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The study aimed to establish the short- and long-term effects of vibration on postural stability in young men. A single set of exer-
cises and a 4-week vibration training were assessed for their impact on the center of foot pressure (COP) sway. The sample consisted of
49 male subjects randomly allocated to seven comparative groups, six of which exercised on a vibration platform whose parameters were
set individually for the groups. Group VII was the control group. The stabilographic signal was recorded before the test commenced,
after a single application of vibration, before the last set of exercises of the 4-week vibration training, immediately afterwards, as well as
one week and one month after the training ended. The subjects were exposed to vibration 3 times a week for 4 weeks. Both a single
application of vibration and the 4-week vibration training had an effect on all parameter values, but most changes were statistically insig-
nificant. Group III was the only one where the COP sway in the anterior-posterior direction significantly increased after a single expo-
sure to vibration and significantly decreased in both anterior-posterior and medio-lateral planes one week after vibration training com-
pared with the pre-test recordings.
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1. Introduction

In vibration training, a person standing on a vi-
bration platform producing whole-body oscillation
is asked to maintain a certain posture or do dynamic
exercises. The body’s reaction to vibration is reflex-
ive, following from the excitement of alpha moto-
neurons by the stimulation of neuromuscular spindles.
The physiological reaction of the neuromuscular sys-
tem to mechanical vibration, resembling the stretch
reflex, is increased tension of the stimulated muscles
[1].

Although researchers have been interested in the
effect of mechanical vibration on different human
systems and tissues for some time now, the knowl-
edge about vibration effects on postural stability is
still unsatisfactory and the available studies present

conflicting results. Researchers apply different vibra-
tion parameters (frequency and amplitude) and vibra-
tion training procedures. Vibration amplitudes may
vary from 1 to 10 mm. For instance, while Polonova
and Hlavacka [2] applied 40–100 Hz vibration, in the
Talis and Solopova study [3] frequencies ranged be-
tween 60 and 70 Hz, and Gomez et al. [4] chose 85
Hz. Randomized control studies examining the effects
of different frequencies and amplitudes on postural
stability have not been found.

The existing studies on postural body balance dis-
turbed by vibration use either of the two devices:
a vibration platform indirectly producing whole-body
vibration [5], [6] and oscillating heads applied directly
to the belly or a muscle or a tendon [2]. According
to the known results of research, the effects of vibra-
tion are determined by the period of training [6], [7].
A short-term application of vibration to single groups
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of muscles increases sway [7]. The range and direc-
tion of the COP sway (Center-of-foot Pressure) de-
pend on what frequency of vibration has been applied
and where the stimulated muscles are [2]. In the avail-
able studies multiple application of whole-body vi-
bration training has either improved human ability to
maintain postural balance [8], [9] or has not changed
it significantly [6], [10].

These somewhat confusing results and the variety
of vibration training methods provided grounds for
conducting a more in-depth study on the influence of
mechanical vibration on postural stability. The ex-
periment presented in this article aimed to assess the
effect of short- and long-term vibration training util-
izing different vibration parameters (frequencies and
amplitudes) on the AP and ML postural stability in
young men.

2. Materials and methods

2.1. Subjects

All methods, the plan and scope of the experiment,
the allocation of subjects to groups and other proce-
dures necessary to carry out the experiment were
analysed, approved and accepted for use by the Insti-
tutional Review Board of the Academy of Physical
Education in Katowice.

Forty nine subjects were purposefully selected for
the experiment taking into account their age (23.6 years
on average) and sex (males). The mean body mass of
a subject was 78.7 kg ± 7.9 and the mean height was
180.78 cm ± 5.6 cm. Professional athletes were ex-
cluded from the experiment. Some other non-
eligibility criteria were episodes of disequilibrium,
acute inflammations and infections, epilepsy, cardio-
vascular diseases, the acute phase of osteoarthritis.
The subjects were randomly allocated to seven com-
parative groups, each consisting of seven persons.
Subjects in groups I–VI participated in a 4-week
training on a vibration platform, with the frequency
and amplitude of vibration being set individually for
each group, i.e., 2 mm/20 Hz for group I, 2 mm/40 Hz
for group II, 2 mm/60 Hz for group III, 4 mm/20 Hz for
group IV, 4 mm/40 Hz for group V, and 4 mm/60 Hz
for group VI. The experiment used all combinations
of two extreme frequencies (20, 60 Hz) and medium
frequency (40 Hz) with the two available amplitudes
(2 and 4 mm). Vibration below 20 Hz is not used in
vibration training studies, because mechanical reso-

nance it induces in the human body has an adverse
effect on the internal organs [11].

Group VII was the control group. The control
group was formed in order to find out if 4-week vi-
bration training has an effect on the COP signal.

2.2. Procedures

Vibration training

The 4-week vibration training was carried out on
a Fitvibe 600 vibration platform made by Gymna
Uniphy N.V.  During the experiment, groups I–VI did
5 one-minute exercises separated by 1-minute breaks
3 times a week (Monday, Wednesday, and Friday).
The exercise and rest times were adopted following
the procedures used by other researchers [12], [13].
Each subject from groups I–VI was asked to stand
static on the vibration platform with the knee and hip
joints flexed at 90 degrees, the upper extremities
stretched horizontally forwards. The participants from
control group VII performed the same static exercises
as those in other groups, but without the concurrent
application of vibration. In this exercise position mus-
cle torques acting on the ankle joints, knee joints and
hip joints are strongly engaged.

The published studies point to significantly in-
creased bioelectrical activity of the lower extremity
muscles of subjects standing with the knee joints
bent at 90° [13]. The position is also safer for sub-
jects, because the knee flexion reduces the amount of
vibration reaching their heads. Also the wobbling
mass in the upper body (muscles, soft tissues, inter-
nal organs and fluids in the body) is able to reduce
the total internal load on the rigid mass of the upper
body (skeleton) during the whole body vibration
[14].

Stabilographic measurement

Stabilographic measurements were performed with
the Kistler dynamometric platform. The measurement
station consisted of a piezoelectric dynamometric
platform (type 9281C) with a charge amplifier (type
9865B) and a computer. The parameter values were
recorded by the BioWare™ software (type 2812A1-20).
The sampling frequency was 100 Hz (25 Hz low-pass
filter) [15]. The platform filtering frequency of the
output signal was set at 25 Hz, which was adopted
from the Zatsiorsky and Duarte’s procedures [16]. All
seven groups of subjects were evaluated for postural
stability in accordance with the standard measurement
method for subjects standing in a natural position. At
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the first recording of the posturographic signal, each
measurement was repeated five times. Prior to the 30-
second stabilographic measurements, the subjects
were asked to stand with eyes closed which was to
prevent interference by external signals and disable an
important sensory source of compensatory informa-
tion.  During each trial the stabilographic signal was
recorded for the AP and ML planes. The effect of
short-term and long-term vibration on a human sub-
ject was established by means of stabilographic tests
performed different times. To assess the effects of
short-term vibration, the postural stability of subjects
standing on the dynamometric platform was measured
in groups I–VI immediately before training, immedi-
ately after the first set of exercises (which consisted of
5 one-minute exercises separated by 1-minute breaks)
and immediately after the last session of the 4-week
training. The direct influence of vibrations was taken
into account. The effect of a long-term vibration
means the changes registered over a longer period of
time without direct influence of vibrations. To estab-
lish the effects of long-term vibration stabilographic
measurements were made before the last session of
the 4-week training, as well as one week and one
month after it ended.

The postural stability of subjects in the control
group was measured in the same manner, but without
the concurrent application of vibration. Sway ranges
were calculated for the AP and ML planes.

2.3. Statistical analysis

The data obtained from the measurements were
processed using the predominant methods of statistical
analysis. The Shapiro–Wilk and Lilliefors tests were
used to check the data for normal distribution, while
variance homogeneity was investigated with the
Levene’s test. Because some parameters failed to meet
the assumption about the normal distribution of vari-
ables and variance homogeneity, the Wilcoxon
matched pairs test was employed to assess how sig-
nificant the differences between the means of par-
ticular variables in the groups were. The influence of
vibration frequencies and amplitudes on the means of
particular variables was verified with one-way
ANOVA for repeated measures. Then all combina-
tions of the pairs of the means were compared with
a post-hoc Tukey’s test. The intergroup statistical
analysis used the relative values of the variables,
which were calculated as a ratio of the difference be-
tween the initial and final value of a variable to its
initial value,

.
valueinitial

)valuefinalvalueinitial(variableofvaluerelative −
=

The level of statistical significance assumed for all
analyses was p < 0.05.

3. Results

The effect of short-term vibration on a human subject
was established by means of stabilographic tests per-
formed before the training commenced, immediately
after the first set of exercises and after the last training
session. Tables 1 and 2 show the ranges of sway in the
AP and ML planes recorded for short-term vibration
training. While all measured parameters were found to
change, only increases in the AP sway measured in
group III directly after a single training session and in
group V immediately after the last session of the 4-week
training were statistically significantly compared with
the initial measurements ( p < 0.05).

Table 1. Sway ranges in the AP plane
(mean ± standard deviation) (mm) after short-term training

Group Before
training

Immediately
after a single

training session

Immediately
after the

last session
of the 4-week

training
Group I
Group II
Group III
Group IV
Group V
Group VI
Group VII

22.7 ± 7.14
20.6 ± 4.48
23.4 ± 6.83
22.1 ± 4.68
18.4 ± 6.39
20.1 ± 4.6
24.7 ± 8.18

24.5 ± 8.38
20.1 ± 3.06
21.8 ± 5.22
18.1 ± 5.36
20.1 ± 5.71
19 ± 6.39

24.2 ± 6.75

29 ± 10.7
23.2 ± 6.71
18.4 ± 3.66
18.3 ± 6.75
16.8 ± 3.24
23.8 ± 10.3
25.8 ± 8.19

Wilcoxon matched pairs test

Table 2. Sway ranges in the ML plane
(mean ± standard deviation) (mm) after short-term training

Group Before
training

Immediately
after a single

training session

Immediately
after the

last session
of the 4-week

training
Group I
Group II
Group III
Group IV
Group V
Group VI
Group VII

18.5 ± 6.59
13.3 ± 4.21
15 ± 3.56

14.2 ± 3.59
13.1 ± 4.05
15.3 ± 3.58
11.2 ± 3.29

16.9 ± 4.53
13.9 ± 3.26
18* ± 3.83
14.6 ± 3.96
13.6 ± 4.38
14.9 ± 3.38
11.4 ± 3.71

20.1 ± 5.55
14.3 ± 5.69
13.8 ± 3.14
13.9 ± 5.23
16.4* ± 4.51
16.1 ± 3.91
12.6 ± 4.55

* Statistically significantly different compared with the
initial measurement (p < 0.05).

Wilcoxon matched pairs test
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To establish the effects of long-term vibration
stabilographic measurements were made before the
4-week vibration training commenced, immediately
before its last session, as well as one week and one
month after it ended. Tables 3 and 4 show sway
ranges recorded in the ML and AP directions for long-
term vibration training. The Wilcoxon test revealed
that one week after the 4-week vibration training
ended sway ranges in group III decreased statistically
significantly in both planes compared with their initial
values ( p < 0.05).

The results of intergroup ANOVA did not show
the frequencies and amplitudes used in the study to
have a significant effect on the range of COP sway
( p > 0.05).

4. Discussion

Postural control is a very complex process in-
volving the precise cooperation of many elements. Its
effectiveness is greatly determined by the processing
of information which comes from four sensory en-
trances (the labyrinth, the sight organ, proprioceptors
and tactile receptors) and enables people to move

safely in the immediate environment [17]. Many
studies on human postural balance disturbed by exter-
nal stimuli [2], [4], [18] or during the gait [19], [20]
have been conducted so far.

If sensory receptors receive incorrect information,
then postural stability may be affected [10]. In this
experiment proprioceptors were disturbed by me-
chanical vibration of different amplitudes (2, 4 mm)
and frequencies (20, 40, 60 Hz). Brumagne et al. [21]
have demonstrated that vibration impairs propriocep-
tion in healthy humans. Following the application of
mechanical vibration (70 Hz, 5 mm) the subjects in
their study could not adjust the lumbosacral section of
the spine to its previous position.

In this experiment sway ranges changed in all test
groups, but most changes were statistically insignifi-
cant ( p > 0.05). The statistical insignificance of the
differences between sway ranges in most groups ex-
posed to vibration (I–VI) may be attributed to com-
pensatory adjustments in postural control. Healthy
humans use compensatory information from the com-
plementary sensory systems (visual, vestibular and
proprioceptive) for postural control [22]. The re-
ranking of the receptor information as a result of dis-
turbed postural stability has been discussed by many
authors [22]–[24]. Too much sensory information or

Table 3. Sway ranges in the AP plane (mean ± standard deviation) (mm) after long-term training

Group Before
training

Before
last training

session

One week
after training

One month
after training

Group I 22.7 ± 7.14 24.5 ± 10.07 22.3 ± 10.07 24.3 ± 8.51
Group II 20.6 ± 4.48 23.5 ± 5.49 24.4 ± 4.11 28.3 ± 7.47
Group III 23.4 ± 6.83 22.5 ± 4.41 17.8* ± 2.76 23.7 ± 7.33
Group IV 22.1 ± 4.68 21.5 ± 8.99 18.3 ± 2.6 19.5 ± 3.9
Group V 18.4 ± 6.39 19.5 ± 6.73 18.3 ± 5.71 19.3 ± 8.49
Group VI 20.1 ± 4.6 21.7 ± 3.54 20.5 ± 3.9 21.3 ± 5.38
Group VII 24.7 ± 8.18 25.8  ± 8.19 25.6 ± 9.76 23.3 ± 6.68

* Statistically significantly different compared with the initial measurement ( p < 0.05).
Wilcoxon matched pairs test

Table 4. Sway ranges in the ML plane values (mean ± standard deviation) (mm) after long-term training

Group Before
training

Before
last training

session

One week
after training

One month
after training

Group I 18.5 ±6.59 16.4 ± 4.31 15.9 ±5.32 16.6 ±5.91
Group II 13.3 ± 4.21 14 ± 4.73 16.1 ± 6.49 15.1 ± 5.45
Group III 15 ± 3.56 12.8 ± 2.55 13.1* ± 3.58 14 ± 5.21
Group IV 14.2 ± 3.59 15.6 ± 4.32 13.8 ± 5.43 13.9 ± 2.72
Group V 13.1 ± 4.05 15.1 ± 6.38 15 ± 5.97 12.8 ± 3.56
Group VI 15.2 ± 3.58 16.8 ± 3.02 15.5 ± 4.67 15.9 ± 1.96
Group VII 11.2 ± 3.29 12.6  ± 4.55 13.9 ± 5.64 14 ± 5.55

* Statistically significantly different compared with the initial measurement ( p < 0.05).
Wilcoxon matched pairs test
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malfunctioning of any of the receptors causes that the
nervous system reduces the receptor’s role in body
posture control and switches to signals from receptors
offering more reliable and noise-free information.
When the lower leg muscles are exposed to vibration
and fatigue [24] and the support structure is unstable
[23], then most postural information comes from the
labyrinth [23]. The hierarchy of receptors depends,
inter alia, on the motor task requirements [24] and
receptor efficiency [18]. The literature has not pro-
vided yet a precise ranking of sensory entrances based
on their importance for postural control.

The changes in the range of COP sway in group III
was found interesting. A single vibration procedure
significantly increased the range of AP sway in that
group ( p < 0.05) vis-à-vis its initial value (Table 2).
As already mentioned, mechanical vibration disturbs
proprioceptive information [21] that is also used for
postural balance control. A very tentative conclusion
can be that compared with the other combinations of
parameters in the experiment a single application of
vibration of 60 Hz and amplitude of 2 mm affects
postural balance most strongly.

Another interesting finding was that the range of
sway in group III was significantly decreased in both
directions one week after the training ended compared
with the initial value ( p < 0.05). Fransson et al. have
found that cyclical exposure to vibration frequently
induces adaptive changes in the COP signal [25]. The
range of postural sway could change in group III be-
cause of the frequency and amplitude of mechanical
vibration (60 Hz/2 mm) repeatedly disturbing subjects’
postural balance during the 4 weeks of the experiment.

Long-term vibration was not found to change sig-
nificantly the range of sway in most of the groups
investigated. Similarly, the Torvinen et al. [5] and
Verschueren et al. [6] studies have not detected major
changes in subjects’ postural balance after repeated
application of whole-body vibration. Torvinen et al.
[5] studied the effects of 4-month vibration training
where 56 subjects exercised on a vibration platform
3–5 times a week for not longer than 4 minutes. Vibra-
tion amplitude was 2 mm and frequencies ranged within
25–40 Hz. Significant training-related changes in sub-
jects’ postural stability were not found. Verschueren et
al. [6] asked 25 post-menopausal females to participate
in a 6-month vibration training (35–40 Hz) conducted
3 times a week, finding no significant changes in the
AP and ML sway in subjects standing in a natural
position with eyes open or closed.

An important factor affecting the stability of the
postural balance system is age. All subjects in this
study were aged 21–24 years. In this period of onto-

genetic development the nervous system controlling
postural stability is characterised by a relative balance
between excitation and inhibition processes. The
nervous systems of healthy individuals in this age
group swiftly process information and the motor sys-
tems are very efficient. Dolny and Reyes [26] have
concluded that whole-body vibration may not be suf-
ficient to induce adaptive changes in the neuromus-
cular system of young healthy individuals. According
to these authors, the young age of the subjects may
explain why short- and long-term application of vi-
bration has not significantly differentiated most of the
study groups with respect to the range of sway.

Age differences were also described in the research
on postural balance control ability [27]. Blaszczyk
et al. [28] have reported that nervous centres respon-
sible for postural adjustments degenerate with age,
consequently raising the sensitivity threshold of the
sensory systems and decreasing nerve conduction
velocity. Postural control becomes less effective, one
manifestation of which is increased sway. Perhaps
repeated application of vibration disturbing body bal-
ance is worth considering as an alternative therapy for
preventing elderly people or patients with postural
balance control from falling.

Most studies reviewed under this experiment
assessed geriatric postural stability based on func-
tional tests evaluating dynamic balance [8], [9], [29].
A popular tool is the Tinetti test, where the motor
tasks are intended to estimate the gait and balance of
elderly individuals.

In the Runge et al. study [29], 34 subjects aged
61–85 years participated in a 6-month vibration train-
ing. Each subject was exposed to a 6-minute whole-
body vibration 3 times a week (the frequency was
27 Hz and the amplitude ranged within 7–14 mm). The
measurements showed that dynamic balance in the
“rising from a chair” test improved by 18%. Iwamo-
tow et al. [8] have demonstrated that a 3-month vibra-
tion training (once a week, 4 minutes, 20 Hz) com-
bined with having the subject stand on one leg for one
minute every day and do ten semi-knee bends
improves static balance performance in the standing-
on-one-leg test by 6.8%. Kawanabe at al. [9] also
applied vibration training (4 minutes once a week for
2 months, 12–20 Hz) to find similarly improved time
of standing on one leg. A probable reason why elderly
people perform better in functional tests is that vibra-
tion training increases maximal strength, explosive
strength and mechanical power of the lower extremi-
ties [8], [9]. It is possible that repeated exposure to
disturbing stimuli allows subjects to develop an ability
to appropriately react to vibration [30].
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In subjects standing in a natural position the ML
sway is greater than the AP sway [17], because the
human body behaves then as a monolithic, inverted
pendulum with the rotation axis located in the ankle
joints. The results obtained for all groups in this study
also confirm this observation (Tables 1–4). Kuczyński
[31] likens control of the upright position to stabiliza-
tion ensured by springs and absorbers representing the
viscoelastic properties of the system. The AP stability
is achieved because the body is supported on both legs
and the mobility of the lower extremity joints is sig-
nificantly limited in this direction [17]. A smaller
range of sideways sway in the ML direction depends,
inter alia, on an appropriately large support area de-
fined by the size of subject’s feet and the spacing be-
tween them. In the reports reviewed for this study
spacing ranged from 15 cm [7], [18] to 5 cm [24]. In
most studies, though, this information is not available
[3], [10], [32]. In this experiment, the subjects were
asked to “stand in a natural position with feet at
shoulders’ width apart and not to move” before postu-
rographic measurements were made. The absence of
statistically significant changes in the AP plane seems
to suggest that their feet were spread wide enough
during the measurements.

Capicikova et al. [7] has brought attention to the
effect of vibration time on the range of COP sway. In
their study, vibration of 60 Hz and amplitude of 1 mm
was applied to the soleus muscles of 17 subjects in
three separate trials lasting 10 seconds, 20 seconds and
30 seconds, respectively. The posturographic meas-
urements did not show a correlation between the ve-
locity of backward sway and the time of vibration, but
duration-related differences in the range of sway were
statistically significant. The backward sway increased
with extending vibration time (the sway values for
particular times were 15 mm (10 seconds), 23 mm
(20 seconds), and 26 mm (30 seconds)). The sway
stopped increasing after the COP reached the plateau
phase. In this experiment vibration application time was
1 minute, as in the studies of other authors [12], [13].
There are opinions that vibration applied continuously
for longer than 1 minute causes muscle fatigue [33] that
is known to increase postural instability in the ML and
AP directions [34]. As shown by the results of this ex-
periment, five 1-minute static exercises did not induce
muscle fatigue in any group but group III.

While being aware that more research into the ef-
fects of various types of vibration training on postural
stability is necessary, the authors of this study present
a conclusion that 4-week vibration training with fre-
quencies of 20, 40 and 60 Hz and amplitudes of 2 mm
and 4 mm, excluding the 60 Hz and 2 mm combina-

tion, does not significantly change the ML or AP sway
in young males. For positive adaptive changes to be
induced in the postural stability system of a human
4-week vibration training with parameters of 60 Hz
and 2 mm should be applied.
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