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Abstract

The goal of this paper was (1) to investigate if gymnasts have a more stable standing posture than experts in other
sports, and (2) to determine how much gymnasts are affected by the removal of vision in different postural tasks. Six
expert gymnasts and six experts in other non-gymnastic sports were asked to maintain balance in three standing
postures of increasing difficulty: bipedal, unipedal, and unipedal + unstable support (i.e. 7 cm thick foam surface).
Each posture was tested successively with and without vision. Based on the displacement of the center of pressure
(range and mean average speed), the results showed that when visual cues were available, postural sway increased with
the difficulty of the task, but both groups had comparable performance in all the tasks. When vision was removed,
although both groups demonstrated larger postural sway in the unipedal tasks, this effect was less accentuated for the
gymnasts. We concluded that gymnasts are able to use the remaining sensory modalities to compensate for the lack of

vision in unstable postures. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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Performing complex motor skills, such as those
performed by gymnasts or dancers, requires a great sense
of balance. Consistent with this view, Robertson et al. [17]
showed that experts in gymnastics are faster than novices
when they are required to walk across a balance beam as
quickly as possible, suggesting that gymnasts can control
their balance better than inexperienced athletes. It still
remains unclear, however, if gymnasts can demonstrate a
better sense of balance than sedentaries or other sportsmen
in non-acrobatic tasks, like standing as immobile as possi-
ble. This issue can be debated in the context of the two
leading theories proposed for the transfer of motor abilities
(i.e. the capability for performance in one task as a result of
practice or experience on some other task). On one hand,
based on the general motor ability hypothesis [1], any
human skill (like a better sense of balance) should remain
observable among various tests. This opinion is supported
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by several studies. Using several tasks, Kioumourtzoglou et
al. [13] showed that elite gymnasts have better dynamic and
static balance than novices. In addition, during unilateral leg
movements performed while standing, Mouchnino et al.
[16] reported that the lateral sway of the center of pressure
was smaller in dancers than in untrained subjects. On the
other hand, there are also reports showing that the transfer of
motor abilities is not such a simplistic mechanism. In fact,
Henry’s hypothesis [11] predicts that transfer among skills
should be quite low because motor abilities are specific to a
particular task (see also Ref. [19]). A recent study conducted
on ballet dancers suggests that these athletes develop speci-
fic modalities of balance that are not transferable to posture
control in daily life situations [12]. More confounding,
Bachman [2] found that individual performances in a ladder
climbing test and in an unstable balancing board test (stabil-
ometer) were poorly correlated. This means that there might
not be a general balancing ability, but that this aptitude is
likely to vary depending on the nature of the task. Bearing
these two camps of research in mind, a question arises; is
gymnasts’ aptitude for maintaining balance in complex
moves transferable to more simple tasks? In an attempt to
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Table 1

Age, weight, height and foot length of non-gymnasts and gymnasts groups?

Non-gymnasts (n=6)

Gymnasts (n=6) t-test (P < 0.05)

Age (years) 23.3+15
Weight (kg) 69.5 7.9
Height (cm) 173.0+7.4
Foot length (cm) 26.5+1.5

206 £1.4 Ns
65.3 £ 8.6 Ns
172375 Ns
26.2+£2.0 Ns

? Values are means and standard deviations (*+); Ns = non-significant difference between the two groups.

answer this question, we have compared the postural sway
of expert and non-expert gymnasts during bipedal standing,
given the instruction of being as immobile as possible. In
order to test if task difficulty would possibly help to differ-
entiate the performance of both groups, the subjects were
also tested in two more challenging postures (unipedal
stance, and unipedal stance on an unstable surface).
Postural control is known to result from the integration of
visual, somesthesic and vestibular information [15]. The
suppression of one type of sensory information can be
used to estimate the importance of that information to
postural control and indicate how the central nervous system
adapts and reorganizes information provided by the remain-
ing sensory information [20]. Although the role of vision in
postural control has been widely demonstrated (for a review
see Ref. [14]), the role of visual cues for gymnasts is still
under debate. First, there are contradictory reports about
whether or not gymnasts’ performance is affected by the
removal of vision. Roberston and Elliot [18] found that
expert gymnasts performed equally well in the full vision
and no vision situation when asked to cross a balance beam
as quickly as possible. But Bardy and Laurent [3] showed
that gymnasts were clearly affected by the removal of vision
for the execution of a backward somersault. Golomer et al.
[10] studied the postural sway of professional dancers main-
taining balance on a seesaw or a platform, and like Bardy
and Laurent [3], found that these athletes’ performance was
affected by the removal of vision. Second, it is unclear if the
effects of vision suppression are similar in gymnasts and
non-gymnasts. For walking in a straight direction [7], stand-
ing on a stabilometer [9], or crossing a balance beam [17],
gymnasts were found to be less dependent on visual cues
than untrained subjects. However, Bardy and Laurent [3]
found opposite results for the execution of a backward
somersault. The second goal of the present experiment
was to compare the visual dependency of gymnasts and
non-gymnasts in postural tasks. In an attempt to clarify
some of the discrepancies between all these experiments
which used a wide variety of tasks, we propose to manip-
ulate the role of task difficulty in a set postural tasks that are
very similar (i.e. bipedal, unipedal, and unipedal + foam).
This investigation was motivated by reports showing that
the role of vision increases when sedentary subjects perform
postural tasks of increasing difficulty [6,8]. We hypothe-
sized that if gymnasts are really less dependent on vision

than others, this characteristic should be emphasized by the
difficulty of the posture.

Two groups of athletes from the Faculty of Sports
Sciences at the University of Grenoble voluntarily partici-
pated as unpaid subjects in the experiment. The group of
expert gymnasts consisted of six males having an experi-
ence in gymnastics ranging from 10 to 13 years. Because
our findings may originate simply from the practice of
sports in general, gymnasts’ performance was compared to
the performance of a control group composed of non-
gymnasts who were also experts in sport where control of
balance is required in order to excel (soccer, handball, or
tennis). We also adjusted the composition of the two groups
such that there was no significant difference either in age,
weight, height, and foot length (see Table 1), because body
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Fig. 1. Mean and standard deviation for the range (A) and the
speed of the COP displacement (B) for the two groups of
gymnasts and non-gymnasts across the three postural condi-
tions (Bipedal, Unipedal and Unipedal-Foam) and the two condi-
tions of vision and no-vision. The two experimental groups are
presented with different symbols: gymnasts (square) and non-
gymnasts (diamond).
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properties have been demonstrated to be determinant for
postural tasks [4].

In each trial, the subjects were asked to stand barefoot on
a force platform as immobile as possible for 10 s. Three
postures of increasing difficulty were tested. In the first
posture (Bipedal), subjects stood with their feet forming a
20° angle relative to each other, with their heels 4 cm apart.
In the second posture (Unipedal), they stood on their
preferred foot, the other foot was lifted so that subject’s
big toe touched the medial malleolus of the supporting
leg. In the last posture (Unipedal-Foam), the subjects also
stood on their preferred leg but the force platform was
covered by a 7 cm thick foam support. Given that the
sagging of the foam impedes a full stabilization of the
foot, and that the somatosensory information from the plan-
tar sole is altered, we thought that the maintenance of
balance would be more challenging than on stable support.
For each posture, the subjects were tested with and without
vision. In the no-vision conditions, subjects were asked to
close their eyes and to keep their gaze in a straight-ahead
direction (e.g. Ref. [5]). In the sighted vision conditions,
they were asked to fixate a white cross (20 X 25 cm) located
1.20 m away from the force platform, at eye level. In all
trials, subjects were instructed to keep their body straight,
and their arms loosely hanging by their sides. For each
experimental condition, subjects performed three trials,
representing a total of 18 trials per subject. The order of
presentation of the six experimental conditions across
these 18 trials was randomized over subjects. The signals
from the force platform (AMTI model OR6-5-1) were
sampled at 100 Hz (12-bit A/D conversion) and low pass
filtered with a second-order Butterworth (10 Hz). Then the
displacement of the center of pressure (COP) was assessed
by computation of the three orthogonal components of the
ground reaction forces and their associated torque.

Two dependent variables were used to describe the
subjects’ postural behavior. The range of COP displace-
ments indicates the maximal deviation of the COP in any
direction. The mean speed of COP displacements is the sum
of the displacement scalars (i.e. the cumulated distance over
the sampling period) divided by the sampling time. Note
that the range and speed of the COP are a priori independent
measurements (e.g. a fast displacement can be contained
within in small surface), but as revealed by Fig. 1A,B,
very similar results were provided by these two parameters.
Therefore each statistical analysis presented in the follow-
ing paragraph will account for both parameters.

For the sake of simplicity, the data related to the vision
(Fig. 1A,B, left side) and no-vision conditions (Fig. 1A,B,
right side) were first analyzed separately. For each condition
of vision, two groups X three postures analyses of
variances (ANOVAs) with repeated measures on the last
factor were applied to the data. In the presence of vision,
we found no significant effect of group (F(1,10) < 0.55,
P > 0.05). Both dependent variables showed a strong
dependency with respect to posture (F(2,20) > 63.82,

P < 0.001). In the vision condition, we did not find any
significant interaction between group and posture
(F(1,10) < 0.23, P > 0.05). The same statistical analyses
led to different results in the non-vision condition. Indeed,
although a similar effect of posture (F(2,20) > 130.92,
P < 0.001) was observed, we also found a significant effect
of group (F(1,10) > 6.68, P < 0.05) and a significant inter-
action between posture and group (F(1,10) > 8.06,
P <0.01). In fact, in the lack of vision, all subjects
increased their postural sway (range and speed of COP
displacement) when the difficulty of the posture increased,
but this effect was weaker in the gymnasts.

The effect of vision (vision/no-vision) was investigated
by applying two groups (three postures X two visions
ANOVAs with repeated measures on the last two factors
to the data. The results showed an effect of vision
(F(1,10) > 70.77, P < 0.001), such that in general vision
helps minimize the postural sway. However, the magnitude
of this effect was largely related to posture and group as
demonstrated by a significant triple interaction
(F(2,20) > 8.96, P < 0.01). In the bipedal task, the perfor-
mance of both groups was not altered by the suppression of
vision, whereas in the unipedal tasks, the suppression of
vision induced larger postural sway, especially for the
non-gymnasts.

The first goal of this paper was to investigate if gymnasts
have a more stable standing posture than other sport experts
do. In the visual conditions, gymnasts were not more stable
than other sport experts. Manipulating the difficulty of the
task did not help to discriminate the performance of both
groups. Thus, the present results do not support the general
motor ability hypothesis [1], but rather argue in favor of
Henry’s hypothesis [11] under which the transfer of motor
skills is not an automatic phenomenon. Based on our results,
the eloquent sense of balance demonstrated by the gymnasts
during their acrobatic moves does not provide any benefit to
the achievement of more simple tasks, like balance control
in bipedal or unipedal stance. As pointed out by Bachman’s
study [2], there might not be such general ability as balance,
but rather the ability to maintain balance would depend on
the task.

The second goal of this paper was to investigate whether
the visual dependency of gymnasts versus non-gymnasts
changed as task difficulty increased. The results showed
that the performance of both groups became progressively
altered by the absence of vision as the difficulty of the
posture increased. In accordance with previous studies
[6,8], this suggests that the role of vision increased when
the difficulty of the stance increased. Interestingly, this
effect was less pronounced for the gymnasts. Indeed, with
respect to the controls, gymnasts demonstrated the particu-
larity of being less affected by the removal of vision during
unipedal tasks. Previous studies [7,9,17] have shown that
gymnasts could be less affected than others by this sensory
manipulation, but our study emphasizes that this observa-
tion is strongly related to the difficulty of the task. In fact, in
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situations where vision played a crucial role, gymnasts
knew better than others how to cope with the lack of vision.
Together, these results indicate that gymnasts cannot always
fully compensate for the lack of vision, but their capability
to use the remaining sensory modalities in unstable postures
is improved with respect to non-gymnasts. Because
gymnasts often have to perform complex moves with poor
visual environments, we suggest that having or developing
this capability is a requirement to become an expert.

In conclusion, these results showed no direct evidence
that sighted gymnasts would possess a better sense of
balance than any other sighted sportsmen during bi- and
unipedal standing. Nevertheless, gymnasts present the parti-
cularity of being less dependant on visual cues than other
sportsmen for maintaining balance in challenging postures.
We would like to offer two possibilities for this: (1)
gymnasts can switch between visual and other sensory
systems more efficiently; (2) gymnasts have a more sensi-
tive sensory system as compared to other sports experts.
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