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ABSTRACT

Whole body vibration (WBV) represents one of the most serious problems in indus-
tries. There is a discussion about effects of long-term WBV exposures on employees’
health state in scientific community. However, therapeutic usage of WBV may be
beneficial for various groups of patients due to the reports of enhanced muscular
strength, power or even bone density. The purpose of this study was to investigate im-
mediate response of single WBV training unit on mobility of older individuals with vari-
ous neurological disorders. Twelve patients (67.0 + 3.54 years, 4 males and 8 females)
were assessed before WBV (10 min, vertical 2 mm, 30 Hz) and then 1 min afterwards.
Individual changes in gait kinematics were analyzed and the results indicated positive
effects of WBV. Kinematical gait parameters were more symmetric considering right
and left side. Depending on the severity of patient’s disease these changes were more
or less significant. The improvements in gait kinematics after WBV convinced us that
this technique can be carefully used in patients' therapy and it may be used together
with individually planed rehabilitation processes to bring more satisfying results.

1. Introduction
Ageing of the population brings growing demands on social and health care sys-



tems due to the increased risks of various chronic
diseases in older individuals. Health related quality
of human life and loss of independence can be also
affected by natural weakening of human body and
its functional systems. This leads to more frequent
falls and consecutive health and mobility problems
[1-3]. Here, the disorders like sensory loss, vestibu-
lar dysfunction, impaired vision, muscular weak-
ness, bone rarefaction or gait disorders are multi-
factorial disorders that contribute to vulnerability
and frailty of elderly persons. Moreover, elderly falls
are usually reasons for additional medical interven-
tions. Motor impairment syndromes are also asso-
ciated with neurological disorders [4]. This group
of clinically heterogeneous diseases causes severe
problems in coordination, gait, balance, voluntary
muscle control, power and strength [5, 6].

Strategies to prevent negative consequences of
functional mobility diseases have to be widely dis-
cussed, assessed and applied in health care of el-
derly patients. Such strategies include also rehabili-
tation techniques and physical exercises. Here, due
to the published results the whole body vibration
(WBV) can be considered as reliable and effective
tool in rehabilitation and sport medicine [7, 8]. The
studies realized during past decade indicate that
WBV may increase muscle strength, neuromuscu-
lar function, bone mass and mineral density [9-
11], can be useful in improving physical capacity,
cardiorespiratory functions, hormonal production,
proprioception, and balance [12-14]. Despite of
WBV positive effects presented in almost all related
research studies, the authors interpret their results
with caution. Also, the underlying mechanisms by
which WBV enhance neuromuscular performance
vary between studies and are still unclear. Incon-
sistency in presented results is caused by various
training protocols and heterogeneity in study de-
signs.

There are various vibrating platforms available as
commercial products used by many wellness cen-
ters and rehabilitation clinics. The main differences
are in the type of vibration stimulation, frequency
range, and amplitude of vibration [15 - 21]. Most
of the vibrating platforms vibrate sinusoidally. The
subjects stand on the platform which oscillates
only vertically or side alternating. Other types of
vibrating devices uses two separate platforms to
produce vibrations for each foot independently.
While commercial usage promotes WBV as attrac-
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tive and effective alternative to resistance train-
ing, the therapeutic applications should carefully
consider duration of WBV exposure, main vibration
characteristics as well as their effects on neuromus-
cular system respecting patients’ physical capabili-
ties. The rest periods between vibration trainings
may also play a significant role in final WBV effects.
We hypothesize that the WBV may stimulate mus-
cle activation in elderly patient with neurological
disorders and that application of WBV will result in
improvement of quality of their gait. Therefore, the
purpose of this study was to investigate whether
the single WBV session has any positive effects on
gait kinematics.

2. Methods

2.1 Participants

A group of twelve elderly patients (age 67.0 +
3.54 years, 4 males, 8 females) with various neuro-
logical disorders were included in the study. The
inclusion criteria were ambulatory patients able to
walk independently, had no cardiovascular disease
or epilepsy, and had no prior experience in WBV
training. All patients were informed about the WBV
training, tests to be realized and possible risks and
benefits of the research. Prior to participation they
gave written informed consent approved together
with the study design by the local Ethics Commit-
tee. All participants attended a familiarization ses-
sion before the study was realized. No other physi-
cal treatment or intervention was realized at least
24 hour before WBV session. The anthropometric
measures were also taken and registered in pa-
tients'experimental protocols. As for the aim of the
study, the anthropometric characteristics of lower
extremities were preferred, including thigh length
(right: 44.83 + 2.33 cm), left: 4433 + 2.19 cm), calf
length (right: 41.92 + 3.96 cm, left: 41.58 + 4.08 cm)
and foot length (right: 25.71 + 2.94 cm, left: 25.88 +
2.66 cm).

2.2 Study Design

The experimental protocol was designed to dis-
cover potential immediate response of a single
WBV training unit to the quality of gait kinemat-
ics in elderly patients. Training sessions were su-
pervised by rehabilitation specialist and measure-
ments as well as WBV sessions were conducted
in the same thermally neutral room intended for
physical training. All subjects did not engage in
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any therapeutic or rehabilitation procedures be-
fore testing. The training session started with
physical examination and short warming-up walk.
Then, the patient’s gait was captured and analyzed
before WBV exposure. Participants were asked to
walk at their natural waking speed along the 6 m
long path. After reaching the end point of the path,
they were asked to turn back (180°), i.e. change the
direction of gait, and to walk back to the starting
point.

Then, they turned back again and walked to the
end point of the path, where the last turn back was
realized and the patients finished walking in start-
ing point of the path. In that sense, the subjects
passed the length of walking path four times. WBV
session followed one minute after this control gait
was realized and captured. Here, each participant
stood in static position on the vibration platform
(VibroGym inSPORTline) with no shoes and socks
and holding on the device handle. Erected posture
with slightly bended knees was required during vi-
bration test. The patients were asked to stop the
training in the case of any pain responses to vibra-
tion. Duration of one WBV training unit was set to
10 min. Sinusoidal vertical vibration frequency was
30 Hz with amplitude of 2 mm. 1 min rest interval
followed after this WBV exposure. Then, the pa-
tient’s gait was captured and analyzed again.

2.3 Qutcome Parameters

Gait assessment was performed using our mark-
er-free motion analysis system MAFRAN. Here, the
patient’s gait in sagittal plane is captured using any
commercial video camera. Then, the raw record is
used in the system to reconstruct motion trajec-
tories of human body anatomical landmarks, i.e.
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the trajectories of all lower extremity joints and
adjacent segments. These trajectories are conse-
quently used to calculate other kinematical param-
eters for detailed description of patient’s gait. Here
analyzed parameters include positions, velocities
and accelerations of individual joints, hip flexion/
extension, knee flexion/extension, and ankle plan-
tar/dorsal flexion angles, gait cycle length, gait
cycle time, gait cycle velocity, cadence (cycles per
minute), stance phase and swing phase of the gait
cycle.

2.4 Statistics

All the parameters were analyzed individually
within the subject and then within the group of
here included patients. The kinematical character-
istics of the patients were evaluated as differences
between right and left side. The hypothesis was
based on assumption that these differences should
be smaller after WBV training comparing values
obtained before WBV training. Otherwise, the WBV
will probably have no immediate benefits for gait
kinematics. Statistical methods included descrip-
tive statistics and Student’s paired t-test and were
used to ascertain specific and significant differenc-
es. The significance level was set to P<0.05.

3. Results

WBV session was well accepted by all in the study
included elderly patients. No one felt any pain or
expressed any problems during WBV exposure. A
first analysis was performed with anatomical joint
angles of lower extremities in sagittal plane. Indi-
vidually, no of the patients had the same curves of
all tree joints comparing before and after WBV val-
ues. At least on joint was changed either in positive
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Fig. 1: Anatomical joint angles in 65 years old male patient with right hemiparesis before and after WBV exposure (solid line - right leg,

dashed line - left leg).
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or negative direction. An example of anatomical
joint angles changes in 65 years old male patient
with right hemiparesis is shown in figure 1.

A paired t-test determined that the mean de-
crease of differences (M=0.47, SD=4,29, N=51)
was not significantly greater than zero, t(50)=0.78,
two-tail p=0.441 (95% CL=1.208), providing evi-
dence that the WBV was not effective in reduction
of differences between right and left hip flexion/
extension angle. Knee flexion/extension angle of
the same patient showed that the mean differ-
ences between right and left side before and af-
ter WBV were decreased, but the mean decrease
of differences (M=0.54, SD=8,207, N=51) was not
significantly greater than zero, t(50)=047, two-
tail p=0.643 (95% CL=2.308), providing evidence
that the WBV was not effective in reduction of dif-
ferences between right and left knee flexion/ex-
tension angle in this patient. The mean decrease
of the right and the left side differences in ankle
plantar/dorsal flexion angle of the same 65 years
old male patient (M=3.79, SD=4,089, N=51) was
significantly greater than zero, t(50)=6.63, two-tail
pP=0.000 (95% CL=1.150) provided evidence that
the WBV was effective in reduction of differences
between right and left ankle plantar/dorsal flexion
angle.

Anatomical joint angles were analyzed in all par-
ticipants of this study in the same way. The sum-
mary of right and lefts side differences in anatomi-
cal joint angles in elderly patients showed that the
most significant changes were registered in the an-
kle plantar/dorsal flexion angle (91.67 %), followed
by hip flexion/extension angle (83.33 %) and knee
flexion/extension angle (58.33 %). However, these
significant changes include both the positive and
the negative changes. The only significant positive
changes were chiefly in hip flexion/extension an-
gle (58.33 %) followed by the knee flexion/exten-
sion angle (41.67 %) and ankle plantar/dorsal flex-
ion angle (41.67 %). Individually, there were seven
patients (58.33 %) who had at least two significant
positive changes of these kinematical parameters
or they had no significant negative changes (sub-
jects 1, 2,3,5,8,9and 10). Two patients (16.67 %)
had no beneficial improvements resulting from ap-
plied WBV exposure (subjects 6 and 12) and three
patients (25.00 %) of the elderly patient subgroup
registered worsening because of no significantly
positive or only significantly negative changes
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(subjects 4,7 and 11).

The second analysis was performed in spatio-
temporal parameters. Here, the symmetry of all
characteristics was examined and summarized.
The mean differences between right and left sides
and standard deviations of these parameters are
listed in the table 1.

Table 1: Spatio-temporal characteristics of patients’ gait obtained
before and after WBV exposure (N=12).

Pre Post Delta pre/
post

GClength | 5.695 + 4718 + 0977 +
(cm) 4.158 4.735 6,725
GCtime (s) | 0.080 + 0.080 £ 0.000 £

0.074 0.070 0.045
GC velocity | 0.066 + 0053+ 0013+
(m/s) 0.040 0.048 0.058
Cadence 1.908 + 2143+ -0235+
(GC/min) 1.319 1.380 1.570
Stance 3812+ 4.158 + -0.347 £
phase (%) 3441 4.659 4.797
Swing 3817 + 4181 + -0.364 +
phase (%) 3439 4.642 4.783

No of here analyzed parameters had significantly
neither positive nor negative changes. Neverthe-
less, some of the parameters had positive and an-
other negative tendency. The positive trends were
shown in decreasing differences between right
and left side in gait cycle length (0.977 + 6.725) and
velocity (0.013 + 0.058). On the other side small in-
crease was registered in cadence (-0.235 + 1.570)
and gait cycle stance (-0.347 + 4.797) and swing
(-0.364 + 4.783) phase. Gait cycle time remained
almost unchanged (0.000 + 0.045).

4, Conclusion

In this study, the effect of single WBV training
unit was tested in elderly patients with neurologi-
cal disorders including multiple sclerosis, Parkinson
disease, cerebral palsy and radiculoneuritis. The sig-
nificant improvement was confirmed mainly in ana-
tomical joint angles rather than in spatio-temporal
parameters. As we expected, the single vibration
training had only short-time effect as four of the
beneficial patients were analyzed one week after
the experiment and their kinematics was similar
to the pre- exposure status. Using WBV training in
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patients with neurological disorders may result in
benefits for kinematics of human motion, but its sig-
nificance and mechanism still remain unclear and
undiscovered. The usage of WBV in patients'therapy,
especially in patients with neurological disorders,
has to be managed by physicians to avoid serious
injuries, physical harms and/or other health related
damages. Based on the results we obtained, it was
confirmed that there should be specified an indi-
vidual WBV training and supervised functional treat-
ment for particular patient. Further research should
be realized to clarify WBV specific benefits. Also the
various training approaches including standing in
different static positions, sitting on chair with legs
on vibrating platform or performing exercises on
the platform during therapy sessions should be in-
vestigated.
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