exercise
program
Ospina et Proof-of- 4-17 ALL Active tx / 10 Hybrid 12 wk
al, [4] concept prot. Surv. physiotherapy
(in-person +
online)
Peli et al,, Feasibility 5-18 Onco-hem. Active tx 18 Telemedicine- 6 mo
[5] malign. based adapted
PA program
McLaughli Pilot int. 8-18 Pediatric Active tx 14 Exercise int. 12 wk
netal,[6] cancer & hem. (video-based)
disorders

Abbreviations: ALL, acute lymphoblastic leukemia; dx, diagnoses; hem., hematological; Int., intervention; mHealth, mobile health; mo,
months; PA, physical activity; prot., protocol; Qual., qualitative; RCT, randomized controlled trial; sess, sessions; Surv., survivorship;
tx, treatment; wk, weeks.
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TELEREHABILITATION CARE
MODELS IN PEDIATRIC
ONCOLOGY

Supervised

Telerehabilitation

Real-time sessions with a therapist
(videoconferencing)

Example studies:

Lambert et al., 2021; Kim et al., 2022;
McLaughlin et al., 2026

High level of therapist involvement

More consistent improvements in
functional outcomes

Low-Supervision
Programs

Home-based programs performed
independently and supported by
digital tools

Example studies:

Le et al., 2016; Mendoza et al., 2017; Gotte
et al., 2018; Babicova et al., 2024

Limited therapist involvement,
supported by digital technologies

Increased physical activity, but
variable motor outcomes

Hybrid Models

Combined care models (in-person
and remote sessions)

Example studies:

Neu et al., 2025; Ospina et al., 2025;
Devine et al., 2020; Peli et al., 2025

Flexible service delivery integrating
clinical and remote care

Emerging scalable model for oncology
rehabilitation

Figure 3. Classification of telerehabilitation service delivery models in pediatric oncology

Telerehabilitation interventions can be broadly categorized into three main models: supervised telerehabilitation involving real-
time therapist interaction, low-supervision home-based programs supported by digital tools such as activity trackers or web-based
platforms, and hybrid models combining in-person and remote care. These models differ in therapist involvement, technological

requirements, and their potential impact on functional outcomes.

3.2.3. Device-, web-, or mobile application-
supported physical activity programs

Several interventions involved remotely
delivered physical activity programs supported by
wearable activity trackers, web-based platforms, or
mobile applications [7,9-11,14]. In these programs,
real-time professional supervision is generally
limited.

These approaches tend to focus on increasing
physical activity levels and supporting self-
management behaviors rather than directly
targeting specific motor impairments [7,9].

3.3. Intervention Characteristics
The structure, technological components, and
exercise content of the included telerehabilitation

interventions are summarized in Table 2.

3.4. Feasibility, Adherence, and Acceptability

Telerehabilitation interventions
demonstrated favorable feasibility profiles,
particularly in synchronous and supervised

programs, where high adherence rates were
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consistently reported. In a feasibility study
involving children in early survivorship with ALL
and B-lymphoblastic lymphoma, mean exercise
adherence reached approximately 89%, with a
program completion rate of around 75% [1].
Similarly, in a videoconferencing-based home
exercise pilot study, session attendance reached
approximately 98.4%, with a retention rate of
88.9% over eight weeks [8]. Another real-time
online exercise program in an ALL-survivorship
cohort reported a participation success rate of
approximately 85.6% [2].

In the IMPACT program, both clinical
outcomes and implementation processes were
systematically evaluated, including retention,
adherence, intervention fidelity, and missing data
rates [6,12]. Acceptability findings, particularly
from qualitative studies, indicate generally positive
experiences among both participants and
caregivers. In a group-based telerehabilitation
program conducted in an ALL-survivorship cohort,
families highlighted the ability to exercise at home
and the continuation of professional supervision as
key advantages. However, practical challenges such
as technology use and scheduling were also
reported [3]. In interventions supported by activity
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trackers, most participants found the programs meaningful and motivating, although adherence was variable

in some cases [7].

Table 2. Characteristics of telerehabilitation interventions across included studies

Study Delivery Model Supervision Technology Intervention Program
Level Content Structure
Leetal, [14] Home-based PA Low Activity tracker PA promotion Individual,
program supervision program home-based
Mendoza et al, mHealth PA Low Fitbit + online PA promotion Home-based
[11] intervention supervision support program
Gotte etal., [7] Home-based Low Activity tracker Daily exercise + PA'  Home-based
exercise program supervision monitoring
Howell et al, Web-based PA Low Web platform PA promotion Home-based
[10] program supervision program
Devine et al, Hybrid exercise Supervised Mobile app + Group exercise Group-based
[15] program wearable device program
Lambert et al, Telerehabilitation Supervised Videoconferencing Home-based Individual
[1] exercise program exercise
Lambert et al, Telerehabilitation Supervised = Videoconferencing Group exercise Small group
[3] group program program
Kim et al,, [8] Telerehabilitation Supervised = Videoconferencing Home-based Individual
exercise program exercise
Wurz etal, [16] Remote yoga Supervised = Videoconferencing Yoga-based Group-based
program exercise program
Babicova et al., Online exercise Low Online platform Home-based Individual
[2] program supervision exercise
Faithetal, [17]  Telehealth lifestyle = Supervised Telehealth PA + nutrition Individual
intervention platform counseling
McLaughlin et  Telerehabilitation Supervised Videoconferencing Individualized Individual
al, [12] PA program exercise program
Neuetal, [13] Hybrid Supervised  Digital monitoring Multicomponent Individual
telerehabilitation tools exercise program
model
Ospina et al,, [4] Hybrid Supervised Web platform + Physiotherapy- Individual
physiotherapy in-person sessions based exercise
program
Peli et al,, [5] Telemedicine-based  Supervised Telemedicine Adapted PA Individual
PA program platform program
McLaughlin et  Telerehabilitation Supervised  Videoconferencing Structured exercise  Individual
al, [6] exercise program
intervention

Abbreviations: mHealth, mobile health; PA, physical activity; app, application.

3.5. Safety

3.6.1. Muscle strength, power, and flexibility

No serious exercise-related adverse events
were reported in synchronous videoconference-
based telerehabilitation programs [1,3,6,8,2].
Intervention protocols typically included strategies
to modify exercise intensity in response to
symptoms such as pain or fatigue. However, these
findings should be interpreted in the context of
small-sample pilot designs.

3.6. Physical Function Outcomes

The main outcome domains evaluated in the
included studies are presented in Table 3.

60

The most consistent improvements were
observed in muscle strength and power outcomes,
particularly in synchronous and supervised
telerehabilitation interventions.

In a videoconferencing-based exercise pilot
study, significant improvements were reported
using handheld dynamometry and functional
performance tests [8]. Similarly, a feasibility study
in early survivorship ALL patients demonstrated
improvements in lower extremity muscle function
measured through mechanography [1].

Improvements in flexibility were
reported in some studies [8]. Hybrid

also
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telerehabilitation studies showed positive trends;
however, these findings were generally considered
exploratory due to study design limitations [5].

3.6.2. Cardiorespiratory endurance and fatigue

Findings on cardiorespiratory endurance and
fatigue were more variable across studies. In a

feasibility = study involving ALL survivors,
improvements in cardiorespiratory endurance
were observed using field-based performance tests,
particularly the six-minute walk test [1]. In contrast,
another videoconferencing-based exercise pilot
study reported improvements in muscle strength
and flexibility but did not observe significant
changes in cardiorespiratory endurance [8].

Table 3. Outcome domains and measurement approaches across included studies

Outcome Domain ICF Domain Measures Studies
Physical activity Activity Daily step count, MVPA [10,11,14]
Physical fitness Body functions Muscle strength, flexibility, [8,15]
cardiorespiratory fitness
Functional performance Activity 6MWT, sit-to-stand test [1]
Motor performance Body functions / Activity Balance, ROM, coordination [7]
Quality of life Participation PedsQL, HRQoL [5, 8]
Psychosocial outcomes Participation Stress levels, body image [16]
Feasibility outcomes Service implementation = Adherence rate, program retention, [4-6, 8, 12]

satisfaction measures

Abbreviations: 6MWT, six-minute walk test; HRQoL, health-related quality of life; ICF, International Classification of Functioning,
Disability, and Health; MVPA, moderate-to-vigorous physical activity; PedsQL, Pediatric Quality of Life Inventory; ROM, range of

motion.
3.6.3. Low-supervision  physical activity
programs

In low-supervision, home-based

interventions supported by wearable devices or
activity tracking systems, effects on physical
function outcomes were generally limited or
inconsistent.

For example, in an activity tracker-based
intervention, daily step counts and achievement of
activity goals increased over time; however, only
limited changes were observed in motor
performance outcomes [7].

Overall, many digital interventions focus on
increasing activity levels and supporting self-
management, while functional outcome measures
remain heterogeneous across studies.

3.7. Population Characteristics and Gaps in the
Literature

A substantial proportion of the included
studies focused on ALL survivorship cohorts [1-4].
In contrast, fewer studies included heterogeneous
pediatric oncology populations with broader
diagnostic representation [5-8,12].

Studies specifically targeting diagnosis-
related motor phenotypes, such as those associated
with central nervous system tumors or sarcomas,
remain limited.

In addition, participation-level outcomes
(e.g., school and social participation) and long-term
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functional outcomes were infrequently reported [1,
8].

3.8. Trends in the Field

The current evidence suggests a shift from
small-scale feasibility studies toward more
structured and scalable intervention models.
Hybrid care models are increasingly incorporated
into study protocols and pragmatic designs [4,5,13].

Hybrid effectiveness-implementation
designs are also being used to evaluate both clinical
outcomes and implementation-related factors such
as feasibility, adherence, and delivery processes
[6,12].

Despite these advances, variability in
intervention types and outcome measures remains
a key limitation of the current literature.

4. Discussion
4.1. Overall Interpretation of Key Findings

This review indicates that telerehabilitation
and remote exercise interventions in pediatric
oncology are delivered across a spectrum of service
models characterized by varying levels of
professional  supervision and technological
integration. The most consistent findings were
associated with structured exercise programs
delivered through real-time videoconferencing
under professional supervision, as well as hybrid
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care models combining in-person and remote
components [1, 4-6, 8].

Evidence from pilot studies indicates that
supervised interventions are not only feasible but
also achieve high adherence and participation rates
while maintaining favorable safety profiles, with no
serious exercise-related adverse events reported
[1,3,8]. In contrast, interventions supported by
wearable devices or web-based platforms, although
advantageous in terms of scalability, show greater
variability in adherence and more limited or
inconsistent effects on functional outcomes such as
muscle strength and motor performance. These
differences may be related to exercise dose, the
ability to monitor movement quality, and the
behavioral and organizational demands placed on
families [7,9,18].

Across outcome domains, the most consistent
improvements were observed in muscle strength,
power, and flexibility [1,5], whereas findings
related to cardiorespiratory endurance and fatigue
were more variable. Evidence from broader
randomized controlled trials in pediatric cancer
survivors suggests that individualized exercise
interventions can improve cardiorespiratory fitness
and muscle strength, while outcomes such as
fatigue, quality of life, and physical activity behavior
demonstrate less consistent changes [9,19].

Collectively, these findings indicate that
telerehabilitation can provide an effective stimulus
for improving specific components of physical
capacity. However, the magnitude and consistency
of these effects appear closely linked to intervention
structure, particularly the level of professional
supervision, prescribed exercise dose, and targeted
functional domain.

4.2. Potential Mechanisms Underlying the
Effectiveness of Supervised Telerehabilitation

A key mechanism underlying these findings is
that synchronous, therapist-supervised
telerehabilitation enhances both exercise dose and
execution quality. Real-time videoconferencing
enables immediate correction of movement
patterns, dynamic adjustment of exercise intensity
based on symptoms, and rapid progression of
training parameters. These features are particularly
relevant in pediatric oncology populations, where
fatigue, pain, neuropathy, and functional limitations
may substantially affect exercise tolerance [1,3,5].

Qualitative evidence further supports this
interpretation, indicating that professional
supervision provides reassurance to patients and
caregivers while enhancing motivation and
engagement. In addition, therapist guidance may
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reduce the cognitive and logistical burden on
families in managing home-based exercise
programs, thereby contributing to improved
adherence [3].

In contrast, low-supervision, device- or web-
based interventions shift responsibility for exercise
management to patients or caregivers. While such
approaches may support long-term behavioral
change and self-management, they offer limited
capacity to monitor exercise progression and
movement quality, which may partially explain the
more modest or inconsistent improvements
observed in motor performance outcomes [7].

4.3. Applicability Across the Clinical Course

The current evidence base is largely
concentrated on ALL populations and early
survivorship phases [1-4,20]. While this pattern
may reflect the high prevalence of ALL and its
associated neuromuscular sequelae, it limits the
generalizability of findings to other diagnostic
groups.

Functional impairments associated with
other cancer types, particularly central nervous
system tumors and sarcomas, may differ
substantially; however, telerehabilitation research
targeting these populations remains limited
[18,21]. Furthermore, the active treatment phase
represents a highly heterogeneous clinical context.
While telerehabilitation appears feasible during
maintenance therapy or outpatient phases, its
applicability during more intensive treatment
periods remains insufficiently explored [5,6,8,12].

Within this context, hybrid care models are
increasingly recognized as a promising strategy for
integrating telerehabilitation into clinical practice.
These models enable in-person assessment and
intervention when clinical risk is higher, while
maintaining continuity of care through remote
delivery when access is limited [4,5,13]. Evidence
from protocols such as the PEACE study suggests
that telerehabilitation should be viewed not as a
replacement for conventional rehabilitation butas a
flexible component within an integrated care
pathway [4].

4.4. Methodological Considerations in Outcome
Measurement

A major methodological challenge in this field
is balancing the assessment of clinically meaningful
functional constructs with the feasibility of remote
evaluation methods. Studies employed a wide range
of measurement approaches, including field-based
performance tests, wearable device-derived activity
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data, and, less frequently, laboratory-based
assessments such as mechanography or peripheral
quantitative computed tomography (pQCT) [1,12].

While laboratory-based measures provide
more precise physiological data, their clinical
feasibility and scalability are limited. This
heterogeneity complicates clear differentiation
between related constructs such as physical
capacity, daily activity, functional mobility, and
participation, making cross-study comparisons

challenging.
The IMPACT protocol represents an
important advancement, as it integrates

effectiveness and implementation outcomes within
a single framework [6,12].

In addition, outcomes such as fatigue and
participation may require longer intervention
durations, appropriate timing, and measurement
tools tailored to pediatric oncology populations.
Current evidence suggests that these outcomes
demonstrate lower responsiveness compared to
measures of muscle strength or physical fitness
[9,19].

4.5. Implementation Science Perspective

An increasingly important dimension of
telerehabilitation research is the integration of
implementation science principles. The research
focus is shifting from whether an intervention can
be delivered to whether it can be sustainably
integrated into healthcare systems.

Implementation is influenced by multiple
interconnected factors, including referral pathways,
access to technology, workforce organization,
alignment with treatment and school schedules, and
safety protocols. These factors extend beyond
clinical efficacy and are critical for real-world
applicability.

In this context, hybrid effectiveness-
implementation designs, such as those used in the
IMPACT study, represent a significant
methodological advancement by  enabling
simultaneous evaluation of clinical effectiveness
and  implementation  outcomes, including
accessibility, feasibility, and sustainability [6,12].

4.6. Limitations of the Current Evidence

The available evidence on telerehabilitation
in pediatric oncology presents several important
limitations that should be considered when
interpreting the findings.

First, most studies are based on small-sample
feasibility or single-arm designs, which limits the
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strength of the evidence and increases the potential
risk of selection bias [1,2,8].

Second, a considerable proportion of studies
focus on ALL and survivorship cohorts, resulting in
limited representation of other cancer diagnoses
and treatment phases [1,4,20].

Third, substantial heterogeneity exists across
studies in terms of intervention models,
technological platforms, and outcome measures.
This variability complicates direct comparisons and
may obscure differences in underlying mechanisms
and intervention effects [7,9,18].

Fourth, evidence related to long-term
functional outcomes and participation-level
measures remains limited, despite their importance
in pediatric oncology populations [9,18,21].

Finally, although no serious adverse events
have been reported, safety findings should be
interpreted cautiously given small sample sizes and
variability in reporting practices [1,3,8].

4.7. Strengths and Limitations of This Review

This review has several important strengths.
First, it provides a structured synthesis of the
existing literature on telerehabilitation and remote
exercise interventions in pediatric oncology,
organizing the evidence according to intervention
delivery models, implementation characteristics,
and reported outcomes. This approach allows for a
more comprehensive understanding of how
different intervention models may function within
clinical practice.

Second, the review extends beyond clinical
effectiveness by incorporating implementation-

related outcomes, including feasibility,
acceptability, and safety. This broader perspective
offers insights into how telerehabilitation

interventions may be applied in real-world settings.

In addition, the conceptualization of
telerehabilitation interventions into three primary
delivery models contributes to a more systematic
interpretation of the heterogeneity observed in the
literature and facilitates comparison across studies.

However, several limitations should also be
acknowledged. First, a substantial proportion of the
included studies consist of small-sample feasibility
or pilot designs, which may limit the
generalizability of the findings and require cautious
interpretation of intervention effects.

Second, the existing evidence is largely
concentrated on ALL survivorship populations,
with limited representation of other diagnostic
groups, such as central nervous system tumors and
sarcomas. This restricts the applicability of the
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findings across the broader pediatric oncology
population.

Third, considerable heterogeneity exists
across studies in terms of intervention types,
exercise content, technological platforms, and
outcome measurement methods. This variability
limits direct comparability and precludes
quantitative synthesis.

Finally, many of the included studies focus on
short-term interventions, with limited evidence
regarding long-term  functional outcomes,
participation-level = measures, and lifelong
rehabilitation needs. As a result, the long-term
clinical impact of telerehabilitation interventions
remains insufficiently understood.

4.8. Clinical Implications

The findings of this review indicate that
telerehabilitation is a feasible and potentially
effective  approach in pediatric oncology
rehabilitation. In  particular,  synchronous,
therapist-supervised videoconference-based
exercise programs appear to provide a structured
intervention model capable of improving outcomes
such as muscle strength, functional performance,
and physical fitness.

In clinical practice, telerehabilitation should
be viewed not as a replacement for conventional
rehabilitation, but as a complementary service
delivery model that enhances access and supports
continuity of care. Within this context, hybrid care
models offer a flexible and patient-centered
approach by combining in-person assessment and
intervention with remote monitoring and exercise
delivery.

However, successful integration of
telerehabilitation into clinical practice requires
careful consideration of several factors, including
patient  safety, technological infrastructure,
caregiver engagement, and the training needs of
healthcare professionals. Future telerehabilitation
programs should be designed to accommodate
diagnosis-specific and treatment phase-specific
rehabilitation  needs,  while  incorporating
standardized assessment methods and clinically
applicable protocols.

5. Conclusion

Current evidence indicates that
telerehabilitation is a feasible and safe approach in
pediatric oncology, with the most consistent
benefits observed in structured, therapist-
supervised synchronous interventions. These
interventions demonstrate high adherence and
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favorable safety profiles, while contributing to
improvements in key physical function outcomes
[1,3-6, 8,12].

Telerehabilitation should be viewed as a
complementary service delivery model with the
potential to expand access to rehabilitation and
support continuity of care in pediatric oncology
settings. In particular, hybrid care models may offer
a pragmatic balance between clinical effectiveness
and accessibility [4,5,13].

However, the current evidence base remains
limited and is largely derived from small-scale
feasibility and pilot studies, with a predominant
focus on ALL survivorship populations. Future
research should prioritize larger, well-designed
studies that include diverse cancer diagnoses and
treatment phases, incorporate standardized
outcome measures, and evaluate long-term
functional and participation-level outcomes
[6,9,12,18,19,21].

In addition, implementation-focused
research is needed to better understand how
telerehabilitation can be sustainably integrated into
clinical care pathways. Such efforts will be critical
for translating current evidence into effective and
scalable rehabilitation strategies in pediatric
oncology. Ultimately, advancing telerehabilitation
within pediatric oncology will require a shift toward
integrated, scalable, and implementation-informed
care models.
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