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Abstract

The paper provides an overview of our findings on acute balance adjustments while performing different forms of sen-
sorimotor exercise, as well as its adaptive changes due to systematic training programs in various population. Postural
stability was evaluated under both static and dynamic conditions using either wobble board or antero-posterior and medio-
lateral randomly moving platform. The COP velocity was registered at 100 Hz by means of posturography system FiTRO
Sway check based on dynamometric platform. Results showed improvement of balance after all sensorimotor exercises
applied, i.e. serial mechanical proprioceptive stimulation in older women, task-oriented proprioceptive exercise in untrained
individuals, combined agility-balance exercises in elite basketball players, and instability resistance exercises in athletes
with previous ACL injury. However, both acute adjustments and adaptive changes of balance have been found to depend on
exercise mode used. Therefore, further studies are needed to provide scientific guidelines which one is the most effective
and appropriate for related population. Nevertheless, sensorimotor exercises represent an efficient means for enhancement
of neuromuscular performance enabling maintenance of balance under static and dynamic conditions. It may be of potential

use also for prevention and/or rehabilitation of injuries.
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Introduction

It has been found that postural sway response to
exercise depends on its type (1, 2), intensity (3), dura-
tion (4), form of muscle contraction (5), and activation
of muscle fibers (6).

As a possible physiological mechanisms of post-
exercise balance impairment may be considered fati-
gue (1,4,7-11), hyperventilation (3), deterioration of
cutaneous, proprioceptive, vestibular, and visual inputs
(12,13), muscle damage, dehydration, hyperthermia,
dizziness, and so forth.

However, there is different magnitude of post-exer-
cise balance impairment and speed of its readjustement
to pre-exercise level. Overall, we summarized our
findings (14) as follows:

a) Short-term intensive exercises > more marked
ventilation > high increase in postural sway but fast
readjustment;

b) Prolonged exercises of moderate intensity > more
profound fatigue > slight but longer balance dete-
rioration;

¢) Bouncing exercises - intensive proprioceptive
stimulation - great and long duration of balance
impairment.

Such altered postural stability after exercise may
affect sport performance and/or increase risk of
injuries. Indeed, a correlations have been reported

between static postural variables and competition
level in shooters (15) and basketball players (16). In
this cohort, Era et al (17) have shown that less than
10% changes in postural sway determine the outcome
of rifle shooting at elite level. Moreover, Hoffman et al
(18) found that exercise intensity has minimal effect on
accuracy of prone shooting, but affects these measures
during shooting in standing position. It may be assu-
med that more marked ventilation rather than fatigue
is responsible for greater postural sway.

On the other hand, a soccer match induced fatigue
has been found (19) to affect dynamic balance both
with eyes open and eyes closed, which may be ascribed
to mainly the deterioration of proprioceptive feedback
control of postural stability.

Also an intensity of proprioceptive stimulation
during bouncing exercises has been found to
significantly influence feedback mechanisms involved
in balance control. This effect depends not only on
type of exercise (12) but also on height of the jumps
(aerobic vs. maximal jumps) (20) and their duration
(21).

The present study provides an overview of our fin-
dings on acute balance adjustments while performing
different forms of sensorimotor exercise, as well as its
adaptive changes due to systematic training programs
in various population. Postural stability was evaluated
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under both static and dynamic conditions using either
wobble board or antero-posterior and medio-lateral
randomly moving platform. The COP velocity was
registered at 100 Hz by means of posturography system
FiTRO Sway check based on dynamometric platform
(www.fitronic.sk). Information on other diagnostic
and training systems can be find in related articles.

Acute balance adjustments

It is known that short-term warm-up in form of
walking or cycling at low intensity (9), balancing on
foam or wobble board (22), vibration of appropriate
frequency, amplitude, and duration (23) temporary
improves balance.

On the other hand, stretching of calf muscles
has been reported (22) to impair balance. Even
slightly higher postural sway may be observed when
is performed under influence of proprioceptive
stimulation applied to lower limbs (24).

Currently mainly various balance exercises perfor-
ming concurrently with secondary tasks are used in
sport and rehabilitation practice. However, contrary
to strength research, scarce reports demonstrate acute
balance adjustments during sensorimotor exercises.
Therefore, some examples of our investigations in this
area of research are provided.

a) The effect of serial mechanical proprioceptive
stimulation on postural sway

The effect of serial mechanical proprioceptive
stimulation of the same frequency and amplitude,
however of different duration (15, 60, 180, and 360
seconds) on parameters of static and dynamic balance
(antero-posterior and medio-lateral randomly moving
platform) was evaluated (25). Proprioceptive stimuli
were applied by means of special strength exercise
device producing short-term counter movements
(at the frequency of 10 Hz and amplitude of 3 mm
eliciting force peaks of 3 g within 3 ms corresponding
to the force gradient of 300 N/ms) developed at our
department by Hamar (26). It has been found that
prolonged proprioceptive stimulation applied to lower
limbs transiently impairs static balance, but facilitates
dynamic balance adjustment leading to its temporary
improvement. In both cases such effects become more
pronounced as duration of stimulation increases.

In other study (27) parameters of balance were
compared after lower limbs resistance exercise (6 sets
of 6 semi-squats with an additional load of 75% of
body weight, each session separated by 2 min of rest)
performed under influence of proprioceptive stimu-
lation and those under normal conditions. Vertical
counter shocks (frequencyl0 Hz, amplitude 3 mm)
were applied by means of a special device as described
above (26). Results showed that lower limbs resistan-
ce exercise in form of semi-squats performed under

influence of proprioceptive stimulation has in early
phase of recovery more detrimental effect on parame-
ters of balance than those performed under normal
conditions. It means that additional proprioceptive
stimulation enhances an acute effect of lower limbs
resistance exercise on parameters of balance.

b) The effect of task-oriented proprioceptive exercise
on sensorimotor parameters

We also evaluated (28) the effect of task-oriented
proprioceptive exercise (20 sets of 60 stimuli with 2
min rest in-between) on sensorimotor parameters.
The task of the subject was to hit the target by shi-
fting COM in one of the four directions according to
position of stimulus on the screen. Sensorimotor pa-
rameters including distance, time and velocity of sway
trajectory were registered during standing on unstable
spring-supported platform equipped with PC system
for feedback monitoring of COM movement that was
developed at our department by Hamar (29).

Results showed that response time and distance
of sway movement decreased, and sway velocity in-
creased with repeated trials of sensorimotor exercise.
More specifically, subjects responded to visual stimuli
faster and more precise by horizontal shifting of COM
in one of the four directions according to position of
stimulus on the screen. Such a more precise of COM
perception and faster reaction to visual stimuli may
be ascribed to enhancement of visual feedback control
of body position.

These findings indicate that task-oriented pro-
prioceptive exercise acutely improves sensorimotor
performance during practice and may be potentially
used for rehabilitation purposes.

¢) The effect of reaction tasks on postural sway

It has been investigated (30) the reaction time
and sway velocity while responding on visual stimuli
concurrently with balancing on wobble board. A group
of PE students responded in random order on either
one or two visual stimuli while standing on unstable
support surface for a period of 3 min. During the task
execution both sway velocity and reaction time were
measured. The COP velocity was registered at 100
Hz by means of posturography system FiTRO Sway
check based on dynamometric platform. Simple and
multi-choice reaction time was measured using FiTRO
Reaction check.

Results showed no changes in simple reaction time
while balancing on wobble board. However, multi-
choice reaction time significantly increased from an
initial 5-sec to the final 5-sec period of the test. On
the other hand, the COP velocity gradually decreased
during simple reaction task. When responding on two
stimuli, there was a significant decrease in the COP
velocity for an initial 2:15 min, which was followed
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by its slight increase toward the end of the test. Inter-
estingly, multi-choice task induced greater balance
improvement as compared to simple reactions.

It was concluded that reaction time increases while
balancing on wobble board, whereas sway velocity
declines when concurrently performing reaction
task.

d) The effect of resistance exercise performed on
wobble board on postural sway

Variety of exercises and methods are incorporated
into balance training. However, there are no scientific
guidelines concerning effective practice schedule for
improvement of balance. Therefore, using retention
tests we investigated (31) a) optimal practice-rest
ratios, and b) efficient exercise mode for balance tra-
ining. A group of 14 PE students underwent different
combinations of practice and rest on two balance
tasks, making the percentage of time actually spent in
practice (20%, 40%, 60% and 80%, respectively) of the
total 30-min period. Thus, the protocol was as follows:
a) 6 min practicing (12 x 30 sec) / 24 min rest (12 x 2
min), b) 12 min practicing (12 x 1 min) / 18 min rest
(12 x 1.5 min), ¢) 18 min practicing (12 x 1.5 min) /
12 min rest (12 x 1 min), d) 24 min practicing (12 x
2 min) / 6 min rest (12 x 30 sec). This schedule was
examined under different conditions: a) balancing or
performing squats on wobble board, b) performing
squats with different velocities while standing on
wobble board, ¢) performing squats with different ad-
ditional loads (AL) on wobble board. The learning was
tested by administering a transfer test, which was given
on the second day. The COP velocity was registered
at 100 Hz by means of posturography system FiTRO
Sway check based on dynamometric platform. While
exercising and standing on stabilographic platform,
cardiorespiratory parameters were monitored using
breath-by-breath system Spiroergometry CS 200.
Velocity of movement during squats was measured
using the FFITRO Dyne Premium.

Results showed that for balancing on wobble board,
the optimal condition for learning occurred when 80%
of the time was spent practicing. However, by adding
squats, such a combination of 2 min practice and 30 sec
restinduced a gradual increase in ventilation and heart
rate (peak values about 13.4%). Subjects also reported
fatigue in lower limbs, which influenced their ability
to perform exercise properly. The transfer test showed
that for squats performing on wobble board, the opti-
mal condition for learning occurred when 40% of the
time was spent practicing. In addition, retention tests
of various exercise mode showed that for improvement
of balance are more efficient a) squats performing on
wobble board than balancing on unstable surface, b)
explosive squats (~180 cm/s) than those performing
with slower velocity (~90 cm/s), c) squats on wobble

board with lower AL (e.g., 25% of body weight) than
those performing with higher AL (50% and 75% of
body weight).

These findings indicate that explosive squats
performing on wobble board with AL of 25% body
weight for 1 min with 1.5 min rest in-between (i.e.,
12 min practicing / 18 min rest in 30 min session) is
effective schedule for improvement of balance. Pre-
vious experience also showed that adaptive changes in
balance performance of elite athletes may be induced
if such a schedule is provided 4-5 days per week for
>25 training days.

Chronic balance adaptations

Besides traditional coordination, balance and
resistance exercises, various aerobic activities or tai-
chi, recently mainly whole body vibrations became
a part of athletic training and rehabilitation in order
to improve postural stability (32-36).

Also a combined balance and strength training
using special exercise devices are widely employed in
sport and rehabilitation setting. For instance, it has
been found (37-42) that 4-week of resistance exercise
in form of squats performed on an unstable surface
in an altered-G environment improves both strength
and postural stability. Such exercises may be applied
in training of highly skilled athletes, in pre- and in-
flight regimens for astronauts, and in rehabilitation of
bed-ridden patients.

However, out of the playing field or gym mainly
instability resistance exercises (43) are being preffered.
Though a vide variety of studies have been carried out
with aim to evaluate their effect on neuromuscular per-
formance in various population, a little is known about
adaptive changes after a novel form of sensorimotor
exercises performed concurrently with secondary
tasks (44,45).

Therefore, our investigations concerning various
forms of sensorimotor training in the elderly, elite
athletes, untrained individuals, and those following
lower limb injury are being provided.

a) The effect of 3-month serial mechanical proprio-
ceptive stimulation on neuromuscular perfomance
in older women

This study examined changes in neuromuscular
performance in older women after 3-month of pro-
prioceptive stimulation training applied to lower
extremities. They undervent (3-times a week) two
different forms of exercise, either stood with slightly
flexed knees or performed semi-squats on vibrating
platform. The intensity of exercise in the first case
increased by lengthening the time of stimulation,
whereas in the second by additional load. Propriocep-
tive stimuli were applied by means of special strength
exercise device producing short-term counter move-
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ments at the frequency of 10 Hz and amplitude 3 mm
as described above (26).

It has been found that experimental group im-
proved significantly in agility (46), balance (47), and
explosive power of lower limbs (48). This effect was
more evident when during vibrations the resistance
exercises, e.i., semi-squats were performed. Contrary
to this, control group failed to show any significant
improvement in these abilities. Such positive changes
may be ascribed to the enhancement of neuroregula-
tory functions, namely increased rate of motoneuron
firing and better synchronisation of motor units
activation.

This indicates that in elderly population the mecha-
nical proprioceptive stimulation applied to lower limbs
may enhance neuromuscular performance similarly to
resistance training. It may have a practical impact on
decrease a risk of falling with subsequent reduction of
complications affecting namely elderly population.

b) The effect of 3-weeks of task-oriented propriocepti-
ve training on parameters of neuromuscular function
in untrained individuals

This study (49) evaluated effects on neuromu-
scular function following proprioceptive training on
unstable spring-supported platform equipped with PC
system for feedback monitoring of COM movement
developed at our department by Hamar (29). The task
of the subject was to hit, as fast as possible, the target
appearing randomly in one of the corners of the screen
by horizontal shifting of COM. They underwent a 3-
week program consisting of 3 sets of 200 stimuli with
5 min rest in-between, 3 times a week. Sensorimotor
parameters were evaluated prior to and after the tra-
ining. These include distance, time and velocity of
sway trajectory measured by “Proprio test” consisting
of 2 sets of 60 stimuli. In the test subjects had to hit the
target by shifting COM in one of the four directions
according to position of stimulus on the screen.

Results of the ,,Proprio test“ showed that response
time significantly decreased. Though at the same
time distance of sway movement also significantly
decreased, velocity increased. Substantial share of the
improvements took place during initial 6-8 sessions
(about 1 week). Also the ability to maintain postural
stability on unstable platform significantly improved.
On the other hand, there were no changes in the
COP velocity registered in static conditions. Training
program used has also proved to be insufficient to
enhance jumping performance expressed as power
in the concentric phase of take off, and height of the
squat and countermovement jump. After the same
training control group failed to show any significant
improvement in parameters of the ,,Proprio test®, dy-
namic and static balance, as well as explosive power
of lower limbs.

It was concluded that task-oriented propriocep-
tive exercise applied represents a suitable means for
enhancement of neuromuscular function enabling
more rapid postural sway adjustments in altered sur-
face conditions. It may be of potential use, namely in
elderly population, for decreasing risk of falling and
reduction of health-related consequences.

¢) The effect of 6-week combined agility-balance
training on neuromuscular performance in elite
basketball players

In this study (50) elite basketball players randomly
divided into experimental (EG) and control group
(CG) underwent a combined agility-balance training
(in duration of 30 min) for a period of 6 weeks (4-5
sessions/week). Both groups performed reaction tasks
similar to game-like situations, however EG on wobble
boards and CG on stable surface.

Prior to and after the training parameters of agility,
balance, speed of step initiation, strength differentiation
accuracy, and explosive power of lower limbs were
evaluated. Postural stability was assessed under both
static and dynamic conditions (wobble board) with eyes
open and eyes closed, respectively. The COP velocity
was registered at 100 Hz by means of posturography
system FiTRO Sway check based on dynamometric
platform. Using FiTRO Reaction check simple and
multi-choice reaction time was measured. The same
system was applied to evaluate the agility performance
including reaction and movement task. Speed of step
initiation was measured using FFiTRO Dyne Premium.
Jumping abilities were evaluated by means of FFTRO
Jumper (10-sec maximal jumps, CM], SJ, DJ45). Using
the same system, the subject s ability to match 50% of
their maximal height of the jump was evaluated.

Results showed that a combined agility-balance
training improved dynamic balance not only under
visual control but also in eyes closed conditions. Train-
ing also increased run-out speed that likely contributed
to better agility performance, reduced ground contact
time during drop jump, and improved the ability to
differentiate the force of muscle contraction during
repeated jumps. However, such training has been
found to be insufficient to improve both simple and
multi-choice reaction time, and jumping performance.
On the other hand, control group failed to show any
significant improvement in examined abilities expect
from enhancement of jumping performance (Pact, A
CMJ & SJ).

It was concluded that balance exercises perfor-
med simultaneously with reaction tasks represent an
effective means for improvement of neuromuscular
performance in elite athletes. However, additional
exercises have to be implemented into training pro-
gram in order to improve reaction time and explosive
power of lower limbs.
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d) The effect of 12-weeks instability resistance train-
ing on neuromuscular performance in athletes with
previous ACL injury

In this study (51,52) a group of soccer players after
ACL reconstruction underwent two months after reha-
bilitation a combined balance and resistance exercises
(e.g., semi-squats, deep squats, wide-stance squats,
one-legged squats, barbell squats performed on vari-
ous unstable support surfaces) in duration of 30 min
for a period of 12-weeks (4-5 sessions/week).

Pre-training measurements showed the non-in-
jured-to-injured leg percent differences of 15.7% for
static and 24.5% for dynamic balance. Following the
training there were no changes in static balance on
both legs, on non-injured and injured leg. Likewise,
the dynamic balance did not change while standing on
both legs and on non-injured leg, however a signifi-
cant improvement on injured leg has been found. In
addition, sway velocity significantly decreased during
bipedal stance on M-L tilted platform but not on those
A-P tilted. Furthermore, run-out speed significantly
increased on injured leg but not on non-injured leg.
On the other hand, any changes in kick-off speed on
injured and non-injured leg have been found. Un-
fortunately, no information on changes in jumping
performance has been provided because during pre-
training testing most of the subjects were not able to
perform SJ and CMJ.

It was concluded that evaluation the efficiency of
instability resistance training in dynamic conditions
more sensitively reflect adaptation changes in postural
control system than stance on stable platform. Also
measurement of movement speed seems to be suitable
method, whereas using explosive power tests in an
early phase of post-rehabilitation is limited.

Conclusions
Investigations on acute balance adjustments sho-
wed following results:

a) Prolonged proprioceptive stimulation applied to
lower limbs transiently impairs static balance, but
facilitates dynamic balance adjustment leading to its
temporary improvement. In both cases such effects
become more pronounced as duration of stimula-
tion increases. Further, additional proprioceptive
stimulation enhances an acute effect of lower limbs
resistance exercise on parameters of balance

b) Task-oriented proprioceptive exercise enhances
visual feedback control of body position during
practice. In particular, subjects are able to respond
to visual stimuli faster and more precise by hori-
zontal shifting of COM in one of the four directions
according to position of the stimulus on the screen
during standing on unstable spring-supported
platform equipped with PC system for feedback
monitoring of COM movement.

¢) Reaction time increases while balancing on wobble
board, whereas sway velocity declines when concur-
rently performing reaction task.

d) Using retention tests showed that explosive squats
performing on wobble board with AL of 25% body
weight for 1 min with 1.5 min rest in-between (i.e.,
12 min practicing / 18 min rest in 30 min session)
is effective schedule for improvement of balance.
Previous experience also showed that adaptive
changes in balance performance of elite athletes
may be induced if such a schedule is provided 4-5
days per week for > 25 training days.

Findings on chronic balance adaptations were as
follows:

a) Mechanical proprioceptive stimulation applied
to lower limbs enhances neuromuscular perfor-
mance (agility, balance, explosive power) in older
women.

b) Task-oriented proprioceptive exercise performed on
unstable spring-supported platform equipped with
PC system for feedback monitoring of COM move-
ment represents a suitable means for enhancement
of neuromuscular function enabling more rapid po-
stural sway adjustments in altered surface conditions.
However, such proprioceptive training is insufticient
to enhance jumping performance expressed as power
in the concentric phase of take off, and height of the
squat and countermovement jump.

¢) A combined agility-balance training improves dyna-
mic balance not only under visual control but also in
eyes closed conditions, increases speed of step ini-
tiation, enhances agility performance, reduces drop
jump ground contact time, and improves the ability
to differentiate the force of muscle contraction
during repeated jumps. On the other hand, such
training is insufficient to improve both simple and
multi-choice reaction time, and explosive power of
lower limbs. Therefore, additional exercises focu-
sed on development of these capabilities should be
implemented into training program.

d) Instability resistance training improves dynamic
balance on injured leg and during bipedal stance
on M-L tilted platform, as well as speed of step
initiation. However, such training is insufficient to
enhance kicking performance and static balance.

Acknowledgement

This project was supported through a Scientific
Grant Agency of the Ministry of Education of Slovak
Republic and the Slovak Academy of Sciences (No.
1/0611/08).

References

1. Lepers R, Bigard AX, Diard JP, et al. Posture control after
prolonged exercise. Eur ] Appl Physiol Occup Physiol 1997;
76(1): 55-61.

71



Zemkova E. / Medicina Sportiva 13 (2): 67-73, 2009

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hashiba M. Transient change in standing posture after linear
treadmill locomotion. Jpn J Physiol 1998; 48(6): 499-504.
Zemkova E, Hamar D. Postural sway after exercise bouts
eliciting the same heart rate with different energy yield from
anaerobic glycolysis. Med Sport 2003; 7(4): 135-9.

Zemkova E, Hamar D. Vplyv dlhsietrvajuceho aerébneho
zatazenia na parametre stability postoja. 2" Visegrad Congress
of Sports Medicine. Trencianske Teplice: Slovak Society of
Sports Medicine 2004.

Zembkova, E., Dzurenkova, D. Postural sway response to ma-
ximal exercises with different forms of muscle contraction.
Facta Universitatis - Series Physical Education and Sport 2008
(submitted).

Zemkova E, Dzurenkova D, Kukurova E, Marcek T. Postural
sway response to 30-seconds ,,all-out“ isokinetic cycling at
different revolution rates. Physiol Res 2008 (in press).

Seliga R, Bhattacharya A, Succop P, et. al. Effect of work load
and respirator wear on postural stability, heart rate, and per-
ceived exertion. Am Ind Hyg Assoc J 1991; 52(10): 417-22.
Lundin TM, Feuerbach JW, Grabiner MD. Effect of plantar
flexor and dorsiflexor fatigue on unilateral postural control.
J Appl Biomech 1993; 9: 191-201.

Nardone A, Tarantola J, Giordano A, Schieppati M. Fatigue
effects on body balance. Electroencephalogr Clin Neurophysiol
1997; 105: 309-20.

Nardone A, Tarantola J, Galante M, Schieppati M. Time course
of stabilometric changes after a strenuous treadmill exercise.
Arch Phys Med Rehabil 1998; 79: 920-4.

Derave W, Tombeux N, Cottyn J, et.al. Treadmill exercise ne-
gatively affects visual contribution to static postural stability.
Int J Sports Med 2002; 23: 44-9.

Zemkova E, Hamar D, Dzurenkova D. Postural sway response
to resistance exercises with different intensity of propriocep-
tive stimulation. 10" Annual Congress of the European College
of Sport Science. Belgrade 2005: 79.

Zemkova E, Hamar D, Dzurenkova D, Schickhofer P. Readju-
stment of postural stability after maximal exercise bouts on
cycle ergometer and treadmill. 9" Sport Kinetics International
Scientific Conference, Rimini 2005: 199-200.

Zemkova E. Fyziologické mechanizmy narusenia stability
postoja po zatazeni (Thesis for Associate Professorship). Bra-
tislava: Dept. of Sports Medicine, Institute of Sport Sciences,
Faculty of Physical Education and Sport, Comenius University
2005; pp. 133.

Aalto H, Pyykko I, Ilmarinen R, et.al. Postural stability in
shooters. ORL ] Otorhinolaryngol Relat Spec 1990; 52: 232-
8.

Perrin P, Perrin C, Courant P, et.al. Posture in basketball
players. Acta Otorhinolaryngol Belg 1991; 45: 341-7.

Era P, Konttinen N, Mehto P, et.al. Postural stability and skilled
performance - a study on top-level and naive rifle shooters.
J Biomech 1996; 29: 301-6.

Hoffman MD, Gilson PM, Westenburg TM, Spencer WA.
Biathlon shooting performance after exercise of different
intensities. Int ] Sports Med 1992; 13(3): 270-3.

Zemkova E, Hamar D. The effect of soccer match induced
fatigue on neuromuscular performance. Kinesiology 2008
(submitted).

Kyselovicovd O, Zemkova E. Modified aerobic gymnastics
routines in comparison with laboratory testing of maximal
jumps. Human Movement 2008 (submitted).

Zemkova E, Kyselovicova O, Hamar D. Postural sway response
to rebound jumps of different duration. Human Movement
2008 (submitted).

Behm DG, Bambury A, Cahill F, Power K. Effect of acute
stretching on force, balance, reaction time, and movement
time. Med Sci Sports Exerc 2004; 36(8): 1397-1402.
Torvinen S, Kannus P, Sievinen H, et.al. Effect of a vibration
exposure on muscular performance and body balance. Ran-
domized cross-over study. Clin Physiol Functional Imaging
2002; 22(2): 145.

Zemkova E, Hamar D. Parametre stability postoja po strecingu
svalov predkolenia. Phys Educ Sport 2005; 15(3-4): 51-4.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zemkovd E, Hamar D. The effect of proprioceptive stimula-
tion of different duration on static and dynamic balance. Int
J Appl Sports Sci 2008; 20(1): 35-43.

Hamar D, Kampmiller T, Schickhofer P, Gazovi¢ O, Zemkova
E, Vanderka M, Patek R, Baron R, Bachl N, Tchan H. The
effect of serial mechanical proprioceptive stimulation on the
parameters of muscle contraction and efficiency of strength
training. The project of the Scientific Grant Agency of the Mi-
nistry of Education of Slovak Republic and the Slovak Academy
of Sciences 2002-04; No. 1/9192/02.

Zemkovd E, Hamar D. Additional proprioceptive stimulation
enhances an acute effect of lower limbs resistance exercise on
balance. Int ] Appl Sports Sci 2007; 19(2): 26-34.

Zemkova E, Hamar D. The effect of task-oriented propri-
oceptive exercises on sensorimotor parameters 2008 (ma-
nuscript).

Hamar D, Schickhofer P, Zemkova E, Gazovi¢ O, BShmerova
L, Grmanova K, Pelikdnova J. Nonharmonic proprioceptive
stimulation as a means for the enhancement of neuromu-
scular function. The project of the Scientific Grant Agency of
the Ministry of Education of Slovak Republic and the Slovak
Academy of Sciences 2007-09; No. 1/4504/07.

Zemkova E, Miklovi¢ P, Hamar D. Visual reaction time and
sway velocity while balancing on wobble board. Kinesiologia
Slovenica 2008 (submitted).

Zemkova E, Dzurenkova D. Effective practice schedule for
improvement of balance. 14" Annual Congress of the European
College of Sport Science. Oslo 2009 (submitted).

Wierzbicka MM, Gilhodes JC, Roll JP. Vibration-induced
postural posteffects. ] Neurophysiol 1998; 79: 143-50.
Priplata AA, Niemi JB, Harry JD, et al. Vibrating insoles and
balance control in elderly people. Lancet 2003; 362: 1123-4.
Torvinen S, Kannus P, Sievanen H, et al. Effect of four-month
vertical whole body vibration on performance and balance.
Med Sci Sports Exerc 2002; 34(9): 1523-8.

Torvinen S, Kannus P, Sievanen H, et.al. Effect of 8-month
vertical whole body vibration on bone, muscle performance,
and body balance: a randomized controlled study. J Bone
Miner Res 2003; 18(5): 876-84.

Verschueren SMP, Roelants M, Delecluse CH, et.al. Effect of
6-month whole body vibration training on hip density, muscle
strength, and postural control in postmenopausal women:
a randomised controlled pilot study. ] Bone Miner Res 2004;
19: 352-9.

Oddsson LIE, Zemkovéa E, Dwyer A, et.al. A ground-based
research analog for spaceflight effects on gait and balance
- Development of evidence-based rehabilitation. National
Space Biomedical Research Institute Investigators Retreat. Texas:
League City, South Shore Harbour Conference Center 2006.
Oddsson LIE, Bloomberg JJ, Zemkova E, et.al. Development of
in-flight countermeasures with multimodal effects - Muscle
strength and balance function. 7 Symposium on the role of
the vestibular organs in space exploration. The Netherlands:
Noordwijk, ESTEC 2006.

Zemkova E, Dwyer A, Chow A, Oddsson LIE. Effects on
balance and strength following resistance exercise performed
on an unstable surface in a ninety degree tilted environment.
XVT Congress of the International Society of Electrophysiology
and Kinesiology. Torino 2006: 211.

Zemkova E, Oddsson L, Dwyer A, Chow A. Stabilograficka
difizna analyza pri posudzovani rovnovahy po tréningu za-
meranom na jej zlepSenie. Scientific Seminar ,,Optimalizdcia
zatazZenia v telesnej a Sportovej vychove”. Bratislava: Dept. of
Physical Education SjF STU 2006: 85-8.

Oddsson LIE, Karlsson R, Konrad J, et.al. A rehabilitation
tool for functional balance using altered gravity and virtual
reality. ] NeuroEngineer Rehabil 2007; 4(25): 2-7.

Zemkova E, Oddsson LIE, Dwyer A, Chow A. The effect
of squats performed on an unstable surface in an altered-G
environment on strength and balance. 12 Annual Congress of
the European College of Sport Science. Jyvéskyld 2007: 346.
Anderson K, Behm DG. The impact of instability resistance tra-
ining on balance and stability. Sports Med 2005; 35(1): 43-53.



Zemkova E. / Medicina Sportiva 13 (2): 67-73, 2009

44.

45.

46.

47.

48.

49.

50.

Hamar D. Performacné testy stability postoja. National Con-
gress on Sports Medicine ,, Aktudlne problémy telovychovného
lekdrstva“ Trencin: Slovak Society of Sports Medicine 2008;
12-3.

Zemkova E, Cepkovd A, Potoédrové L, Hamar D. The effect
of 8-week instability agility training on sensorimotor per-
formance in untrained subjects. 14" Annual Congress of the
European College of Sport Science. Oslo 2009 (submitted).
Zemkova E, Hamar D, Bohmerova I, Schickhofer P. The ef-
fect of 3-month of proprioceptive stimulation on agility skills
in elderly women. Xth International EGREPA Conference
»Physical Activity and Successful Aging“. Cologne 2006: 142.
Zemkova E, Hamar D, Bohmerova L. Effect of three months
of serial mechanical proprioceptive stimulation on parameters
of balance in older women. Med Sport 2007; 11(4): 97-101.
Zemkova E, Hamar D. Proprioceptive stimulation training
enhances explosive power in older women. Acta Facultatis
Pedagogicae Nitriensis Universitatis Konstantini Philosophi
2008; 4(1): 59-66.

Zemkova E, Hamar D. The effect of task-oriented proprio-
ceptive training on parameters of neuromuscular function.
5™ International Posture Symposium ,Translation of posture
mechanisms for rehabilitation”. Smolenice Castle: Slovak
Academy of Sciences 2008; 55.

Zemkovd E. Balan¢né cvicenia v tréningu a rehabilitacii.
International Scientific Conference ,Telesnd vychova, $port,
vyskum na univerzitdch”. Bratislava: Oddelenie telesnej vycho-
vy agportu Ustavu prirodnych, humanitnych a spolo¢enskych
vied Strojnickej fakulty STU 2008: Nov 27.

51.

52.

Zemkova E. Moznosti posudzovania proprioceptivnych
funkcii v rehabilitécii po poraneniach dolnych koncatin.
Sports Medicine Seminar. Tren¢ianske Teplice: Slovak Olympic
Committee and Slovak Society of Sports Medicine 2007: Dec
6.-8.

Zemkova E, Hamar D. Assessment the effect of instability
resistance training on balance, movement speed, and strength
in athletes with previous ACL injury: A field-test approach.
13" Annual Congress of the European College of Sport Science.
Estoril 2008: 456.

Received: December 26, 2008
Accepted: April 10, 2009
Published: April 14, 2009

Address for correspondence:

Erika Zemkova, Ph.D.

Faculty of Physical Education and Sport, Comenius University
Svobodovo nabrezie 9

814 69 Bratislava

Slovakia

e-mail: zemkova@yahoo.com

tel: +421-2-54411624

Authors’ contribution
A - Study Design

B - Data Collection
C - Statistical Analysis

D - Data Interpretation
E - Manuscript Preparation

F - Literature Search
G - Funds Collection



