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Abstract
The purpose of the present experiment was to investigate how postural adaptations to the perceptive configuration are modified by specific

gymnastics experience. Two groups, one expert in gymnastics and the other non-expert, had to maintain the erected posture while optical flow

was imposed as follows: 20 s motionless, 30 s approaching motion, and 20 s motionless. The centre of pressure and head displacements were

analysed. The postural adaptations were characterised by the variability of movements for the flow conditions and by the postural latencies for

the flow transitions. The results showed that the gymnasts tended to minimise their body movements and were more stationary (head) but not

more stable (COP) than the non-gymnasts. These results suggest that gymnastics experience develops a specific postural adaptability relative

to the perceptive configuration. We conclude that a specific postural experience could be considered as an intrinsic constraint, which leads to

modification in the patterns of functional adaptation in the perceptive motor space.
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1. Introduction

Controlling posture represents a complex task in which

perception and action play crucial roles [1–5]. As Gibson

observed, movements produced in standing posture by

human in a stable environment generate optical flow that

allows for the regulation of the posture: ‘‘We perceive in

order to move, but we must also move in order to

perceive’’ [2] (p. 223). Thus, according to the ecological

approach, posture is regulated in a perception/action

coupling in which the sensory-motor laws of control are

established from the interaction between the optical flow

properties and the force parameters [2,5]. Consequently,

changes in the perceived flow lead to modifications in

postural regulation and, conversely, modifications in

postural regulation lead to changes in the perceived flow

[1–4,6].
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Three general sources of constraint to perception/action

have been usually described: the task, the environment and

the organism [1,7,8]. The studies that have focused on

postural control relative to the organism’s properties have

shown that sports requiring fine postural control, such as

judo [9], dance [9–11], or gymnastics [6,12–14], modify

the intrinsic properties of the organism, which implies

changes in perception and the motor control of posture.

Although most studies have concluded that postural

control is improved, others have reported that experience

in a specific sport only influences the challenging postures

related to that sport [15,16]. However, most of these

studies were based on a kinetic analysis of the pressure

exerted on a support surface by subjects in isolated

conditions with open or closed eyes only. Yet perception

and action cannot be separated: perceivables can be

understood only in terms of their consequences for action.

And actions to control posture depend on information not

only about the support surface but also about the

organism’s motions [8,19].
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Consistent with the idea of direct perception, postural

control depends on a perceptive ‘‘global array’’ in which

each situation is specified in a multimodality emerging from

the interaction of the various sensory systems [8,17].

Although each perceptive system is influential, the move-

ment state in the organism/environment interaction is

specified only in the multimodality of the perceived energy

arrays. Information useful for action emerges from this

multimodality [18]. Thus, change in one or more specific

perceived flows implies the emergence of new multimodal

congruence associated with a new postural control.

Since gymnastics requires the performance of acrobatic

elements followed by a stabilising reception, this sport is well

known to elicit original perceptive-motor solutions from the

athletes. Thus, given that perception is a multimodal process

and that intensive sports practice influences postural control,

the aim of the present study was to investigate the effect of a

specific experience on postural control according to the

perceptive configuration. Gymnasts would have less varia-

bility of movements and shorter postural latencies. We

hypothesised that gymnastics training modifies the integra-

tion process, such that specific postural adaptations emerge

according to the sensory signals.
2. Methods

2.1. Participants

Two groups of male athletes gave their informed consent to

participate in this experiment. None of the athletes presented

postural or vision problems. One group was composed of 12 expert

gymnasts, all nationally ranked. The other was a control group

composed of 12 non-gymnasts, all experts in other sports (handball,

track and field, volleyball, table tennis, and football). This group
Fig. 1. Illustration of the experimental device (left) and design (right), in which

projected on the screen. The black square with white dots illustrates the optical flow

direction for 30 s, followed by a second motionless period of 20 s.
served to differentiate our findings in a sport requiring fine postural

control from those in general sports [6,13,14]. The two groups

presented no significant differences (gymnasts: 22.3 � 4.1 years;

69.7 � 3.5 kg; 170.5 � 6.7 cm and non-gymnasts: 21.7 � 3.1

years; 71.2 � 4.8 kg; 173.1 � 7.2 cm).

2.2. Apparatus and procedures

The experimental device and design are illustrated in Fig. 1. Each

participant was placed in a dark room and asked to stand barefoot on a

forceplate (QFPsystem, 46 cm � 46 cm) while looking at a flat

projection screen (2.1 m � 2.1 m). The participant’s heels were

positioned 1.2 m from the screen. The width between feet was the

comfortable position for each participant. This position was con-

served from trial to trial. A black square with white dots, which were

arrayed to create the illusion of an infinite corridor, was projected on

the screen. This texture could be motionless or it could appear to be

moving towards the participant. The illusion of movement was

created by expanding the size of the white dots, which reproduced

an approach to the participant. The texture velocity was 1.4 m/s

(about 5 km/h), which corresponds approximately to the natural

walking speed for adults [20]. It was generated with 3dsmax1

software at a frame of 60 Hz and was projected with a SanyoPROx-

traX1projector with a 60 Hz refresh rate. The projection subtended a

visual angle of approximately 838 horizontal � 838 vertical. The task

consisted in staying in an upright posture and looking at the square

centre during three 70 s trials. At the beginning of a trial, the texture

was motionless during 20 s. Then, the texture moved in an approach-

ing direction during 30 s followed by a second motionless texture of

20 s (Fig. 1). The participants were not informed when the optical

flow motion began or stopped.

A forceplate equipped with three strain gauges linked to a

computer was used to record the centre of pressure (COP) position

on the anterior–posterior axis throughout the trials (frequency

40 Hz). Moreover, the entire duration of the trial was filmed in

profile by a video camera placed 4 m from the participant and 1.5 m

from the ground. A marker was attached on the back of the
the participant stands on a forceplate and looks at the optical flow texture

texture. After 20 s of motionlessness, the texture moves in an approaching
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Fig. 2. Example of raw data of (A) head and (B) COP displacements in the

anterior–posterior axis.
participant’s head. The anterior–posterior displacement of the

participant’s head was measured at 30 Hz. The 3dsmax software

generated a film of the entire 70 s trial. Filming and data acquisition

from the forceplate started together with the same switch. The

software Winposture was programmed to analyse each 70 s trial.

Then, at the end of the 70 s, a signal appeared on the screen, which

was filmed next to the participant’s head. The 2100 items of video

data before this signal were used for the analysis. Software devel-

oped with Matlab1 was used for the video analysis of the marker

displacements (accuracy of 0.3 mm) with 30 Hz sampling. COP

and head displacements were used to characterise the postural sway

in terms of actions according to the support surface and body

movements, respectively.

2.3. Data collection and analysis

We were interested in the amount of COP and head sway in

different perceptive transitions (flow movement on or off) and

conditions (with or without flow movement). For each trial, we

collected data from the first 20 s, which represented the motionless

flow condition, and data from the last 20 s of the 30 s of apparent

approaching movement, which represented the motion flow con-

dition. The first 10 s of the 30 s were used to characterise the onset

of flow motion and the last 20 s of the trial were used to characterise

the offset of flow motion (Fig. 1).

Four dependent variables were processed, two related to percep-

tive conditions and two related to flow transitions. The transition

variables were defined by (a) the mean COP latencies (COPL) and (b)

the mean head latencies (HL) in anterior–posterior. COPL and HL

were determined by the time elapsed between the flow transition (on

or off) and the return to a stable postural state defined by the moment

when the COP or head movement data had remained for at least 10 s

within two standard deviations of the mean COP or head position of

the condition in progress. For the two perceptive conditions, we

analysed the organisation of the postural adaptations relative to the

anterior–posterior perturbation of perception. The variables included

the standard deviation [3,4] of (a) the COP (COPV) and (b) the head

(HV) positions in the anterior–posterior axis.

Since all data respected the criteria of normality and homo-

geneity, two expertise levels (gymnasts vs. non-gymnasts) � 2

transitions (ON vs. OFF) analyses of variance (ANOVAs) with

repeated measures on the second factor were applied for the COPL

and HL variables and two expertise levels (gymnasts vs. non-

gymnasts) � 2 conditions (motionless vs. approach) ANOVAs with

repeated measures on the second factor were applied to COPV and

HV. Finally, pairwise comparisons were made using Tukey’s post

hoc tests, whenever necessary. The threshold for significant differ-

ences was set at p < 0.05.
3. Results

Means and standard deviation of the COPL, HL, COPV

and HV data are presented in the Table 1. Fig. 2 illustrated a

representative trial for a gymnast and a non-gymnast.

3.1. Postural control and perceptive transitions

Analysis of the COPL showed main effects of expertise

(F(1, 44) = 6.99, p = 0.01) and flow transition (F(1,
44) = 9.94, p = 0.003), and an interaction between expertise

and flow transition (F(1, 44) = 5.23, p = 0.027). Then, the

decomposition of this interaction into its simple main effects

revealed no significant difference between the ON and OFF

transitions of the gymnasts COP latencies ( p = 0.93). For the

non-gymnasts group, the ON transition was significantly

faster than the OFF transition ( p = 0.002). Moreover, there

was a significant difference during the ON ( p = 0.04) and

OFF ( p = 0.006) transition between the two groups: COP

latencies were significantly greater for gymnasts than for

non-gymnasts in the ON transition and significantly shorter

in the OFF transition (Fig. 3).

As for the COPL, analysis of the HL showed the main

effects of expertise (F(1, 44) = 59.64, p < 0.001) and flow

transition (F(1, 44) = 11.77, p = 0.001), and an interaction

between expertise and flow transition (F(1, 44) = 4.88,

p = 0.03). The difference between the ON and OFF

transitions was not significant for the gymnasts

( p = 0.82), contrary to the non-gymnasts ( p = 0.001). The

non-gymnasts required more time to recover a stable

postural state in the OFF transition. Thus, HL were

significantly shorter for gymnasts than for non-gymnasts

in both the ON and OFF transitions (ON: p = 0.002, OFF:

p < 0.001) (Fig. 3).

3.2. Postural control and perceptive conditions

Analysis of the COPV showed neither significant main

effect of expertise (F(1, 44) = 0.41, p = 0.52) condition

(F(1, 44) = 0.35, p = 0.55) nor interaction between expertise

and condition (F(1, 44) = 1.85, p = 0.18) (Fig. 4).
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Fig. 3. (A) Mean COP (COPL) and (B) head (HL) latencies of the gymnasts and non-gymnasts groups as a function of onset (ON) and offset (OFF) motion. The

two groups are represented with different symbols: gymnasts (white bars) and non-gymnasts (black bars). (*) shows a significant difference between the two

groups.
Conversely, analysis of the HV showed main effects of

expertise (F(1, 44) = 11.29, p = 0.002) and condition (F(1,

44) = 30.27, p < 0.001), and an interaction between

expertise and condition (F(1, 44) = 22.59, p = 0.04). The

post hoc tests showed no significant difference between the

two groups in unperturbed condition (optical flow: motion-

less) ( p = 0.76). Conversely, in the perturbed condition

(optical flow motion), results showed a significant difference

between the two groups ( p = 0.001), yielding greater HV for

the non-gymnasts group than for the gymnasts group.

Finally, the HV was significantly greater in the optical flow

motion condition than in the motionless condition for the

non-gymnasts group ( p < 0.001), whereas no significant

difference appeared for the gymnasts group between the two

perceptive conditions ( p = 0.95) (Fig. 4).
4. Discussion

The aim of this study was to investigate the influence of

specific sensory-motor experience on the functional adapta-

tions of posture according to the perceptive configuration. To
Fig. 4. (A) Mean COP (COPV) and (B) head (HV) variability of the gymnasts and

two groups are represented with different symbols: gymnasts (white bars) and non

groups.
achieve this goal, the present experiment was designed to

compare the postural control of gymnasts and non-gymnasts

confronted with an optical flow approaching them in an

anterior–posterior direction. The main findings were that

postural responses depended on experience in both flow

transitions and flow conditions (Figs. 3 and 4). Gymnasts

tended to minimise their body movements and were more

stationary (head) but not more stable (COP). Indeed, the

kinematics variables of the gymnasts were lower than for non-

gymnasts and the kinetics variables were similar.

Regarding the intra-group comparisons, the gymnasts

exhibited similar adaptability whatever the transition,

contrary to the non-gymnasts who took longer time in the

OFF transition to recover a stable postural state. Similarly, the

gymnasts maintained the same postural control whatever the

condition, but the non-gymnasts did not, as they increased

their head movements with the approaching motion. Previous

findings were the same as those for the non-gymnasts [20].

Systematic and global postural adjustments have been

observed when the optical environment is moved [1,20,21].

Interestingly, these postural responses appear despite the fact

that both vestibular and motosomatosensory inputs still
non-gymnasts groups as a function of motionless and motion optic flow. The

-gymnasts (black bars). (*) shows a significant difference between the two
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indicate reliable information about verticality for controlling

both postural orientation and stability. Nevertheless, the

gymnasts’ results contrasted with the data in the literature,

indicating that modifications occur in the integration of

dynamic cues according to prior experience. Assuming the

multimodal control of posture [8,17], the modifications in

optical flow led to changes in the global perceptive

congruence. Relative to the specified global array, the two

groups used perception/action coupling differently. In

addition, an earlier study demonstrated that gymnasts’

particular skill in postural control could not be related to

an improvement of the sensory systems [22]. We thus suggest

that they developed a specific ability to exploit multimodal

information.

Moreover, no differences were observed between

conditions for the COP variables, suggesting two comments.

First, to characterise postural control, it appears important to

consider not only the condition but also the transition.

Second, this observation confirms the limits of variability

analysis using kinetic variables [11] and suggests that

perceptive consequences for action arise from information

that is available in the organism’s patterns of motion

(kinematics) [4,8,19]. However, the differences observed in

the transitions evidence the necessity to use both kinetic and

kinematic variables to provide full postural analysis.

Our results were consistent with previous findings on

expertise in gymnastics. The head and COP latencies of the

gymnasts were shorter than those of the non-gymnasts at the

offset of flow motion. This suggests that the gymnasts were

able to adapt their postural control more rapidly depending

on the perceptive transition and that gymnastics expertise led

to greater efficiency in the integration process. A similar

interpretation was made regarding the data from an

experiment investigating the effect of gymnastics practice

on proprioceptive sensory reintegration [6]. Generally, the

studies on sports practice agree that sensory-motor

efficiency increases with expertise [6,9,10,13,14,23]. How-

ever, one result moderates these arguments. To recover a

stable postural state at the onset of flow motion, the

gymnasts’ head latencies were shorter but their COP

latencies were longer. The gymnasts seemed to have

developed a specific mode of postural adaptation: the

actions were differently organised according to expertise,

with gymnasts tending to ‘‘freeze’’ the head movements but

exerting longer and greater pressure on the support surface.

As explained by Marin et al. [12], since gymnastics rules

penalise movements at the reception after each acrobatic

element, gymnasts need to modify their postural control in

order to minimise their apparent body movements. Such

intensive practice leads to the development of better

perception of body movements in gymnastics experts

[23], who try to avoid these visual symbols of instability.

Moreover, the environment in gymnastics is always stable

and perceptive flow is usually generated by the gymnasts’

movements. In our experiment, flow variations were

imposed, which may explain why the gymnasts had longer
COP latencies at the onset and the converse at the offset. In

addition, since gymnasts regularly stabilise their posture

after acrobatics, they are accustomed with facing the

transition between a situation with high flow motion and

postural stabilisation, as at the offset. These last observations

regarding transitions seem to be congruent with previous

findings suggesting that prior experience only influences

behaviours related to the practice [15,16].

When standing participants received the imposed optical

flow, they had to distinguish the flow produced by self-motion

from that superimposed by the externally moving texture in

order to control their posture as efficiently as in the

unperturbed flow condition. The gymnasts were able to

control their posture in the perturbed condition as well as in

the unperturbed condition. The results suggest that the

gymnasts were able to distinguish the two types of optical flow

described above and that they had greater adaptive ability in

their sensory-motor regulation. More than a sensory

reweighting as previously observed [6], gymnasts were able

to detect the perceptive and motor coherence of their body in a

situation where the environment/organism relationship was

differently specified. Thus, specific sportive experience, such

as gymnastics, leads to a specific management of the laws of

control [24]. Indeed, in our experiment, the same flow

properties elicited different postural adaptations, depending

on the group. With gymnastics experience, the modification of

the organism properties redefined the affordances, which

involved changes in the perception/action regulation mode.

In conclusion, this experiment demonstrated that

expertise in gymnastics modifies the consequences of the

perceptive congruence for action. This specific type of

experience redefines the use of multimodal perception and

the associated actions, which suggests a modification in the

exploitation and/or exploration of the laws of control.
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