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Abstract - Aim: To assess the postural control performance of football 5-a-side (FFS) players, comparing them with
sighted players. Methods: Eight FFS players and 7 sighted futsal players were included. Postural control tests included
feet together stance (FTS) and single-leg stance (SLS) tasks, performed on rigid and foam surfaces. Sighted players
performed the tests with open (EO) and closed (EC) eyes. Area of displacement (A4rea) and average velocity (Vavg)
were calculated from the center of pressure time-series coordinates. Results: On both surfaces conditions, a significant
difference between visually impaired football 5-a-side players and sighted EO players was observed during FTS (higher
Vavg for visually impaired football 5-a-side players; p < 0.04) and SLS (higher Area and Vavg for visually impaired
football 5-a-side players; p < 0.01). No differences between visually impaired football 5-a-side players and sighted EC
players were found. Differences between sighted EO vs. sighted EC were observed during FTS on the foam surface, and
in SLS on both surface conditions (p < 0.03). Conclusion: FFS players’ postural control performance is similar to
sighted players with EC but worse than sighted players with EO, suggesting their postural control performance can be
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simply explained in terms of visual restriction.
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Introduction

Football is both one of the most played sports worldwide
as well as a sport with a high incidence of musculoskeletal
injuries' mainly affecting the lower limb joints and
muscles’. Football 5-a-side is one of the most popular
sports for visually impaired people; the team is composed
of totally blind participants, except for the goalkeeper who
may have normal vision®. In particular, visually impaired
athletes participating in this sport are also among those
with a higher incidence of sports-related injury* mainly in
the lower limb™°. In highly dynamic situations commonly
observed in sports such as football - which provide rapid
changes of direction, vertical and horizontal jumps -, the
ability to align the center of pressure (CoP) concerning the
support base is important for physical performance’®. By
training this ability, one can minimize the occurrence of
injuries as described in recent systematic reviews, that
showed that postural control interventions are effective in

preventing anterior cruciate ligament injury, hamstring
strains, ankle sprains, and groin problems, commonly
observed in football athletes”'®. For that reason, preseason
screening, including postural control assessment, is lar-
gely employed to evaluate physiological and biomechani-
cal conditions associated with sports performance, lower
limb function, and risk of injury''*'.

Despite the evidence highlighting the importance of
postural control assessment in sports practice, few investi-
gations have addressed this issue in visually impaired ath-
letes, including shooters, judo, goalball, football 5-a-side,
and baseball players'>~'?. Santos et al.'® evaluated foot-
ball 5-a-side players and Bednarczuk et al.'’ evaluated
shooters in comparison to other sports modalities for peo-
ple with visual impairment, and both found that visual
level impairment and sports specificities influence postural
control performance. Differently, Jeronymo et al.'® did not
observe differences in postural control levels related to the
level of visual impairment in judokas. Besides, Santos
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et al.'®, observed that football 5-a-side players presented
better postural control compared to goalball and judo ath-
letes. Given that upright postural control relies on multi-
sensory integration-from visual, vestibular, and proprio-
ceptive sensors”’ - along with impulsive torque generation
from the neuromuscular system”' some differences in pos-
tural control performance between sighted and visually
impaired athletes are expected. Visually impaired athletes
have better postural control test scores than non-athlete
visually impaired subjects“"15 but not sighted sub-
jects'*?2. One exception is from the work of Almansba
et al."> which showed that performance in single-leg
stance tasks was similar between visually impaired and
sighted judokas and better than that of sighted non-athletes
with their eyes closed.

As far as we know, there is no investigation about
postural control performance in visually impaired football
5-a-side players compared with sighted football players.
Considering that changes in postural control are related to
increased risk of injuries in football players”'® and that the
visual system has an important input for the control of
CoP in the support base, visually impaired football 5-a-
side players could compose a group even more vulnerable
to injury. Determining to what extent postural control per-
formance in visually impaired football 5-a-side players
compared to sighted football players seems to be impor-
tant to (a) determine whether the interpretation of postural
control test performance-in terms of lower limb function
and musculoskeletal injury risk-also applies for visually
impaired athletes and (b) development of primary, second-
ary and tertiary injury rehabilitation programs.

Therefore, this study aimed to investigate postural
control performance in visually impaired football 5-a-side
players compared with that presented by sighted football
players. Different visual contexts (for the sighted players
only), as well as biomechanical (stance tasks) and sensor-
imotor (differing surface) manipulations, were used for
further investigations of possible differences in postural
control between players. We hypothesized that visually
impaired football 5-a-side players have worse postural
control performance (in terms of high/large size or velo-
city of body sway during postural tasks) mainly due to the
visual deprivation itself, with challenging conditions (such
as single leg stance and foam surface support) inducing
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larger differences between them and the sighted players,
suggesting no specific sports adaptation in the postural
control system in those with visual impairment.

Methods

Study design and ethics

This is an observational cross-sectional study. All
subjects provided written (read aloud in the case of blind
athletes) informed consent before participation. Experi-
ments were approved by the ethical committee of Augusto
Motta University Centre (process number
31778614.0.0000.5235) and conformed to the Declaration
of Helsinki and its latest amendments.

Participants

A total of 15 players participated in the study
(Table 1) and were divided into two groups: visually
impaired football 5-a-side players (n = 8) and sighted fut-
sal or football society players (n = 7). The groups were
similar concerning age and anthropometric variables. The
selection of futsal or equivalent football sighted players
was deliberated because futsal is strongly related to
visually impaired-adapted football 5-a-side games. Foot-
ball players were included based on the following criteria:
male; age > 18 years; time of football practice > 1 year;
training frequency > 3 days/week; and absence of injuries,
pain, or movement restriction that could affect postural
control performance. Goalkeepers of both groups were not
included in the study. There was no difference in the total
years of football practice or the training volume (Table 1).
A minority of visually impaired (n = 1) and sighted (n =2)
players exhibited left lower limb dominance based on their
kicking leg. All football 5-a-side players exhibited con-
genital total blindness (n = 4) or due to glaucoma in child-
hood (n=3) or a car accident (n=1).

Postural control performance assessment

Postural control was assessed based on current
standards®®. Participants were asked to stand still on a
force platform with arms relaxed alongside the body. They
were instructed to perform the following tasks: (i) stand
upright with the feet together; (ii) stand upright in a single-

Table 1 - Demographic, anthropometric and training data of visually impaired football 5-a-side players (n = 8) and sighted (n = 7) football players. Data
are presented as mean + standard deviation (minimum-maximum). Independent sample 7~ Student test was run for group comparisons, and the corre-

sponding p-value is showed.

Visually impaired football 5-a-side players Sighted players p-value
Age (years) 25.0 +5.3(17.0-30.0) 23.7 +2.9 (20.0-28.0) 0.58
Body mass (kg) 72.5 + 14.4 (50.0-94.8) 69.3 + 8.2 (59.7-83.0) 0.61
Height (cm) 170.7 + 3.8 (164.0-175.5) 172.0 + 4.5 (164.0-178.0) 0.55
Time of practice (years) 7.4 +2.2(5.0-12.0) 7.9 +£2.9 (4.0-12.0) 0.76
Training volume (days per week) 5.0 +£ 0.0 (5.0-5.0) 4.4 +1.0(3.0-5.0) 0.12
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leg stance on the dominant leg; (iii) stand in a single-leg
stance on the non-dominant leg. During a single-leg stance
task, the suspended leg had the knee flexed at 90°. These
tasks were performed under two surface conditions: (i) on
arigid surface (i.e., directly on the force platform) and (ii)
on foam (10 cm height, 30 g/dm’ density, and 50 x 50 cm
dimension- in order to minimize proprioceptive input)**.
These tasks and conditions were elected to challenge the
postural control system in different ways: reducing the
support base and disturbing somatosensory information.
When enhancing the difficulty of the tests, modifications
are ecasier to be observed, and maybe other conditions
would ensure the modifications. Visually impaired football
5-a-side players were asked to keep their heads in a natural
position. Sighted athletes were asked to perform all tasks
with their eyes closed (EC) and open (EO, fixed on a
visual target 1 meter in front of them). All tasks, surfaces,
and visual conditions (for sighted participants) were ran-
domly assigned in blocks (to keep the support base), and a
1 min interval was given between tasks to avoid fatigue
and the effect of learning the task. Three trials lasting 35 s
were performed for each task.

Center of pressure (CoP) coordinates were calcu-
lated from the ground reaction forces acquired from a
force platform (AccuSwaypLys, AMTI, USA). Signal
acquisition and processing were performed using custom
software written in LabVIEW (National Instruments,
USA), namely, SuiteEBG version 1.0.0.1. Data were sam-
pled at 100 Hz and stored for further processing. The first
5 s of the data were discarded, and after low-pass filtering
(2.5 Hz, 2nd order Butterworth filter), the 95% confidence
interval of the elliptical area of the CoP displacement
(Area) and the average velocity (Vavg) were calculated as
surrogate information about postural stability®>. The aver-
age results of the three trials were computed for further
analyses to achieve excellent reliability of the measure-
ments”°.

Statistical analysis

Group data are summarized as the mean + standard
deviation (SD). A multivariate analysis of variance
(MANOVA) was applied to check for the main effects of
group (visually impaired, sighted EO, sighted EC), task
(feet together vs. dominant single-leg vs. non-dominant
single-leg stance), and surface (rigid vs. foam surface).
For proper comparison between visually impaired and
sighted players in different visual contexts, the eyes open
(EO) and eyes closed (EC) conditions were applied in
MANOVA as between-factors, as in previous investiga-
tions®’. Tukey's test was used for post hoc paired compari-
sons. The observed interaction and main effects were
further explored with a single-factor ANOVA to check for
differences between groups in each condition. The partial
eta squared () was reported as an effect size measure and
it was interpreted as small (0.01), medium (0.06), or large

(0.14)*®. The level of statistical significance was set at 5%.
Statistical analysis was run in SPSS 20.0 for Windows
(IBM, USA).

Results

No significant three-way interaction was found
(Wilk's A = 0.79, p = 0.11); however, significant two-way
interactions were observed for group vs. task (Wilk's
A=0.64, p < 0.01) and group vs. surface (Wilk's A = 0.69,
p < 0.001) but not for task vs. surface (Wilk's A = 0.92,
p = 0.31). MANOVA revealed main effects for group
(Wilk's A = 031, p < 0.01), task (Wilk's A = 0.22,
p < 0.01), and surface (Wilk's A =0.42, p < 0.01).

Concerning the groups, significant differences were
found in the CoP values for both tasks and surfaces, with
higher values for visually impaired football 5-a-side play-
ers vs. sighted EO players (all post hoc tests p < 0.04). No
significant differences were found between visually
impaired football 5-a-side players vs. sighted EC players.

MANOVA's main effect for tasks refers to a sig-
nificant difference between quiet stance and both single
leg stances (all post hoc tests p < 0.001), with no diffe-
rences between single leg stance with a dominant and
nondominant limb (all post hoc tests p > 0.83). Finally,
significant differences for surface were associated with
high CoP values in the presence of a foam surface.

For the quiet stance task, significant differences
among groups were found for Vavg in both the rigid
(ANOVA p = 0.05, * = 0.29, effect size = large) and foam
surface conditions (ANOVA p < 0.01, > = 0.47, effect
size = large) but not for Area (ANOVA p > 0.05 for both
surface conditions; Figure 1A). Post hoc tests revealed
higher values of Vavg in visually impaired football 5-a-
side players vs. sighted EO players (Figure 1B), while a
significantly higher value was observed in sighted EC vs.
EO players only during the foam surface condition
(Figure 1B).

For single-leg stance tasks (both legs averaged), sig-
nificant differences between visually impaired football 5-
a-side players and sighted EO players were obtained for
Area and Vavg in the two surface conditions (ANOVA:
Area rigid, p < 0.01, 112 = 0.64, effect size = large; Area
foam, p < 0.01, 5> = 0.36, effect size = large; Vavg rigid, p
<0.01, 172 = (.73, effect size = large; Vavg foam, p < 0.01,
n* = 0.67, effect size = large). Specifically, visually
impaired football 5-a-side players exhibited higher Area
and Vavg than sighted EO players irrespective of surface
conditions (Figure 2A and Figure 2B, respectively). The
same occurred for Vavg in the sighted EC vs. EO compa-
rison (Figure 2B). On the other hand, the effect of eyes
closed in the sighted players’ Area was only observed in
the single-leg stance during the rigid surface condition
(Figure 2A).
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Figure 1 - Postural control performance during a feet together stance task
in rigid (light gray) and foam (dark gray) surface. There were significant
differences between surfaces for all groups and variables (p < 0.001).
The 95% confidence interval elliptical area (A) and the average velocity
of COP displacement (B) are presented. Connecting lines indicate differ-
ences between groups and the corresponding post hoc tests p-values are
showed as inset.

Discussion

This study aimed to investigate postural control per-
formance in visually impaired football 5-a-side players
and compare it with that in sighted football players. Given
that purpose, tasks and conditions with different degrees
of postural instability were tested. Our main findings were
as follows: (i) the postural control performance of visually
impaired football 5-a-side players is similar to that of
sighted players in the visually deprived state (eyes closed),
irrespective of task or surface condition; and (ii) CoP
parameters (both its amplitude and velocity) is greater in
visually impaired football 5-a-side players than in their
sighted counterparts in the usual visual (eyes open) state,
with larger differences appearing during the single-leg
stance task. Collectively, they provide evidence in favor of
our hypothesis that blind football players have worse pos-
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Figure 2 - Balance performance during single-leg stance (both legs aver-
aged) in rigid (light gray) and foam (dark gray) surface. There were sig-
nificant differences between surfaces for all groups and variables
(p < 0.001). The 95% confidence interval elliptical area (A) and the
average velocity of COP displacement (B) are presented. Connecting
lines indicate differences between groups and the corresponding post hoc
tests p-values are showed as inset.

tural control performance when compared to their sighted
counterparts with opened eyes, mainly in a single-leg
stance.

Despite the current evidence about the relationship
between visual impairment and postural control, there is
still no consensus about the effect of blindness on upright
postural control. Studies indicate that people with vision
impairment could perform worse***"-**~°  similarly®', or
even better’>>? in postural control assessments than sigh-
ted people, especially in positions with vibration** or with
vision or hearing disturbances®>. Notably, evaluation of
postural control ability in challenging conditions (such as
single-leg stance) seems to evoke larger discrepancies
between blind and sighted subjects”’. However, these stu-
dies investigated elderly individuals with vision impair-
ment®’ or non-athlete subjects®’!, who performed less
challenging positions.
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Based on this controversial background, it can be
argued that vision impairment can result in either a deficit
(i.e., postural sway of blind subjects is larger than that
exhibited by sighted subjects)'®**2%* or compensation (i.
e., postural sway equals or is smaller in blind sub-
jects)>' =¥ in postural control performance. Different from
the results of Giagazoglou et al.”’, that observed increases
in amplitude and velocity of postural sway in visually
impaired than in sighted persons with eyes closed and
reduced base of support conditions (e.g., tandem and sin-
gle leg stance), here we found that visually impaired foot-
ball 5-a-side players were able to sustain an upright stance
in challenging conditions that is comparable to the sighted
players in restricted visual inputs (eyes closed; see
Figure 2, visually impaired vs. sighted EC).

An important factor that could affect the postural
control performance of blind subjects is their level of phy-
sical fitness. Sports practice for sighted subjects is asso-
ciated with better postural control ability during both quiet
standing® and single-leg stance®™*®. The few studies
available indicate that this could be the same for blind ath-
letes as follows, where vision impairment level is related
to postural control level'®'®. For example, it was observed
that goalball'* and baseball'® athletes had better postural
control performance when compared to sedentary sub-
jects. However, when compared to sighted physically
active persons'* and sighted athletes®?, the postural con-
trol performance of goalball players was inferior. On the
other hand, visually impaired judokas were able to sustain
a single-leg stance for as long as sighted athletes and
sedentary subjects with their eyes open (42 s)'* and were
even better than sedentary subjects with their eyes closed
(16 s for blind and sighted athletes vs. 8 s for sighted se-
dentary subjects). Our results showing that visually
impaired football 5-a-side players perform as well as sigh-
ted players with eyes closed corroborate those found for
blind judokas'?. The fact that these athletes did not achie-
ve the same postural control performance as the sighted
players with eyes open, and being similar to sighted athle-
tes with closed eyes, suggests that there was no specific
sports-induced adaptation in postural control and sensorial
systems adaptations (proprioceptive and vestibular infor-
mation). Likely because of the particular dynamics of the
game, compared with other sports practitioners, football
players usually exhibit enhanced postural control among
sports practitioners, mainly in single-leg conditions®°.

A large effect size (i.e., the difference between blind
the single-leg stance task, in which both CoP amplitude
and velocity were higher in visually impaired subjects (see
Figure 2). Unstable postures such as single-leg stance
requires an increased reliance upon sensory integration
and neuromuscular coordination, especially from lower
limb joints®’, which could exacerbate the differences in
balance control from visually impaired to sighted players.
It was demonstrated that postural control performance

during single-leg stance is not only used to discriminate
between those with injured lower limbs and those without
any lesions®® but also has a positive association with ankle
sprain incidence®. Given the degree of injury observed in
blind athletes, mainly in the lower limb>®, it could be sug-
gested that functional tests such as single-leg stance must
be included in preparticipation exam routines in this popu-
lation. However, outcomes of such an exam should be
interpreted with caution once balance performance in a
single-leg position does not reflect only the lower limb
function®®, but also possible changes in postural control
related to visual impairment.

A limitation of this study is the small sample size,
which could have precluded large effect sizes for two- and
three-way interactions. Despite the high prevalence of
vision impairment in the young population*’, the number
of blind subjects practicing in high-level sports is very
low; by including all players on a football 5-a-side team
(with the obvious exception of the goalkeeper), we expect
the external validity of our study to be met. Sighted ath-
letes performed twice as many trials (OE and CO) than
visually impaired athletes. Although tasks, surfaces, and
visual conditions were randomized and resting intervals
were given between trials, we cannot guarantee that the
effect of learning the task has influenced the results.
Nonetheless, our study design allowed us to observe large
effects (e.g., #° ranging from 0.4-0.8 for the group effect in
single-leg stance) for postural control performance
between groups, corroborating the findings of others'” and
extending them for the specific postural behavior of foot-
ball players.

Conclusions

The postural control performance of visually
impaired football 5-a-side players during feet together and
single-leg stances was similar to that of sighted players
with eyes closed but worse than that of sighted players
with their eyes open. These results suggest no significant
adaptation in the postural control system in visually im-
paired athletes, as its performance in the postural control
test is simply explained in terms of visual restriction.

Perspectives

Our results highlight the importance of considering
differences in the postural control performance of sighted
and visually impaired athletes for proper interpretation of
postural control assessment, postural control training
design, and injury prevention program development. Since
it was observed higher CoP oscillation on both elliptical
area and average velocity, a single-leg stance task should
be considered for inclusion in the preparticipation exam
routine of football 5-a-side players, and its association
with rate and level of injury should be addressed in future
studies. Furthermore, since large differences between



sighted and visually impaired athletes were only observed
when sighted athletes assumed a single-leg stance with the
eyes open (thus, suggesting that postural control perfor-
mance in visually impaired subjects could be explained in
terms of simple visual restriction) further research should
be carried out to explore whether adaptations to other sen-
sory or neuromuscular systems also occur in subjects with
vision impairment.
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