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dimension E (walking, running, jumping; mean increase: 16.32 + 6.'73,
P=0.0001), and PBS (balance; mean increase: 9.37 + 3.66, P=0.0001).
Conclusion:  Periodized sit-to-stand  strengthening  exercises
significantly improved gross motor skills and balance in children with
DS.

Keywords: Balance, Down Syndrome, Health and Well-being, Motor
skill, Periodization, Strengthening exercise
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INTRODUCTION

Down Syndrome (DS), also known as
trisomy 21, is a genetic disorder caused by
an extra copy of the chromosome 21. Data
from the World Health Organization (WHO)
shows that around 3,000 to 5,000 children
are born with DS each year and there are
currently an estimated 8 million individuals
with DS worldwide.!2

The addition of chromosome 21 causes
changes in the brain structure. Differences in
brain structure will cause impaired motor
development and musculoskeletal system
disorders that affect daily activities because
balance is controlled from the central
nervous system and requires muscle strength
to fight gravity and other external loads.?
Disorders that often occur in DS are
hypotonus, ligament laxity, decreased
muscle strength where the largest joint laxity
is the hip and ankle joints.*

Children with DS have a 50% lower muscle
strength than children without DS.° Cioni et
al. reported that children with DS have
weakness in the pelvic abductor and knee
extensor muscles.

Weakness of lower limb muscles and joint

laxity results in disruption of balance

because they cannot maintain body position
both statically and dynamically and can
increase the risk of falls in children with
DS.>8 In children with DS, both gross and
fine motor development patterns will be
achieved at a slower pace than normal
children.!

Gross motor development is generally
evaluated using the Gross Motor Function
Measure-88 (GMFM-88), a scale for
guantitative evaluation without regard to the
quality of motor performance that can be
used in children from birth to 16 years of
age. This study used GMFM dimensions D
and E because they represent children's
motor abilities in performing daily and
school activities. The components of the
GMFM D dimension are standing while the
E dimension consists of walking, running
and jumping. As for measuring balance in
children, the Pediatric Balance Scale (PBS)
is used.?

To improve muscle strength and balance,
exercise intervention is necessary, which is
an activity that is easy to perform and
mechanically a functional activity that
children perform during their daily routine.

Sit-to-stand exercise with weights in
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children with cerebral palsy is proven to
improve lower limb muscle strength and
balance as shown in increased walking
speed, decreased energy expenditure and
increased knee extensor strength.
Exercise interventions have been widely
used to enhance muscle strength and balance
in several populations. Among these, sit-to-
stand exercises are particularly beneficial
because they are functional movements
routinely performed in daily activities. Sit-
to-stand  exercises constitute isotonic
strengthening exercises designed to enhance
muscle  strength  through  muscular
hypertrophy, increased neural activity, and
improved motor unit  recruitment.1%1?
Furthermore, these exercises stimulate
proprioceptive feedback in the neck, trunk,
and lower extremities, which is crucial for
enhancing balance and postural control.®
Sit-to-stand exercise interventions have
never been implemented for children with
DS. Sit-to-stand exercise interventions
involving weight are required to improve
muscle strength and balance. Periodized
exercise  programs, characterized by
structured variations in training intensity and

volume, are particularly suitable for children

with DS because of their musculoskeletal
vulnerabilities such as hypotonia and joint
laxity, which increase the risk of injury with
high-intensity or repetitive exercises.*
Periodization allows for gradual load
progression, alternating between unloading
and overloading phases, to optimize muscle
adaptation while minimizing strain on joints
and connective tissues. We hypothesized
that a structured periodized sit-to-stand
exercise program would significantly
improve gross motor skills and balance in
children with DS. Therefore, this study
aimed to determine the effects of periodized

sit-to-stand exercise on gross motor skills

and balance in children with DS.

MATERIAL AND METHODS

This study used a quasi-experimental design
method with a pre-test—post-test group
design approach. The pretest-posttest group
design was conducted by assessing before
and after treatment in one group, namely, a
sit-to-stand exercise program conducted at
home between June and September 2022.
Consecutive sampling was used in this
was determined

study. The sample size

using a priori sample size calculation based
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on a 95% confidence level (Za = 1.64) and minimum sample of 16 participants, which

95% power (ZP = 1.64), following the was used for this study.*® The research stages

Deming rule. The calculation yielded a are illustrated in Figure 1.

Down syndrome patients in
the medical rehabilitation
polyclinic at Hasan Sadikin General
Hospital and members of POTADS
Bandung City

Y

Informed consent

l

Anamnesid and Physical Examination
Medical history
General physical examination

Inclusion criteria:
- Children with down syndrome aged 7-12 years
- Able to understand verbal instructions, stand independently and
walk
- No strengthening exercise in the past 3 months
Exclusion criteria:
- Have cardiovascular disorders
- Have impaired vision or hearing
- Have orthopedic problems in the lower limbs (CTEV) or other
medical conditions

Assessment of gross motor skill
development with GMFM
dimension D-E and balance with
Pediatric Balance Scale before-
after intervention

Y

Analysis

Figure 1. The research stages
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The special exclusion criterion (drop out) or did not perform the exercise more than
was whether the research subject did not five times.

perform the exercise three times in a row

Figure 2. Chair Measurement. A = Seat width: 1 inch wider than the broadest part of the hip. B =
Seat height: from the bottom of heel to the popliteal region. C = Seat depth: from the popliteal region
to the back of the hip.

‘.J(__

Figure 3. The child was seated on a chair, which was measured accordingly
The intervention was performed as follows: falling, beginning with a warm-up of muscle
1)  The subject performed a maximal stretching for 5 min before training. The

load test (1 RM) on the sit-stand test, which height of the chair was adjusted to the

is the maximum load that the research research subject in the initial position when
subject is able to perform when standing sitting at hip flexion 90°, knee flexion 105°,
from a sitting position for one time without and ankle dorsiflexion 15°; the legs were
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parallel, the torso was upright, and the hands
were on the waist or crossed on the chest
(Figure 2 and 3). %12

2) Test 1 RM was performed if the
subject was familiar with exercise
movements. The subject started the exercise
by performing the sit-to-stand movement
correctly, namely sitting for 2-3 seconds and
standing for 2-3 seconds. Subsequently, the
subject performed the 1 RM test. The load
was calculated from 30% of body weight,
and with a trial-error system, the load was
increased or decreased by 0.5-1 kg according
to the child's. The subjects rested for 2
minutes between the tests. The weights are
put into a bag and then attached to the jacket
and placed evenly on the subject's body
parts.*

3) The subjects performed home-based
exercise interventions.

4) The subjects were given a sit-to-stand
exercise program of three sets, three times
per week, for seven weeks. The exercises
were interspersed with 2 minutes rest
between sets. Sit-to-stand strengthening
exercises with weights are carried out for

approximately 20-30 minutes per session,

starting with a warm-up and ending with a

cool-down for 5-10 minutes in the form of
stretching the thigh joint adductor muscles,
plantar flexor ankle, hamstring, and lumbar
extensor.®4

5) In the first week, the subjects
performed sit-to-stand exercises without
weight (body weight) for three sets of 10
repetitions, introducing the exercises and
training to perform the exercises correctly to
the caregiver and research subjects. In the
second week, the subjects began to perform
sitting-standing strengthening exercises with
a jacket load (40% of 1RM) for three sets,
interspersed with 2 min of rest with 10
repetitions. The load on the research subjects
was increased to 50% of 1RM in the third
week and 60% of 1RM in the fourth week.

9,14

6) The researcher re-measured the
maximum load of the 1 RM sit-to-stand test
at the end of the fourth week. The load was
re-measured in the fifth, sixth, and seventh
weeks at 50%, 60%, and 70% of 1 RM
attached to the table; therefore, for seven
weeks, there was an unloading phase and an
overloading phase. The researcher was

assisted by a standardized doctor to monitor

the implementation of sit-to-stand
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strengthening exercises with weights by the
caregiver through videocalls or exercise
diaries filled in by the subject and visited the
research subject's home once a week.%*

7) Data were excluded if the subject lost

balance, stood in an uneven posture, could

not stand steadily for 2 s, or moved the trunk
excessively and abruptly when trying to sit
or stand.

The subjects were evaluated using the
GMFM dimensions D-E and PBS before and

after receiving the intervention as follows.

Table 1. Prescription for Sit-to-Stand Strengthening Exercises with a 12-Week Load®*

Week Objective Set Repetition Load Rest
1 Introducing the type of exercise 1 10 Body weight 2 minutes
and training to perform it
correctly (caregiver and research
subjects)
2 10
3 10
2 Increasing exercise intensity 1 10 40% of 1 RM 2 minutes
2 10
3 10
3 Increasing exercise intensity 1 10 50% of 1 RM 2 minutes
2 10
3 10
4 Increasing exercise intensity 1 10 60% of 1 RM 2 minutes
2 10
3 10
Conducting 1 RM Test
5 Increasing exercise intensity 1 10 50% of the new 12 minutes
RM
2 10
3 10
6 Increasing exercise intensity 1 10 60% of the new 12 minutes
RM
2 10
Conducting 1 RM Test 3 10
7 Increasing exercise intensity 1 10 70% of the new 12 minutes
RM
2 10
3 10

Data Analysis Technique

The collected data were processed and
analyzed descriptively and analytically.
Statistical testing began with a normality test

using the Shapiro-Wilk test (n<50), followed

by significance testing to compare the pre-
post characteristics of the research groups
(using the paired t-test if the data were
normally distributed and the Wilcoxon test if

data were not normally distributed).
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Categorical data were analyzed using the
McNemar’s test. The data obtained is
recorded in a special form and processed

using SPSS version 25.0.1?

RESULTS

Characteristics of Research Subjects

The research subjects were children with DS
who were part of the Perhimpunan Orang
Tua Anak Down Syndrome (POTADS)
community in Bandung City, as well as

students from special schools and inclusive

schools in and around Bandung who met the
research criteria and completed a 7-week
therapy program (with a training frequency
of three times per week). The total number
of subjects who completed the sit-to-stand
exercise program was 16. There were no
missed sessions due to pain or injury
resulting from the exercise program.

The characteristics of the research subjects
based on sex, age, weight, and height are

shown in Table 2.

Table 2. Characteristics of Research Subjects

Variable N=16
Age
Mean+Std 9.21+1.884
Median 8.71
Range (min-max) 7.00-12.83
Sex
Male 9(56.3%)
Female 7(43.8%)
Weight (kg)
Mean+Std 24.78+6.607
Median 24.50
Range (min-max) 15.00-36.80

Height (cm)
Mean+Std

Median
Range (min-max)
BMI (Kg/m2)

Mean+Std

Median
Range (min-max)

121.75+14.154

123.00
100.00-146.00

16.74+3.851

16.45
11.80-26.40

BMI: Body mass index.



Surabaya Physical Medicine and Rehabilitation Journal, Vol. 7 No. 2, August 2

Table 3. Changes in GMFM-D, GMFM-E, PBS, and load Before and After Exercise

Variable Before Exercise After Exercise P-value
N=16 N=16

GMFM-D 0.0001**2

Mean+Std 30.88+5.136 36.19+2.167

Median 30.50 36.00

Range (min-max) 21.00-39.00 33.00-39.00

GMFM-E 0.0001**"b

Mean+Std 47.56+9.899 63.88+7.164

Median 50.50 65.50

Range(min-max) 33.00-65.00 41.00-72.00

PBS

Mean#Std 44.,38+5.353 53.75+2.408 0.0001**b

Median 45.50 55.00

Range (min-max) 34.00-54.00 48.00-56.00

Load 0.0001**2

Mean+Std 7.84+2.103 10.44+2.798

Median 8.00 11.00

Range (min-max) 4.50-11.00 6.00-15.00

Note: ? test using paired t-tests; P test using the Wilcoxon test. The significance level was based on a P-value of
< 0.05. GMFM: Gross Motor Function Measure; PBS: Pediatric Balance Scale.

Statistical analysis of the research group

showed significant results (P-value < 0.05),

indicating a

significant

difference in

GMFM-D, GMFM-E, PBS, and load

variables before and after the 7-week

periodized
exercise program.

The results

sit-to-stand

demonstrated

strengthening

significant

improvements across various functional

domains

running,

findings suggest that the

effectively enhanced participants'

including

jumping, and balance.

standing, walking,
These
intervention

gross

motor function and balance capabilities.

DISCUSSION
In this study, periodized sit-to-stand
strengthening exercises significantly

improved gross motor skills and balance in
children with DS, as evidenced by increases
in Gross Motor Function Measure (GMFM)
dimensions D and E, and the Pediatric
Balance Scale. These findings align with
previous research demonstrating the efficacy
of resistance training in enhancing motor
function and balance in children with DS and
other neurodevelopmental conditions, such

as cerebral palsy.®1%14.23
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Characteristics of Research Subjects

In this study, participants were selected
based on the need for high physical activity,
as this age group corresponds to school age,
when children are active at home, school,
and in the community. Gupta et al. also
stated that children with DS aged 5 to 17
years have functional and skill impairments,
as indicated by low Weefim scores.®
Children with DS are at higher risk of
developing obesity. According to Artioli, the
physiological factors causing obesity in
children with DS include hypothyroidism,
reduced resting metabolic rate, increased
leptin levels, masticatory dysfunction, and
low lean body mass.'® Low lean body mass
is associated with muscle weakness, reduced
functional capacity, and lower maximum
oxygen consumption. 16

Obesity affects motor skills and balance and
hinders children's physical activity. The
results of this study show that weight, height
and Body Mass Index (BMI) are within
normal limits.}” BMI influences motor skills
and balance. Samire Beqaj et al. also stated
that there is a relationship between BMI and
motor skills as well as physical fitness, it

shows that the higher the BMI, the lower the

motor performance in preschool-aged
children.® Children with obesity have lower
agility and take longer to change positions.
During the sit-to-stand exercise, the trunk
moves backward during the preparation
phase to generate sufficient body angular
momentum during the transition phase and
maintains an upright trunk at the end of the
phase.'® Increased BMI impacts postural
instability, which can lead to balance
disturbances and increase the risk of falls.?
Changes in GMFM Dimensions D and E
Before and After Exercise

Motor skills refer to the coordination
between muscles, bones, and nerves.
Movements involving the use of large
muscles, such as crawling, standing,
climbing stairs, walking, and running, are
considered gross motor skills.?® The
standing position is achieved after postural
alignment between the head, body, and hips
occurs. The standing ability of children with
DS is challenging, because it involves both
body extension and flexion. Children with
DS typically have the ability to walk at an
age older than three years.> The delay in
motor skills in children with DS is due to

joint laxity and hypotonia. Down Syndrome
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also presents with motor skill difficulties,
marked by limitations in motor planning and
motor control. These motor impairments can
lead to delays in motor skill development
and disrupt balance.?%%

Extensive research has been conducted on
strengthening exercise. Closed kinetic chain
exercises are effective for improving
intermuscular coordination and strength.
Strengthening exercises for children must be
carefully considered because of
musculoskeletal abnormalities. Therefore,
exercises should be provided with correct
movement instructions, clear  verbal
guidance, and tailored to specific needs to
enhance motor skills and dynamic-static
balance.??

Sit-to-stand exercises are a form of isotonic
strengthening exercise. Isotonic exercises
can be performed using internal resistance,
such as body weight, or external resistance,
such as barbells or weighted vests. Strength
training aims to induce skeletal muscle
adaptation through overload, leading to
muscle hypertrophy and increased muscle
strength, as well as neural system adaptation,

to enhance motor unit recruitment.?? Sit-to-

stand exercises with added weight increase

muscle strength by enhancing neural activity
within muscles, resulting in hypertrophy and
functional adaptation.*2

Sit-to-stand strengthening exercises in this
study use periodization because children
with  have hypotonia and joint laxity;
therefore, high loads can increase the risk of
musculoskeletal injury.># In this study, bags
of weights were placed in the jacket at the
chest level, and then the load was divided
evenly on the front of the body and back.'?2
Researchers chose to use weight jackets
because the research subjects were children
with who had joint laxity so that the load
was not placed on the lower limbs.*

Load measurements were made on the
research subjects 1RM before and during
training at week five. The results showed an
increase in the subjects’ ability to carry
weight. In this study, the upper and lower
limbs moved against the resistance provided
by gravity, body weight, and weight jackets.
This process produces microcellular lesions,
especially in the eccentric action phase,
which activates defense systems, such as
neutrophils, macrophages, and cytokines
that produce reactive oxygen and nitrogen.

These conditions are necessary for the
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muscle recovery and regeneration process
due to the fusion of satellite cells with the
main cells and the induction of protein
synthesis metabolism.?*

Sit-to-stand exercise is one of the various
strengthening exercises intended not only for
children with DS but also for children with
other special needs, such as cerebral palsy.
Research conducted by Sari et al, Liao et al,
Misdalia et al, and Imran et al, conducted a
study of sitting-standing exercises with
weights in cerebral palsy children for 7
weeks and gave significant results in
increasing lower limb muscle strength.
Changes in muscle strength require a
minimum training time of four weeks to
increase nerve recruitment and changes in
the size of larger muscle fibers.%2142 A
meta-analysis study concluded that the
duration of the strengthening exercise
program can be 6-21 weeks, but two-thirds
of the studies conducted used a short time of
6-12 weeks.® This study used sit-to-stand
strengthening exercises with periodization
for 7 weeks. This is in accordance with the
research conducted by Gupta et al., who
performed strengthening exercises three

times a week for six weeks with loads

starting at 50% 1RM and increasing
gradually to 70-80% of 1RM. Strengthening
exercises performed by Gupta et al. showed
an increase in muscle strength of the hip
flexor, hip extensor, hip abductor, knee
flexor, knee extensor, and ankle plantar
flexor muscles.”® These functional gains
may improve independence in daily
activities, such as navigating classrooms or
engaging in recreational activities, thereby
enhancing the quality of life.

Periodization is an exercise prescription
method used not only for athletes, but also
for populations that are prone to
musculoskeletal injuries. Misdalia et al's
research showed that there was a significant
increase in value by providing a sit-to-stand
exercise intervention with periodization
where sit-to-stand exercise with weights not
only improved motor skills of standing,
walking, running and jumping.t*

The concept of periodization in this study
involves  alternating  unloading and
overloading phases. The overloading phase
was implemented during the sixth and
seventh weeks, when the training load was

progressively increased to 60% and 70% of

the newly remeasured 1RM, respectively,
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following an unloading phase at 50% during
the fifth week. During this period of re-
adaptation to a higher load threshold, an
increase in  motor unit  activation,
recruitment, and firing rate is anticipated.
This adaptation process is also associated
with enhanced mitochondrial biogenesis and
modulation of cellular signaling pathways
that contribute to muscle hypertrophy.®
Changes in Pediatric Balance Scale (PBS)
scores before and after training

Down Syndrome is characterized by
abnormalities in the musculoskeletal and
nervous systems.” Structural abnormalities
in the brain are also accompanied by delays
in the myelination of the central and
peripheral nervous systems.® The ability to
maintain balance in various positions
depends on the complex integration of
musculoskeletal and nervous systems. " 27
Balance is maintained through interactions
between the sensory and postural control
systems. Postural control involves cognition,
dynamic control, orientation to space,
movement, and sensory strategies. Sensory
information from the somatosensory,

vestibular, and visual systems is integrated

into the central nervous system to produce

purposeful movements. Children with will
reach postural control maturity at 13-14
years of age.’

Children with DS have postural dysfunction,
which is associated with impaired motor
coordination, impaired sensorimotor
integration, and slower reaction times for
compensatory postural changes.®>?® During
standing, children with DS are unable to
control oscillations in both the mediolateral
and anteroposterior directions. Children with
DS also have difficulty adjusting the center
of pressure (COP) so that when standing,
they will widen the distance between the two
limbs to maintain the base of support. Malak
et al also explained that standing and
walking are the most difficult tasks for them
to achieve due to inadequate contraction of
the flexor and extensor muscle groups
needed to maintain balance.®

Exercise intervention is an effective method
to improve balance and postural control.’
Sit-to-stand strengthening exercises can not
only increase lower limb muscle strength but
also improve posture control because when
the subject performs sit-to-stand exercise

movements, it stimulates proprioception in

the neck, trunk, and lower extremities.
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During the sitting-standing movement
process, the lower limb muscles are
activated continuously to maintain body
stability during changes in position, which
can also improve balance.7 This is in
accordance with the research of Pena et al
who showed the effect of resistance training
on improving posture control and balance.”®
This research design used an interventional
study to provide results with a higher level
of validity, although there are limitations to
this study, such as the absence of a control
which

prevented  definitively

group,
attributing improvements to the intervention
alone, as natural development or external
factors (e.g., concurrent physical activities)
may have contributed, and no physical
activity checks were carried out before,
during, or after training to determine the
effect of sitting-standing exercises with
weights on gross motor skills and balance.
Muscle weakness that occurs in children
with  will affect the high level of their
physical activity, the more severe the

weakness suffered, the more limited the

physical activity that can be done.>?®

CONCLUSION

Periodized  sit-to-stand  strengthening

exercises significantly improved gross
motor skills, as measured by the Gross
Motor  Function  Measure (GMFM)
dimensions D (standing) and E (walking,
running, jumping), and balance, as assessed
using the Pediatric Balance Scale (PBS), in
children with DS. This home-based
intervention, conducted three times a week
for seven weeks, offers a practical and
accessible approach to enhance functional
abilities in this population. Structured
periodization, with  progressive load
increasing from 30% to 70% of the one-
repetition  maximum  (1RM), likely
contributed to these improvements by
optimizing muscle adaptation  while
minimizing injury risk due to hypotonia and
joint laxity. Parental supervision ensures
consistent implementation, making it a
feasible option for community settings.
Further research should incorporate physical
activity monitoring before, during, and after
the intervention to isolate the effects of sit-

to-stand exercises and include a control
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group to strengthen causal inferences.
Studies with longer observation periods are
recommended to evaluate the sustainability
of motor and balance improvements,
ultimately enhancing the quality of life of
children with DS.
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