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Resumen

La leucemia linfoblastica aguda (LLA) es el cancer infantil mas frecuente y
un desafio clinico y funcional relevante; mientras que en paises desarrolla-
dos las tasas de supervivencia superan el 90 %, en Colombia rondan el 56 %.
La quimioterapia, pilar terapéutico, afecta la capacidad aerobica, la fuerza
muscular, el desempeno motor y la calidad de vida de los ninos. En este
contexto, la fisioterapia y el ejercicio terapéutico se han propuesto como
estrategias para reducir dolor, fatiga y limitaciones funcionales.
Esta revision narrativa sintetiza la evidencia sobre intervenciones intra-
hospitalarias de ejercicio aerobico, fortalecimiento, flexibilidad y balance
durante la quimioterapia. Los estudios revisados muestran que el
ejercicio es factible, seguro y se ha asociado a mejoras en capacidad
aerobica, fuerza, funcionalidad y calidad de vida. Aunque la heterogeneidad
metodologica y la limitada evaluacion del riesgo de sesgos dificultan
conclusiones definitivas, el ejercicio terapéutico se perfila como una
intervencion prometedora dentro del manejo fisioterapéutico integral de
la LLA pediatrica.

Palabras clave: leucemia-linfoma linfoblastico de células T precursoras;
leucemia-linfoma linfoblastico de células precursoras; terapia por ejercicio;

especialidad de fisioterapia.

Abstract

Acute lymphoblastic leukemia (ALL) is the most common childhood cancer and
represents a substantial clinical and functional challenge. While survival rates
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exceed 90% in high-income countries, they remain around 56% in Colombia.
Chemotherapy, the cornerstone of treatment, negatively affects aerobic
capacity, muscle strength, motor performance, and quality of life in children.
In this context, physiotherapy and therapeutic exercise have emerged as
supportive strategies to reduce pain, fatigue, and functional limitations.
This narrative review synthesizes evidence on in-hospital interventions
involving aerobic exercise, strengthening, flexibility, and balance training
during chemotherapy. The studies reviewed indicate that exercise is
feasible, safe, and associated with improvements in aerobic capacity, strength,
functional performance, and quality of life. Although methodological
heterogeneity and limited assessment of risk of bias hinder definitive
conclusions, therapeutic exercise appears to be a promising component
within the comprehensive physiotherapeutic management of pediatric ALL.

Keywords: precursor T-cell lymphoblastic leukemia-lymphoma; precursor
cell lymphoblastic leukemia-lymphoma; exercise therapy; physical therapy

specialty.

Introduction

Acute lymphoblastic leukemia (ALL) is the most common type
of cancer in children, accounting for 25% of all childhood
cancers (1). In 2014, approximately 3,000 children in
the United States between the ages of 1 and 19 were
diagnosed with ALL each year (2-3). In 2022, 796 new cases
of leukemia and 357 deaths were reported in people under
18 years of age in Colombia (4-5).

ALL was an incurable cancer just half a century ago, before
the development of effective therapy (6-8). Currently,
with combination chemotherapy, cure rates of around 90%
are achieved (9-11). Despite this, treatment is highly toxic
and can be traumatic for patients and their families,
with short-, medium-, and long-term side effects on quality
of life and overall health (12-15).

Among the health consequences is impairment of
the characteristics and qualities of human body movement,
which affects survivors’ quality of life (16-18). Physical
therapists participate in preventing treatment-related
side effects on aerobic capacity, range of motion, muscle
strength, motor function, fatigue, balance, and coordination
(19-21); comprehensive physical therapy aims to improve
patients’ quality of life and their ability to participate in family
and community activities (22-24). Specifically, therapeutic
exercise is safe and feasible and does not adversely
affect a child’s ability to complete chemotherapy (25-26).
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Several studies have reported the beneficial effects
of exercise on patients’ quality of life during and after
treatment (12, 27-29); however, there is insufficient evidence
to support the use of therapeutic exercise in pediatric
cancer patients during treatment and hospitalization (30-31).
In this context, the present work aimed to identify and
synthesize the available evidence on the feasibility, safety,
and effects of therapeutic exercise on the physical
condition, functionality, and quality of life of pediatric
patients with ALL during chemotherapy and hospital stay.

A narrative review was conducted, beginning with a literature
search in the Medline/PubMed and PEDro databases,
as well as the Cochrane Library and ScienceDirect collec-
tions, using MeSH (Medical Subject Headings) and DeCS
(acronym for descriptores en ciencias de la salud) terms
related to ALL, exercise therapy, and pediatric populations.
Studies in English or Spanish were included, without restric-
tion by study design or publication type, provided they
met the following criteria: a population of children and
adolescents aged 0 to 18 years, with a confirmed diagnosis
of ALL, undergoing active chemotherapy and receiving
therapeutic exercise intervention during their hospital
stay. Reviews without primary data and articles without
full access through the consulted databases were
excluded. Data extraction was performed independently
by members of the research team using a format
approved by the team. The information was classified into
three categories: general characteristics of the studies,
description of the intervention programs, and physical
outcome and quality-of-life measures evaluated.



Summary of the evidence

The review included 13 articles from 12 studies, as the ar-
ticles by Ruiz et al. (2010) (32) and San Juan et al. (2007)
(33) reported different outcomes from the same sample.
Study designs included randomized controlled trials
(n = 5) (34-38), experimental studies (n=2) (32-33),

Table 1. General characteristics of the studies analyzed

Title of the study

Authors (year)

Study design

S. GOmez-Buitrago et al.

a quasi-experimental study (39), a controlled clinical
rial (40), a non-randomized clinical trial (41), a feasibility
study (42), a protocol (43) and a case report (44). In total,
the reviewed studies included approximately 475 pediatric
patients diagnosed with ALL, aged 3 to 18 years. Table 1
summarizes the general characteristics of the analyzed
articles.

Total sample size

Control
group

Intervention

Total group

1 Masoudetal. Effectiveness of exergaming RCT 45 22 23 20 25 6 to 14
(2023) (34) in reducing cancer-related
fatigue among children with
acute lymphoblastic leukemia:
a randomized controlled trial
2 Kowaluky Interactive video games as Quasi- 21 10 1 9 12 71013
Wozniewski a method to increase physical experimental study 8 ALL 5LLA
(2022) (39) activity levels in children 2 AML 6 LMA
treated for leukemia
3 Coxetal. Modifying bone mineral RCT 107 53 54 37 70 4t0 18
(2018) (35) density, physical function, and
quality of life in children with
acute lymphoblastic leukemia
4 Suetal (2018) Assessment of the effects Feasibility study 18 18* 18%* 17 7 11.89 £ 4.63
(42) of walking as an exercise 7 ALL 7 LLA
intervention for children and 5 AML 5 LMA
adolescents with cancer: 6 others 6 otros
A feasibility study
5 Nessetal. Skeletal, neuromuscular and RCT 109 109 Fkk 38 7 4t0 18
(2015) (36) fitness impairments among
children with newly diagnosed
acute lymphoblastic leukemia
6 Vercheretal. The Effectiveness of Case report 1 1* T** 0 1 3
(2016) (4%) Incorporating a Play-based
Intervention to Improve
Functional Mobility for
a Child with Relapsed Acute
Lymphoblastic Leukaemia:
A Case Report
7 Kauhanen Active video games to promote Protocol 34 17 17 NR NR 3t0 16
et al. (2014) physical activity in children
(43) with cancer: a randomized
clinical trial with follow-up
8 Taniry Impact of exercise on lower RCT 40 19 21 16 24 8to 12
Kuguoglu activity levels in children with
(2013) (37) acute lymphoblastic leukemia:
a randomized controlled trial
from Turkey [with consumer
summary]
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Title of the study

Authors (year)

Study design

Total sample size
Age
Control (years)

group

Total Intervention
group

9  Rosenhagen Implementation of CCT 232 13 10 NR NR 153+37
et al. (2011) structured physical activity
(40) in the pediatric stem cell
transplantation
10 Ruizetal. Preliminary findings of Experimental study 7 7* 7** 3 4 4to7
(2010) (32) a 4-month intrahospital
exercise training intervention
on IGFs and IGFBPs in children
with leukemia
1 Hartman A Randomized Trial RCT 51 25 26 23 28  53-6.2
(2009) (38) Investigating an Exercise
Program to Prevent
Osteoporosis and Motor
Problems during Treatment
for Childhood Acute
Lymphoblastic Leukemia
12 sanjuanetal. Effects of an intrahospital Experimental study 7 7* 7 ** 3 4 4to7
(2007) (33) exercise program intervention
for children with leukemia
13 Ladhaetal. Effects of acute exercise NRCT 10 4 6 NR NR 71018

(2006) (41) on neutrophils in pediatric
acute lymphoblastic leukemia

survivors: a pilot study

ECCT: controlled clinical trial; RCT: randomized clinical trial; NRCT: non-randomized clinical trial; F: female; ALL: acute lymphoblastic

leukemia; AML: acute myeloid leukemia; M: male; NR: no report.

* Pre-intervention values; ** Post-intervention values; *** Expected values for age in a healthy population; a: Of the 23 patients included,
14 had a diagnosis of ALL. The distribution by diagnosis and group is not reported.

Description of the exercise programs

All articles included in the narrative review incorporated
interventions based on therapeutic exercise and are sum-
marized in Table 2. Only nine articles described in detail
the characteristics of the intervention program (33-35,
37, 39-40, 42-44), seven implemented aerobic capacity
training in their physical activity prescription protocols
exercises into the intervention (33, 35, 37, 40, 44) and in
three flexibility or balance was included (33, 43-44).
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Video games were used to promote physical activity and
to conduct exercise interventions in three of the articles
(34, 39, 42), whereas the other studies used conventio-
nal methods such as jumping rope, running, walking,
or swimming. The frequency of interventions ranged from
daily to three times a week, and only one study did not
report the frequency of the workouts (20).

Thevolume implemented in the studies’ prescription protocols
was primarily progressive, starting at 10-15 minutes
and ending at 90-120 minutes of training (33-34, 37, 39-40, 42,
44). Finally, exercise intensity in most studies was low to
moderate or as tolerated by the patient.



Table 2. Description of the exercise programs reported in the literature

Authors

Masoud et al.

(2023) (34)

Kowaluk y
Wozniewski
(2022) (39)

Cox et al.
(2018) (35)

Su et al.
(2018) (42)

Vercher et al.

(2016) (44)

Kauhanen
et al. (2014)
(43)

Taniry
Kuguoglu
(2013) (37)

Duration
(weeks)

12

Follow-up

Heart rate monitor
(Polar Lake Success,
NY)

Physical activity
monitor (Polar M
430)

Physical activity
monitoring with
accelerometry
(number of days the
accelerometer was
used)

Visits or phone
calls from nursing
or physical therapy
staff

Daily physical activity

logs

Garmin Vivofit
exercise watch: GPS
was used to track
exercise adherence.

NR

Implementation
of physical activity
diaries and
patient-reported
experiences

Two home visits
were conducted
during the course of
treatment.

Patients were
contacted by phone
to monitor their
adherence to the
program.

Physical quality

Aerobic capacity

Aerobic capacity

NR

Aerobic capacity

Aerobic capacity

Lower limb
strength

Balance and
equilibrium

Various (aerobic
capacity, balance,
strength, and
flexibility)

Joint mobility

Muscle
strengthening

Aerobic capacity

S. GOmez-Buitrago et al.

Exercise and physical activity prescription protocol

Method

Wii console (23
available games)

Video games
(Xbox 360 - Kinect
motion sensor)

NR

Conventional

Walking, going up
and down stairs,
and riding a
tricycle (game)

Squatting and
walking on tiptoes
(game)

Throwing from a
standing position
without support
(game)

Video games (Wii)

Active joint
mobility

Squatting, toe
walking, stair
climbing, and
sidelying hip
abduction

Dancing, jumping
rope, cycling,
running, or brisk
walking

Intensity

Moderate

Moderate Three times
a week

NR Five times
a week

As tolerated  Five times

by the patient a week

NR Three to five
times a week

NR Three times
a week

NR Twice a week

Low to Daily

moderate

NR Five times
a week and
three times
a day

NR Three times
a week and
three times
a day

NR Three times a

Frequency

week

Revista Colombiana de Cancerologia

Volume

Twice a week 60 minutes

+25 minutos

30 minutes

15 to 30 minutes

10 minutes

One set of
20 repetitions
per exercise

One set of
20 throws

30 minutes

20 repetitions per
exercise

Squat
(30 repetitions)

Toe walk (10 steps,
3 times there and
back)

Stair climbs
(5 steps up and
down, 10 times)

30 minutes

NR

Progressive

NR

Progressive

Progressive

Progressive

NR

NR

NR

NR

NR
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Duration

Authors (weeks)

Follow-up
Physical quality

Method

Exercise and physical activity prescription protocol

Intensity Frequency Volume

Rosenhagen 5 months Per session and Aerobic capacity ~ Stationary cycle 6 watts NR 10 to 25 minutes  NR
et al (2011) performed by ergometer MHR =180
(40) physiotherapists RR=<35 rpm
Strength Ascending Modified Modified Modified NR
pyramidal training according according according to
to individual to individual individual
capacity capacity capacity
San Juan 16 Attendance tracking  Strength 11 exercises that ~ Low to Three times  One set Progressive
et al. (2007) involve large moderate a week of 8t0 15
(33) muscle groups (270% of repetitions
(bench press, MHR)

shoulder press,
leg press, leg

curl, abdominal
crunch, bicep curl,

etc.)
Aerobic capacity

Flexibility

Cycle ergometer,
running, walking,
jumping rope,
group games, etc.

Stretching of large

90 minutes at
the beginning of
the program and
120 minutes

at the end

muscle groups

MHR: maximum heart rate; RR: respiratory rate; NR: the study did not report the data; NY: New York.

The studies by Ness et al. (36) and Ladha et al. (41) were not included in the present table because they did not describe
the exercise prescription parameters in detail. Furthermore, the studies by San Juan et al. (2007) (33) and Ruiz et al. (2010)
(32) reported data from the same cohort of patients; the former described the effects on physical and functional capacity,
while the latter analyzed the hormonal response to the same training program.

Evaluated outcomes

The main tests and instruments used in the reviewed
studies are summarized in Table 3. Aerobic capacity
was measured in 10 (77%) of the 13 selected studies;
these included exercise rating scales for children (44),
measurement of maximum oxygen consumption (VO, max)
(32-33, 41) and physical exertion tests such as the 9-minute
walk test (37). The most frequently performed test was
the 6-minute static walk test, used in 5 of the 10 studies
that assessed aerobic capacity (34-36, 42, 44).

Strength was primarily assessed using methods such as grip
strength measured by dynamometry, which was the most
frequently used test (35, 37, 40). Additionally, endurance
assessments were conducted using tests such as bench
press and leg press (33), strength assessments focused on
specific muscle groups such as hip flexors, knee extensors,
the quality and quantity of squats performed within a given
time (44).
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Seven of the reviewed articles applied tests to assess
quality of life. The most frequently used scale was
the Pediatric Quality of Life Inventory (PedsQL), versions 3.0
or 4.0 (37, 42), followed by the Child Health Questionnaire -
Child Form (s44-item version) (CHQ-CF44) (35-36).
Other instruments used included the Health Utilities Index
Mark 3 (HUI-3) (44), the Child Health and Illness Profile-
Child Edition/Child Report Form (CHIP-CE/CRF) (33) and
the Child and Adolescent Quality of Life Questionnaire
(KINDL) (z0).

In four studies, patients’ functionality or balance was
evaluated, with a predominance of tests such as the Timed
Up and Go (TUG) and Timed Up and Down Stairs (TUDS)
(32-33, 37), as well as the Functional Independence
Measure (FIM) (44). Fatigue was assessed in three
studies, using the multidimensional fatigue scale (MFS)
and the fatigue module of the PedsQL (34, 40, 42).

Physical activity levels were measured in two studies using
the modified Godin Leisure-Time Exercise Questionnaire
(34, 41), in two others using accelerometry (35, 43) and in



one study using energy expenditure measured in metabolic
equivalent of task (MET) (43). Range of motion was assessed
in several studies using goniometry, with particular
emphasis on dorsiflexion (33, 35-38). Anthropometric mea-
surements, such as body mass index, and parameters
related to bone mineral density were also included (35, 38).

Sleep quality was assessed in a single study using
the Children’s Sleep Quality Scale (CSQS) (42). Motor
development was measured using two instruments:

S. GOmez-Buitrago et al.

the Bruininks-Oseretsky Test of Motor Proficiency Version 2
(Short Form) (BOT2-SF) and a fine- and gross-motor skills
test validated for children and adolescents aged
4 to 21 years (35-36). Additionally, one study used the Dutch
version of the Bayley Scales of Infant Development,
Second Edition (BSID-11), a motor development assessment
tool for younger children (38); one study measured pain
using the Wong-Baker Facial Pain Scale (44).

Table 3. Domains evaluated and tests reported

Category Author (year)

Kowaluk et al. (2022) (39)

Masoud et al. (2023) (34)
Ness et al. (2015) (36)
Vercher et al. (2016) (44)

Su et al. (2018) (42)

Cox et al. (2018) (35)

San Juan et al. (2007) (33)
Ladha et al. (2006) (41)

Tanir y Kuguoglu (2013) (37)
Rosenhagen et al. (2011) (40)
San Juan et al. (2007) (33)
Cox et al. (2018) (35)

Tanir y Kuguoglu (2013) (37)
Rosenhagen et al. (2011) (40)
Vercher et al. (2016) (44)

San Juan et al. (2007) (33)

Aerobic capacity

Strength

San Juan et al. (2007) (33)

Su et al. (2018) (42)

Tanir y Kuguoglu (2013) (37)
Rosenhagen et al. (2011) (40)
Vercher et al. (2016) (44)

San Juan et al. (2007) (33)
Tanir y Kuguoglu (2013) (37)
Vercher et al. (2016) (44)

Cox et al. (2018) (35)
Hartman (2009) (38)

Ness et al. (2015) (36)

Quality of life

Functionality/balance

Anthropometric
measurements

Assessment tool

Cardiopulmonary exercise test, HBSC questionnaire, Children’s Effort
Rating Table (CERT)

6-minute static march

peak VO2

peak VO2 (mL/kg/min)

9-minute walk

Duration, MHR, and intensity

Seated bench press, seated row, and seated leg press
Handgrip, knee extension, and dorsiflexion

Specific iliopsoas strength and dynamometry
Dynamometry

Quality and quantity of squats

Child Health Questionnaire (CHQ-CF44)

Child Health and Illness Profile - Child Edition/Child Report Form
(CHIP-CE/CRF)

Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0)

Child and Adolescent Quality of Life Questionnaire (KINDL)
Health Utilities Index Mark 3 (HUI-3)

Timed Up and Down Stairs (TUDS) test, 3-m Timed Up and Go (TUG)
test, 10-m TUG

Functional Independence Measure (FIM)

Body Mass Index (BMI)
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Category

Bone mineral density

Range of motion

Fatigue

Physical activity level

Motor function and motor
development

Sleep quality
Pain

Markers of the growth
hormone axis

BOT2-SF: Bruininks-Oseretsky Test of Motor Proficiency;

Author (year)

Hartman (2009) (38)
Ness et al. (2015) (36)
Cox et al. (2018) (35)

Cox et al. (2018) (35)

San Juan et al. (2007) (33)
Ness et al. (2015) (36)
Hartman (2009) (38)

Tanir y Kuguoglu (2013) (37)
Masoud et al. (2023) (34)

Su et al. (2018) (42)
Rosenhagen et al. (2011) (40)
Masoud et al. (2023) (34)
Kauhanen et al. (2014) (43)
Kauhanen et al. (2014) (43)
Cox et al. (2018) (35)

Ness et al. (2015) (36)
Hartman (2009) (38)

Su et al. (2018) (42)
Vercher et al. (2016) (44)
Ruiz et al. (2010) (32)

Assessment tool

Bone mineral density

Dual-energy X-ray absorptiometry (DEXA)
Bilateral active ankle range of motion

Dorsiflexion/goniometry

Multidimensional fatigue scale (MFS) and PedsQL fatigue module

Modified leisure score index of the Godin Leisure-Time Exercise
Questionnaire (GLTEQ)

Accelerometry, MET h/week

Bruininks-Oseretsky test in its short form (BOT2-SF)

Motor scale of the Dutch version of the Bayley Scales of Infant
Development (BSID-II) and the Dutch version of the Movement
Assessment Battery for Children (Movement-ABC)

Children’s Sleep Quality Scale (CSQS)
Wong-Baker Facial Pain Scale

Growth hormone, insulin-like growth factors, etc.

BSID-1l: Bayley Scales of Infant Development, Second Edition;

CERT: Children's Effort Rating Table; CHIP-CE/CRF: Child Health and Illness Profile - Child Edition/Child Report Form; CHQ-CF44: Child
Health Questionnaire - Child Form; CSQS: Children’s Sleep Quality Scale; DEXA: dual-energy X-ray absorptiometry; MHR: maximum
heart rate; FIM: Functional Independence Measure, GLTEQ: Godin Leisure-Time Exercise Questionnaire; HBSC: health behavior
in school-aged children; HUI-3: Health Utilities Index Mark 3; BMI: body mass index; KINDL: Quality of life questionnaire, a word
derived from the German Kind (child); MET: metabolic equivalent of the task; MFS: multidimensional fatigue scale;
Movement-ABC: Movement Assessment Battery for Children; PedsQL: Pediatric Quality of Life Inventory; TUDS: Timed Up and Down

Stairs; TUG: Timed Up and Go.

In the reviewed studies, several quality-of-life scales
(such as PedsQL and CHQ-CF44) were completed by
caregivers and not directly by the children, introducing
a reporting bias that must be considered when
interpreting these results. Furthermore, outcomes such
as pain, sarcopenia, and anxiety, which are important in
clinical practice, were not systematically assessed, limiting
the clinical applicability of the evidence and defining
priority lines of research (45).
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It is also important to consider that chemotherapy
treatment for ALL is prolonged and has different clinical
consequences depending on the stage (46). In this regard,
it would be desirable to classify exercise interventions
by treatment phase; however, current studies have not
consistently or specifically reported this information,
thereby limiting this type of analysis.



Conclusion

The reviewed evidence indicates that supervised
therapeutic exercise during chemotherapy is feasible
and safe for children with ALL and is associated with
improvements in aerobic capacity, muscle strength,
fatigue, and quality of life (46-49). These findings align
with studies of adults with hematologic malignancies,
in which exercise during active treatment has also been
shown to improve overall physical function (50). However,
this narrative review found that small sample sizes,
methodological heterogeneity, and limited adherence
across the available studies reduce the certainty of these
conclusions and underscore the need for more rigorous
clinical trials with well-defined criteria for intensity,
frequency, and follow-up.

Family involvement emerges as a key factor in adherence
and functional outcomes, especially during prolonged
hospital stays, reinforcing the need to actively integrate
families into exercise programs. For pediatric hematology-
oncology teams, these results support incorporating
exercise as a component of inpatient care, accompanied
by systematic clinical monitoring and attention to psycho-
social factors.

In Colombia, survival rates for pediatric ALL remain lower
than in high-income countries, potentially reflecting
unequal access to rehabilitation services. Therefore,
developing standardized, low-cost interventions tailored
to the local hospital context is a research priority for
centers providing pediatric oncology care. Future reviews
could broaden the scope to include other pediatric
hematological malignancies, such as acute myeloid
leukemia and high-grade lymphomas, which also share
alterations relevant to therapeutic exercise interventions.
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