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AbStRACt
Purpose. body imbalance and poor postural control have negative impact on gait and may increase the risk of falling in 
healthy individuals as well as those with Down syndrome (DS). Since people with DS have lower physical levels than people 
who do not present this condition, the purpose of our research was to compare features of postural control and body balance 
between subjects affected by DS and a control sample.
Methods. Participants enrolled were divided into the following two groups: a DS group (DSG; n = 22; 9 females and 13 males; 
age range: 16–36 years) and an age-matched control group (CG; n = 25; 11 females and 14 males; age range: 16–36 years). 
All participants were subjected to two stabilometric tests: eyes open (EO) and eyes closed (EC), 30 s each, in bipedal upright 
stance on a platform.
Results. the main results showed significantly higher values for the ellipse sway area in DSG compared with CG, both in 
the EO (p = 0.009) and in the EC trial (p = 0.000). Moreover, significantly higher values were revealed for the sway path length 
(p = 0.013), maximum speed of sway (p = 0.001), and average speed of sway (p = 0.046) in the EC than in the EO trial.
Conclusions. We infer that a delay in multi-sensory integration processes in the nervous system for controlling body posture 
could underlie lower body balance in DS.
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Introduction

Down syndrome (DS), or trisomy 21, is a genetic dis-
order characterized by intellectual disability, growth 
delay, and typical cranio-facial features. When com-
pared with subjects with typical development (tD), 
subjects with this disorder often show a number of 
peculiar health issues, such as impairments in hear-
ing and vision, as well as respiratory, masticatory, and 
swallowing dysfunctions [1, 2]. Recent research has 
demonstrated a relationship between motor compe-
tence and intellectual functioning. Indeed, DS subjects 
with mild or moderate intellectual disability exhibit 

motor competence delay with significant impairments 
in daily life activities reducing individual autonomy 
and influencing the social aspect [3, 4]. People affected 
by DS experience different effects in the cardiovascular 
and respiratory system in response to physical activity 
compared with tD individuals and, moreover, these 
subjects present unstable muscle activation patterns, 
poor postural control, motor incoordination, slow ad-
aptation to environmental alterations, concurrent con-
traction of agonist and antagonist muscles, and dysto-
nia [5–7]. From an early age, children with DS show 
impairments of postural control, body balance, and 
motor speed [8, 9]. Authors have reported that children 
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with motor impairment lack acquired motor skills, 
have reduced gross motor performance, and exhibit a 
delay of social functioning [4, 8]. Muscle hypotonia 
and postural instability in children affected by DS both 
negatively affect gait patterns development [10, 11]. 
In fact, muscle hypotonia appears to be strictly con-
nected with the lower levels of postural control in DS 
subjects [12]. body balance and postural control are 
important factors that impact on the skills for inde-
pendence, with or without DS [13–16]. However, task-
oriented postural control is consistently poor in DS and 
can influence basic physical activities such as running 
and jumping [13, 14, 17].

A method for evaluating postural control and body 
balance is the study of the centre of pressure (CoP) dis-
placement. Specifically, the CoP is the point of appli-
cation of the ground reaction force vector and it de-
notes the weighted average of all the pressure points of 
the feet surface in contact with the ground. the analy-
sis of the CoP displacement in the time domain has 
been widely used to quantify postural control even in 
subjects with DS [18]. the CoP parameters include the 
ellipse sway area (ESA), i.e. the extent of the 2-dimen-
sional figure containing 95% of the CoP displacement; 
the sway path length (SPL), i.e. the linear length of the 
CoP displacement; the components of the CoP displace-
ment on the frontal plane, i.e. right-left sway (X; X-mean), 
and on the sagittal plane, i.e. forward-backward sway 
(Y; Y-mean); the maximum speed of sway (Max-S); 
and the average speed of sway (AS). Several research 
groups have studied postural control in tD subjects as 
well as in those with DS [11, 18]. Hence, the purpose 
of this study was to evaluate any difference in postural 
control and body balance in individuals with and 
without DS. We hypothesize that the DS group (DSG) 
may show impaired postural abilities (i.e. higher vari-
ability in the CoP parameters) when compared with the 
control group (CG).

Material and methods

Participants

In this cross-sectional study we recruited 50 par-
ticipants, 25 with DS (12 females and 13 males; age 
range: 16–36 years) and 25 age-matched control sub-
jects with tD (11 females and 14 males; age range: 
16–36 years). After being interviewed, 22 of the 25 par-
ticipants with trisomy 21 (9 females and 13 males) re-
spected all inclusion criteria and were enrolled in our 
study. DS subjects were included in the study if they 
met the inclusion criteria as follows: the presence of 

trisomy 21; moderate level of intellectual disability 
(certified by the National Public Health Institute); no 
physical condition limiting the capacity to stand un-
assisted and no gait impairment. DS participants with 
translocations or severe intellectual disability were 
excluded from the study (n = 3). For tD individuals, 
the inclusion criteria were simply the absence of any 
physical condition limiting the capacity to stand un-
assisted or any gait impairment. Hence, the partici-
pants were divided into the following two groups: DSG 
and the age-matched CG, as reported in table 1.

Subjects with DS were recruited through a local 
hospital (see the Acknowledgments section) and a local 
not-for-profit association that operates for people with 
DS and supports their families (see the Acknowledg-
ments section). the tD participants consisted of stu-
dents from Palermo (secondary school and university). 
A full clinical history was collected for each partici-
pant, including pathological conditions, prior surgical 
procedures, and hospital admissions. All individuals 
were administered a questionnaire so as to collect 
personal and health-status data.

Anthropometric assessment

body weight (kg) and height (m) were collected in 
accordance with the standardized procedures drawn 
up at the Airlie Conference [19]. body mass index (bMI) 
was determined by multiplying the body weight by 
the height squared (kg/m2).

body posture assessment

Posturographic measurement was carried out in 
a silent room to avoid sources of external distraction. 
the participants were instructed to stand barefoot and 
upright for 30 s on a stabilometric platform, with their 
arms at their sides and feet forming a 30° angle with 
heels 4 cm apart [20, 21]. the stabilometric testing 
was conducted firstly with eyes open (EO) and then 
repeated with eyes closed (EC). In the EO condition, 
the subjects were required to gaze at an eye-level point 
at 1-m distance. So as to familiarize the participants 
with the procedure and the laboratory setting, a trial 
run, prior to testing, was allowed. Standardized ver-
bal instructions were given to each individual. the 
stabilometric test was conducted with the freeMed® 
platform and the freeStep® software produced by Sen-
sor Medica® (Guidonia Montecelio, Italy). the acquired 
data were transformed into CoP coordinates by the 
software. the following parameters were selected for 
both EO and EC conditions: ESA, SPL, CoP coordinates 
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along the frontal (X; X-mean) and sagittal (Y; Y-mean) 
planes, Max-S, minimum speed of sway (Min-S), 
and AS.

Statistical analysis

Data presented as mean values ± standard devia-
tions were analysed by using the Statistica 12 software 
(StatSoft®, tIbCO® Software Inc., Palo Alto, USA). 
Differences between groups were calculated via un-
paired-sample t-tests, whereas within-group compar-
isons under EO and EC conditions were computed via 
paired-sample t-tests. the level of alpha < 0.05 was 
considered significant for all analyses.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethical 
board of the University of Palermo.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study or their legal guardians.

Results

At recruitment, no significant differences (p > 0.05) 
were found between DSG and CG regarding gender 
distribution or age mean, as shown in table 1. How-
ever, in accordance with the reported literature, the 
unpaired t-test analysis showed significant differences 
in weight, height, and bMI (table 1).

With regard to the postural features with EO, DSG 
presented significantly higher values in Max-S (p = 
0.003), Min-S (p = 0.036), and AS (p = 0.029) com-
pared with CG. During postural analysis with EC, DSG 
showed significant differences in comparison with CG 
in Max-S (p = 0.003) and AS (p = 0.005) (table 2).

As can be observed in Figure 1, we found a signifi-
cantly higher ESA in DSG compared with CG during 
postural analysis in the EO (p = 0.009) and EC (p = 
0.000) conditions. Moreover, the paired t-test analyses 
between the EO and EC trials in DSG revealed signifi-
cant differences in SPL (p = 0.013), Max-S (p = 0.001), 
AS (p = 0.046), whereas CG showed only a significantly 
higher Max-S (p = 0.01).

Discussion

the purpose of this study was to investigate postural 
control and body balance in subjects affected by DS 
as compared with controls with tD. In line with several 
studies in the literature, people with DS showed sig-
nificant anthropometric differences in comparison 
with individuals with tD (p < 0.05) [22, 23]. Indeed, 
Zemel et al. [22] reported that, on average, subjects 
with DS had a significantly lower stature, as well as 
higher weight and bMI in comparison with subjects 
with tD. the authors described the patients’ short 

table 1. Characteristics of the sample

Parameter DSG (n = 22) CG (n = 25) p

Gender M/F (%) 13/9 (59/41) 14/11 (56/44) n.s.
Age (years) 25.72 ± 4.83 27.4 ± 3.24 n.s.
Height (m) 1.49 ± 0.08 1.64 ± 0.09 < 0.001
Weight (kg) 64.18 ± 11.15 57.04 ± 10.86 0.031
bMI (kg/m2) 28.94 ± 4.9 21.11 ± 2.34 < 0.001

DSG – Down syndrome group, CG – control group,  
M – male, F – female, bMI – body mass index, n.s. – not 
significant (the significance level adopted was p < 0.05)

table 2. Study of postural parameters in the sample

Parameter
EO

DSG (n = 22) CG (n = 25) p

ESA (mm2) 108.17 ± 102.89 43.33 ± 55.91 0.009
SPL (mm) 675.08 ± 222.75a 828.03 ± 349.75 n.s.
Max-S (mm/s) 3.44 ± 1.71a 2.25 ± 0.88b 0.003
Min-S (mm/s) 0.03 ± 0.02 0.01 ± 0.02 0.036
AS (mm/s) 20.89 ± 7.2a 16.31 ± 6.81 0.029
X (mm/s) –5.22 ± 9.29 –4.31 ± 6.06 n.s.
Y (mm/s) –9.47 ± 10.84 –14.24 ± 8.43 n.s.

Parameter
EC

DSG (n = 22) CG (n = 25) p

ESA (mm2) 137.12 ± 126.94 41.04 ± 41.77 < 0.001
SPL (mm) 863.04 ± 293.48a 845.8 ± 329.56 n.s.
Max-S (mm/s) 10.62 ± 8.9a 4.54 ± 4.22b 0.003
Min-S (mm/s) 0.02 ± 0.02 0.02 ± 0.02 n.s.
AS (mm/s) 25.7 ± 8.33a 17.95 ± 9.53 0.005
X (mm/s) –8.36 ± 14.92 –4.99 ± 5.66 n.s.
Y (mm/s) –7.81 ± 8.67 –12.82 ± 8.99 n.s.

EO – eyes open, EC – eyes closed, DSG – Down syndrome group, 
CG – control group, ESA – ellipse sway area, SPL – sway path 
length, Max-S – maximum speed of sway, Min-S – minimum 
speed of sway, AS – average speed of sway,  
X (right-left) – X-mean, Y (forward-backward) – Y-mean,  
n.s. – not significant (the significance level  
adopted was p < 0.05)
a p < 0.05, DSG with EO vs. DSG with EC
b p < 0.05, CG with EO vs. CG with EC
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stature, small head circumference, and normal to high 
relative body weight, typical of the genetic syndrome 
[22]. In our study, postural analysis was performed 
during an upright position with EO and EC. Even though 
the capacity to maintain an orthostatic bipedal position 
may seem very easy, it necessitates the integration of 
afferences to the central nervous system from the ves-
tibular apparatus, proprioceptive organs, as well as 
visual and auditory pathways [24, 25]. During postural 
assessment with EO, we observed higher ESA (p = 
0.009), Max-S (p = 0.003), Min-S (p = 0.036), and AS 
(p = 0.029) in individuals affected by DS compared 
with CG. these data are in line with the outcomes 
achieved by Cimolin et al. [26], who observed a reduced 
capacity in subjects with DS to preserve CoP into their 
base of support when compared with individuals with 
tD [26]. this is likely due to the fact that DS entails 
several cognitive and motor deficits. Indeed, it is well-
known that DS-related cognitive impairment may re-
sult in reduced integration processes in the nervous 
system, slower decision making, lower ability to inte-
grate multi-sensory information, longer simple reac-
tion times [27], reduced grip strength [28], and worse 
anticipatory postural adjustments [10]. DS-related 
muscle weakness and hypotonia, which affect hip and 
ankle strategies of postural control, are potentially 
destabilizing. Moreover, muscle reaction velocities are 
significantly slower in DS, resulting in greater diffi-
culty in motor control and agility [10, 11, 18, 27]. All 
of these impairments may negatively influence the de-
velopment of the postural control system, which is less 
able to adjust and adequately respond to environmen-
tal requirements. As for the postural assessment with 
EC, our findings showed significantly higher values 

of ESA (p = 0.000), Max-S (p = 0.003), and AS (p = 
0.005) in DSG compared with CG. the optimal condi-
tion for maintaining an upright posture is when there 
is no interference of sensory input and, thus, less in-
volvement of the postural control system. In a number 
of studies, an increase in body sway has been observed 
when one or more input of the multi-sensory stimuli 
were excluded or otherwise altered experimentally, 
which required more active participation on the part 
of the postural control system [18, 29]. Moreover, our 
outcomes reported significantly higher values of SPL 
(p = 0.013), Max-S (p = 0.001), and AS (p = 0.046) in 
DSG during the stabilometric trial with EC compared 
with EO. In accordance with the literature, our results 
showed a lower level of postural control during the 
analysis with EC than that with EO [30]. Vision is par-
ticularly important for maintaining postural control 
and body balance. As with tD subjects, those with DS 
maintain their balance with greater difficulty with EC 
than with EO. this underlines that postural instability 
is higher with EC and improves in the presence of vis-
ual feedback, thus highlighting the primary importance 
of vision for body balance and postural control [30].

Conclusions

In DS individuals, postural control should be im-
proved in order to increase the overall function and 
prevent the risk of falling. Hence, it is important to 
promote the practice of physical activity among people 
with DS and to encourage them to perform adapted 
training programs, including exercises aimed at im-
proving body balance, thus reinforcing their capacity 
to interact with their surroundings with less fear of 
falling [31]. these adapted training programs should 
focus on somatosensory input and proprioceptive ex-
ercises, but also seek to potentiate strength and coor-
dination, ultimately responsible for coordinated mus-
culoskeletal responses [12, 32]. the presented data 
could be used as a groundwork for developing specific 
training programs, as well as to set physical treatment 
goals in order to improve the activities of daily life in 
people with intellectual disability. However, our results 
need to be interpreted with caution, given the small 
sample size.
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