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1. INTRODUCTION

The increasing survival rates in pediatric and

Motor impairments in pediatric, adolescent and young adult (AYA) oncology constitute a
multidimensional construct encompassing muscle weakness, range of motion limitations,
postural alterations, and deficits in gross and fine motor performance. Despite the
widespread use of diverse assessment tools, the measurement landscape remains
conceptually fragmented, with inconsistencies in measurement level, psychometric
support, and clinical interpretability. This study moves beyond descriptive reporting by
proposing an author-developed three-layer conceptual analytical framework to identify
structural limitations in motor outcome measurement. A structured analytical literature
review was conducted to map motor assessment tools used in pediatric and AYA oncology.
Instruments were categorized into four domains: muscle strength, range of motion and
flexibility, posture, and motor performance batteries and evaluated across three
dimensions: measurement level (impairment and activity), oncology-specific psychometric
evidence, and clinical sensitivity and generalizability across diagnoses and treatment
phases. A wide range of instruments is employed, including dynamometry, repetition-
based tests, functional field tests, and composite motor batteries such as BOT-2, m-ABC,
GMFM-ALL, and MOON. However, substantial conceptual overlap exists between
impairment-level and activity-level measures. Most tools lack oncology-specific validation,
and Kkey interpretability metrics, including minimal detectable change and clinically
meaningful change thresholds, remain largely undefined. Evidence regarding sensitivity
across diagnostic groups and treatment phases is also limited. The primary limitation of
the field lies not in the availability of tools, but in the absence of an integrated
measurement architecture. The proposed framework should be interpreted as a
conceptual basis for developing structurally aligned, psychometrically robust, and
clinically interpretable motor outcome assessment strategies in pediatric and AYA
oncology.

individuals undergoing or completing cancer

adolescent and young adult (AYA) oncology have
shifted the focus of clinical outcomes beyond
traditional oncological and cardiopulmonary
endpoints toward a broader functional
perspective. Among these, neuromuscular and
motor impairments have emerged as a clinically
significant domain, with implications for long-term
physical capacity, skeletal health, functional
independence, and quality of life. Children and AYA
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treatment frequently exhibit muscle weakness,
reduced range of motion (ROM), postural
alterations, and impairments in gross and fine
motor performance. These impairments are
associated with reduced cardiorespiratory fitness,
limitations in activities of daily living, decreased
health-related quality of life, low bone mineral
density, and functional sarcopenia [1-9].
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These arise from

mechanisms,

motor impairments
multifactorial pathophysiological
including neurotoxic chemotherapy,
corticosteroid-induced myopathy, treatment-
related growth disturbances, prolonged physical
inactivity, muscle atrophy, altered neuromuscular

activation, and  mitochondrial  dysfunction
[1,7,10,11]. Within the framework of the
International  Classification of Functioning,

Disability and Health (ICF), these effects manifest
across multiple levels, including body structure
and function, activity, and participation.

Given this multidimensional impact, accurate
and phase-sensitive assessment of motor outcomes
is essential for oncology rehabilitation, risk
stratification, and the evaluation of supportive care
and exercise interventions. However, despite more
than three decades of research, the field of motor
assessment in pediatric and AYA oncology remains
highly heterogeneous. Muscle strength has been
evaluated using a wide range of approaches,
including hand-held dynamometry (HHD),
isometric and isokinetic dynamometry, repetition
maximum (RM) tests, handgrip dynamometry,
field-based power and functional performance
tests, sit-to-stand protocols, and composite motor
batteries [1,2,4,10,12-26]. Similarly, ROM and
flexibility are assessed using goniometric or field-
based tests, while posture is evaluated through
tools such as the Adam’s Forward Bend Test and
the Foot Posture Index (FPI-6) [12,13]. At the
activity level, composite instruments such as the
Bruininks-Oseretsky Test of Motor Proficiency
(BOT-2), Movement Assessment Battery for
Children (m-ABC), Gross Motor Function Measure
adapted for acute lymphoblastic leukemia (GMFM-
ALL), and the Motor Performance in Pediatric
Oncology Test (MOON) are widely wused
[2,8,12,21,27-31].

Despite this diversity, a critical conceptual
issue persists. Measurement tools targeting
fundamentally different constructs are often
interpreted as if they represent the same
underlying outcome. Impairment-level measures
quantify joint- or muscle-specific force production,
whereas functional tests inherently reflect
coordination, balance, movement strategy, and
endurance [1,10,22,23]. Composite motor batteries
further complicate interpretation by embedding
strength-related tasks within multidimensional
constructs, thereby obscuring domain-specific
impairments [12,27,31]. This lack of conceptual
clarity undermines construct validity, limits
comparability across studies, and weakens clinical
interpretation.

Recent systematic and narrative reviews
consistently highlight this heterogeneity. For
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example, Sontgerath et al. identified 63 different
physical assessment methods across 149 pediatric
oncology studies, including 16 distinct approaches
for measuring muscle strength [12]. Only a limited
number of  tools, primarily  isokinetic
dynamometry, HHD, and RM tests, have been
evaluated for reliability in pediatric oncology
populations, often based on small samples [12,13].
Other reviews report substantial variability in
measurement protocols, limited oncology-specific
psychometric validation, and widespread reliance
on normative data derived from non-oncology
populations  [1,7,10]. Even  within  ALL,
considerable methodological inconsistency
persists, particularly in upper extremity strength
and fine motor assessment [27]. Meta-analyses
further demonstrate high statistical heterogeneity,
largely attributable to differences in measurement
approaches and outcome definitions [18,22,24].

Collectively, the literature reveals three
major structural limitations. First, impairment-
level and activity-level measures are frequently
conflated, leading to conceptual misinterpretation.
Second, oncology-specific psychometric evidence
remains markedly limited. For most tools,
reliability, validity, and measurement error
indicators such as standard error of measurement
(SEM) and minimal detectable change (MDC) have
not been established in oncology populations and
are often extrapolated from non-oncology cohorts
[1,7,10,12,13,15,16,18,27]. Clinically meaningful
change thresholds (MCID) are largely absent.
Third, the clinical sensitivity and generalizability of
existing tools across diagnostic groups and
treatment phases remain insufficiently defined.

Taken together, these findings indicate that
the central challenge in pediatric and AYA
oncology is not the lack of measurement tools, but
the absence of a unifying measurement
architecture that aligns measurement level,
psychometric validity, and clinical interpretability.
Existing approaches, which primarily catalog tools
or provide domain-specific summaries, are
insufficient to address this structural limitation
[1,7,10,12,13,15,16,18,27].

Therefore, this study proposes a three-layer
analytical framework to examine the conceptual
and psychometric positioning of motor outcome
measures in pediatric and AYA oncology.
Assessment tools are categorized into four
domains and evaluated across three dimensions:
(i) measurement level aligned with the ICF, (ii)
oncology-specific psychometric evidence, and (iii)
clinical sensitivity and generalizability across
diagnostic groups and treatment phases. This
framework aims to reposition motor assessment
from a descriptive inventory toward a conceptually
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coherent, psychometrically grounded, and
clinically interpretable measurement architecture.

Importantly, the proposed framework is
presented as an author-proposed conceptual
analytical model rather than as a formally
validated framework. It was not developed
through expert consensus, Delphi methodology, or
empirical validation. Therefore, its primary
purpose is to organize the existing measurement
landscape, clarify conceptual distinctions between
measurement levels, and generate directions for
future  psychometric and consensus-based
research.

2. MATERIALS AND METHODS
2.1. Study Design

This study was designed as a structured
analytical literature review to examine the
conceptual and methodological structure of motor
outcome measurement in pediatric and AYA
oncology. Rather than adopting a systematic
review methodology, the primary aim was to
develop a framework-driven evaluation of
measurement practices and to identify structural
gaps within the existing measurement landscape.

The literature search was conducted
between December 2025 and January 2026 and
covered publications published between 2000 and
2026. A total of 46 relevant publications were
reviewed during the literature mapping process.
This body of literature included 15 reviews or
meta-analyses, 2 study protocols, and 29 primary
empirical studies, based on the available titles,
abstracts, and full texts where applicable. The final
analytical mapping primarily focused on the 29
empirical studies reporting motor outcome
measures in pediatric or AYA oncology
populations, while reviews and protocols were
used to contextualize measurement heterogeneity
and identify broader methodological gaps.

The screening and analytical mapping were
conducted by the first author, and uncertain cases
were discussed with the second author until
agreement was reached. Studies were included in
the final analytical mapping if they involved
pediatric or AYA oncology populations and
reported at least one motor outcome measure
related to muscle strength, ROM and flexibility,
posture, or motor performance. Studies were
excluded if they focused exclusively on adult
oncology populations, did not report motor-related
outcomes, or addressed only non-motor domains.
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2.2. Literature Search Strategy

A comprehensive literature search was
conducted in PubMed, Scopus, Web of Science, and
Google Scholar. The search strategy was developed
to identify studies reporting motor assessment
tools in pediatric and AYA oncology populations.
Combinations of the following keywords were
used: “pediatric oncology,” “childhood cancer,”
“acute lymphoblastic leukemia,” “motor function,”
“muscle strength,” “range of motion,” “posture,”

“physical performance,” “functional tests,” “motor
assessment,” and “rehabilitation.”
Studies were considered eligible for

analytical mapping if they included pediatric or
AYA cancer populations aged <21 years and
reported at least one motor outcome measure
related to muscle strength, ROM and flexibility,
posture, or motor performance. Studies were not
included in the final analytical mapping if they
focused exclusively on adult oncology populations,
did not report motor-related outcomes, addressed
only non-motor domains, or were study protocols,
reviews, or meta-analyses without original motor
assessment data. However, relevant reviews and
protocols  were retained for contextual
interpretation of the field.

2.3. Analytical Approach

A structured, framework-based analytical
approach was employed to map and evaluate
motor outcome measures. The objective was not to
synthesize effect sizes, but to examine the
underlying measurement architecture.

Identified  measurement tools  were
categorized into four primary domains based on
their predominant construct and clinical use:

(i) muscle strength,

(i) ROM and flexibility,

(iii) posture, and

(iv) motor performance batteries.

This classification reflects commonly used
categories in both clinical practice and research.

2.4. Author-Proposed Three-Layer Conceptual
Analytical Framework

Following categorization, each measurement
tool was evaluated using an author-proposed
three-layer conceptual analytical framework
designed to examine structural characteristics of
the measurement system (Fig.1).
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Framework for Motor Outcome
Measures in Pediatric & AYA Oncology

A systematic process for classifying and evaluating motor assessment tools.
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Figure 1. Three-layer analytical framework for evaluating motor outcome measures in pediatric and

adolescent and young adult (AYA) oncology.

Note: The framework integrates measurement level, oncology-specific psychometric evidence, and clinical sensitivity to identify
structural gaps and guide the development of a coherent measurement architecture.

The framework was not developed through
expert consensus, Delphi methodology, or
empirical validation. Therefore, it should not be
interpreted as a validated measurement
framework. Rather, it was used as a conceptual and
analytical structure to organize existing evidence,
clarify measurement-level distinctions, and
identify gaps in oncology-specific psychometric
support and clinical applicability.

Instruments were assigned to the
impairment level when their primary score
directly reflected body structure or function, such
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as joint-specific force production, torque, ROM, or
postural alignment. Instruments were assigned to
the activity level when their primary score
reflected the execution of functional motor tasks
requiring the integration of multiple components,
such as coordination, balance, speed, endurance,
movement strategy, or task performance. When an
instrument included strength-related components
but required multi-joint functional task execution,
it was classified according to its predominant
construct and clinical interpretation rather than
the isolated presence of strength demand.
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In the first layer, instruments were classified
according to their primary measurement level
based on the ICF. Tools were categorized as
impairment-level measures or activity-level

measures.

In the second layer, oncology-specific
psychometric evidence was evaluated. This
included reported reliability, validity,

responsiveness, and measurement error indicators
such as SEM, MDC, and MCID in pediatric oncology
populations.

In the third layer, clinical sensitivity and
generalizability were assessed. This evaluation
considered the applicability of each tool across
different diagnostic groups, including
hematological malignancies, central nervous
system tumors, and solid tumors, as well as across
treatment phases such as diagnosis, active
treatment, and survivorship.

2.5. Outcome of the Analytical Framework

This framework enabled a structured
evaluation of motor outcome measures beyond
simple tool identification, allowing for the
identification of conceptual inconsistencies,
psychometric limitations, and gaps in clinical
applicability within the pediatric and AYA oncology
literature.

3. RESULTS
3.1. Overview of Motor Outcome Measures

The literature review identified a wide range
of measurement tools used to assess motor
function and neuromuscular performance in
pediatric and AYA oncology populations. These
tools can be broadly categorized into four domains:
muscle strength, ROM and flexibility, posture, and
motor performance batteries. Across studies,
substantial methodological heterogeneity was
observed in terms of measurement approaches,
protocols, and underlying constructs.

Beyond simple enumeration, this
classification revealed a structurally fragmented
measurement landscape. Many tools reported
under the same domain, such as muscle strength,
represent fundamentally different measurement
levels within the ICF framework. In addition, only a
limited number of instruments have been
psychometrically evaluated within pediatric
oncology populations, while the majority rely on
evidence derived from non-oncology cohorts [1-
3,10,12,13,18,27].

Muscle strength was assessed using HHD,
isometric and isokinetic dynamometry, handgrip
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dynamometry, manual muscle testing (MMT), RM
tests, and a variety of field-based functional tests
such as sit-ups, push-ups, repeated squats, sit-to-
stand, trunk extension, vertical jump, and standing
long jump [1,2,4,10,12-26]. ROM and flexibility
were predominantly evaluated through
goniometric measurements, with frequent focus on
ankle, knee, hip, and shoulder joints, while field-
based flexibility tests such as sit-and-reach were
also used [2,12,13,20,25]. Posture was assessed
primarily using the Adam’s Forward Bend Test and
the FPI-6 [12,13,32]. Motor performance was
commonly evaluated using composite instruments
such as BOT-2, m-ABC, GMFM-ALL, and MOON,
along with fine motor tests including the 9-Hole
Peg Test, Purdue Pegboard Test, and THS-R
[2,8,12,21,27-32].

Table 1 illustrates that this diversity is
accompanied by fragmentation in  both
measurement level and psychometric support.
Except for selected dynamometry protocols and
GMFM-ALL, most tools lack clearly reported
reliability, validity, responsiveness, or
interpretability data in pediatric oncology
populations. Consistent with previous reviews, the
literature is predominantly focused on ALL
populations and survivorship phases, further
limiting generalizability [12,13,18,22-24].

3.2. Measurement Level:
Activity

Impairment and

3.2.1. Muscle strength

At the impairment level, relatively few tools
directly quantify joint- or muscle-specific force
production. These include HHD, isometric and
isokinetic dynamometry, handgrip dynamometry,
and MMT. HHD has been widely used across newly
diagnosed ALL cohorts, mixed-diagnosis treatment
groups, sarcoma survivorship populations, and
exercise intervention studies to assess isometric
strength of major muscle groups [2,5,14,15,19,33].
In trials such as QLIM and MUCK]I, standardized
positioning and break-test protocols were used to
estimate maximal voluntary force at the joint level
[14,15].

Isokinetic dynamometry has been used more
selectively, particularly in ALL populations during
maintenance therapy or survivorship, to assess
peak torque and muscular endurance [1,13,17].
MMT provides limited resolution due to its ordinal
nature and susceptibility to ceiling effects.

RM tests have been primarily used in
exercise intervention studies to estimate dynamic
strength. However, these tests are influenced by
coordination, technique, fatigue, and pain, limiting
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their interpretation as pure strength measures

[21,22,24,25].

In contrast, field-based tests frequently
categorized as strength measures are more
as  activity-level
assessments. Tasks such as sit-ups, push-ups,
repeated squats, sit-to-stand, trunk endurance,

appropriately

interpreted

vertical jump, and standing long jump inherently
involve coordination, balance, and endurance in
addition to force production. Nevertheless, many
studies have treated these tools as equivalent to
dynamometry or RM-based strength measures,
indicating a clear conceptual mismatch between
measurement level and interpretation [4,19-26].

Table 1. Structural Classification of Motor Outcome Measures in Pediatric and AYA Oncology

Primary

Oncology-Specific Psychometric

Instrument Domain ICF Level . Key Limitation
Outcome Evidence
Handgrip Muscle Distal . Wl(.iely used in ped'la'trlc (.)n.cology; May be
Dynamometry Strength voluntary Impairment limited oncology-specific validity and interpreted as
y force reliability evidence global strength
Joint-specific Limited reliability data in oncology Sensitive to
Muscle : . . . e
HHD isometric Impairment populations stabilization and
Strength .
force examiner effects
Isometric Muscle Maximal . Limited psychometrlc evidence in Limited  clinical
force / Impairment oncology populations s
Dynamometry Strength torque accessibility
Isokinetic gl'lci*lesrclleth/l’o tor ulzeakand Impairment Lt)mgﬁal(iio;esllablllty data in oncology Resource-
Dynamometry g q P pop intensive method
wer power
Ordinal Limited oncology-specific Ceiling
Muscle . R
MMT strength Impairment psychometric evidence effect and
Strength Co e
estimation subjectivity
RM Tests Muscle Dynamic Used in some intervention studies; Influenced
(1RM, 5RM, strength Impairment limited psychometric data by learning and
Strength .
10RM) performance fatigue
Sit-ups /  Functional Nq oncology-specific psychometric Reflects
Task - evidence reported endurance rather
Push-ups / Strength Activity :
performance than isolated
Squats Tests
strength
Sit-to-Stand Functional Lower  limb - Used in pelzdlat.rlc oncology; limited Multi-component
task Activity psychometric evidence
Test Performance task
performance
Explosive Very limited psychometric evidence in Influenced by
Vertical Jump  Power Test forIZe Activity oncology populations technique and
balance
Standing Long Power Test Lower limb Activity Nq oncology-specific psychometric Inﬂuepceq by
Jump performance evidence reported coordination
Reliability = reported for ankle Dependent on
. Joint range of . measurements in ALL populations joint and
Goniometry ROM . Impairment
motion measurement
protocol
Sit-and-Reach o Posten.o . Limited . . oncology-specific Influenced by
Flexibility r chain Impairment psychometric evidence .
Test - anthropometrics
flexibility
Adam’s Spinal No oncology-specific psychometric
Forward Bend Posture P Impairment data reported Screening tool
alignment
Test
Foot No oncology-specific psychometric Clinical
FPI-6 Posture . Impairment data reported interpretation
alignment
unclear
BOT-2 Motor .Motor Activity Used in pedl.a_trlc pnCQIOgy; limited Composite score
Performance  proficiency oncology-specific validation
Motor Coordin . Used in onc.olog.y populations; limited Primarily
m-ABC . Activity psychometric evidence measures
Performance  ation L
coordination
Oncolog Developed for pediatric oncology; Composite
MOON Motor y-specific Activity limited psychometric support performance
Performance  motor measure
performance
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Table 1. Continued

Instrument Domain Primary ICF Level On'cology-Specmc Psychometric Key Limitation
Outcome Evidence
Motor Gross  motor One of the few tools with oncology- Diagnosis-
GMFM-ALL rF:SZforma function Activity specific validity and reliability specific (ALL)
Used in pediatric oncology; Combines
Motor Functional limited psychometric evidence mobility and
FMA Performa . Activity psy
mobility motor
nce
performance
Motor Fundamental Limited use in oncology; no clear Focuses on
FMS Performa  movement Activity psychometric evidence movement
nce quality quality
Motor Limited use in oncology populations
UQAC-UQAM Performa General motor Activity Small sample
nce performance sizes
Motor Multidimensio N Nq oncology-specific psychometric Norm-based
DMT Performa  nal motor  Activity evidence reported . )
interpretation
nce performance
Motor Developmental Limited use in pediatric oncology Dependent on
MOT Performa  motor Activity developmental
nce performance norms
9-Hole Peg Fine Manual Activi Limited psychometric evidence in Does not directly
Test Motor dexterity ty oncology populations measure strength
Purdue Fine Hand Activi Limited psychometric evidence in Influenced by
Pegboard Test Motor coordination vy oncology populations coordination
men  fne el T i pachonetic oence T ngependons o
Motor ty gy pop strength
performance

Abbreviations: BOT-2: Bruininks-Oseretsky Test of Motor Proficiency, Second Edition; DMT: Deutscher Motorik Test; FMA: Functional Mobility
Assessment; FMS: Fundamental Movement Skills battery; FPI-6: Foot Posture Index-6; GMFM-ALL: Gross Motor Function Measure - Acute
Lymphoblastic Leukemia version; HHD: Hand-held dynamometer; m-ABC: Movement Assessment Battery for Children; MMT: Manual muscle testing;
MOON: Motor Performance in Pediatric Oncology; MOT: Motoriktest fiir Kinder; RM: Repetition maximum (1RM = one repetition maximum; 5RM =
five repetition maximum; 10RM = ten repetition maximum); THS-R: Test of Handwriting Skills - Revised; UQAC-UQAM: Université du Québec a

Chicoutimi - Université du Québec a Montréal Test Battery.

Note: Motor performance batteries largely represent composite activity-level measures that integrate multiple components, including coordination,
speed, agility, and strength. Therefore, several tests frequently reported in the literature under “muscle strength” were reclassified as activity-level
measures within the present analytical framework. The term oncology-specific psychometric evidence refers to validity, reliability, responsiveness,
or measurement error data reported directly in pediatric or AYA oncology populations. The use of a measurement tool in oncology studies does not
necessarily indicate that its psychometric properties have been systematically established in these populations.

3.2.2. Range of motion and flexibility

Goniometric ROM  assessments were
consistently classified as impairment-level
measures. Ankle dorsiflexion, knee extension, and
hip ROM were frequently evaluated, particularly in
early ALL treatment phases, to identify contracture
risk and mobility limitations [2,12,13].

Field-based flexibility tests, such as sit-and-
reach, occupy an intermediate position between
impairment and activity levels, as they incorporate
both tissue extensibility and movement control.
However, these tests were predominantly
interpreted as flexibility measures in the literature
[20,25].

3.2.3. Posture

Postural assessments, primarily conducted
using the Adam’s Forward Bend Test and FPI-6,
were generally applied as impairment-level
measures  reflecting  structural  alignment
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[12,13,32]. However, their integration with
functional or activity-level outcomes remains
limited.

3.2.4. Motor performance batteries

Motor  performance  batteries were
consistently positioned at the activity level. BOT-2
was used in both newly diagnosed and
survivorship ALL populations to assess gross and
fine motor performance [2,8,27,31]. Composite
scores and subdomains reflect multidimensional
constructs including coordination, speed, agility,
and strength.

Similarly, m-ABC was primarily used to
assess coordination deficits and motor delay rather
than isolated strength [12,27]. GMFM-ALL was
designed specifically for ALL populations and
focuses on activity-level gross motor function
[8,12]. MOON integrates strength, coordination,
speed, and flexibility into a composite performance
measure [28-30].
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Fine motor tests such as the 9-Hole Peg Test,
Purdue Pegboard Test, and THS-R were also
classified as activity-level measures, primarily
reflecting manual dexterity and coordination.

Broader multidimensional motor
performance batteries and field-based
assessments, including FMA, FMS, UQAC-UQAM,
DMT, and MOT, have also been reported in
pediatric oncology studies. These instruments
generally capture composite aspects of motor
performance, such as mobility, coordination,
movement quality, speed, balance, and strength-
related task performance, and were therefore
interpreted as activity-level measures within the
present framework.

3.3. Oncology-Specific Psychometric Evidence

Across all domains, oncology-specific
psychometric support remains limited. Evidence
suggests that HHD, isokinetic dynamometry, and
RM tests have at least some reported reliability
data in pediatric oncology cohorts [12,13].
Additionally, ankle ROM measurements in newly
diagnosed ALL populations demonstrated high
intra- and inter-rater reliability (ICC approximately
0.97 and 0.84) [2].

Among motor performance batteries, GMFM-
ALL shows the strongest oncology-specific
psychometric support, with reported internal
consistency and construct validity in ALL cohorts
[8,12]. MOON demonstrates feasibility and limited
developmental validation, although further
psychometric evaluation is needed [28-30].

In contrast, widely used tools such as
handgrip dynamometry, sit-to-stand tests, standing
long jump, BOT-2, m-ABC, Purdue Pegboard Test,
and the 9-Hole Peg Test lack oncology-specific
validation and rely on normative datasets derived
from non-oncology populations [1,3,10,12,18,27].

3.4. Responsiveness, MDC, and MCID

Formal responsiveness indices and
interpretability thresholds are largely absent
across studies. Although many intervention studies
report statistically significant improvements in
strength and motor performance, these changes
are typically evaluated at the group level without
standardized responsiveness metrics [15,16,21-
26,29].

Oncology-specific MDC and MCID values are
rarely defined. In the few studies reporting MDC,
thresholds are derived from non-oncology
pediatric populations [16]. Similarly, pragmatic
targets such as percentage improvements are
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occasionally used but lack validation as clinically
meaningful change thresholds [35].

3.5. Clinical Sensitivity and Generalizability
3.5.1. Diagnostic coverage

Motor assessment research is heavily
dominated by ALL populations. Tools such as HHD,
handgrip dynamometry, GMFM-ALL, BOT-2, and
MOON have been primarily studied in ALL cohorts
[2,8,17,18,21,27,29-31,33,36-38].

Other diagnoses, including lymphomas, solid
tumors, sarcomas, and central nervous system
tumors, remain underrepresented. As a result,
diagnosis-specific performance and sensitivity of
measurement tools remain unclear
[1,7,10,12,13,19,34,39].

3.5.2. Treatment phase sensitivity

Evidence regarding phase-specific
applicability is limited. In early treatment, short
and feasible assessments such as handgrip
strength, HHD, and sit-to-stand tests can
differentiate patients from normative values [2,18-
20], although the impact of fatigue, pain, and acute
symptoms on measurement reliability remains
unclear.

During intensive treatment, selected tools
appear responsive to change over weeks to months
[15,19,21-26,29], but the absence of oncology-
specific MDC and MCID limits interpretation at the
individual level.

In survivorship, tools such as BOT-2, MOON,
handgrip dynamometry, standing long jump, and
other power or functional performance
assessments demonstrate persistent motor
impairments and their associations with broader
health outcomes [3-9,31,40]. However, their
sensitivity to detect subtle longitudinal changes
remains uncertain.

3.6. Structural Gaps in the Measurement
System
Three major structural gaps emerged:

o Conceptual mismatch between measurement
level and interpretation

e Limited oncology-specific
evidence

o Insufficient evaluation across diagnoses and
treatment phases

psychometric

3.7. Overall Interpretation

Motor impairments in pediatric and AYA
oncology are well documented; however, the
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current measurement system remains structurally
fragmented. While dynamometry-based
assessments and GMFM-ALL demonstrate
relatively stronger psychometric support, many
commonly used tools rely on non-oncology
normative data and lack phase-sensitive
interpretability.

These findings indicate that the primary
limitation of the field lies not in the availability of
measurement tools, but in the absence of a
coherent and integrated measurement
architecture.

4. DISCUSSION

This study demonstrates that motor outcome
measurement in pediatric and AYA oncology is not
only diverse in terms of tools, but also structurally
fragmented across measurement level,
psychometric foundation, and clinical applicability.
The proposed three-layer analytical framework
indicates that the primary limitation of the field
lies not in the absence of measurement
instruments, but in the lack of clarity regarding
what these tools measure, how they should be
interpreted, and to what extent they are clinically
meaningful across different contexts [7,12,18].

4.1. Conceptual challenge: conflation of

impairment and activity levels

One of the most critical findings is the
persistent conflation of measurement levels.
Impairment-level assessments, such as
dynamometry-based measures, are designed to
quantify joint- or muscle-specific force production.
In contrast, functional tasks such as sit-to-stand,
squatting, push-ups, sit-ups, and standing long
jump reflect multi-component performance,
including coordination, balance, movement
strategy, technical skill, and endurance.

Despite these differences, many studies
interpret activity-level outcomes as direct
indicators of muscle strength [2,12]. This
conceptual mismatch obscures the underlying

source of motor impairment. Reduced
performance in a functional test does not
necessarily reflect isolated neuromuscular
weakness; it may instead be influenced by

coordination deficits, fatigue, pain, neuropathy, or
altered movement strategies.

This distinction is particularly critical in
intervention studies. Improvements observed after
exercise or rehabilitation may reflect not only
strength gains, but also task familiarity, improved
motor control, reduced symptom burden, or
motivational  changes [15,16].  Therefore,
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impairment-level and activity-level measures
should be considered complementary but non-
interchangeable constructs.

4.2. Psychometric limitation: lack of oncology-
specific evidence

The second major finding is that the
measurement  system relies heavily on
psychometric evidence derived from non-oncology
populations. Only a limited number of tools,
primarily HHD, isokinetic dynamometry, selected
RM tests, and ankle ROM measurements, have
demonstrated partial reliability evidence in
pediatric oncology cohorts [12,18]. Among motor
performance batteries, GMFM-ALL shows
relatively stronger oncology-specific psychometric
support, while MOON demonstrates preliminary
feasibility and limited validation [12,16].

In contrast, widely used tools such as
handgrip dynamometry, sit-to-stand tests, standing
long jump, BOT-2, m-ABC, Purdue Pegboard Test,
and the 9-Hole Peg Test are typically applied based
on normative data from non-oncology populations
[2,12]. This limits interpretability, particularly at
the individual level.

Although many studies report group-level
changes, the absence of standardized
responsiveness indices and oncology-specific
thresholds prevents differentiation between true
change and measurement error [15,16]. The most
critical gap is therefore not only the limited
evidence on validity and reliability, but also the
absence of interpretability metrics such as MDC
and MCID. Without these thresholds, motor
outcome measures remain limited in their capacity
to inform clinical decision-making.

4.3. C(Clinical alignment: sensitivity across
diagnoses and treatment phases

The third key finding concerns the limited
alignment between measurement tools and clinical
context. The literature is heavily dominated by ALL
populations, whereas evidence for other diagnoses,
including sarcomas, central nervous system
tumors, and solid tumors, remains limited [7,15].
Given the substantial differences in neuromuscular
impairment patterns across these conditions, it
cannot be assumed that a tool validated in one
population measures the same construct with
equivalent sensitivity in another.

A similar limitation applies to treatment
phases. While certain tools appear feasible and
discriminative in early treatment phases [2,18-20],
the impact of acute symptoms such as fatigue, pain,
and nausea on measurement reliability remains
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unclear. During intensive treatment, some
measures appear responsive to change [15,19,21-
26,29], but the absence of oncology-specific MDC
and MCID limits interpretation at the individual
level. In survivorship, composite motor scores may
appear normal despite persistent domain-specific
impairments, highlighting the need for more
nuanced interpretation [7].

4.4. Core implication: a measurement
architecture problem

The central contribution of this study is the
identification of a measurement architecture
problem. Heterogeneity in this field does not
simply reflect the use of multiple tools, but rather a
lack of conceptual alignment between
measurement level, psychometric evidence, and
clinical application.

Current evidence supports the presence of
clinically meaningful motor impairments in
pediatric and AYA oncology populations [2,7,18].
However, the ability to interpret these
impairments at the individual level, distinguish
true change from measurement error, and define
clinically meaningful improvement remains
limited.

Progress in the field therefore depends not
on introducing new tools, but on restructuring how
existing tools are conceptualized, selected, and
interpreted.

A more coherent measurement system
should include three key components:

(i) impairment-level measures targeting
neuromuscular function,

(ii) activity-level assessments interpreted as
functional performance, and

(iii) oncology-specific psychometric validation
across diagnostic groups and treatment phases.

Nevertheless, the proposed framework
should be considered a conceptual model that
requires further refinement and validation. Future
studies should evaluate its content validity through
expert consensus methods and test its applicability
across diagnostic groups, treatment phases, and
rehabilitation contexts.

4.5. Implications for research and clinical
practice

From a research perspective, priority should
be given to establishing test-retest reliability,
measurement  error, and interpretability
thresholds such as MDC and MCID for commonly
used tools, including HHD, handgrip dynamometry,
goniometry, and selected functional tests within
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oncology cohorts. Standardized protocols adapted
to diagnosis and treatment phase are also needed.

From a clinical perspective, current practices
require careful interpretation. Composite scores
may mask domain-specific impairments, and
functional tests may be overinterpreted as direct
indicators of strength. Motor assessment results
should therefore be interpreted in relation to the
measurement level defined within the ICF
framework.

Limitations

This study has several limitations. First, it
was designed as a structured analytical literature
review rather than a systematic review. Therefore,
the findings should not be interpreted as a
comprehensive or exhaustive synthesis of all
available evidence. Second, although multiple
databases were searched, the absence of a formal
systematic review protocol and PRISMA-based
selection process may have introduced selection
bias. Third, no formal methodological quality or
risk-of-bias assessment was performed.
Consequently, conclusions regarding the absence
or insufficiency of oncology-specific psychometric
evidence should be interpreted cautiously. Fourth,
the proposed three-layer framework has not yet
been validated through expert consensus, Delphi
methodology, or empirical testing. It should
therefore be interpreted as an author-proposed
conceptual analytical model intended to guide
future research rather than as a validated
measurement framework. Finally, because the
available literature is dominated by acute
lymphoblastic ~ leukemia  populations and
survivorship studies, the generalizability of the
findings to other diagnostic groups and treatment
phases remains limited.

6. CONCLUSION

Motor impairments in pediatric and AYA
oncology are widespread and clinically significant;
however, the current measurement landscape
remains conceptually fragmented and
psychometrically underdeveloped. Existing
evidence, largely derived from ALL-dominated
cohorts, documents motor deficits but does not
provide a coherent framework that -clearly
distinguishes measurement levels or supports
clinically meaningful interpretation.

The three-layer analytical framework
proposed in this study offers a structured
approach to evaluate motor outcome measures
across measurement level, oncology-specific
psychometric evidence, and clinical sensitivity.
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These findings indicate that the central limitation
of the field lies not in the availability of assessment
tools, but in the absence of an integrated and
phase-sensitive measurement architecture.

Future research should prioritize the
development of oncology-specific psychometric
evidence, including reliability, measurement error,
responsiveness, and clinically meaningful change
thresholds, as well as the adaptation of
measurement strategies across diagnostic groups
and treatment phases. Establishing a conceptually
aligned and clinically interpretable measurement
system is essential for advancing both research
quality and rehabilitation decision-making in
pediatric and AYA oncology.
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