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ABSTRACT

Purpose. The objectives were to analyse differences of static and dynamic balance between sexes and test the correlations
between static and dynamic balance measures.

Methods. The study involved 77 physically active adults, university students (age: 19.1 = 1.1 years; height: 170.2 + 9.2 cm;
body mass: 64.1 + 10.7 kg). Static balance was assessed with a force platform under Romberg conditions: a foam surface,
eyes open (EOFS); eyes closed (ECFS); challenging the visual-vestibular system (CVVS). The Y Balance Test (YBT) evaluated
dynamic balance in anterior, posteromedial, and posterolateral directions. One-way ANOVA examined potential differences
between sexes, and the Pearson product-moment test verified the correlations between YBT and static balance measures.
Results. Sex differences were found for all conditions in static balance variables: ellipse area (EA), centre of pressure
displacement anteroposterior (DAP) and mediolateral (DML), mean velocity anteroposterior (VAP) and mediolateral (VML),
total mean velocity (TV). Females presented a better stability index than males for EOFS (25% DAP, 20% DML, 30% VAP,
21% VML, 19% TV), ECFS (26% DAP, 32% DML, 28% VAP, 32% VML, 32% TV), and CVVS (27% EA, 26% DAP, 19% DML,
17% VAP, 20% VML, 18% TV). Males demonstrated 6% better performance on YBT posterolateral. Correlation tests revealed
small to moderate correlations between static and dynamic balance, except for a large positive correlation between YBT
anterior and sway area under the CVVS condition [r = 0.54 (0.19; 0.77)] for women.

Conclusions. The findings indicate a weak relationship between static and dynamic balance in controlling posture.
Key words: static balance, force plate, young adults, dynamic balance, Y Balance Test, university students

or exercise [1, 2]. Postural balance is considered as the
state in which all forces acting on the human body
(gravity, muscle strength, and inertial forces) are con-

Introduction

Postural control is a complex motor function based

on interactions between multiple dynamic sensorimo-
tor processes whose main functional goals are body
stability, postural orientation, and balance [1]. Postural
balance is the ability to control one’s position while
maintaining the centre of gravity within the limits of
stability over a base of support. Movement strategies
and muscular synergies must be coordinated to stabi-
lize the centre of body mass and minimize the displace-
ments of the centre of pressure (COP) while assuming
a quasi-static position or performing daily movements

trolled and the body adopts a desired position, achieves
quasi-static balance, or performs a specific movement
without losing balance [1-4].

Previous literature related to postural balance is
grouped into static and dynamic categories [1, 2]. Static
postural stability can be defined as the maintenance
of a steady position on a fixed, firm, stable support base.
Dynamic postural stability is the ability to transfer the
vertical projection of one’s centre of gravity around
the supporting base using a perturbation on the sup-
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port surface or the individual. Dynamic postural sta-
bility can also refer to an individual’s ability to main-
tain their balance after a change in position or location
[1, 2, 4]. The central nervous system needs to keep
the body position under static and dynamic condi-
tions to maintain balance and produce suitable forces.
Proper balance control constitutes the basis for the
execution of complex technical movements and im-
provements in athletic performance [5]. In fact, meas-
uring postural stability and static and dynamic bal-
ance is critical to determine predictors of sports
performance [6], rehabilitation, injury prevention [7],
as well as to assess the efficacy of balance training in
the neuromuscular system, balance control, and func-
tional performance among children, adolescents [8],
and active young adults [9-11]. Therefore, balance
control has attracted the interest of professionals from
different fields.

When the goal of a study is to assess static or dy-
namic posture, the most common posturographic
measure used is the COP sway [4]. COP expresses the
point of application of the resultant from the vertical
force action on the support surface [4]. The literature
has cited the importance of analysing COP oscillations
while standing on a force plate, as such COP oscilla-
tions represent a complex output signal of postural
control and the inherent complexity of cognitive, per-
ceptual, and motor processes [4] while challenging
the sensory system by altering vision, stance, or surface
conditions [4, 12]. The equipment most often used to
evaluate COP is a force plate [4, 13-15]. The param-
eters collected from force plate output (i.e., COP path
length, COP excursion, speed of COP change, mean
amplitude of COP sway) can represent stability when
in a quiet standing position or when maintaining
a stable position while carrying out a prescribed move-
ment [4]. However, beyond posturography based on
force plate assessments, previous researchers have
utilized different instruments to assess dynamic bal-
ance. Such instruments include the Balance Error
Scoring System [16], the jumping test [17], the Star Ex-
cursion Balance Test (SEBT) [18], and the Y Balance
Test (YBT) [19, 20]. In fact, dynamic postural control
involves various dimensions that also represent the
performance of proprioception, the range of motion of
lower limb joints, and muscle strength. Researchers
have shown that YBT is an effective and objective method
for assessing dynamic balance [20-22]. This instru-
ment significantly challenges the postural control
system through the completion of a functional task
while maintaining a single-leg stance and reaching
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towards the anterior, posteromedial, or posterolater-
al direction with the free limb without losing balance
[23]. YBT imposes additional demands related to pro-
prioception, range of motion, and strength while the
participant remains in a steady, upright position [23].

Although several studies have assessed postural
balance in young adults [24, 25], it has not been thor-
oughly investigated whether static balance reflects dy-
namic balance. It also remains unclear if sex differ-
ences influence this analysis. Hrysomallis et al. [26]
were the first to determine the association between
static and dynamic balance. Their results indicate
a low correlation between the balance scores for the
static test (single-limb stance) and the stepping test
on an unstable surface. Karimi and Solomonidis [27]
instructed the participants to stand on a force plate in
a quiet standing position while undertaking various
tasks involving their hands. They observed no signifi-
cant correlation between static and dynamic stability
parameters [27]. Sell [28] assessed static postural sta-
bility while the participants assumed a single-leg
stance (eyes open and eyes closed) and dynamic sta-
bility by using the anteroposterior and mediolateral
jump. No correlation was found between static and
dynamic postural measures.

All the researchers mentioned above studied the
relationship between static and dynamic balance, and
they all stated that there was no relationship between
static and dynamic measures. However, their works
varied in terms of methodology - specifically, each study
involved different participants and balance tests [26-29)].
Most of them implemented a static balance test with
a stable surface, though unstable surfaces seem to
make the static balance test more challenging and closer
to sports contexts for young adults [15, 30]. Addition-
ally, previous research used only one condition to assess
static balance test performance; however, it is crucial
to evaluate participants’ balance when different sys-
tems (i.e., visual, proprioceptive [31], and vestibular)
are challenged.

There are many balance assessment methods, rang-
ing from simple observations, clinical tests, scales, and
posturographic measurements, to integrated evalua-
tion systems of greater complexity. Each method has
advantages and limitations and can demonstrate dif-
ferent results with multiple interpretations; this is ex-
acerbated by the lack of consensus regarding which
characteristics (e.g., gender) are important [31, 32]. Few
studies have examined gender differences in terms of
postural stability among young adults as measured by
static balance (COP displacement and velocity) and
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dynamic balance (maximal lower limb reach scores).
Additional literature does not seem congruent. Some
studies show that women have a better stability index
than men [31-33], while others report contradictory
results [34, 35]. The relationship between static and
dynamic balance control considering sex differences
has not been researched. Thus, it is important to know
whether males differ from females in terms of balance
control and to understand the relationship between
gender and balance control measures [31, 32]. A better
understanding of the influence of sex on balance control
is central to establishing reference data that would
allow the detection of balance disorders. Such an un-
derstanding might also assist physical activity and
health professionals and coaches in prescribing bal-
ance training programs.

In short, there is a lack of evidence regarding the
relationship between static (force plate with an unsta-
ble surface) and dynamic balance (anterior, postero-
medial, and posterolateral lower limb reach). An under-
standing of whether sex influences COP parameters
and YBT measures is also lacking. Thus, the purpose
of this study was twofold: (i) to analyse the variations
in static and dynamic balance between the sexes and
(ii) to establish the relationships between static and
dynamic balance measures.

Material and methods
Experimental approach to the problem

A cross-sectional design was used to analyse the
relationship between static and dynamic balance con-
trol measures. The sample consisted of physically ac-
tive young adults, university students, taking leisure
sports courses (1% and 2™ year) who participated in
training at least 3 days per week. The participants’
anthropometric measures (height, body weight, and
8-site skinfolds) were assessed in a laboratory at a con-
stant environmental temperature and humidity (20-
23°C and 50-60%, respectively) before breakfast on
a weekday (48 hours after the last training/exercise
session) between 8:30 a.m. and 10:00 a.m. All par-
ticipants wore light clothing and stood barefoot. They
were instructed to avoid exercise for a minimum of
24 hours before testing and not to consume alcoholic
drinks for a minimum of 48 hours before testing.
Static balance control was recorded by using a force
plate (Kistler, model 9260AA6, Winterthur, Switzer-
land). The subjects completed three 30-second trials
on a foam surface under 3 different conditions: eyes

open (EOFS), eyes closed (ECFS), and challenging the
visual-vestibular system (CVVS). The trial order was
randomized across the participants to reduce order
effects [36].

Before the testing began, each individual performed
one practice trial for each condition. Dynamic postural
control was assessed by using YBT (anterior, poster-
omedial, and posterolateral reach directions). Each
participant performed 4 experimental practice trials
for each direction to become comfortable with per-
forming the task [37]. After 2 minutes of rest, each
subject performed 3 test trials in each direction (ac-
counted tests) [20]. The trial order (i.e., anterior, pos-
teromedial, and posterolateral reach directions) was
randomized across the participants to reduce order
effects [36]. The results of both tests were recorded
by an expert with experience in using the necessary
equipment; the order of static and dynamic tests was
randomized.

Participants and design

A total of 77 physically active young adults volun-
tarily participated in this study. Their anthropomet-
ric characteristics can be found in Table 1. The sub-
jects completed a medical history questionnaire and
the International Physical Activity Questionnaire
(IPAQ-short form) so that physical activity could be
measured. The inclusion criteria in the study were
(1) training at least 3 days per week and (2) absence of
acute injuries. The exclusion criteria involved (1) pre-
vious experience with functional training with un-
stable platforms or sports that develop balance and
proprioceptive skills (e.g., dance, ballet, hockey) and
(2) neuromuscular diseases, vestibular disorders, cer-
ebral concussions, chronic lower limb injuries or any
pathology or health problem that affects balance and
postural control [15, 38].

Anthropometric measures

Each participant’s height was measured to the near-
est 0.1 cm with a portable stadiometer (Seca 217, Ham-
burg, Germany). Body weight was determined to the
nearest 0.1 kg with mechanical floor scales (Seca 760,
Germany). Eight skinfolds were assessed with a Har-
penden calliper (British Indicators, Ltd., London, UK)
to estimate body fat percentage. All anthropometric
variables were measured in accordance with the Inter-
national Society for the Advancement of Kinanthro-
pometry (ISAK) protocol by a single certified expert
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(ISAK Level 2). A test-retest analysis was made to the
observer aiming to ensure an appropriate level of re-
liability. Using 10% of the full data, 3 trials were
tested and the reliability level of intraclass correla-
tion tested revealed a value of intraclass correlation
coefficient of 0.96, i.e. an excellent reliability level.

Lower limb length

The leg that kicked the ball was considered the
dominant leg. Limb length (from the anterior superior
iliac spine to the most distal portion of the medial
malleolus) was measured in centimetres for 3 trials
with a tape measure. The average of the 3 trials was
recorded. Leg length was used to normalize YBT ex-
cursion distances by dividing the average of 3 maximal
reaches by leg length and multiplying the result by 100
[23, 39].

Postural control measures

Static postural control was recorded by using a force
plate under 3 different conditions on a foam surface;
dynamic postural control was assessed by YBT with
anterior, posteromedial, and posterolateral reach di-
rections.

Static postural control

Static postural control under unstable conditions was
assessed by measuring COP fluctuations at 1000 Hz
with a force plate (Kistler, model 9260AA6). The par-
ticipants stood barefoot on a foam surface (density:
50 kg/m?; dimensions: 49 x 39 x 5.5 cm) placed on top
of a force plate. They completed three 30-second trials
under 3 different conditions: (a) quiet standing, eyes
open (EOFS); (b) quiet standing, eyes closed (ECFS);
and (c¢) quiet standing, eyes open, challenging the
visual-vestibular system (CVVS) (looking at light sig-
nals that changed 10 to 10 seconds: 1° eye level, 1.80 m
off the ground; 2° looking up, 3.60 m off the ground;
3° looking to the ground; 4° eye level). The participants
were given 1 minute of rest between the trials [36] and
1 minute of rest between the conditions [15]. The trial
order (i.e., EOFS, ECFS, CVVS) was randomized across
the subjects to reduce order effects [36]. Each individual
could select their preferred stance width [4] and was
instructed to stand quietly with their arms hanging
at the sides while they placed their head in a normal
forward-looking position and focused on a target lo-
cated at the eye level, approximately 3 m away [15].
Before testing, each participant performed one exper-
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imental practice trial for each condition, and then data
for 3 trials were collected for each condition. The aver-
age of the 3 trials was used for further analysis.

The force and torque signals were amplified (data
acquisition system type 5695B, Winterthur, Switzer-
land) and recorded with commercial software (Bio-
Ware, 2812A), which computed the COP time series
in the anteroposterior and mediolateral directions.
After filtering (fourth-order zero-lag 20 Hz low-pass
Butterworth filter), classical sway measures were com-
puted to assess the direction, distance, and velocity of
the COP trajectory, with greater values indicating poorer
balance. These measures included: sway area, de-
fined as the ellipse area that fits 95% of the COP data
points (cm?); total COP displacement, which represents
the overall anteroposterior and mediolateral move-
ment over 30 seconds (cm); and total mean velocity,
which signifies the total COP distance travelled in one
trial divided by the duration of the trial. Displacement
and mean velocity in the anteroposterior and mediolat-
eral directions were also computed. The length ver-
sus surface area parameter indicates the ratio of sta-
tokinesigram plot length to its area and assesses the
energy expended by the subject during the examina-
tion [40]. All sway measures were computed through
scripts written in the MATLAB code (R2013a, Math-
Works Inc., Natick, MA, USA).

Dynamic postural control

Each participant completed YBT for the anterior,
posteromedial, and posterolateral directions (Figure 1),
modelled in accordance with the methodology de-
scribed by Plisky et al. [39].

Demonstrations and verbal instruction were giv-
en to the subjects to inform them how the test should
be performed. YBT was evaluated with a commer-
cially available device (Octo Balance premium version
system, Check your MOtion, SKU 1008, Spain). While
the participants maintained a single-leg stance, the
free limb moved to reach the anterior, posteromedial,
and posterolateral directions (maximum possible reach)
in relation to the stance foot. The participant then re-
turned to a starting position without losing their bal-
ance [10, 39].

Each individual performed 4 experimental practice
trials (unaccounted tests) for each direction so that
they became comfortable performing the task. After
2 minutes of rest, each participant performed 3 test
trials in each direction (accounted tests) [10]. The av-
erage of 3 maximal reaches was calculated and re-
corded. A 10-second rest was provided between the

Human Movement, Vol. 23, No 2, 2022
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Figure 1. Y Balance Test: (1) anterior reach direction; (2) posterolateral reach direction; (3) posteromedial reach direction

reach trials [7]. A trial was classified as invalid if the
participant removed their hands from their hips, did
not return to the starting position, or failed to main-
tain a unilateral stance on the platform (e.g., if they
placed the reach foot on the ground, raised or moved
the stance foot during the test, or kicked the plate with
the reach foot to gain distance) [7, 39, 41].

Statistical procedures

Descriptive statistics included mean, standard de-
viation, and 95% confidence interval values. The nor-
mality of the sample was tested by using the Kolmogo-
rov-Smirnov test. After confirming the assumption of
normality, one-way ANOVA was executed to test the
differences between the sexes in static and dynamic
balance tests for each condition (EOFS, ECFS, and
CVVS). For each condition, the Pearson product-mo-
ment (r) test was applied to assess the magnitudes of
correlations between YBT measures (anterior, pos-
teromedial, and posterolateral directions) and static
balance measures: ellipse area (EA), length versus sur-
face area (LVS), COP displacement anteroposterior
(DAP) and mediolateral (DML), mean velocity anter-
oposterior (VAP) and mediolateral (VML), total mean
velocity (TV). The magnitudes of the correlations were
inferred on the basis of the following thresholds:
0.0-0.1, trivial; 0.1-0.3, small; 0.3-0.5, moderate;
0.5-0.7, large; 0.7-0.9, very large; > 0.9, nearly per-
fect [42].

The significance of all statistical tests was set at p
< 0.05. All statistical analyses were executed with
the SPSS statistical analysis software (version 25.0,
Chicago, USA).

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 Decla-
ration of Helsinki, and has been approved by the lo-
cal ethical committee of the Polytechnic Institute of
Viana do Castelo, School of Sport and Leisure, with
the code number [PVC-ESDL180801.

Informed consent
Informed consent has been obtained from all in-
dividuals included in this study.

Results

The baseline anthropometric characteristics of
the participants are presented in Table 1.

Males were taller than females and had a greater
body weight and lower body fat percentage (p < 0.05).

The descriptive statistics of the static balance test
and differences between the sexes are presented in
Table 2.

Males were significantly different (p < 0.05) than
females in terms of static balance measures for all con-
ditions (EOFS, ECFS, and CVVS). Females presented

Table 1. Baseline anthropometric characteristics of the studied population (mean + SD)

Category Age (years) Height (cm) Body weight (kg) Body fat (%)
Total (n = 77) 19.1 £ 1.1 170.2 £ 9.2 64.1 + 10.7 15.1 £5.6
Males (n = 48) 19.1 1.1 1752 +7.1* 68.5 + 10.4* 13.1 £5.1*
Females (n = 29) 19.0 £ 1.1 162.0 = 5.9 56.9 + 6.4 18.4 +49

* significant differences between sexes (p < 0.05)
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Table 2. Descriptive statistics (mean = SD) of static balance test for the overall population and by sex

Cateco EA LVS DAP DML VAP VML vV

gory (cm?) (cm/cm?) (cm) (cm) (cm/s) (cm/s) (cm/s)
EOFS
Total 412 +1.82 1492 +540 25.37 +6.25 40.74 = 9.39 0.84 + 0.21 1.36 = 0.31 1.69 = 0.30
(n=77)
Males 415 +1.44 1499 £4.82 27.22 £ 6.56* 43.24 +9.29* 091 +0.22* 144 +0.31* 1.79 £ 0.29*
(n=48)
Females 4.06 =242 1478 +6.45 21.81 +3.60 35.96 + 7.68 0.70 £ 0.12 1.19 £ 0.26 1.50 + 0.21
(n=29)
ECFS
Total 524 +227 1426 £+5.72 3099 +996 57.13+16.82 1.05+0.35 1.90 £+ 0.56 2.38 £0.70
(n=177)
Males 5.63 +2.31 13.88 +5.51 33.51 +10.54* 62.76 + 17.00* 1.14 = 0.37* 2.09 £ 0.57* 2.61 £ 0.71*
(n=48)
Females 4.58 = 2.07 14.91 £6.14 26.69 +7.23 47.53 +11.49 0.89 +£0.24 1.58 £ 0.38 1.98 + 0.43
(n=29)
CVVS
Total 4.19+1.69 13.66 +4.68 2482 +6.36 41.24 +9.70 0.83 = 0.22 1.37 £ 0.32 1.75 + 0.40
(n=177)
Males 455 + 1.70* 13.69 + 4.82 26.14 + 5.25* 43.87 £894* (0.88 +0.18* 1.46 +0.30* 1.86 + 0.35*
(n=48)
Females 3.57 = 1.51 13.60 = 4.52 22.57 +7.48 36.79 + 947 0.75 £ 0.27 1.22 + 0.32 1.58 + 0.43
(n=29)

FS - foam surface, EO - eyes open, EC - eyes closed, CVVS - challenging the visual-vestibular system,
EA - ellipse area (sway area), LVS - length versus surface area, DAP - centre of pressure displacement anteroposterior,
DML - centre of pressure displacement mediolateral, VAP — mean velocity anteroposterior, VML — mean velocity mediolateral,

TV - total mean velocity
* significant differences between sexes (p < 0.05)

Table 3. Descriptive statistics (mean + SD) of the Y Balance Test for the overall population and by sex

Category A (cm) PM (cm) PL (cm)
Total (n = 77) 54.70 + 4.97 72.61 + 7.21 70.02 + 6.25
Males (n = 48) 54.25 + 4.99 73.75 = 7.28 71.54 = 5.83*
Females (n = 29) 55.44 + 4.93 70.73 £ 6.81 67.49 + 6.20

A - anterior direction, PM - posteromedial direction, PL — posterolateral direction

* significant differences between sexes (p < 0.05)

a better stability index compared with males. Specifi-
cally, in EOFS, females improved 25% DAP (p = 0.01,
d = 0.96), 20% DML (p < 0.01, d = 0.83), 30% VAP
(p <0.01,d = 1.11), 21% VML (p < 0.01, d = 0.86),
19% TV (p < 0.01, d = 1.10) as compared with males.
In ECFS, the improvements were 26% DAP (p < 0.01,
d=0.72), 32% DML (p < 0.01, d = 1.00), 28% VAP
(p <0.01,d = 0.76), 32% VML (p < 0.01, d = 1.01), and
32% TV (p < 0.01, d = 1.02). In CVVS, they equalled
27% EA (p = 0.02, d = 0.60), 26% DAP (p = 0.02, d =
0.58), 19% DML (p < 0.01, d = 0.77), 17% VAP (p = 0.02,
d = 0.60), 20% VML (p < 0.01, d = 0.78), and 18% TV
(p=0.01,d = 0.73).
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The descriptive statistics of the dynamic balance
test are presented in Table 3.

Males were significantly different (p < 0.05) than
females in terms of YBT test results only for the pos-
terolateral direction (Table 3). Males presented 6%
better performance in YBT posterolateral than females
(p =0.01, d = 0.68).

The magnitudes of correlations between YBT meas-
ures and static balance measures under different un-
stable conditions were also assessed, first for the par-
ticipants overall and then by sex (Figure 2).

No large correlations were found between YBT
and static balance measures for the EOFS condition

Human Movement, Vol. 23, No 2, 2022
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(Figure 2-1) or the ECFS condition (Figure 2-2). Large
positive correlations were observed between YBT an-
terior direction and EA in women [r = 0.54 (0.19; 0.77)]
for the CVVS condition (Figure 2-3A).

Discussion

This study aimed to compare the static and dynamic
balance of men and women and to analyse the rela-
tionship between static and dynamic balance meas-
ures. Females presented better stability indices than
males under all conditions, and small to moderate
correlations were found between static and dynamic
balance.

Despite the inconsistency of previously reported
results, most recent studies have shown that men and
women differ in terms of balance. Females seem to
have better static balance control than males in antero-
posterior and mediolateral stability indices [31-33, 43].
Our data are consistent with previous literature, as
female participants presented lower COP displacement
and velocity COP displacement values than men in all
conditions (EOFS, ECFS, and CVVS), which reflects
a better stability index. This observation could be due
to anthropometric factors (postural balance seems more
influenced by anthropometric factors in men) [43],
neuromuscular factors (flexibility/mobility), neuro-
physiologic factors (processing of inferences); a reason
may also be that women often wear high heels, which
constantly challenges their balance [32].

However, our observations were different for dy-
namic balance control. Specifically, YBT assessment
revealed that males performed better than females but
only in the posterolateral reach direction. This is not
consistent with the findings by Ericksen and Gribble
[44], who showed that women demonstrated greater
reach distances for anterior, medial, and posterior reach-
es in SEBT. The difference between the 2 studies can
perhaps be explained by the fact that Ericksen and
Gribble [44] utilized medial and posterior reaches in
SEBT, whereas the present study considered the pos-
teromedial and posterolateral reach directions. To
the best of our knowledge, no authors have previously
compared the reaches of young adult men and wom-
en in the anterior, posteromedial, and posterolateral
directions.

Previous literature reports a relationship between
static and dynamic balance [27-29, 45]. For example,
Karimi and Solomonidis [27] concluded that there
was no significant correlation between static and dy-
namic stability parameters. This is because static
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balance tests assess the stability of participants while
in a quiet standing position; meanwhile, dynamic bal-
ance tests are more specific and challenging than static
tests. The authors suggest that static test performance
does not reflect balance task performance [27].

Additionally, Sell [28] examined the relationship
and differences between static and dynamic postural
stability in healthy, physically active adults. A lack of
correlation between static and dynamic balance was
found, and the dynamic postural stability scores were
significantly higher than static postural stability scores.
Dynamic balance tests seem to be more challenging
than static balance tests, which could explain the weak
relationship between the 2 types of tests [28].

Furthermore, Kim et al. [29] verified the differences
between the static and dynamic stability of partici-
pants with flexible flatfeet and neutral feet. No rela-
tionship was observed between COP speed and YBT
scores in either group. In another work, Pau et al. [45]
analysed young adults and professional elite soccer
players and arrived at the same conclusions (i.e., there
was no significant correlation between static and dy-
namic balance parameters).

Generally, our data show small to moderate cor-
relations between static and dynamic postural balance
test performance, which is consistent with most pre-
vious research involving active young adults [27, 28]
and young athletes [45]. The present results suggest
that static balance assessments involving a force plate
(with an unstable surface and challenging the visual-
vestibular system) seem to differ from YBT assessments
of cognitive and motor skills. This difference might be
because static and dynamic balance are regulated by
different mechanisms [27-29, 45]. In fact, although
YBT has been considered a reliable instrument for
assessing dynamic balance, some studies have reported
that this test requires strength, proprioception, and
joint mobility in addition to balance [39].

Another possible reason for the present result is re-
lated to the different requirements concerning muscle
strength and muscular activation to perform static and
dynamic tests. It seems that to maintain body control
during YBT (which involves anterior, posteromedial,
and posterolateral maximal reaches), participants
need neuromuscular control, which is gained through
proper joint positioning and proper strength in the
principal musculature [23, 46]. Additionally, during
a static postural control task, the objective is to mini-
mize COP displacement, which is derivative of the ver-
tical ground reaction force [23, 46]. Meanwhile, the
goal of YBT is to assess dynamic postural control by
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forcing participants to disturb their balance as they
try to reach maximum distances while maintaining
unilateral support [23, 46].

YBT movement patterns differ from the movements
carried out during everyday activities [46], as people
do not commonly challenge their balance to the joint
range of motion required during YBT. In fact, these
static and dynamic tests seem to be different, as they
require different skills. YBT is considered a dynamic
balance test that demands specific skills that differ
from those inherent in the static balance test.

The present data also showed a large and positive
correlation between the YBT anterior direction and
sway area for the CVVS condition in females. No other
significant correlations were found between static and
dynamic balance in males or females. This observation
suggests that females with higher performance in YBT
anterior (i.e., females with better dynamic balance)
tend to present higher values in the sway area (i.e.,
they have weaker static balance) when instructed to
move their head to challenge their visual-vestibular
system.

The lack of previous evidence from studies with
a similar objective makes it difficult to provide a gen-
eral discussion of the results.

Limitations of the study
and future directions

There are several limitations in the present study.
The sample was composed of active young adults with
different sports experiences. Therefore, before the static
and dynamic balance assessment, it would be impor-
tant to characterize the type, frequency, and inten-
sity of the sports activity, as well as divide the partici-
pants in accordance with these factors.

The study investigated the relationship between
static and dynamic balance. For the static balance as-
sessment, the subjects performed the test with bipedal
support, and for YBT, they were forced to use unipedal
support. This may bias the results and discussion as
the lower-extremity, trunk, and core muscular acti-
vation and joint stability/mobility during each YBT
direction reach was not controlled. It should be inter-
esting to investigate the differences between YBT
measures in muscular activation and joint stability/
mobility in the same sample (young adults undertak-
ing sports activity). Also, it will be noteworthy to verify
the influence of mobility program training on the YBT
performance, and the influence or contributions of
the proximal and distal joints range of motion.

Practical applications
and study relevance implications

- The balance and postural control assessment can
help to understand why balance disorders occur and
how to prevent injuries.

— The small to moderate correlations between static
and dynamic measures of balance and postural con-
trol indicate that people present different responses
when attempting to maintain postural balance sta-
bility. Static and dynamic balance appear to be inde-
pendent of each other; thus, they might need to be test-
ed and trained complementarily. Dynamic balance
tests seem to be more specific and challenging than
static tests, particularly for young adults.

- Static and dynamic balance measures are useful
for assessing both balance and postural control. How-
ever, we suggest that tests should be carefully chosen
to ensure that they are appropriate for the study pop-
ulation of interest.

Conclusions

This study reveals small to moderate correlations
between static and dynamic measures of balance and
postural control, suggesting a weak relationship be-
tween static and dynamic balance test performance.

However, the positive correlation between YBT and
sway area implies that females with high YBT ante-
rior performance (i.e., good dynamic balance) tend to
present a greater sway area (i.e., poor static balance)
when instructed to move their head and challenge
their visual-vestibular system.
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