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Abstract

The importance of visud informaion for mantaning daic bdance in wakeboarders was
invedigated in this sudy. Forty-two subjects, matched for age, height, weight and sex
formed a wakeboard and a control group. All subjects were neasured a ten, twenty and
thirty seconds for the displacement of the centre of pressure (posturad sway) during Satic
bdance taks Three increesngly difficult baance tasks were used with and without
remova of vison. The results showed that in generd wakeboarders performed better on
the bdance taks in the anterior-podterior direction than non-sportsmen. Visud
information became more important when the task was made more difficult. No reation
was found between the level of performance of the wakeboarder and the importance of
visud information for mantaning datic bdance Visud information is very important
for baance control for both wakeboarders and nornrsportsmen. It was concluded that the
importance of visud informetion for mantaning baance is incressed as the tasks
become more difficult. Findly the findings dso demondrated that wakeboarders develop
specific moddities of bdance, which are only patly tranderable to daic pogture control
tasks.



Introduction

Wakeboarding is a novel sport where an ahlete rides a specidly desgned board
skimming over the surface of the water. If a motorboat tows the wakeboarder then the
wake of the boat modulates the surface. Alternatively the board can be propelled usng a
cable and winch. The objective is to perform various acrobatic tricks. Performing the
complex movements, Smilar to those performed by gymnaests and dancers (Vuillerme e
d., 2001a), wakeboarders require a great sense of baance, Kiting is smilar to
wakeboarding only in this case the board is being propdled by akite.

Pogurd gability is defined as the ability to maintain or control the centre of mass in
relation to the base of support to prevent falls and complete desired movements
Bdancing is the process by which podura sability is maintained (Westcott et d., 1997).
The control of pogture is known to be citical for both the acquistion and control of
motor  abilites and is an essntid requirement for physcd adtivities in daly life
(Vuillerme e d., 2000). In wakeboarding and other motor activities the dynamic gability
of the posture during movement is dependent on the subject’'s capecity to maintan
bdance in a congat dtering environment (Hugd et d., 1999). Badancing depends on
feedback of sensory infornmetion from visud, vedtibular and somatosensory sources. The
centrd nervous system processes the information by comparing them to a ‘posturd’ body
scheme huilt by the subject’s anterior experiences, and on reflex motor activities (Hugd
et a., 1999).

It has been proved in one study (Kioumourtzoglou et d., 1997) tha ahletes can
demondrate a better sense of baance than sedentary subjects. This issue is under debate
in the context of the two leading theories proposed for the trandfer of motor abilities.
Generd motor ability hypothess suggests tha any human <kill should remain obsarvable
among vaious teds However, the trander of motor ability might not be such a amplidic
mechaniam. In fact, Henry's hypothess predicted that trandfer among skills should be
quite low because motor ability is specific to aparticular task (Vuillerme et d., 20014).

The current study atempts to determine the importance of visud information on the
maintenance of balance in wakeboarders by:

1. Invedigaing the hypothess that wakeboarders demondrate a better sense of
ba ance than sedentary subjects under different satic conditions.

2. Invedigaing the hypothess that wakeboarders and non-sportmen  dependend
more on visud information to mantan datic bdance when task difficulty is
increased.

3. Invedigaing the hypothesis that a negative rdadion exigs between the levd of
performance of the wakeboarder and the amount of variation of posura sway in
different conditions



Methods
Participants

Two groups of subjects were formed, one group existed of wakeboarders and the other
exiged of people who do not participate in regular physicd activities or who participate
in sport activities that do not require high baance skills. The groups were congructed 0
that there was no dggnificant difference in age, weight and height, because body-
properties are known to be determinant, for posturd tasks (Berger et d., 1992) (see table
1).

The wakeboarding group condsted of 15 mades ranging from 16 to 48 years (mean: 23.6

years) and 6 femdes ranging from 14 to 31 (mean: 205 years). It was limited to
participants with experience of wakeboarding and/or kiting.

The average time spent wakeboarding was 13.75 hours a week (range: 4-48 hours per
week) and the time spent kiting by the three participants was 2, 5 and 8 hours aweek.

Eight of the wakeboarders had ongoing injuries (see table 2.). However dl of them were
able to wakeboard unencumbered. A 9x month injury free criteria was usad for injuries
invalving an akle, following the results of Holme & d. (1999), who reported that four
months after injury, reduced ankle drength and posturd control were no longer
noticesble. Thirteen of the twenty-one wakeboarders participated in competitions at
naiond levd or higher and sx wakeboarders were involved in a sporting activity other
then wakeboarding.

The control group conssed of twenty-one hedthy subjects of which fifteen did not
paticipate in any regular physicd activity and had no long-term experience in any other
soorting activity requiring baance. Sx subjects peformed regular gport activities but not
a a paticulaly high levd and without need of great bdance kills. Ffteen maes ranging
from 15 to 51 years, (mean: 24.3 years) and Sx femdes between 13 and 25 years (mean:
195 years) formed the control group. One woman reported a higtory of low back pain
(table 2.).

Table 1. Body propertiesin expert and control group.
Expert group Expert group Contral group Contral group

(EES) (females) (EES) (females)
Heght(m)  1.79(1.75-1.86) 1.71(1.63-1.82) 1.82(1.71-1.90) 1.67 (1.58-1.73)
Weight (kg) 75 (65-98) 61.5 (45-73) 75 (55-101) 55 (49-63)
Values given are group mean and (range)

Table 2. Current Injuries.

__Ankle Knee Hip Back FEardrum
Number of subjectsfrom expert group 2 3 1 0 2
Number of subjectsfrom control group 0 0 0 1 0




Apparatus

A drangauge force plaform made of four veticd pressure gauges and a
daokinesmeter were used to messure podurd behaviour in teems of cumulative
magnitude of the variation of posturd sway in the anterior-pogterior (a-p) direction and in
the |aterd direction.

Experimental Setup

The force plaform was leveled and postioned 1.5 meter from a wadl in an environment
free from as many pertturbations as possble The display of the datokinesmeter was
placed on a spacer behind the participants such that it was not possble for them to
monitor ther own progress during the experiment. A Soehnle® digitd scde was used
(maximum weight 130 kg) to measure the participants weight.

Design and Test Procedure

After ggning an informed consent, the participants were asked to complete a group
specific questionnaire. The subjects were briefed about the purpose of the sudy and
given an opportunity to ask quedions before commencing the experiment. The
participants were asked to perform three different datic podurd tasks whereby the visud
source of information was manipulated per condition (see table 3). Tasks were made
increeaingly difficult by udng a unipedd dand and a bag filled with ar (Tilia® bdance
bag) which amplifies any loss of bdance. The subjects were barefoot and the placement
of ther feet was predetermined. Before testing each condition the participants were given
a vebd explanaion of the procedure and asked to confirm their understanding. All
experiments involved danding as 4ill as possble in an upright postion on the force
platform for a 30-second period. The participants were told to place their hands behind
their back, keep ther head upright, fixate on a pogtion in front of them and gand as 4ill
as posshble To initiate the different conditions the researcher used a count of five. On the
count of one the participant took up postion on the force platform. At the count of four
the participant dlosed his eyes (for condition 2, 4 and 6) and lifted one foot (for condition
3 and 4). The measurement Sarted on the count of five.

Pacement of the fest on the bipedd task (the base task) was determined by fixed
positioned blocks. For the unipedd task the participant had to place his foot of preference
on a dotted line, which indicated the middle of the force platform. A Tilia© baance bag
with a radius of 33 centimeters was used for the lagt task (condition 5 and 6). The amount
of contact of the feat with the surface of the force platform had to be kept & a minimum
while ganding on the Tilia®© baance bag. The pogtion of the feet were the same as used
intask 1. After performing each condition the participants took a short rest (<1 min).



Table 3. The conditions under which the static postura tasks were performed.

Condition _Task _Eyes

Bipedal (base) Open
2 Bipedal (base) Closed
3 Unipedal Open
4 Unipedal Closed
5 Bipedal balance bag Open
6 Bipedal balance bag Closed
Satistical Analysis

Satigica andyses techniques were gpplied to the daa to evduae the three postulated
hypotheses.

Before andysing the data, a sudent t-tet was peaformed to check whether the heght,
weight and age differed between the two graups As mentioned ealier no Sgnificant
(p<0.05) difference was found between the two groups.

Supjects who faled to stay on the platform for the required thirty seconds were given
pendty scores. The following percentage was added to the word cumulative variaion of
postura sway of dl subjects to acquire a suitable pendty score:

Faling once five percent was added.

Fdling twice ten percent.

Fdling threetimes fifteen percent.

The fird hypothess wes tested usng a two-way andyds of vaiance (ANOVA). The
amount of variation of posturd sway was st as a dependent varigble and the group and
task as independent variables. Main effect of the independent variables was carried out
for each tenrsecond period and direction (posterior-anterior and laterd sway). Anayses
of variance (two groups X Sx conditions) was goplied on the data for each time period
and drection to find any dgnificat interaction between group and condition. This
dlowed the current sudy to see if wakeboarders had a better maintenance of baance than
non-sportsmen.

In order to test the second hypothess a post hoc Scheffé-tet was usad to highlight
donficat  difference. The sway for one task was compaed under two different
conditions (visud vs. nonvisud) for each group separately. This was done to determine
if the subjects performed differently with or without visud information.

The third hypothess was teted usng a Spearman’s corrddion between the levd of
wekeboarding and the cumuldive maegnitude of the variaion of podurd sway in the
anterior-posterior and laterd direction. The objective was to see if a wakeboarder
dassfied in the high levd group showed lessr amount of variaion of posturd sway
under different conditions during incressng task difficulty. A certified competition
adjudicator determined the level of performance the wakeboarder using a scde from one
to ten with ten being the highest levd (mean: 5.0; range: 1.5-9).



Results

ANOVA showed a sgnificant main effect between the two groups (table 4) and between
the different conditions (table 5). The wakeboard group showed a sgnificant lower vaue
of vaiaion of sway then the non-gportsmen. A sgnificant interaction between group and
condition on the cumulaive magnitudes of varigion of posurd sway was found in
anterior-poderior direction in dl time peiods For the laerd sway a Sgnificant
difference between the two groups was only found after twenty seconds (teble 6).

Table4
Main effect between groups
Time and direction F-value Sig.
10 sec. anterior-posterior sway 26.509 0.000*
20 sec. anterior-posterior sway 20.211 0.000*
30 sec. anterior-posterior sway 17.869 0.000*
10 sec. Lateral sway 13.540 0.000*
20 sec. Lateral sway 10.853 0.000*
30 sec. Lateral sway 9.307 0.000*
*. The mean difference Is significant at the .05 level.
Table5
Main effect between conditions
Time and direction F-value Sig.
10 sec. anterior-posterior sway 209.581 0.000*
20 sec. anterior-posterior sway 267.404 0.000*
30 sec. anterior-posterior sway 303.641 0.000*
10 sec. Lateral sway 195.891 0.000*
20 sec. Lateral sway 239.936 0.000*
30 sec. Lateral sway 247.95 0.000*
*.The mean difference is significant at the .05 level.
Table6
I nteraction between group and condition
Time and direction F-value Sig.
10 sec. anterior-posterior sway 2.925 0.014*
20 sec. anterior-posterior sway 3.297 0.007*
30 sec. anterior-posterior sway 3.251 0.007*
10 sec. Lateral sway 1.654 0.147
20 sec. Lateral sway 2.309 0.045*
30 sec. Lateral sway 1.886 0.097

*. The mean difference is significant at the .05 level. .

The post hoc test used to explore the relationship between visud vs. non-visud reveded
no dgnificant difference when the wakeboarders and norsportmen group performed the
bipedd task. No change was observed over time, as the levd of sgnificance was condant
a 1.000. A amilar result was found for dl directions of sway for each group (graph 1). A
ggnificant difference was found between the visud and nonvisud conditions during the
unipedd and baance bag task in both the wakeboarding and non-sportsmen group in the
anterior-posterior and latera direction over every tensecond period.
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The pogt hoc test dso reveded that there was no obsarvable Sgnificant difference in the
cumulaive megnitude of variaion of posurd sway between wakeboarders and non-
gportsmen when they were compared on the same task in the laterd direction over time.
This was d0 the cae in the anterior-poderior direction with one exception. When
wakeboarders were compared to non-portsmen on the baance bag without visud
information a dgnificant difference (p = 0.016, 0.014, 0.017) was found, and this was
maintained over time (table 7). The wakeboard group performed better on the baance
bag without visud information then the non- sportsmen,



Table7.
Comparing two groupson a task per condition over time.
Level of significance between groups on a task per condition over

time.
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Based on observed means.
*. The mean difference is significant at the .05 level.

A Spearman’s correlation between the leved of performance of each wakeboarder and the
cumulative magnitude of variaion of podurd sway showed a dgnificant corrdation in
two conditions during sx gpecified time periods. In the anterior-poderior direction,
ggnificance was found in condition 3 (Unipedd, eyes open), for the ten sscond (r = -
610, p = .004), twenty second (r = -.505, p = 0.023) and thirty second (r = -.536, p =
015) time period. The laed direction showed a dgnificance in condition 2 (Bipedd,
eyes closed) for the ten second (r = -.524, p = .018) and twenty second (r = 0.487, p =
0.029) time period and in condition 3 for the twenty second ( r = -.396, p=.084).



Mean+-SD anterior-posterior sway

Mean+- SD lateral sway

Graph 2:Anterior-posterior sway after 30 s
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Discussion and Conclusion

Regarding our fird hypothess the sudy demondrates that wakeboarders have a
dgnificant better generd sense of bdance than non-sportamen in both directions when
only the groups are compared. When conditions were taken into account a dgnificant
difference between the groups could condantly be found in anterior podterior direction
but not in laerd direction. According to these reaults, a trandfer of motor ability in the
performance of bdance by wekeboarders compared to sedentary subjects during Al
conditions only took place in the anterior-pogterior direction.

There are two leading theories in the context for the trandfer of motor abilities. Adam's
(1987) generd motor ability hypothess suggests tha ay humen <ill should remain
observable among various tests. This theory is supported by research of Kioumourtzoglou
et d. (1997) who found that dite groups of gymnadtics performed better in static baance
tasks than control groups. Contrary to Adam's generd motor ability hypothesis is Henry's
theory that predicted that trandfer among skills should be quite low because motor ability
is specific to a paticular task. The sudy of Hugd et d. (1999) supports this hypothess,
the authors concluded that there was no automédic transfer of baance kil in dasscdly
traned bdlet dancars Trandfer can only occur if the tasks being peformed are mede
auffidently difficult as reported by Lin & d. (2000) and Vuilleeme e d. (20018). The
current sudy took this into account and the increased difficulty was demondrated by the
high number of fdls egpeddly in the control group. The current sudy showed a trander
of motor kill in the anterior-poderior badance but no transfer in the laierd bdance,
indicating that the trandfer of badance in a cetan direction of the svay may be more
specific to a particular task or to the amount of difficulty of the task. The performance of
the wakeboarders on each of the separate conditions did not differ Sgnificant from thet of
the nongportamen, the main exception was the condition invalving the baance bag with
eyes dosad where a dgnificant difference between the groups was noted. This condition
could be seen as task specific, because standing on a baance bag may be comparable to
the dynamic conditions involved in wakeboarding. A possble “caling effect” could be
present for the easy tasks a possble trandfer could then not be seen. Results of this
current study could be used to support ether Henry's or Adams' theory. A week trandfer
of baance kills seems present.

For the second hypothess the results imply that for both groups visud information
became more important for mantaning baance as the tasks became increasngly
dfficult. In both the wakeboard and the control group a significant difference was found
between visud and nontvisud conditions leading to the conduson tha visud
informetion is an important factor for mantaning baance A amilar result was found for
the bipedd tasks in the sudy of Hugd et d. (1999). They found no Sgnificant effect on
the postural bal ance between dancers and nondancersin the aasence of vison.



A gonificant effect between visud and non-visuad oconditions was found on maintaining
baance during the unipedd task and the badance bag tak. These results support the
findings of Day e d.(1993), who found that the dependence on visud informetion for
maintaining badance increesed during increesng dance  difficulty. Wakeboarders were
gonificantly better in maintaining badance on the balance bag without visud input then
the non-sportsmen.

The peformance of the wakeboarders on each of the separate non-visud conditions did
not sgnificantly differ from the nongportmen except under one condition. A ggnificant
difference between both groups was observed in the performance on the baance bag with
eyes dosed. A possble explanation is provided by the findings of Inglis e d. (1995),
whose results indicated that dthough the vedibular sygsem may be important for
mantaning bdance during fagt dynamic movements it plays a lesss roe in ddic
posures. The bdance bag dealy required a better sense of dynamic bdance
Wakeboarders move over a condant changing surface in combination with high speed
and varying environmental conditions such as wind and rain. It is therefore possble that
wakeboarders train another sysem that is less involved during datic baance. This leads
to the concluson tha wakeboarders maintenance of dynamic baance might depend more
on vestibular and somatosensory sources, than that of the control group.

A corrdaion between wakeboarder performance leve and the amount of variaion of
posturd sway in different conditions during increesing task difficulty, was only found in
gx of the 36 possble combinaions formed by condition, direction of sway and time
period. This was in contrediction to the third hypothess. In generd no relaion between
the levd of peformance of the wakeboarder and the dependence on visud information
for mantaning daic badance during increesng task difficulty was found. Thus the
required skill for maintaning baance during datic bdance tasks did not depend on the
skillsrequired to be agood wakeboarder.

The reaults showed no direct evidence for an automatic trander of the baance kill of
wakeboarding to different gatic baance tasks. Neverthdess, the wakeboarders performed
better in the anterior-podterior direction of the sway. Visud information is a mgor inpu
for balance control and the importance of visud informaion for mantaining baance is
increased as the tasks became more difficult. However, wakeboarders seem to rely less
on the visud sygem than non-sportsmen. This indicaes they might have learned to rely
more on other systems than the visud system to contral their balance.



When the experiment was conducted subjects were physcdly not a ther best. One
paticipant of the expert group reported pain in the right ankle under condition 6 and
three participants used narcotic substances the night before. The subjects were not
excduded from this dudy because they declared that the narcotic subgtances or the pain
did not diminish their wakeboarding skills on the day of messurement. The after effect of
these subgtances could have had an influence on the current results. Another limitation of
the sudy was that a number of subjects logt ther baance during the experiment and fell
off the force plaform, before they had reached the 30 second time limit. In order to
incdude thar data in the datigicd andyss the current sudy chose to use a pendty
system, in which a percentage was added to the worst cumulétive variaion of podurd
svay in the direction of movement. This means that results are atificaly manipulated.
However, the number of times a subject fel off is a ranking of peformance. The current
dudy dso did not divide the wakeboarding group into categories (motorboat, cable and
kite). Future ressarch could measure if there is any noticegble difference between
motorboat/cable wakeboarding and kiting.

In condusion, the present findings suggest that bdance sKills required for becoming a
better wakeboarder are task specific and that these are not strongly transferred to other
tasks. Such a finding implies that to become an expert in wakeboarding participants must
tran and devdop task spedific skills. Visud information is a mgor input for balance
control and the importance of visud information for maintaining baance is increased as
the tasks become more difficult.

Specid thanksto “Cable water skicenter Lido Almere” and “Cable water skicenter
Twente’ for their hospitality and cooperation.
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