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Abstract
Introduction: Down syndrome (DS) is known to
exhibit specific balance problems due to deficits in
the postural control system, hypotonia etc. Specific
areas affected in the balance due to DS, and how it
varies with age are yet to be found.

Conclusions: In this study balance skills of DS
children were significantly less than their age
matched normal peers. The dynamic aspects of
balance were more affected than the static or
transfer stability. In DS balance skills showed an
improvement with age.

Objectives: To assess balance variations among
children with Down syndrome in three different
age groups (3 to 5 years, 6 to 9 years and 10 to 12
years) and to compare with age-matched healthy
children.
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Introduction
Down syndrome (DS) has an incidence of around
one in 800 births1. Motor functional disabilities
include delay in motor development, abnormal gait
patterns, defects in postural control and lack of
coordination2. This includes prominent deficits in
balance functions3. Balance is essential for
successfully completing functional activities such
as locomotor and manipulative skills4. In children
with DS, balance is the hardest function to acquire4.
Usually, DS children learn to walk around one year
later than healthy infants5. Among gross motor
skills, static and dynamic balance are the worst
affected, in DS children6. The contributions to this
include generalized hypotonia, ligament laxity,
decreased muscle strength, persistent primitive
reflexes and slowed reaction times during voluntary
movement7.

Method: A descriptive study was conducted on 64
DS children. Paediatric Balance Scale (PBS) which
is a 14-item validated scale assessing three
different aspects of balance i.e. static, dynamic and
transfer stability, was used. Each item was scored
from 0-4. Scoring was performed by pre-trained
investigators.
Results: Total PBS score for DS group (mean =
46.47) was less than that of normal (N) children
(mean=54.58) (p=0.001). Out of three aspects,
dynamic skills were highly affected, and among
them, DS children exhibit lowest balance skills for
standing on one foot (mean=1.47) and placing an
alternate foot on a stool (mean=2.58). Balance
skills showed an improvement with age (3 to 5
years DS=39.34, N=52.83), (6 to 9 years
DS=47.53, N=55.57), (10 to 12 years DS=50.95,
N=55.80). Interestingly, the balance gap between
normal and DS group seemed to narrow with age.
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Studies on balance functions in DS have shown that
there is a significant correlation between motor
functions and functional balance especially in the
first three years of life4. Jung et al (2017) showed
that unlike in normal children where the balance
ability improved with growth, it remained low in
DS children even after acquiring independent
motor skills2. The low balance ability in DS
children manifests as difficulties in walking
backward, running, balancing on one foot, jumping
from a step, jumping forward and kicking a ball8. It
is evident that children with DS have problems in
their balance functions but the understanding of
how it changes with age is minimal. It is important
to identify the age-related changes in balance in
DS, as this knowledge would be beneficial for
clinicians and therapists who are involved in
enhancing DS children’s static and dynamic
balance skills to facilitate them to be efficient in
schooling and daily living. With the aim of
addressing this gap in the literature, the current

https://orcid.org/0000-0002-1714-9915
(Received on 10 May 2020: Accepted after
revision on 19 June 2020)
The authors declare that there are no conflicts of
interest
Personal funding was used for the project.
Open Access Article published under the Creative
Commons Attribution CC-BY
License

239

Assessment of the balance functions of children … Sri Lanka Journal of Child Health, 2021; 50(2): 239-245

paper demonstrates the balance variation among
children with DS with increasing age, compared
with age and sex matched healthy groups of
children.

score was calculated by adding every single item in
PBS (maximum value is 56 points). PBS dynamic
and PBS static were calculated by adding each item
and calculating the mean (maximum value for
dynamic balance and static balance is 4 points
each).
Procedure: The investigator visited the clinical
settings, preschools and schools and a convenient
sample was taken for each age group. The children
who were willing to participate were recruited, and
the recruitment was continued until the required
sample was fulfilled. Prior to data collection, a
simple questionnaire to identify demographic data
was administered. The test was performed using
equipment commonly found in the clinics and
schools. Steady state and anticipatory balance
activities of varying difficulty were performed with
and without visual input. Item level scores were
determined by the ability to perform the assessed
activity. Visual and verbal cues were provided to
ensure that the child understood the requested task.

Objectives
To assess balance variations among children with
DS in three different age groups (3 to 5 years, 6 to
9 years and 10 to 12 years) and to compare with
age-matched healthy children.
Method
Design: Observational study
Setting: The DS group was recruited from a
children’s hospital and a special school, and the
healthy group was recruited from a preschool and a
leading school in the Colombo district, Sri Lanka.
These assessments were performed when the
children attended regular therapy sessions and
schooling.
Participants: Participants were convenient samples
of children with DS and age-matched healthy
children (Control group: CG) who were in the age
range of 3 to 12 years. They were subdivided into
three age groups, i.e. 3 to 5 years, 6 to 9 years, and
10 to 12 years. Sixty-four children with DS and 80
healthy controls participated in this study.
The inclusion criteria for the DS subjects were the
presence of trisomy 21 determined by a physician,
able to follow simple instructions, normal vision
and hearing, the absence of co-morbidities, e.g.
congenital heart defects, history of seizures, and
independence in stance or ambulation9. The criteria
to be selected to the CG were: absence of any
orthopaedic or neurological disorder, no
impairment of somatosensory, hearing, vestibular
function and absence of any uncorrectable visual
functions10. All participants provided written
parental consent, in accordance with the ethical
principles of the Declaration of Helsinki11.
Measures: The Paediatric Balance Scale (PBS)
which is a modification of Berg’s Balance Scale,
was administered to children with DS and the CG
to assess their balance functions. Developed in the
United States, the PBS contains 14 items that
assess functional balance in the context of the
everyday life of children with mild to moderate
motor impairment12. Each of the 14 tasks from the
PBS was scored 0 – 4 and a child who completed
all the tasks could gain a maximum of 56 points13.
This scale has demonstrated reliability and ease of
application14. The PBS also has excellent test-retest, interrater reliability, and intrarater reliability15.
It is also capable of discriminating between
children developing typically and children with
mild, moderate and severe motor impairments16. In
our study group, each test session lasted 10 – 20
minutes. The PBS scores were calculated as static
(PBS-static, six items), dynamic (PBS-dynamic,
eight items), and total (PBS-total)17. Total PBS

Ethical Issues: Ethical clearance was obtained
from the Ethics Review Committee of the Faculty
of Medicine, University of Colombo, Sri Lanka
(reference number: EC-15-138). Written informed
consent was obtained from all the parents of the
children with Down syndrome.
Statistical analysis: A power analysis, using the
G*Power software, was carried out to determine
the required sample size for the study18.
Preliminary data was drawn from a previous study
(PBS score for normal children=48.5, SD=5.02,
PBS score for DS children=45.0, SD=7.72)4.
Having referred to those population values, we
estimated a sample size of 64 children per group,
for a significance level alpha = 0.05, power = 0.8
and effect size=0.53. A multistep approach was
used to handle the data, commencing with data
screening and cleaning. This process consisted of
the computation of summary scores and
distribution checks. Descriptive analyses were
reported for key variables and the demographic
data. An ANOVA was performed to examine the
differences between groups and age ranges with an
interaction. Missing data was handled using
multiple imputation method in Statistical Package
for Social Sciences (SPSS). All statistical analyses
were performed using SPSS version 23.0 with
significance at p< 0.05.
Results
Sixty-four DS children and 80 normal healthy
children participated in the study. The total PBS
score for the DS group (mean=46.47) was
significantly less than that of normal children of
same age range (mean=54.58) (p=0.001) indicating
that children with DS have a considerable decline
in their balance functions. An ANOVA was
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performed in order to find the mean difference in
the balance scores of DS and control groups and it
is important to note that the difference became
lesser with the advancement of age (3 to 5 =12.889,
6 to 9 = 8.037, 10 to 12 = 4.850) (Table 1). Table 2
presents the mean values for each balance activity
included in the PBS for both Downs and normal

children and it is noted that while dynamic skills
were highly affected in the DS group, the lowest
balance skills were reported for standing on one
foot (mean=1.47) and placing an alternate foot on a
stool (mean=2.58).

Table 1: Mean PBS score of Down syndrome group and control group with respect to different age groups
Age group
Status
Mean
Sample size
Standard
Mean
p-value
(years)
deviation
difference
3-5
Down
39.94
18
6.27
12.889
0.001
Normal
52.83
30
1.32
6-9
Down
47.54
26
3.81
8.037
0.001
Normal
55.58
40
0.59
10-12
Down
50.95
20
3.52
4.850
0.001
Normal
55.80
10
0.42
Total
Down
46.47
64
6.25
8.110
0.001
Normal
54.58
80
1.64
p <0.05 significant, PBS: Paediatric Balance Scale

We looked at the static and dynamic balance
functions concerning three age groups, 3-5, 6-9 and
10-12 years, and noted that while each group had a
lower balance score compared to the healthy
participants, there was an increase in their balance
with age. Figure 1 explains the variation of the
static balance in DS and normal children. It
displays that normal children maintain a higher and
steady static balance throughout the age range,

while DS group is showing improvement of
balance with age and getting relatively closer to
healthy peers. The variation of dynamic balance in
two groups with age is graphically displayed in
figure 2, and it shows that while DS group is
having a lower dynamic balance compared to the
healthy group, both groups show an improvement
of dynamic balance with age, even though DS
group is getting closer to their healthy peers.
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Discussion
The current study assessed the balance functions of
DS children in comparison to age-matched healthy
peers. Similar to past studies, the results
demonstrated that DS children present poor balance
functions compared to normal healthy children of
the same age and that they performed significantly
worse in dynamic balance skills19. Among the
dynamic skills, standing on one leg and placing an
alternate foot on a stool were highly affected while
standing with eyes closed and reaching forward
with outstretched arms were moderately affected.
While the complexity of the task exacerbated
balance difficulties, such as removing visual
information, creating a small base of support and
providing more cognitive demand, further, the DS
itself has created a more challenging environment
for gaining balance. Although children with DS
exhibited poor postural control, it is interesting that
their balance gradually improves with age and they
become closer to their peers of same age.

Even though it was noted that the static balance of
both groups is better compared to the dynamic
balance skills, it is important to identify that the
static score of the DS group was significantly less
compared to that of the healthy group. Vuillerme et
al. (2001) noted that the body sway of DS
adolescents was significantly more than that of
their normal peers pointing to a problem in overall
balance20. Wade et al. (2000), in their study
revealed that DS teenagers continue to have greater
sway than their normal peers21. The increased body
sway activity may be due to increased cocontraction of antigravity muscles22. The above
studies concluded that at rest the equilibrium is less
stable in DS individuals than in their normal peers
and this makes movement control less easy20,22. All
the above evidence further strengthens the current
study’s finding of poor static balance in DS
children.
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groups, longitudinal studies to determine the
improvement of balance with age especially in DS
children are needed. Since the study was carried
out only in the Colombo district, Sri Lanka, this
was not a population-based sample. Thus the
results of the present study cannot be generalized to
the whole Sri Lankan DS population. Moreover,
the study used a simple clinical measure of balance.
Instead, a more reliable objective measurement of
balance and postural control could be achieved
using technologies such as force plates.

This study reports a significantly lower level of
dynamic balance than static balance in DS children,
similar to that reported in previous studies23,24.
While dynamic balance functions are poor, relative
to static skills among children with DS, there are
specific skills that are remarkably affected. For
instance, standing on one foot and placing an
alternate foot on a stool show a lower balance
score. Generally, there is more disturbance of
posture when standing with the eyes shut than
when standing with the eyes open9. However, the
results suggest that this has become more
challenging in DS. The poor performance while
standing on one leg is due to a decreased
proprioception sense in DS and low stability from
the narrow base of support2. Other problems related
to dynamic balance in DS include the postural
control system, which results in poor dynamic
balance, reasoning specific visuo-motor integration,
and eye-hand coordination, combined with slow
movement speed25. Children with DS adopt
different dynamic postural control strategies and
they tend to have a comparable centre of pressure
displacement during dynamic balance tasks,
including reaching conditions when compared to
typically developing children1.

Conclusions
In this study balance skills of DS children were
significantly less than their age matched normal
peers. The dynamic aspects of balance were more
affected than the static or transfer stability. In DS
balance skills showed an improvement with age.
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A group of researchers stated that DS children
under the age of 6 years demonstrated deficits in
the postural control system3. Our study findings
revealed that while the balance in the three
different age groups (3-5, 6-9 and 10-12 years) was
poorer compared to healthy peers, at younger ages
DS children have a poor balance which improves
with age. This can be further explained by a study
that revealed that postural synergies among young
22 month-old DS children that were not well
organized improved when they reached 4 to 6 years
of age3. In contrast, Jung and colleagues (2017)
found that although the balance abilities of normal
children improve with growth, in DS children there
was no significant improvement in their balance, in
spite of acquiring independent motor skills2.
However in the current study, while the balance
skills show an improvement with age, it is
interesting to note that the balance gap between the
normal and the DS groups also seems to narrow
with age, indicating that children with DS become
closer to healthy children with advancing age. This
is an important finding, and the parents of children
with DS need to be educated about this so that they
will not lose motivation. This is also a valuable
result for clinicians and allied health professionals
when designing therapeutic interventions for
children with DS.
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