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ABSTRACT

Romero-Franco, N, Martinez-Lopez, EJ, Lomas-Vega, R, Hita-
Contreras, F, Osuna-Pérez, MC, and Martinez-Amat, A. Short-
term effects of proprioceptive training with unstable platform
on athletes’ stabilometry. J Strength Cond Res 27(8): 2189—
2197, 2013-The purpose of this study was to determine the
short-term stabilometric effects of proprioceptive training in
athletes by using a BOSU ball and a Swiss ball as unstable
platforms. Thirty-seven athletes from a variety of disciplines
were divided into a control group (n = 17) and an experimen-
tal group (n = 20). Both performed a warm-up, and in addi-
tion, the experimental group carried out a proprioceptive
exercise session after the warm-up. Proprioceptive exercise
session consisted of six 25-minute exercise sessions with the
BOSU ball and the Swiss ball as unstable platforms. Bipedal
stabilometry was assessed before the training session (Mo),
immediately after training (M4), 30 minutes later (M), 1 hour
after training (Mg), 6 hours after training (M), and 24 hours
after training (Ms). Analysis of variance (o = 0.05) revealed
significant differences immediately after training (M) in speed
(p=0.022) and length covered by the center of pressure (p =
0.021) in the experimental group. These differences were
even more acute 6 hours later (M4; p = 0.021). In fact, the
same group exhibited significant differences in mediolateral
position after 30 minutes (M,; p = 0.001) compared with the
baseline measure and the control group. Apart from these, no
other significant differences were found. A proprioceptive
exercise session using a BOSU ball and a Swiss ball as
unstable platforms induced short-term negative effects on
the stabilometry of athletes. Likewise, an immediate trend to
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improvement was apparent in the stabilometry of the control
group after the warm-up.

KeEy WORDS Swiss ball,
proprioception, immediate effects

BOSU, postural control,

INTRODUCTION

roprioception refers to the conscious and uncon-

scious perception of postural balance, muscle

sense, and joint stability (15). Proprioceptive train-

ing has the potential of improving sports improves

technique because of the information it provides about the
situation of the body as a whole (4,5,31). Previous studies
showed medium- and long-term improvements through
proprioceptive training with unstable platforms in static bal-
ance (11,25,26), gravity center control (25), effectiveness of
joint movement (16), and strength parameters, such as an
improvement in the onset of isometric action (13) in athletes.
Despite the benefits of proprioceptive training shown by
previous research, there is no unanimous agreement in the
literature regarding the association between proprioceptive
training and sports performance in athletes. Lephart et al. (16)
found improvements in stability and coordination of the knee
after a proprioceptive exercise session, which implied greater
effectiveness of the knee joint movement. This effectiveness was
measured according to gait speed. Stanton et al. (27), however,
found that although better stabilometry and body weight
reduction were induced by a 6-week proprioceptive training
program in athletes, their running technique was not improved.
Likewise, Yaggie and Campbell (30) reported that propriocep-
tive training with unstable platforms improves proprioceptive
inputs, which results in better specific strength and neuromus-
cular adaptation of postural control, but no significant differ-
ences were described in vertical jump. Finally, Gruber and
Gollhofer (13) reported that the onset of isometric action
was improved. Based on these results, their authors suggested
that proprioceptive training might be beneficial for the explo-
sive force of athletes. Despite this suggestion, Cressey et al. (8)
did not observe significant differences in explosive force tasks
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(such as vertical jump). However, stabilometric findings were
reported by Gioftsidou et al. (11), who found that a 12-week
proprioceptive training program improved balance ability in
sports people, and by Romero-Franco et al. (25), whose study
showed improvement of postural stability and gravity center
control after a 6-week proprioceptive training program.

Furthermore, few studies in the literature have assessed the
short-term effects of proprioceptive exercise sessions, and they
have been centered on analyzing the effects of proprioceptive
training right after performance. Concerning this specific
topic, during the last decade, several studies have reported
that muscle activity was increased in electromyography
(EMG) after proprioceptive exercise (2,4,5,17,19,21,22,28).
Accordingly, muscle demand was immediately increased
(18,19). Anderson and Behm (2) found that the activity of
upper lumbar, lumbosacral erector spinae, abdominal
muscles, and soleus muscles was increased while the athletes
squatted in unstable conditions. Similar findings were re-
ported by Vega-Garcia et al. (28), Rodd et al. (24), and Behm
et al. (4,5) who also reported that the maximum isometric
force was reduced by 60% in exercises carried out on a Swiss
ball as unstable platform. Likewise, Marshall and Murphy
(19) reported an increase in the activity of abdominal muscle
during exercises in which the instability was higher by putting
some body parts out of the support base. Based on these re-
sults, it is suggested that right after proprioceptive training,
muscle activity increases to compensate for the instability and
to help keep the center of gravity over the base of support, thus
preventing falls, which is a neuromuscular adaptation to gain
a better postural control (7).

Despite the considerablenumber of studies that have
assessed the short-term effects of proprioceptive training, it
must be noted that all of them were focused on strength
parameters (2,4,5,17,18,19,21,24,28). Thus, stabilometric
data are left out even when these variables are directly
related to medium- and long-term postural control because
of proprioceptive training (11,13,16,25,26). Accordingly,
the limitation of these studies on short-term effects was
the lack of assessment of the stabilometric parameters:
although they suggested that muscle activity was increased
to gain postural balance, they did not analyze this potential
improvement on stability (7).

To our knowledge, no study to date has evaluated the
short-term effects of a proprioceptive exercise session on
stabilometric measures. So far, studies have only looked into
the assessment of medium- and long-term effects in stabilo-
metric parameters (11,15,20,25-27), and the immediate
effects of proprioceptive training are therefore not well
known yet.

After revising previous studies, and considering the
stabilometric improvements caused by proprioceptive train-
ing (11,15,20,25-27) and its immediately subsequent muscle
activation (1,2,4,5,17,18,19,21,22,24,28), we hypothesized that
proprio ceptive training will induce immediate improvements
on the stabilometry of athletes and that such improvements
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will decrease until their normalization after 24 hours (some-
thing to take into account for the planning of further train-
ing). Based on the preceding arguments, the goal of our
research was to determine the short-term effects that a pro-
prioceptive exercise session with a BOSU and a Swiss ball as
unstable platforms would have on the stabilometry of ath-
letes. More precisely, our study evaluated the effects of a pro-
prioceptive exercise session on the bipedal postural stability
of athletes during the first 24 hours after a proprioceptive
exercise session.

MEeTHODS

Experimental Approach to the Problem

The study had a quasi-experimental design with a control
group, and it took 24 hours to complete. Six measurements
were taken to analyze all stabilometric changes induced by a
proprioceptive exercise session. The measurements were M,
(before training), M; (immediately after training), M, (30 minutes
after training), Mz (1 hour after training), My (6 hours after
training), and Ms (24 hours after training). Under randomized
conditions, a group of athletes (experimental group) performed
a 25-minute free warm-up followed by a 25-minute propriocep-
tive exercise session on an unstable platform (Swiss and BOSU
ball). Meanwhile, the control group only performed the 25-min-
ute free warm-up. Tests took place in February 2012, in the
transitional period of the season for all athletes, where their
training mostly consisted in aerobic work and strength exercises
(12). The study was timed on different days because of schedule
restrictions. Training started at 11 AM, and all athletes were
instructed to sleep at least 8 hours the night before. Days and
venues were different for the control and experimental groups to
avoid them finding out which group they belonged to.

Subjects

Thirty-seven athletes from all athletic disciplines of the
UNICAJA JAEN athletic club (Spain) voluntarily took part
in the study. Athletes were between 17 and 33 years of age,
and they were excluded if they had ever performed any
proprioceptive training before or if they had any injuries at the
time of data collection. Athletes were divided into 2 groups by
simple random probability sampling: the “control group” com-
posed of 17 athletes who performed a 25-minute free warm-up
and the “experimental group” composed of 20 athletes who
carried out a 25-minute proprioceptive exercise session in
addition to the previous 25-minute free warm-up (Table 1).
Research design was approved by the Ethics Committee of
the University of Jaén, and written informed consent was ob-
tained from each subject before participation according to the
standards of the Declaration of Helsinki (rev. 2008). Parental
consent was given for athletes under the age of 18.

Procedures

Baseline characteristics of the participants (Table 1) were ini-
tially collected by means of self-administered questionnaires in
the presence of well-trained interviewers. A 100 g-130 kg
precision digital weight scale (Tefal, Ecully Cedex, France)



Jotrnal of Strength and Conditioning Research | wwwasca.com

TaBLE 1. Sociodemographic and antropometric characteristics.*

All (n=37) Control (n=17) Experimental (n = 20)
Variable Mean SD Mean SD Mean SD p
Age (y) 21.22 4.60 2112 4.85 21.30 4.50 0.906
Height (m) 1.74 0.07 1.72 0.07 1.75 0.07 0.246
Weight (kg) 63.68 11.69 61.29 12.87 65.70 10.48 0.259
BMI (kg-m~2) 20.95 2.71 20.46 2.78 21.36 2.65 0.322
Years_training 7.08 4.47 6.29 4.16 7.75 4.71 0.330
Days_training 5.08 0.76 4.88 0.78 5.25 0.72 0.145
Gender
Female 12 32.43% 7 41.18% 5 25.00% 0.925
Male 25 67.57% 10 58.82% 15 75.00%
Mode
Runner 17 4595% 8 47.06% 9 45.00% 0.901
Jumper 17 4595% 8 47.06% 9 45.00%
Launcher 3 8.11% 1 5.88% 2 10.00%
Student
Yes 25 67.57% 14 82.35% 11 55.00% 0.077
No 12 32.43% 3 17.65% 9 45.00%
Studies
Primary 12 3243% 5 29.41% 7 35.00% 0.904
Secondary 9 24.32% 4 23.53% 5 25.00%
University 16 43.24% 8 47.06% 8 40.00%

*Quantitative variables are shown in mean and SD. Categorical variables are shown in
frequencies and percentages. The p values are from Student’s t-test and chi-square tests,
respectively. BMI = body mass index; Years_training = number of experience years in the
sport; Days_training = periodicity of training sessions every weeks.

TaBLE 2. Test-retest reliability of data.*

959% Confidence

Variable Intraclass correlation interval p
Ymean 0.792 0.425 to 0.925 0.002%
Xmean 0.593 —0.124 to 0.853 0.041%
DeltaX 0.772 0.371 t0 0.918 0.003%
DeltaY 0.770 0.366 to 0.917 0.003%
Area 0.495 —0.396 to 0.817 0.092
Length 0.721 0.230 to 0.899 0.007%
Speed 0.720 0.226 to 0.899 0.008%
RMS 0.744 0.294 to 0.908 0.005%
RMSX 0.832 0.537 to 0.939 <0.001§
RMSY 0.527 —0.305 to 0.829 0.072
RMSX2 0.723 0.235 to 0.900 0.007%
RMSY2 0.337 —0.831 to 0.760 0.210

*Interclass correlation coefficients obtained by repeated-measures analysis of variance. Ymean =
mean antero-posterior position; Xmean = mean mediolateral position; DeltaX = mediolateral rate
covered by the center of pressure in mediolateral plane; DeltaY = mediolateral rate covered by the
center of pressure in antero-posterior plane; Area = Area covered by center of pressure; Length =
Length covered by center of pressure; Speed = Speed of center of pressure; RMSY and RMSY2 =
Root mean squared amplitude of the CoP in antero-posterior direction; RMSX and RMSX2 = Root

mean squared amplitude of the CoP in mediolateral direction.

+Differences between groups of the same mean p < 0.05.
iDifferences between groups of the same mean p < 0.01.
§Differences between groups of the same mean p < 0.001.

and a t201-t4 Asimed adult
height scale (Asimed, Valencia,
Spain) were used to obtain
weight and height, respectively.

In addition, before com-
mencement, all athletes were
taught about the correct execu-
tion of tests and training. Then,
all athletes were subject to
a bipedal stabilometry test (IM).
After the test, all athletes
performed a 25-minute free
warm-up. In addition to this,
the experimental group under-
took a 25-minute proprioceptive
exercise session with unstable
platforms. At the end of the
warm-up (control group) and at
the end of the proprioceptive
exercise training (experimental
group), the second bipedal stabil-
ometry (M;) was carried out.
The third stabilometry was car-
ried out 30 minutes after training
(M,), the fourth 1 hour after
training (M), the fifth 6 hours
after training (My), and the sixth
and last 24 hours after training
(Ms). Participants were asked
not to engage in any physical
activity until the end of the study.

Bipedal  Stabilometry. A
Freemed baropodometric plat-
form (Rome, Italy) and Free-
Step v.1.0.3 software (Rome,
Italy) were used to measure
stabilometric parameters. The
platform’s surface is 555 X 420
mm, with an active surface of
400 X 400 mm and 8-mm
thickness. All athletes were
asked to stand on both feet
over the baropodometric plat-
form for 51.2 seconds. This test
measures the center of pressure
(CoP) position in the mediolat-
eral plane (Xmean) and antero-
posterior plane (Ymean). It also
measures the area covered by
the CoP, the speed of move-
ment of the CoP, and the
length covered by the CoP.
Besides, the root mean squared
amplitude of the CoP in
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mediolateral (RMSX) and antero-posterior (RMSY) direc-
tions (in millimeters) were reported. Other measures were
the CoP rate in the antero-posterior direction (DeltaY) and
in the mediolateral direction (DeltaX). The reliability of data
is shown in Table 2.

Proprioceptive Exercise Session. The duration of the training
session was 25 minutes. Six BOSU and Swiss balls and six
3-kg medicinal balls were used for the training. The pro-
prioceptive exercise session used 6 Swiss and BOSU ball
exercises (Figure 1). The correct performance of the exercises
was carefully supervised by a fitness specialist and a sports
physiotherapist, who worked with groups of 6 athletes.

Statistical Analyses

Mean and SD were included in the data description in con-
tinuous variables and frequencies. Nonetheless, percentages
were included in categorical variables.

A Kolmogorov-Smirnov test was used to adjust the normal
distribution of quantitative variables. For the demographic and
morphological variables, a Student’s #test for independent sam-
ples was used in continuous variables and a chi-square test was
used for categorical variables. The general linear model for
repeated measures was used to assess the effect of the interven-
tion groups, with time and intervention group as intra- and
inter-subject variables, respectively (repeated-measures analysis
of variance [ANOVAY)). For the variables that showed significant

EXERCISE 1
Athletes should keep the posttion of the pictere
witha 3bgball

2 repetitions of 30 seconds eoch limd

Rest period: 2 min
EERCISE 3

EXERCISE 2
Athletes should pesform bnee fhexion to 90" from the
postion of the picture, with a 3 kg ball
2 repetitions of 20 times eoch limb
Rext pertod 2 min

b

Athletes should carry out hip flexion-extension

from 35° @tension to 45° fledon from the
Sown postion, with 3 3gball to

2 repetitions of 10 times coch Amb

Rast pariod: 2 min

From the ndicated postion, the partner should
throw a 3 kg ball i order to take the athiete's conter
of pressure out of his/her base support
2 repetitions of 20 times eoch limb
Rest peniod: 2 mn

E4

EXERCISE S

Athletes thould pesform hip aad knee Sexicn to
touch the heels with the Peteus from the
postion of the picture. with a 3kgball

2 repetitions of 20 tmes

Rast period: 2 min
&

EXERCISE &
Fromthe imdicated posttion, with & 3 kg ball #hictes
should move forward the next BOSU by changmgthe
sspport hmb aad postionating the free hmb m %0
hip and knee fleson. The posttion i every BOSU
mug be kept for 3 seconds.

2 regetitions (S BOSY every repetitions)

et pertod 2 man

Figure 1. Proprioceptive training program performed by athletes.

2192

Jotrnal of Strength and Conditioning Research

baseline differences, the basal
measures (pretreatment) were
used as covariate. A Bonferroni
test was used for paired compar-
isons, and significance was deter-
mined at p < 0.05. Data were
analyzed using SPSS for Win-
dows (version 17; SPSS, Inc,
Chicago, IL,, USA) and MedCalc
12.1 (Mariakerke, Belgium).

RESULTS

Length, speed, area covered by
CoP, and RMS are shown in
Table 3. The covariance analy-
sis (adjusted for pretreatment)
for length and speed measures
showed a group effect (p =
0.021 and 0.022, respectively).
More specifically, the experi-
mental group exhibited higher
values of length and speed
compared with the control
group in My (p = 0.045). These
differences were higher in My
(p = 0.009). No significant dif-
ferences were shown between
groups in the rest of length
and speed measures. No signif-
icant intra- and inter-group ef-
fects were found in area and
RMS (p > 0.05).

In Table 4, mean results and
SD of the area covered by the
CoP in the XY plane are shown
(RMSX, RMSX2, RMSY, and
RMSY?2). The repeated-meas-
ures ANOVA analysis showed
no main group effects for any
variables (p = 0260 for the
largest). Although a main time
effect was found in RMSY2
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TasLe 3. Mean values of length, speed, and area covered by the center of pressure and root mean squared.*

Experimental

Experimental

Control (n=17) (n = 20) Control (n=17) (n=20)
Mean SD Mean  SD p Eta? Mean SD Mean  SD p Eta?
Length (mm)y Area (mm)
Pre 383.33 60.70 326.79 57.76 Group 0.021 0.147 Pre 74.91 49.25 5152 34.40 Group 0.159 0.056
Postomint 352.65 8290 342.31 77.88 Postomin 59.09 4741 69.56 85.21
Postsomin 431.72 182.54 360.11 84.41 Time 0.089 0.223 Postgomin 169.35 286.43 61.14 53.71 Time 0.094 0.252
Post H 350.10 38.56 375.30 98.52 Post 1y 143.68 139.38 95.67 107.89

Postsn8 348.02 82.64 372.31 102.77 Group X time 0.669 0.071 Postgy 102.78 75.28
Postosn 348.12 88.03 360.51 98.61 Postosn 7411 67.84

Speed (mm)T RMS (mm)f
Pre 89.47 1420 76.25 12.98 Group 0.022 0.144 Pre 0.40 0.06
Postomint 8244 19.23 80.54 18.17 Postomin 0.38 0.09
Postzomin 100.46 39.79 85.40 20.84 Ttime 0.106 0.212 Postzomin 0.57 0.49
Postqy 81.54 790 87.78 21.93 Posty 0.38 0.05
Postgni 78.06 19.48 83.93 23.08 Group X time 0.669 0.066 Postgy 0.37 0.08
Postosn 80.96 2142 83.15 22.41 Postoan 0.39 0.08

87.93 70.77 Group X time 0.230 0.191
101.99 112.11

0.35 0.06 Group 0.216 0.045
0.38 0.07
0.38 0.08 Time 0.475 0.104
0.41 0.12

0.71 1.36 Group X time 0.500 0.100
0.39 0.09

*Length = Length covered by center of pressure; Area = Area covered by center of pressure; Speed = Speed of center of pressure; RMS = Root mean squared; Eta? = Eta square,
a measure of the magnitude of the treatment effect; Pre = measures before the training session; Postowu;, = measures just after the training session; Postzomin = measures 30 minutes
after the training session; Post;y = measures after 1 hour after the training session; Postey = measures 6 hours after the training session; Posty4y = measures 24 hours after the

training session.
+Repeated-measured analysis of variance test adjusted for baseline measurement (pretreatment).
iDifferences between groups of the same mean p < 0.05.
§Differences between groups of the same mean p < 0.001.
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TaBLE 4. Root mean squared in antero-posterior and mediolateral planes.*

Control Experimental Control Experimental
(n=17) (n=20) (n=17) (n=20)
Mean SD  Mean SD p Eta? Mean SD  Mean SD p Eta?
RMSX (mm) RMSX2 (mm)
Pre 0.30 0.06 0.37 0.46 Group 0.942 0.000 Pre 166 080 1.60 054 Group 0.589 0.080
POStOMin 0.29 0.07 0.30 0.06 POStOMin 1.62 1.05 1.61 0.79
Postzomin 045 046 032 0.14 Time 0.658 0.096 Postsomin 281 354 153 0.63 Time 0.558 0.114
Postyy 028 004 032 0.12 Postyy 139 0.83 1.89 1.07
Postgn 0.29 0.06 0.30 0.07 Group X time 0.546 0.117 Postgy 1.84 084 1.74 0.78 Group X time 0.151 0.221
Postoan 028 005 030 0.08 Postoan 136 0.70 1.73  0.87
RMSY (mm)+ RMSY2 (mm)
Pre 0.27 0.04 0.22 0.04 Group 0.368 0.024 Pre 2.01 0.85 1.64 0.81 Group 0.260 0.036
Postomin{ 0.24 0.05 0.24 0.04 Postoming 1.79 085 1.95 1.11
Postsomin  0.34 0.19 025 0.04 Time 0.082 0.228  Postsgomn 259 1.23 1.80 1.12 Time 0.047 0.293
Posty 0.26 0.03 0.26 0.06 Postin 3.01 144 236 1.95
Postent 0.27 0.04 0.27 0.07 Group X time 0.529 0.094 Posten§ 259 0.76 2.29 1.11  Group X time 0.126 0.233
Postosn 0.26 0.07 0.25 0.06 Postoan 223 114 241 1.57

*RMSY and RMSY2 = Root mean squared amplitude of the CoP in antero-posterior direction; RMSX and RMSX2 = Root mean squared amplitude of the CoP in mediolateral
direction; Eta? = Eta square, a measure of the magnitude of the treatment effect; Pre = measures before the training session; Postoumi, = measures just after the training session;
Postsomin = measures 30 minutes after the training session; Post;y = measures after 1 hour after the training session; Postgy = measures 6 hours after the training session; Postosy =

measures 24 hours after the training session; CoP = center of pressure.

tRepeated-measured analysis of variance test adjusted for baseline measurement (pretreatment).
iDifferences between groups of the same mean p < 0.05.
§Differences between groups of the same mean p < 0.001.
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TaBLE 5. Mean values of mean mediolateral position and antero-posterior position and mean values of mediolateral rate covered by the center of pressure in

mediolateral and antero-posterior plane.*

Control Experimental Control Experimental
(n=17) (n=20) (n=17) (n = 20)
Mean SD  Mean SD p Eta? Mean SD Mean SD p Eta?
Xmean (mm) DeltaX (mm)
Pre 2.77 2.75 4.84 3.70 Group 0.001 0.273 Pre 8.12 3.67 8.10 2.35 Group 0.438 0.017
Postown  4.061 3.16 387 284 Postovin  9.87 5.88 947 4.17
Postgomini  2.46 1.89 5.95§ 3.10 Time 0.181 0.258 Postzomin  17.87 23.16 7.61 285 Time 0.089 0.255
Posty || 413§ 199 6.03§ 2.20 Post; 4 7.00 407 10.70 8.20
Postgy 3.18 231 414 3.562 Group X time 0.016 0.350 Postgy 8.64 3.03 9.08 4.17 Group X time 0.085 0.258
Postoan 378 209 497 354 Postaan 747 414 913 317
Ymean (mm) DeltaY (mm)
Pre 27.34 12.32 31.80 10.28 Group 0.509 0.013 Pre 9.61 3.66 8.60 4.50 Group 0.307 0.030
Postowmin 29.07 10.26 32.97 11.05 Postomin 8.26 3.85 9.07 4.33
Postsomin  30.18  10.19 3253 10.85 Time 0.010 0.374  Postsom, 14.97f 10.79 858 534 Time 0.006 0.293
Posty 25.96 3.67 29.73 11.67 Posty 12.37 6.19 10.66 6.76
Posteny 27.47 11.08 23.85 10.01 Group X time 0.156 0.218 Postgy 11.43 356 10.97 4.72 Group X time 0.039 0.303
Postosh 28.41 8.65 28.34 12.41 Postosn 9.32 3.81 10.79 5.24

*Xmean = mean mediolateral position; Ymean = mean antero-posterior position; DeltaX = mediolateral rate covered by the center of pressure in mediolateral plane; DeltaY =
mediolateral rate covered by the center of pressure in antero-posterior plane; Eta? = Eta square, a measure of the magnitude of the treatment effect; Pre = measures before the training
session; Postoyi, = measures just after the training session; Postzomin = measures 30 minutes after the training session; Post;y = measures after 1 hour after the training session;
Posteyy = measures 6 hours after the training session; Postys = measures 24 hours after the training session.

iDifferences respect to pretreatment measure in the same group p < 0.05.

{Differences between groups of the same mean p < 0.001.

§Differences respect to pretreatment measure in the same group p < 0.01.

|| Differences between groups of the same mean p < 0.05.
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(p = 0.047), the effect of interest to our investigation (group
X time interaction) was not found in the variables related to
the area covered by the CoP (RMSX, RMSX2, RMSY, and
RMSY2, with P= 0.151 for the largest).

Finally, Table 5 shows the mean values of the CoP mean
position in the mediolateral (Xmean) and the antero-posterior
plane (Ymean), and the mean values of CoP rate in the medio-
lateral plane (DeltaX) and the antero-posterior plane (DeltaY).
The repeated-measures ANOVA test (2 groups X 6 times)
showed a main group effect and a group X time interaction
in Xmean (p = 0.001 and 0.016, respectively). More specifi-
cally, the experimental group obtained significantly higher
values than the control group in M, and M3 (p < 0.001 and
0.010, respectively). The Xmean results were significantly
higher in M, and Mj (» < 0.001) compared with M, in the
experimental group. Similar results were observed in the con-
trol group. The DeltaY variable showed a main time effect (p
= 0.006) and a group X time interaction (» = 0.039). In the
measurement taken 30 minutes after training (M), the exper-
imental group remained at the mean value but the control
group showed a significant increase (p = 0.025). No main
effect and interaction were found in Ymean and DeltaX.

Di1scussION

The present study was designed to evaluate the effects of a 25-
minute proprioceptive exercise session on the stabilometry of
athletes. The results observed pointed out the presence of
negative short-term effects on the stabilometry of athletes,
which could be because of the potential acute fatigue caused
by the demands of the proprioceptive exercise session. It must
be taken into account that it lasted 25 minutes and that it
implied a more demanding training session for the experi-
mental group, and possibly with longer-lasting effects.
Whereas some previous studies found, right after propriocep-
tive exercise session, an increase in the activity of agonist-
antagonist muscles in EMG (1,2,17,18,19), which is prone to
result in more stability as proved by Marshall and Murphy
(18), in the present survey, the acute fatigue could have
masked any positive stabilometric results.

According to our results, length and speed were significantly
increased immediately after the proprioceptive program (Mj).
This data could be translated as a less stable CoP. The imme-
diate increase shown in length and speed was accentuated 6
hours later (My). Our data support Drinkwater et al. (9) who,
apart from identifying the increase in the activity of antagonist
muscles, reported short-term deterioration in sports condition-
ing parameters as a consequence of proprioceptive training.

Nevertheless, the lack of complete recovery might explain
the negative results reported in the present study and in the
sports parameters indicated by Drinkwater et al. (9). The
fatigue induced by proprioceptive exercises could amount to
an overload of proprioceptive inputs for the central nervous
system of the athlete, thus preventing any positive benefit.
Accordingly, in medium- and long-term conditions, where
acute fatigue is not present, previous studies found an improve-
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ment in stabilometry and in sports parameters as a consequence
of proprioceptive training (26,27). Stanton et al. (27) found
that proprioceptive training improved core stability in sports-
men. Besides, Mattacola et al. (20), Stanton et al. (27), and
Romero-Franco et al. (25) also found improvements on stabi-
lometric parameters after 6 weeks of proprioceptive training.

The acute fatigue and the lack of recovery could also explain
the deterioration in the mediolateral CoP position shown by
our study. This parameter increased 30 minutes (M,) and an
hour (M) after the proprioceptive exercise session compared
with the control group and with the baseline measurement.
This increase could be interpreted as a more unstable medial-
lateral position, which is deviated from the center in the medial-
lateral plane. For this same variable, Romero-Franco et al. (25)
and Bie¢ and Kuczyniski (6) found a medium-term improve-
ment after 6 weeks of proprioceptive training, with recovery
having been completed at the moment of data collection.

Also, although any improvement of the CoP position might
be because of the short-term design of the present study, the
data suggest differences between the mediolateral and the
antero-posterior plane, as seen in Romero-Franco et al. (25) and
Bie¢ and Kuczyiski (6). They found medium-term improve-
ments only in the mediolateral plane after 6 weeks of proprio-
ceptive training, suggesting a priority in the improvement of this
plane. These findings could be explained by the deterioration
that the mediolateral plane suffers according to our results and
a possible evolution of these parameters through time. Like-
wise, we did not observe any short-term effects in the antero-
posterior plane as described by Romero-Franco et al. (25) and
Bie¢ and Kuczyiiski (6), who did not observe any improvement
in this plane after 6 weeks of proprioceptive training. Contrary
to our results, Hoffman and Payne (14) found improvements on
postural sway in both the mediolateral and the anterior-poste-
rior directions after 10 weeks of proprioceptive training. This
could mean that an overall improvement takes longer to occur.

On the other hand, the control group exhibited a trend
toward improvement in several stabilometric parameters at
M;. These data confirm the findings reported by Xu et al.
(29), Bartlett and Warren (3), or Friemert et al. (10), who
suggested that a warm-up before sports practice significantly
improves proprioception and proprioceptive system perfor-
mance in a general way. Besides, this improving trend was
not found in later measures, supporting evidences from
Miller (cited by Rabadan (23)) who no noted that the delay
between warm-up and competition should be no longer than
5 minutes because of the considerable decrease of the warm-
up effects in sports performance after this time.

In conclusion, contrary to our initial hypothesis, the findings
of the present study suggest that a 25-minute proprioceptive
exercise session can deteriorate static posturography in athletes.
These findings were observed immediately after training and
later became more acute in most of the affected variables. In
fact, the mean position in the medial-lateral plane also suffered
negative changes and resulted in a more deviated mediolateral
position. These negative effects could be explained as
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a consequence of the acute fatigue induced by the potentially
demanding proprioceptive exercise session. On the other
hand, the control group showed a general trend to improve
the static posturography as a consequence of the warm-up
they performed.

PRACTICAL APPLICATIONS

This study shows that a 25-minute proprioceptive exercise
session has negative short-term effects on the bipedal postural
stability of athletes. Our results also indicate the presence of
a general improvement trend in the control group after
a warm-up. According to our results, coaches, personal
trainers, and physical therapists should take into account
that, immediately after proprioceptive exercises, acute fatigue
makes the athlete less stable, which is an important piece of
information to plan subsequent training sessions. They should
also give extra importance to the initial warm-up. Despite the
negative short-term effects of a proprioceptive exercise
session, this training is still recommended to be included in
the training routine because of the positive medium- and
long-term effects reported in previous studies conditions of no
fatigue. Proprioceptive training may allow the athletes to gain
better static and dynamic postural control. A better stabilom-
etry can have important applications, not only to prevent
injuries such as ankle sprains or knee injuries but also to
improve sports conditioning parameters.
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