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ABSTRACT

The aim of this study was to describe postural control in athletes with different degrees of visual impairment in erect semi-
static position and verify whether it differs with sport modalities. Twenty-two athletes with total loss of vision (functional
classification B1) and 17 with partial loss of vision (functional classification B2 and B3) were included in this cross-sectional
study. Their sport modalities were judo (n = 17), goalball (n = 12) and five-a-side football (n=10). Postural control was
investigated on a force platform with athletes in bipedal stance with eyes closed and blindfolded. The elliptical area of 95%
confidence interval (mm?) and the mean displacement velocity (mm/s) were calculated. Athletes with total loss of vision
presented smaller oscillation area values (p = 0.02) when compared to athletes with partial loss of vision. Considering sport
modality, five-a-side athletes were found to present the best postural control. Moreover, goalball athletes oscillated less and
presented a lower mean displacement velocity in relation to judoists. The differences found in postural control in visually
impaired athletes seem to be associated with the degree of loss of vision and specificities of each sport modality.
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RESUMO

O objetivo do estudo foi descrever o controle postural na posicdo erecta semiestatica de atletas com diferentes graus de
deficiéncia visual e verificar se existem diferengas de acordo com a modalidade esportiva praticada. Participaram deste
estudo seccional 22 atletas com perda total da visdo (classificagdo funcional B1) e 17 com baixa visdo (classificagdo
funcional B2 e B3) das modalidades judé (n=17), goalball (n=12) e futebol de cinco (n=10). O controle postural foi
investigado utilizando uma plataforma de forca, sendo calculadas a 4rea da elipse de 95% de intervalo de confianga (mm?) ¢ a
velocidade média de deslocamento (mm/s). A tarefa postural foi realizada com os pés unidos e olhos fechados e vendados.
Atletas com perda total da visdo apresentaram menores valores para area de oscilagdo (p=0,02) em relagdo aos atletas com
baixa vis@o. Na comparagdo quanto a modalidade esportiva, foi possivel observar que os atletas de goalball oscilaram menos
e apresentaram menor velocidade de deslocamento que os atletas de judo. Em paralelo, os jogadores de futebol de cinco
foram aqueles que apresentaram melhor controle postural. As diferengas encontradas no controle postural de atletas com
deficiéncia visual parecem estar associadas ao grau de perda visual e as especificidades das modalidades esportivas.
Palavras-chave: Transtorno da visdo. Equilibrio postural. Plataforma de forga.

Introduction

About 285 million individuals are estimated to be visual impaired in the world'. Visual
impairment includes blindness and partial loss of vision, both of which generally pose great
challenges to both the affected individuals and society. Sport practice is a resource
increasingly used with visually impaired individuals for physical and emotional rehabilitation,
as well as for socialization, self-esteem improvement, and more recently, high sport
performance“.

Among the sports commonly practiced by the visually impaired are five-a-side
football, goalball and judo’. For a fairer competition, all athletes undergo a functional sport
classification that takes the degree of visual impairment into account’. Thus, the athletes can
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be classified as B1 (total loss of vision, B standing for blind) or B2 or B3 (partial loss of
vision)’.

In non-visually-impaired athletes, there is evidence that static and dynamic postural
balance vary with sport modality®’. Hrysomallis®, for example, has demonstrated in a revision
of sectional studies that gymnasts have a better balance capacity than football players,
swimmers, non-athlete active individuals and basketball players, presenting smaller
oscillation area and displacement velocity from the center of pressure under the feet on a force
platform.

Studies demonstrate that visually impaired goalball players present better postural
control than non-athlete players, but poorer than non-impaired individuals'®"". Similar results
have been reported for judo athletes; however, without any significant difference between
visually able and visually impaired judoists. This fact indicates a possible positive effect of
sport practice on postural balance in visually impaired athletes'”. Nevertheless, the correlation
between postural balance, the practice of different modalities of sports and the athlete's visual
impairment functional classification has been little investigated. It is important to point out
that the visual system, together with the vestibular and somatosensory systems, plays an
important role in the determination of postural control’. Information captured by these
systems is integrated in the central nervous system so that adjustments can be made to
maintain both static and dynamic posture'’. Thus, the absence or deficiency of an important
component such as vision may compromise balance despite possible compensatory strategies
from the other systems'*'”.

Knowledge of postural balance in visually impaired athletes has relevant practical
applicability. A poor postural control is associated with an increased risk of lesions, especially
in the lower limbs, such as the ankle joint'®. Athletes are a group vulnerable to lesions'’ and
visual impairment contributes to increase this risk'®.

Therefore, after identifying the groups with greater postural oscillation, preventive and
rehabilitation measures can be adopted to minimize possible lesions associated with reduced
postural control. Another important aspect is planning of training where the inclusion of
stimuli such as neuromuscular and proprioceptive stimuli may be used to improve sport
performance1 6,

Thus, the objective was to describe postural control in athletes with varying degrees of
visual impairment in erect semi-static position and verify whether there are differences in
postural control among the sport modalities: five-a-side football, goalball and judo. The
hypotheses are: 1) athletes with total loss of vision have better postural control than athletes
with partial loss of vision, possibly due to the development of compensatory strategies to the
absence of the visual component in the former and 2) five-a-side football athletes present
better postural control because it is practiced exclusively by individuals with total loss of
vision. In relation to the sport modalities practiced by athletes with total and partial loss of
vision, goalball athletes are expected to have a better postural control than judoists. This
expectation is based on the characteristics specific to this sport modality, such as blind-folded
practice, which may contribute to more efficient postural adjustments in the long run.

Methods

Participants

This observational sectional study recruited 39 visually impaired athletes functionally
classified as B1 (total loss of vision), B2 or B3 (partial loss of vision) and who practiced any
of the following sport modalities: judo (n=17), goalball (n=12) and five-a-side football
(n=10). For analysis sake, athletes with functional classification B2 and B3 were considered
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as belonging to the same group despite their different degrees of loss of vision, because they
receive some sort of visual information. The athletes were from the sport teams of the State of
Rio de Janeiro, Brazil and participated in regional and national level competitions.

The study inclusion criteria were male or female visually impaired athletes aged 18 or
older, currently practicing their sport modality for at least six months and giving their written
informed consent. Athletes who had auditory and/or vestibular system alterations, who
practiced more than one sport modality and who had a history of musculoskeletal lesion in the
last three months that might interfere with the performance of the study procedures were
excluded from the study.

The study was submitted to and approved by the Institutional Research Ethics
Committee (CAAE: 31778614.0.0000.5235).

Procedures
Demographic and sport training information

The participants responded a questionnaire on sports practice, health-related life
habits, musculoskeletal lesion history and their visual impairment either in writing or
verbally, depending on their degree of impairment. Total body mass (TBM, kg, scale,
Filizola; 100 g, Brazil) and height (H, m, stadiometer, Filizola, 0.1 cm, Brazil) were
determined for the calculation of the Body Mass Index (BMI, kg/m?).

Semi-static Postural Balance

Postural control in erect position was evaluated using a force platform
(AccuSwayPLUS, AMTI, USA). The participants stood with both feet together at the body
medial line with arms relaxed beside the body and with the head in neutral position (at eye
height, without adjustment by the evaluator) for 35 s for measurement of stabilometer data.
Measurements were performed in triplicate with 2-min intervals. The mean value was used in
the analysis. All the study participants were blindfolded. The center of pressure (CoP) was
calculated using the soil reaction forces determined on the force platform at an acquisition
rate of 100 Hz. The initial 5 s of each attempt were considered an adaptation period and,
therefore, were not considered in the analysis"”. The CoP signal was filtered with a second-
order low-pass Butterworth filter with cutting frequency of 2.5 Hz used in the direct and
reverse directions. For analysis sake, the elliptical area of 95% confidence interval (area in
mm?®) and the mean displacement velocity (velocity in mm/s)* were computed as these
variables are the most frequently used in the literature in the area’’*2. The poorest postural
balance capacity was characterized by the greatest area and velocity values.

Statistical analysis

The data exploratory analysis was performed by calculating the median and the
minimum and maximum values of the numerical variables and the relative frequency of the
categorical variables. The box-plot approach was also used for the median (bold horizontal
line), 1st and 3rd quartiles (box ends) and lower and upper limits (whiskers) and outliers (-
and *). Given the sample size of each sport modality subgroup, we decided to use
nonparametric analysis procedures. The results of athletes with total loss of vision (functional
classification B1) and with partial loss of vision (functional classifications B2 and B3) were
compared using the Mann-Whitney test and the sport modalities using the Kruskall Wallis test.
Pairwise differences were identified using the Mann-Whitney test and adjusted using the
Bonferroni correction (p<0.017). The categorical variables were compared with Fisher's exact
test. A 5% statistical confidence level was used and the analyses were performed using
Statistical Package for the Social Sciences (SPSS) version 17.0.
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Results

The sample was formed mostly by male athletes (74.4%). All the five-a-side football
players were classified B1 and most of the judo and goalball athletes were classified B2 or
B3. The subgroups were similar for age, TBM and BMI and the variables related to sport
training (all p-values>0.05). The demographic and sport practice-related characteristics are
presented in Table 1.

Table 1. Demographic and sport training characteristics of the study participants according to
the sport modality practiced

Five-a-side Football Goalball Judo
(n=10) (n=12) (n=17) p-

Md Min Max Md Min Max Md Min Max value
Age (vears) 275 18.0 38.0 285 19.0 40.0 23.0 18.0 33.0 0.12
TBM (kg) 723 500 948 824 596 1201 773 531 149 0.29
BMI (kg/m’) 259 175 328 276 21.7 412 272 21.2 438 0.36
Training/week 5.0 3.0 5.0 4.5 2.0 6.0 5.0 3.0 6.0 0.32
Years of practice 7.0 3.0 21.0 4.0 1.0 19.0 7.0 2.0 220 0.06

Percentage Percentage Percentage

Male (%) 100.0 58.3 70.6 0.08
FCBI 100.0 41.7 41.2 <0.01

Note: Md=median; Min=minimum value; Max=maximum value; TBM=total body mass; H=height; BMI=Body Mass Index;
FCBI1=BI functional classification (total loss of vision). *p-value calculated with Fisher's Exact Test for the categorical
variables and Kruskall Wallis test for the numerical variables; statistical significance when p<0.05

Source: Authors' data

Comparison of the groups for functional class showed that the athletes with total loss
of vision (B1) had a smaller displacement area in relation to the athletes with partial loss of
vision (B2 and B3) (Graph 1) and no statistical difference in relation to mean displacement
velocity, despite the lower median value of B1 athletes (Graph 2).
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Graph 1. Elliptical area of 95% confidence interval in mm? of visually impaired athletes who

participated in the study according to their functional classification
Note: B1 = Total loss of vision, B2 and B3 = partial loss of vision. The graph values represent the median (bold horizontal
line), 1st and 3rd quartiles (box ends), lower and upper limits (whiskers) and outliers (- and *). Area (mm2), Functional
Classification, B2 and B3, p=0.02
Source: Authors' data
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Graph 2. Mean displacement velocity in mm/s of visually impaired athletes who participated

in the study according to their functional classification
Note: B1 = Total loss of vision, B2 and B3 = partial loss of vision. The graph values represent the median (bold horizontal
line), Ist and 3rd quartiles (box ends), lower and upper limits (whiskers) and outliers (-). Velocity (mm/s), Functional
Classification, B2 and B3
Source: Authors' data

Graphs 3 and 4 present the elliptical area of 95% confidence interval and the mean
displacement velocity, respectively, of the participants according to their sport modality. The
five-a-side football players presented area (p<0.01) and displacement velocity values lower
than those of the judoists. The goalball players also differed from the judoists in velocity
(p<0.01) and presented smaller median area values, but with no statistical difference.
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Graph 3. Elliptical area of 95% confidence interval in mm? of visually impaired athletes who
participated in the study according to their sport modality

Note: The graph values represent the median (bold horizontal line), 1st and 3rd quartiles (box ends), lower and upper limits
(whiskers) and outliers (- and *). Area (mm?2) Five-a-side Football, Goalball, Judo, Modality, p<0.01
Source: Authors' data
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Graph 4. Mean displacement velocity in mm/s of visually impaired athletes who participated
in the study according to their sport modality

Note: The graph values represent the median (bold horizontal line), 1st and 3rd quartiles (box ends), lower and upper limits
(whiskers) and outliers (-).Velocity (mm/s) Five-a-side Football, Goalball, Judo, Modality, p<0.01
Source: Authors' data

Discussion

The main finding of this study is that athletes with total loss of vision had better semi
static bipedal postural balance capacity than athletes with partial loss of vision. Five-a-side
football was the sport modality with the lowest oscillation area and displacement velocity.
Since the investigated athletes had different degrees of visual impairment and practiced sports
with different dynamic characteristics, differences in postural control between the groups
would be unexpected.

Considering that the group of five-a-side football players had total loss of vision, it can
be supposed that better postural control in relation to the other sport modalities investigated is
associated with the development of strategies to compensate for the lack of visual
information®, since these individuals frequently experience challenging sport situations daily.
During training sessions and competitions, for example, the athletes need to develop abilities
that require dynamic balance control, such as dribbling, carrying the ball and kicking®®, as
well as good spatial orientation for their positioning on the court and also the use of the
auditory system to listen for the sound emitted by the rattle inside the ball, the team mates
using the word "voy" and the caller (guide) standing behind the goal®.

Studies such as those by Schmid et al.’® and Soares et al.’’ demonstrate that
individuals with congenial and acquired visual impairment present similar postural control,
suggesting that compensatory reactions to maintain balance, including from the
somatosensory and vestibular systems, seem to exist. Nevertheless, it is important to point out
that such adjustments do not offset the lack of vision entirely, since visually impaired
individuals commonly have poorer postural control in relation to non-visually impaired
individuals'**".

The present results corroborate those by Juodzbaliene and Muckus™ on postural
balance as a function of visual impairment. Adolescents aged between 11 and 15 years old
with partial loss of vision presented poorer postural control comparatively to blind subjects.
These findings are supported by the hypothesis that the visual system plays a forceful role in
the integration of the other sensorial inputs in postural control*®. Since individuals with partial
loss of vision receive insufficient or many times low quality visual information, it can be
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supposed that the other systems, those being, the somatosensory and vestibular systems,
provide less efficient compensatory adjustments, leading to a greater postural imbalance in
this population when compared to blind subjects*.

Regarding the other sport modalities investigated here, we observed that goalball
athletes oscillated less (although without statistical significance) and presented lower
displacement velocity (p<0.01) when compared to judoists. We believe that these differences
may be related to the requirements of each sport modality. Goalball is played exclusively by
visually impaired athletes. Even though it is practiced by both totally and partially visually
impaired individuals, the use of blindfolds during the match is mandatory, giving them equal
training and competition conditions, that is, without the visual component™.

Based on this sport requirement, it can be considered that blindfolding goalball
athletes with partial loss of vision during training and competitions (median of practice of the
sport of the group = 4 years, 4.5 sessions a week), similar to the five-a-side football athlete
condition, may somehow contribute to a more efficient adjustment of the other systems when
compared to judoists, who do not need to compete and train blindfolded. According to
Pascual-Leone and Hamilton®®, even short periods of visual deprivation in sighted individuals,
for example, five days, seem to result in the stimulation of the primary visual cortex to
respond to tactile and auditory stimuli.

Another important aspect is that besides technical and tactic issues specific to goalball,
good performance in the sport depends on the capacity of spatial orientation so that the
athletes can be aware of their localization in the play area, that is, attack and defense, and the
use of the auditory system to locate the audible ball (with an inside rattle). For such, it is
important that the athlete develops sensorial abilities such as tact and hearing
simultaneously”', which, in turn may also contribute to a better postural control.

Now, judo has some of its rules modified for the visually impaired, such as the
interruption of the match when both the opponents loose contact and non-penalization when
the athlete leaves the fight area®. In this case, the senses of spatial orientation and hearing
may be less important for judo athletes' performance and, therefore, these senses are given
lower priority in training than in goalball. Furthermore, as judoists compete all the time by
leaning on their opponents, their support base increased and their upper limbs leaning on their
opponent - even when they are about to be thrown off balance in an attempt to win the
competition, these sport specificities could naturally reduce the unbalance.

To the best of our knowledge, although postural control has so far been commonly
investigated in non-impaired athletes, this is the first attempt to investigate issues related to
postural control in visually impaired athletes with different functional classifications who
practice different modalities of sports. The analyses and discussions of our findings are
intended to contribute to stimulate new studies so that information relative to this subject may
become more consistent and the factors that may influence postural control in visually
impaired athletes can be better clarified.

The limitations of this study are related to the sample size and its sectional nature,
which does not allow inferring on causality between the conditions investigated and the
results found. Furthermore, the use of static tests in the evaluation of postural control in
athletes who present challenged dynamic postural control requires some care in the
transposition of the results, such as in other studies in the literature. For this reason, further
investigation should be conducted using evaluation methods that are closer to the sport
modality. The presence of a group formed by sedentary individuals would also be interesting
to investigate the impact of sport practice on postural control in visually impaired individuals.
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Conclusions

The current results demonstrate that athletes with total loss of vision present better
postural control than athletes with partial loss of vision, which suggests that compensatory
reactions for the maintenance of balance in the absence of the visual component seem to be
more efficient than in the presence of insufficient visual information.

Comparison of sport modalities practiced by individuals with total and partial loss of
vision showed that goalball athletes oscillate less and present smaller displacement velocity
than judoists. These differences may be related to specificities and requirements of each sport
modality, such as mandatory blindfolding in goalball, which may lead to differentiated
chronic adaptations of the systems related to the maintenance of postural control. On the other
hand, five-a-side football players presented better postural control, possibly because the group
1s made up exclusively of individuals with total loss of vision and the compensatory strategies
in place are more efficient in the maintenance of their postural control.

These findings, the result of a first effort to investigate postural control in a group of
visually impaired athletes who practice different modalities of sports, are important for
understanding the athletes' needs in each sport and allow training to be designed ever more
adequately so that objectives can be attained
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