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Effect of vibrational therapy on muscle tissue
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Abstract

Introduction: In an adult human, on average, muscles constitute about 40% of their body mass. They are the basic structural
and functional elements of the musculoskeletal system based mainly on shrinkage of their fibres. This state, among others, en-
sures and induces motor reactions defined in a given situation, affects balance and muscle balance, the efficiency of neuromus-
cular connections, and also decides the efficiency of the motor system.

Aim of study: The aim of the work was to review literature regarding the impact of treatments using vibrational stimulus on
human muscle tissue. Particular attention was paid to the observed improvement of its motor properties after the completion
of vibrational therapy application. An attempt was also made to present the widest possible use of vibrational procedures in
various disease states related to the functionality of muscle tissue, which is why in the present overview, the included research
was differentiated in terms of target groups and investigated muscles.

Material and methods: The analysis included domestic and foreign literature, in which the positive effect of vibrational treat-
ments on the motor properties of adults was discussed. Studies were selected, the authors of which described the most impor-
tant parameters of the vibrational stimulus used, such as: frequency, amplitude and duration of exposure. Research work from
the last 15 years has been analysed (not including the historical part). However, as many as 70% of the referred studies have
been published in the last 5 years. Data from the following databases was analysed: Medline, Embase, Cochrane CENTRAL
trials register, ScienceDirect, PubMed, IEEE Xplore, Wiley Online Library. Key words used: muscles, force, vibration, WBV.
Summary-Conclusions: Numerous reports indicate the positive effect of vibrational therapy on human muscle tissue. These
treatments, among others, prevent muscle atrophy, and in this way, improve or reproduce the lost motor skills of the investi-
gated people. Treatments with the use of vibrations can be performed by the patients themselves without special supervision,
the devices that trigger them are easy to use and do not require significant physical effort, which is an undoubted advantage
for the elderly and ill patients as well as athletes during the restitution period. It seems wise that any future research regarding
the possibility of use of using vibrations in various disease states, including covering the broadly understood pathology of the
musculoskeletal system, should focus on the development of optimal parameters and conditions for the use of vibration treat-
ments, associating them with selected disease entities, developing indications and contraindications for their use, as well as de-
termine hypotheses of the effectiveness of undertaken activities and their scientific verification.

Stowa kluczowe
miesnie, sila, wibracja, WBV

Streszczenie

Wstep: U dorostego cztowieka mie$nie stanowia Srednio okoto 40% jego masy ciata. S3 podstawowym elementem struktural-
nym i funkcjonalnym uktadu miesniowo-szkieletowego opartego w gtéwnej mierze na kurczliwosci ich wldkien. Taki stan rze-
czy miedzy innymi zapewnia i wywoluje okre§lone w danej sytuacji reakcje motoryczne, wplywa na zachowanie réwnowagi
i balans mie$niowy, sprawnos¢ polaczefi nerwowo-migsniowych, a takze decyduje o wydolnosci uktadu ruchu.

Cel pracy: Celem pracy byto dokonanie przegladu piSmiennictwa, dotyczacego oddziatywania zabiegdw z wykorzystaniem
bod7ca wibracyjnego na tkanke mie$niowa czlowieka. Szczegdlng uwage zwrdcono na zaobserwowana poprawe jego wlasci-
wosci motorycznych po zakoficzeniu terapii wibracyjnej. Podjeto takze probe przedstawienia mozliwie, jak najszerszego zasto-
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sowania zabiegdw wibracyjnych w réznych stanach chorobowych zwigzanych z funkcjonalnosciag tkanki mie$niowej, dlatego
uwzgledniono w prezentowanym przegladzie badania zr6znicowane pod wzgledem grup docelowych oraz badanych miesni.
Materiat i metody: Analizie poddano piSmiennictwo krajowe i zagraniczne, w ktérym zostalo oméwione pozytywne dziata-
nie zabiegéw wibracyjnych na zdolnos$ci motoryczne dorostego cztowieka. Wybrano badania, ktérych autorzy podawali naj-
wazniejsze parametry zastosowanego bodzca wibracyjnego takie jak: czestotliwosé, amplituda i czas ekspozycji. Analizowano
prace z przestrzeni ostatnich 15 lat (nie wliczajac czesci historycznej). Jednak, az 70% przywolanych badan byta opublikowa-
na w ciagu ostatnich 5 lat. Dokonano analizy przedmiotowych danych w nastepujacych bazach: Medline, Embase, Cochrane
CENTRAL trials register, ScienceDirect, PubMed, IEEE Xplore, Wiley Online Library. Stowa kluczowe, jakie uzyto to: mig-
$nie, sita, wibracja, WBV.

Podsumowanie-Wnioski: Liczne doniesienia wskazuja na pozytywny wplyw terapii wibracyjnej na tkanke mie$niowa czlowie-
ka. Zabiegi te migdzy innymi zapobiegaja zanikowi mig$ni, a na tej drodze poprawiaja lub odtwarzaja utracone zdolnosci mo-
toryczne badanych os6b. Zabiegi z Wykorzystaniem wibracji mogg by¢ Wykonywane przez samych chorych bez szczegdlne-
go nadzoru specjalistycznego, urzadzenia je Wywoiu]qce s3 proste w obstudze i nie wymagaja zZnacznego Wysdku fizycznego,
co jest niewatpliwg zaletg dla 0s6b starszych i schorowanych oraz sportowcéw w okresie restytucji. Wydaje sie celowym, aby
ewentualne przyszle badania dotyczace mozliwosci wykorzystania wibracji w réznych stanach chorobowych, w tym obejmu-
jacych szeroko rozumiang patologie uktadu miesniowo-szkieletowego, skoncentrowaé na opracowaniu optymalnych parame-
trow i warunkow stosowania zabiegdw wibracyjnych, skojarzenia ich z wybranymi jednostkami chorobowymi, opracowania
wskazan i przeciwwskazaf do ich wykorzystania, a takze ustalenia hipotez efektywnosci podejmowanych dziatan oraz nauko-

wej ich weryfikagji.

REACTION OF MUSCLE TISSUE
TO VIBRATION

Whole-body vibration (WBV) leads to
strengthening muscle stimulation and
improvement in their functioning. In-
creased muscular activity is support-
ed by the nerve mechanisms induced
by WBV. Despite the lack of direct
evidence, the most frequently cited
mechanism supporting the WBV re-
sponse is reflexive muscle contraction
called tonic vibration reflex (TVR),
which occurs during the direct vibrat-
ing stimulation of the muscular-ten-
don complex®.

High-frequency mechanical vibra-
tions applied to any human skeletal
muscle contribute to the generation
of a reflexive response to maintain
muscle contraction subjected to vi-
brations, while simultaneously re-
laxing its major antagonists>**. This
reaction was referred to as TVR2.
Only one kind of afferent unit is
known, which, in addition to being
sensitive to high frequency vibra-
tions, can trigger this particular re-
flex — that is the Ia afferent of the
muscle spindles (primary ends)>’.
It is suggested that increased muscle
power observed after intense WBV
occurs thanks to TVR. By stimulat-
ing the neuromuscular system, the
neuromuscular spindles are stimulat-
ed (Ia afferents), manifesting them-
selves in the impulsive activation of
motoneurons with an increased spa-
tial range. In addition, tonic vibra-
tional reflexes can acquire addition-

al motor units through neuromuscu-
lar spindles and polysynaptic reflex-
es®. In contrast to vibrations locally
applied to the tendon or muscle, the
vibrational wave transmitted to the
distal insertion, penetrates the closer
muscular group and activates a large
number of vibration-sensitive mus-
cle receptors, engaging many addi-
tional motor units’.

VIBRATION FREQUENCY
AND EFFICIENCY

An important factor to be consid-
ered is vibration frequency. Differ-
ent people can adapt to different fre-
quencies of vibrations because their
neuromuscular spindles have differ-
ent properties, different amounts
and locations of the mechanore-
ceptors and proprioreceptors, differ-
ent flexibility properties of the mus-
cle-tendon complex and a different
percentage share of type-2 fibres™.
Despite this, muscle tone increas-
es linearly with increasing vibration
frequency'>!2. As mentioned earli-
er, stimulus in the form of vibrations
selectively stimulates the ring-spi-
ral ends of the neuromuscular spin-
dles, causing them to be activated
synchronously with the vibratory cy-
cle'. Primary centripetal fibres of
neuromuscular spindles are stimu-
lated by discharges, with frequencies
up to 100 Hertz (Hz)". Optimal fre-
quencies may lead to activation syn-
chronization of the original ends of

the neuromuscular spindles with the
frequency of vibrations, while a vi-
bration frequency higher than that
which is optimal, results in the re-
duction of the synchronization of
the motor unit with mechanical vi-
brations'*!>. Massage using low-fre-
quency vibrations (15-50 Hz band)
increases oxygen uptake, oxygena-
tion of the blood and muscles, local
and systemic circulation, local tem-
perature of tissues subjected to vi-
brations and activation of muscle
metabolism enzymes. The remain-
ing effects include loosening myo-
fascial tissues and systemic sedation
(relaxation)’. In some static exercis-
es, the vibrational wave is transmit-
ted from further to closer links of
muscle groups. In contrast to physio-
therapeutic treatment, such a stimu-
lus transmission triggers a large num-
ber of muscles and can only be used
at low frequencies. At high vibration
frequencies, there is greater suppres-
sion of stimulation during its prop-
agation through body tissues'®. This
view is supported, among others, by
Issurin’. In his opinion, only low-fre-
quency waves penetrate through
stretched or strained muscles, while
high frequency vibrations are ab-
sorbed by soft tissues’.

Vibrational massage using high-fre-
quency vibrations (100-170 Hz) leads
to increased excitability of the central
nervous system (CNS) as well as an
increase in blood pressure. This type
of massage increases muscle tone and
causes their rapid stimulation’.
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THE EFFECT OF VIBRATION ON
MUSCLE POWER

Muscle power, the ability of muscles
to work in a natural environment,
significantly decreases with age. In
women, the rate of decline increas-
es after menopause, leading to a de-
crease in physical fitness. Aging is
associated with a decrease in bone
mineral density (BMD) - called oste-
oporosis, and a decrease in lean body
mass and muscle strength called sar-
copenia'®”, Both osteoporosis and
sarcopenia are serious socio-econom-
ic and personal problems because
they contribute to an increased risk
of falls, increased fractures and de-
creased physical fitness?**'?2, Femo-
ral neck fractures are associated with
high rates of mortality and morbidi-
ty among post-menopausal women?,
Therefore, prevention of bone and
muscle mass loss remains an impor-
tant issue. Despite the overwhelming
evidence that physical exercise posi-
tively affects muscular strength at any
age, adjusting exercise programmes
to the needs of seniors is insufficient,
and often, may even be risky. Moreo-
ver, only a small percentage of older
people undertake regular exercise?*.
Too intense or poorly conducted
training can be dangerous for a sig-
nificant amount of older people, po-
tentially leading to traumatic injuries
of the musculoskeletal system, even
including fractures®.

An alternative training method
may be vibration therapy, which was
evidenced in 2013 by Zaidell et al.!
These authors have published re-
search results showing that the use
of vibrational therapy on the soles
of healthy feet increases plantar flex-
ion force (PFF). It was increased after
using WBV and frequency-depend-
ent vibration. They also observed
a more significant increase in PFF at
a 50 Hz vibration frequency than at
25 Hz, suggesting that stronger TVR
reflex occurred at higher frequency
vibrations. Using surface electromy-
ography (EMG) and measuring ini-
tial force, this study provides direct
evidence that whole-body low-fre-
quency vibrations can induce a clas-
sic TVR response in the lower limb
muscles. Therefore, the authors rec-

ommend WBV as a practical method
for muscle exercise. Treatments using
WBV can be used to maintain good
health, in post-traumatic rehabilita-
tion, as well as for immobilized and
long-term bed stays!'.

Thomas Lapole and Chantal Pérot?
also attempted to investigate the ef-
fects of vibration therapy on the
strength of the plantar flexor muscles.
29 healthy students took part in the
experiment. They were subjected to
vibration therapy at 50 Hz every day
for 1 hour (h). After 14 days of dai-
ly vibration treatments, plantar mus-
cle strength increased with voluntary
isometric contractions. According to
the authors of this report, the noted
strength gains can only be explained
through improved muscle activation.
This is confirmed by the increase in
EMG of the triceps muscle of the
calf, which was significantly corre-
lated with strength gains and neuro-
muscular performance with volun-
tary contractions. The (cocontrac-
tion) index did not change after ex-
posure to vibration, indicating that
there were no changes in the activa-
tion patterns between agonists and
antagonists. Thus, only improvement
in activation of the triceps of the calf
can explain the greater generation
of strength. The authors of the cited
study believe that the impact of vibra-
tion training mainly regards neuronal
adaptations, with increased muscle
activation®®.

However, El-Shamy?’, in an article
from 2017, undertook assessment of
the impact of whole-body vibration
on the strength of the quadriceps
muscle. The experiment was con-
ducted among a group of 30 children
with haemophilia in the age range of
9 to 13 years. The parameters of vi-
bratory stimulus in the present study
were as follows: the frequency was 30
to 40 Hz, 2 to 4 mm between-peak
vertical displacement and the dura-
tion of the exercise ranged from 12
to 15 minutes. The vibrations were
generated by Power Plate Next Gen-
eration Vibration. After 12 weeks of
therapy, it was observed that the pro-
gramme of WBV training combined
with standard physiotherapy caused
greater improvement in the strength
of the quadriceps muscle of the thigh
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compared to the use of only stand-
ard physiotherapy. The strength of
this muscle was determined using the
Biodex System-4 dynamometer (Bi-
odex Medical System, Shirley, NY).
The author of the study claims that
improvement in muscle strength after
WBV was associated with reflex mus-
cle activity and not loading exercis-
es. This means that the main ends of
the muscle spindles are stimulated by
vibrations, which in turn, stimulate
motoneurons, causing activation of
motor units, leading to muscle con-
traction known as tonic vibrational
reflex (TVR). El-Shamy also hypoth-
esizes that a protocol with greater in-
tensity, duration and amplitude of vi-
brations could allow to achieve better
results among this population?.
Research regarding the impact of
vibrational therapy on the strength
of the quadriceps muscle was also
undertaken in 2016 by Pamukoff et
al®®, In their experiment, the effects
of single, whole-body (WBV) and
local (LMV — Local Muscle Vibra-
tion) vibration sessions were exam-
ined, which affected functioning of
the quadriceps muscle in patients fol-
lowing anterior cruciate ligament re-
construction (ACLR). In the research,
they applied vibrations at 30 Hz, for
a total duration of 6 minutes. The re-
sults obtained by these authors show
that vibratory impulses improve the
strength of the quadriceps muscle,
voluntary activation and cortical-mo-
tor excitability in people following
ACLR. Therefore, stimulation with
vibrations may be an appropriate
procedure to increase the function
of the quadriceps muscle of the thigh
and could be effective in restoring
strength of this muscle in people with
traumatic injuries to the knee joint?.
In 2015, research on the impact
of vibration on the strength of the
quadriceps was also undertaken by
Ekaterina Tankisheva et al.”. Their
aim was to analyse the influence of
6-month, local vibrational training
on muscle strength, muscle mass and
physical performance in post-meno-
pausal women (66-88 years of age).
The frequency of vibrations during
the procedure was between 30 Hz
and 45 Hz. Vibration was applied to
the area in the middle of the thigh

© AWF Krakow

13



Medical Rehabilitation / Rehabilitacja Medyczna (Med Rehabil) 2018, 22 (3): 11-19

14

and in the vicinity of the hip joint
in a lying position once a day for
a maximum of 30 minutes, 5 times
a week. The participants from the
control group continued to perform
their usual activities and were not
included in any additional training
programme. The measured variables
were isometric and dynamic strength
of the quadriceps muscles. The au-
thors of this study observed a signif-
icant difference between groups af-
ter a 6-month period in favour of the
group subjected to vibrational expo-
sure in relation to the isometric force
of straightening the knee. Accord-
ing to them, this difference may be
caused by the adaptation of the nerv-
ous system, taking into account the
increase in the synchronization of the
motor unit, the arrest of antagonistic
muscles or the re-contraction of syn-
ergistic muscles?.

Most obese people maintain a sed-
entary lifestyle and are reluctant to
take part in regular exercise pro-
grammes. Therefore, Chiara Milan-
ese et al.’* investigated the impact of
whole-body vibration (WBV) on body
composition and muscular strength
in obese women. Participants of the
study were assigned to a 10-week
WBV training, twice a week. Dur-
ing each 14-minute vibration training
session, 5 minutes of rest were used.
Parameters of the vibratory stimulus
were as follows: amplitude from 2 to
5 mm, frequency from 40 to 60 Hz.
For this purpose, the following de-
vice was used — BioplateRF, BIOS,
Milano, Italy. The maximum strength
rating (max. of 1 repetition) includ-
ed flexion and extension tests of the
lower limbs. After completing the test
protocol, limb endurance tests were
increased in the WBV group. These
results indicate that WBV exercis-
es can improve muscular strength in
obese women and can also be a useful
means in supporting obese individu-
als in undertaking decisions and ac-
tions promoting a healthy lifestyle®.

In society, one-third of adults and
half of the elderly in nursing homes
suffer from chronic or temporary
urinary incontinence (UI)*!. This is
a nagging condition that seriously
affects the physical, social, psycho-
logical and sexual well-being of pa-

tients’2. In 2015, Farzinmeher et al.3
published the results of a study in
which they assessed the effectiveness
of whole-body vibration in improv-
ing pelvic floor muscle strength in
women suffering from stress urinary
incontinence (SIU). 43 women suf-
fering from this disease were invited
to take part in the experiment. The
research was carried out for 4 weeks
with the use of a vibration platform
(Power plate, USA). A vibration fre-
quency of 30 to 50 Hz was applied.
The duration of a single treatment
session was from 4 to 16 minutes.
The maximum voluntary contrac-
tion (PFM — pelvic floor muscle) was
assessed by the authors on the basis
of an approved, standardized, modi-
fied Oxford scale via palpation, per-
formed by a physical therapist who
was qualified to evaluate pelvic floor
muscles. The results of the study
showed that after treatments, there
was improvement in the tension and
strength of the PFM, which may be
associated with increasing strength
and re-contractions of the synergistic
muscles of the pelvic floor, hip, abdo-
men and others during WBV. The re-
sults of these studies showed that the
therapeutic effect of these treatments
persisted after 3 months*.

VIBRATION AS A WAY
TO PREVENT MUSCLE
DYSTROPHY

Immobilization is a well-accepted
analogy to the loss of body condition
caused by the lack of activity that is
usually seen in bedridden patients.
Similar effects were observed in as-
tronauts as a result of long-term zero
gravity exposure’***%, Prolonged im-
mobilization of the human body re-
sults in functional disorders and loss
of the condition of the musculoskel-
etal system, which can be reduced by
means of appropriate muscular exer-
cises. WBV is used as a way to prevent
muscle atrophy and bone loss during
weightlessness in space and as a train-
ing option for athletes and patients
with various co-morbidities. The spi-
nal cord reflex function means that
WBV may be appropriate for uncon-
scious patients, because muscle con-
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traction occurs at the level of the spi-
nal cord and not in the brain¥’.

In 2004, Dieter Blottner et al. con-
ducted research to assess whether
short sessions of vibrational training
(2-3 times a day) prevent the degrada-
tion of muscle fibres and phenotypic
traits, and help maintain the strength
of the skeletal muscle group of the
thigh and calf while lying in bed. In
these studies, vibrational therapy was
applied to the muscles of the lower
limb by means of a vibrating platform
with a modification, enabling the
treatments to be carried out in a lying
position. During 55 days of voluntary
bed immobilization, the frequency of
vibrations varied from 19 Hz (at the
beginning of the study) to 25.9 Hz (at
the end). During the experiment, the
authors measured the maximum vol-
untary isometric plantar flexion force
(MIPF) based on the platform (Novo-
tec, Pforzheim, Germany) and a spe-
cial, resistance device. The measure-
ments were taken before the period
of bed rest and after the tests. After
the experiment, the authors conclud-
ed that both the calf muscle struc-
ture and the production of strength
can be maintained for 8 weeks of ab-
solute staying in bed thanks to the
use of vibrational exercises. The au-
thors of the study believe that the vi-
brational exercise of the sole of the
foot with the Galileo Space device
(19-26 Hz) is based on muscle reflex-
es that produce many cycles of con-
traction-muscle relaxation (i.e. 26
Hz equals approximately 1,600 cy-
cles per minute). Muscle reflexes can
produce mechanical tension and neu-
romuscular activation, sufficient to
maintain the structure and function
of the musculoskeletal system?. The
authors of this study also believe that
short protocols for vibrating foot
soles seem simpler than other types
of exercises and can be used in future
prevention programmes to compen-
sate for lower limb atrophy caused by
lack of physical activity during pro-
longed, clinical be stays, in rehabilita-
tion or during spaceflights®.

In 2017, Wollersheim et al.>” pub-
lished an article regarding the im-
pact of vibrational therapy on the re-
duction of muscular fatigue in im-
mobilized, mechanically ventilated
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patients at the Intensive Care Unit
(ICU). Muscle dystrophy and weak-
ness due to intensive care hospitali-
zation are common complications
in these patients. Therefore, the au-
thors of this report were guided by
the idea of bridging the gap between
the onset of severe illness and active
muscle training, using external de-
vices during immobilization and se-
dation phases to trigger muscle con-
tractions. In the above-mentioned
study, vibrational exercises on the
feet of patients from these units were
used. Vibration stimuli of 24 Hz and
26 Hz were used. WBV sessions last-
ed 9 minutes. These authors noted
that fixed vibration sessions increase
both carbon dioxide removal and ox-
ygen depletion in those treated under
these conditions as a result of mus-
cle stimulation. Depending on the
frequency of the vibratory stimulus,
WBVs cause over 1,000 muscle con-
tractions per minute, thus leading to
increased strength and muscle mass.
In conclusion, further research sup-
ports the principle that WBV stimu-
lates the muscles and improves their
metabolism?’.

VIBRATION IN THE
TREATMENT OF MUSCLE
SPASTICITY

Spasticity is defined as impaired sen-
sory-motor control resulting from
damage to the central motor neuron
(UMN - upper motor neuron), pre-
sented as uninterrupted or continu-
ous involuntary muscle activation®,
Under clinical conditions, spastici-
ty is assessed as increased resistance
to passive muscle stretching depend-
ing on the speed of movement*!. The
purpose of any spasticity treatment
plan is to improve passive and active
functions, and to prevent secondary
problems such as pain, sprain or trau-
ma. Lower limb muscle dysfunction
is common among children with bi-
lateral cerebral palsy (CP). Spasticity
causes stiffness and weakness in the
muscles and limits the performance
of daily activities such as standing or
walking. Teeraporn Tupimai et al.*?
conducted an experiment to check
the effect of whole-body vibration

(WBV) on spasticity, strength and
balance in children as well as adoles-
cents with CP. The study involved 12
children and adolescents with spastic
CP in the age range of 6 to 18 years. A
vibration device (AIKO, ETF-001CG,
Thailand) producing vibrations at
20 Hz was used for the tests. Par-
ticipants of the experiment were as-
sessed using the Modified Ashworth
Scale (MAS), the Five-Times Sit-To-
Stand Test (FTSTS) and the Pediatric
Balance Scale (PBS). FTSTS is a reli-
able tool for assessing the strength of
the lower limb muscles and the ability
to maintain balance. The results ob-
tained during the study indicate that
the 6-week combination of long-term
Passive Muscle Stretching (PMS) with
WBV can produce positive effects in
relieving spasticity, shortening the
time to perform the Five-Times Sit-
to-Stand Test due to increased mus-
cle strength and improved balance in
those patients*?.

Ruck et al.* also conducted a ran-
domized, controlled pilot study to
determine the effects of WBV on 22
children with CP. During the 6-month
duration of the study, children were
assigned to continue the tradition-
al physiotherapy programme or to
use WBV as an adjunct to the pro-
gramme. There were no significant
differences in the groups concerning
changes in motor function, but the
change in walking speed was signifi-
cantly higher in the WBV group®.

The attempt to investigate the im-
pact of vibration therapy to fight
spasticity in children with cerebral
palsy was also undertaken by Katu-
sic et al.*. During the 12-week treat-
ment period, all children attended
physical therapy treatments in ac-
cordance with their rehabilitation
programme. Physiotherapy consisted
of 3, 40-minute sessions a week. The
level of spasticity was assessed using
the Modified Ashworth Scale (MAS).
The results show that the procedure
of vibrotherapy together with classi-
cal physiotherapy reduces the level of
spasticity and increases the motor ef-
ficiency in children with spastic CP*.

Gait disorders are one of the most
frequent and life-changing effects
of multiple sclerosis (MS — Multi-
ple Sclerosis), often associated with
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spasticity. This issue was addressed
by Camerota et al.* The aim of their
study was to assess the effectiveness
of local vibrations in improving gait
in patients suffering from MS with
acute spasticity of the lower limb,
measured by Ga Analysis Gait Anal-
ysis. In their research, they used a vi-
bratory stimulus at a frequency of
100 Hz and an amplitude of 200-
500 um. The therapy was applied to
the quadriceps and lumbar muscles
in the area of the spine. After ther-
apy, they observed greater extension
in the hip joint most likely associat-
ed with an increase in moment and
strength in the hip joint. In addition,
increasing extension in this joint al-
lowed patients to lift the foot from
the floor in the dorsiflexion mecha-
nism. This behaviour is explained by
the authors with the increase in the
moment and value of peak strength
for the talocrural joint. In addition,
an increase in the plantar flexion an-
gle of the foot was noted®.

It is also assumed that weakening of
plantar flexion in the foot negative-
ly affects motor function and gener-
al posture of a person. Therefore, im-
provement in the balance, gait speed
and mobility after the use of whole-
body vibrations observed in the
above studies may be directly related
to the improvement of the strength
of lower limb muscles. These data in-
dicate that WBV can reduce spastici-
ty, increase muscle strength and im-
prove motor performance in people
with CP

VIBRATION AND SPORTS
TRAINING

Efficient muscles are an important as-
pect in performing both sports activ-
ities and daily physical activity. Plyo-
metric and endurance training were
hitherto the main methods of in-
creasing explosive power*. In sci-
entific reports, it is indicated that vi-
bration training is gaining popularity
as a form of neuromuscular training,
mainly due to its time efficiency and
simplicity of usage®*-’.

An attempt to use vibrations in
competitive sports was undertaken,
among others, by Cohrane and Stan-
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nard®. 18 healthy, female field hock-
ey players were invited to take part
in their experiment. The experimen-
tal group was subjected to vibration-
al exercises using the Galileo Sport
platform at a frequency of 26 Hz and
an amplitude of 5 mm. In the control
group, the participants, in a seated po-
sition, pedalled with an intensity of
50 revolutions per minute on an er-
gometric bicycle with a friction brake
(Monark 818 E, Sweden). After com-
pleting the tests, it was found that in-
tense whole-body vibrations cause
nerve strengthening of muscle reflex-
es, which was demonstrated in the im-
provement of the results of the arm
countermovement vertical jump (AC-
MV]) and agility. In addition, mus-
cle groups subjected to less vibration
show no physiological changes. Ac-
cording to the authors of this report,
WBV stimulates both concentric and
eccentric muscle contractions while
cycling requires only concentric mus-
cle activity. ACMV] triggers the acti-
vation of the systolic-diastolic cardiac
cycle, where stretching receptors are
activated in the eccentric contraction
phase. Considering the significant in-
crease in ACMV] results after WBV
compared to cycling, it can be pre-
sumed that the additional WBV effect
compared to cycling was due to the
applied eccentric stimulation®.

Less than 10 years later, because in
2014, Cochrane and Hayden Booker*®
published research results in which
they assessed the impact of vibration
on results achieved in sport. 14 ath-
letes took part in the experiment, in-
cluding high-, long- and triple-jump-
ers. Again, the Galileo Sport vibratory
platform at a frequency of 26 Hz was
used for the tests. The vibration am-
plitude this time was 6.4 mm. During
the follow-up session, the vibrating
apparatus was turned off, and the par-
ticipants of the study maintained the
same position as the competitors from
the experimental group. The authors
of the research noticed that intense,
intermittent vibration training con-
tributed to increasing the distance and
speed of repetitive long jumps, which
can be used as an additional warm-up
method, helping increase the level of
explosive power. These authors also
suggest that muscular functions are

stimulated by intense vibratory train-
ing, and although electromyography
has not been performed in the course
of this study, it is likely that neuronal
factors may be responsible for the sig-
nificant increase in muscle perfor-
mance which is similar to long-term
neural changes observed in the case
of traditional resistance and strength
training*.

Recently, Ronnestad et al.” also un-
dertook a study on the impact of vi-
brational therapy on increasing mus-
cle strength in competitive athletes.
12 competitors, competing at a na-
tional level, not taking any drugs, par-
ticipated in powerlifting trials. Each
of them qualified for the national
powerlifting championships in 2010
(Norway) in their respective weight
categories. A vibration platform was
also used (Pneu-Vibe Pro, Pneumex,
Inc., Sandpoint, ID, USA). The aim
of the experiment was to study the
distinct impact of whole-body vibra-
tions at 50 Hz with a peak ampli-
tude of 3 mm on peak power in the
squat jump (S]). These tests were car-
ried out on a Smith device (platform)
(Gym 80 International, Gelsenkirch-
en, Germany). The results this study
showed that the use of WBV clear-
ly increases the generated peak pow-
er during the SJ in those taking part
in the project. The increase in power
was accompanied by an increased lev-
el of EMG activity in the quadriceps
muscles. The authors of the quoted
reports suggest that WBV can acti-
vate the neuromuscular spindle at 50
pulses per second and thus, increase
the stimuli acting on the motoneu-
ron set to a much greater extent than
without the use of WBV. At the same
time, they explain the higher EMG
activity and higher peak power dur-
ing the SJ. Therefore, WBV can be
used to significantly increase stimu-
li affecting the neuromuscular system
during strength training with a high
load in well-trained athletes whose
performances depend on peak pow-
er output (e.g. footballers)*’.

SUMMARY

The above-cited literature review con-
tains selected studies, the authors of
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which have studied the impact of vi-
brational treatments on human mus-
cle tissue. Although different types of
muscles were subjected to vibrational
exposure, and subjects were different
in terms of age, sex and health sta-
tus, the positive effects of vibrother-
apy were observed. Research shows
very broad application of the posi-
tive effects of vibrational treatments
among patients immobilized in bed
to professional athletes. Vibration-
al therapy proves to be effective in
preventing muscle dystrophy, and
above all, its regular use improves
the motoric properties of a human.
Therefore, vibration exercises can
be a solution to maintaining physi-
cal fitness in people suffering from
various illnesses and in those elder.
It is worth using this method to sup-
port pharmacological treatment and
physical therapy or as an alternative
to expensive manual massage. Young
people, especially those practicing
sport actively, can implement vibra-
tional training to improve perfor-
mance in their sports.

In Table 1, the most important pa-
rameters of the vibrational stimu-
lus used in the aforementioned tests
are presented. We can unequivocal-
ly state that the authors largely re-
produce the same research proto-
cols, as noted in 14 of them, based
on the frequency of vibrations from
30 to below 50 Hz. Additionally, vi-
bration treatments lasting less than
20 minutes were used in 75% of the
studies. Some authors openly admit
that in their research, they use prov-
en research protocols instead of pro-
posing new or maybe even more ef-
fective solutions"?”*3*, Therefore, it
seems reasonable to investigate the
impact of different vibration fre-
quencies on specific muscle groups
in patients suffering from various
diseases and to develop the most
optimal application, position and
duration of exposure to vibration.
The most commonly used device
in the cited studies was a vibrating
platform, which was used in 12 of
them. The vibration platform, how-
ever, has its limitations due to its
weight and dimensions. In addition,
treatments on vibration platforms
are carried out in a standing posi-
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Parameters of the vibratory stimulus in the aforementioned tests

Test . Duration of
Year of Frequency of Amplitude of . .
(reference b h . - . treatment Equipment used in test
position) publication vibration (Hz) vibration (mm) session
Vibration platform (Fitvibe Medical,
1) 2013 25 and 50 1.5 70 seconds Gymna Uniphy, Germany)
. Electric point stimulator (DS7A, Digiti-
(26) 2010 50 0.2 60 minutes mer Ltd., UK)
(27) 2017 30-40 2-4 15 minutes Vibration Platform (Power Plate, USA)
. Vibration platform and special-order de-
8) 2016 30 16 6 minutes vice generating local vibrations
(29) 2015 30-45 n.d max 30 minutes  Special-order vibration device
. Vibration platform (BioplateRF, BIOS,
(30) 2013 40-60 2-5 14 minutes Milano, ltaly)
(33) 2015 30-50 2.5and 5 4-16 minutes Vibration platform (Power Plate, USA)
(39) 2006 19-25 5-10 6 minutes Vibration platform (Galileo Space)
. Promedi Vibrosphere and Vibration plat-
(87) 2017 24,26 n.d. 9 minutes form (Galileo, home-ICU)
(42) 2016 20 n.d. 10 minutes Vibration platform (AIKO, ETF-001CG)
43) 2010 12-18 2.4 9 minutes :i/(i)t;]rrillt)ion platform (Vibraflex Home Edi-
. Vibroacoustic bed (VISIC bedpad-VSM,
(44) 2013 40 n.d. 20 minutes Acouve Laboratory Inc., Japan)
. Electromechanical transducer
(45) 2017 10 0.2-05 Bominutes  cROESYSTEM, NEMOCO stl, Italy)
. Vibration platform Galileo Sport (Novo-
® 2005 26 6 5 minutes tec, Pforzheim, Germany)
. Vibration platform Galileo Sport (Novo-
(46) 2014 26 6.4 6 minutes tec, Pforzheim, Germany)
Vibration platform (Pneu-Vibe Pro, Pneu-
(47) 2012 50 8 n.d. mex, Inc. Sandpoint, ID, USA)
Table 2

Alternative equipment for vibrational therapy

Device Frequency (Hz) Amplitude (mm)
Vitberg Rehabilitation Massage Equipment (RAM Vitberg™®) 10-52 0.01-0.5
Vitafon (device for local microvibration treatments) 0.1-100000 0.1-10
TheraGe (vibration plate) 5-70 -
NHC Cyclo-Therapy Cyclopad (massage mat) 35-75 -

tion, which is a significant obstacle

for less physically fit people. There- 1,
fore, we believe that it is worth pay-
ing attention to the offers of manu-

facturers of vibration therapy equip-

ment, whose products are more mo-

bile and allow treatment in any posi-
tion (Table 2).
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