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Disruption of joint mobility (contracture) is a frequent consequence
of the treatment of injuries or orthopedic diseases, when the method
of immobilization is used in the treatment process. One of the phys-
iotherapeutic methods of preventing contractures and restoring
joint mobility after long-term immobilization is vibration therapy.
Objective. Create a concept of the effect of low-frequency vibration
on joints and peri-articular tissues after immobilization. Methods.
The work was performed using a meta-analysis of literature sourc-
es from scientific databases. The publications were analyzed, which
considered the impact of vibration on joints or had data on its bio-
logical impact on body tissues. Results. The physiological impact
of vibration on the body is based on mechanical, physico-chemical
and thermal effects. The expression of the physiological response
depends on the frequency and amplitude of oscillations, conditions
of conducting and localization. The concept is based on the features
of the impact of vibration on the structural elements of limbs and
joints. The vibration applied to the limb irritates mechanoreceptors,
which send a signal to the central nervous system, and thanks to
motoneurons, muscle contraction occurs, which affects peripheral
blood flow and blood oxygenation. Accordingly, redox processes in
tissues are launched. Micromovements caused by vibration con-
tribute to the nutrition of cartilage and metabolism in the synovial
Sfluid, improving the nutrition of periarticular tissues. This contrib-
utes to the recovery of both joint and adjacent tissues. Contrac-
tion of muscles through motoneurons gives impetus to a gradual
increase in their motor activity and strength, restoration of nutri-
tion and cartilage surface - to restoration of mobility. Conclusions.
The created conceptual model of the effect of low-frequency vibra-
tion on joints with limited mobility due to immobilization takes into
account tissue changes under its influence. The concept involves
restoration of nutrition of tissues and muscles adjacent to the joint.
1t is vibration, due to the possibility of transmitting vibrational en-
ergy between tissues, that enables the processes of muscle contrac-
tion, which increase the blood supply and metabolism of the joint.

Topywenns pyxomocmi cy2nobié (KOHMpaxKmypu) € yacmum Hac-
JIOKOM NIKY8AHHA MPAéM ab0 OpMONeOUdHUX 3AX8OPHOBAHb,
KOU Y npoyeci NIKYBAHHs 3ACMOCO8YIONMb Memoo IMMOOLnizayii.
OoHum i3 iziomepanesmuurux memooieé npopinaKmuKu KOHm-
Paxkmyp i 8I0HOGIEHHS PYXOMOCII CY2n00i8 Nicisi Mpueaoi iMmo-
oinizayii € sibpomepanis. Mema. Cmeopumu KoHyenyito 6niugy
HU3bKOUACmMomuol eiopayii Ha cyenobu ma nepiapmuxyispHi
MKAHUHYU nicas immooinizayii. Memoou. Po6omy eukonano 3a 0o-
NOMO20I0 Memaananizy ojcepes aimepamypu 3 HaAyKogux 6as oa-
nux. Ilpoananizoeano nyonikayii, 0e po3eisiHymo éniue siopayii
Ha cyenobu abo € oani wooo ii 6ion02iuHo20 ENIUEY HA MKAHUHU
opeanizmy. Pesynomamu. B ocnosi gizionoziunozo eénausy 6iopa-
Yii Ha opeaHizM nedcamsv Mexauiymi, Qi3uKo-XiMiuni ma mennosi
eghexmu. Bupaodicenicmo pizionoeiunoi 6ionogioi sanesxcums 6io
yacmomu U aAMNAIMyoOu KOAUBaHb, YM0O8 NPoBeOeH s ma JIOKAi-
sayii. Konyenyis 6a3yemuvcs Ha 0coOIU80CmAX 6NIUBY 8IOpayii Ha
CMPYKMypHi enemeHmu KiHyigox i cyenobie. 3acmocogysana 00
KIHYIBKU 8IOpayisi NOOPA3HIOE MEXAHOpeyenmopu, siKi nooarms
cuenan y [JHC i 3a605ku MOmMoHeupoHam 8i0byeacmucsi CKOPOYeH-
Hs M513i8, KOmpe 6Nauae Ha nepugeputnull Kpogomox i okcuze-
Hayio Kposi. Bionosiono, 3anyckaromscs OKUCTIO8AIbHO-8IOHOGHI
npoyecu 6 mxkanunax. Mikponepemiwienns, cnpuyuneni siopayicero,
CNPUSIIONb JHCUBLEHHIO XPAWa U 0OMIHY Peyo8uH y CUHOBIAIbHIN
PIOUHI, NOKPAWEHHIO HCUBNEHHA NepiapmuKyIaApHux mranut. Lle
Cnpuse 8iOHOBNIEHHIO AK MKAHUH cy2a100a, mak i npuieiux 0o
Hb020. CKOpOUeHHA M’a3i8 uepe3 MOMOHeUPOHU Oae NOWMO8x 00
NnOCMyno6o2o 30inbuleHHs iXHbOI PYX080i akmueHocmi ma Cuu,
BIOHOBNICHHSL JICUBTICHHA MA NOBEPXHI Xpaujd — 00 BIOHOBIEHHS
pyxomocmi. Bucroexu. Cmeopena KoHyenmyaubHa Mooeib 61Uy
HUZLKOYACIOMHOT 8i0payii Ha cyenobu 3 0OMel’CeHHAM PYXOMOC-
mi 6HACAIOOK IMMOOINI3ayli 8paxosye sminu mKkanut nio ii dicro.
Konyenyin nepedbauac 6ionosnents dcugieHHs NPUieiux 00
cyenoba mranun i m’azie. Came 6ibpayis 3a60KU MONCIUBOC-
mi nepeoasanis enepeii KOMUBAHHA Midc MKAHUHAMU OAE 3MO2Y
BGIMKHYMU NPOYecU CKOPOUEHHs MA316, AKI NOCUTIOIONb KPOBO-
nocmavanua u 0OMin peuosun cyenoba. Kniouogi cnosa. Cyenoo,
imobinizayis, KoHyenmyaubhe MOOEeN08AHHS, HUSLKOUACTIOMHA
siopayis.
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Introduction

Contractures are a loss of joint mobility caused by
structural changes not in bone tissue, but in muscles,
ligaments, and tendons. Today, it is the most com-
mon clinical problem, as this abnormal condition
negatively affects the daily life of patients, reducing
its quality [1]. Impaired joint mobility is a frequent
consequence of the treatment of various injuries or
orthopedic diseases when the immobilization method
is used. Patients with limb immobilization, especially
long-term, have a high risk of developing joint con-
tractures, which affect the final results of treatment
of injuries and orthopedic diseases [2].

One of the physiotherapeutic methods of prevent-
ing contractures and restoring the mobility of joints
after long-term immobilization is vibrotherapy
(from Latin vibrare — to shake, oscillate and from
Greek therapeia — treatment) [3, 4]. The technique
involves the influence of low-frequency mechanical
waves, which is carried out in direct contact with
the patient's tissues or body and leads to selective
excitation by vibration of various mechanorecep-
tors, causing a number of physiological changes
and sanogenic effects. The most important ones
include analgesic, trophic, anti-inflammatory, lym-
phatic drainage, vasoactive and tonic. Apparatus
for vibrotherapy is divided into devices for local
(vibromassage) and general action (for the whole
body). Previously, we developed a conceptual model
of the formation of contracture (permanent restric-
tion of movement) in joints after long-term immobi-
lization or restriction of mobility [5].

Purpose: to create a concept of the effect of low-
frequency vibration on joints and peri-articular tis-
sues after immobilization.

Material and methods

The study was performed using a meta-analysis
of literature sources from scientific bases Cochrane
Library, Scopus, National Library of Medicine — Na-
tional Institutes of Health, ReLAB-HS Rehabilitation
Resources Repository, Mendeley Reference Manager,
the Physiological Society library, and literature on
physiology and biochemistry of domestic and foreign
authors.

The study involved an assessment of the data on
the impact of vibration on joint tissues, the circula-
tory system, and muscles. 80 sources were analyzed,
of which 32 were selected, where the impact of vibra-
tion on joints or body tissues was considered directly.

Results and their discussion

The physiological impact of vibration on the body
is based on mechanical, physico-chemical and ther-
mal (manifested to a lesser extent) effects. The expres-
sion of physiological mechanisms depends on inten-
sity and parameters (frequency, amplitude) of impact,
conditions of implementation and localization [3, 4,
6, 7]. Frequencies in the range of 10-200 Hz have
the most noticeable effect on body tissues.

The primary reaction of the body to the local ef-
fect of mechanical vibrations occurs due to direct in-
teraction with cells and the environment. The amount
of energy transmitted from the source of vibration
to a person directly depends on the frequency and
amplitude of oscillations. Sensory perception of vi-
bration is carried out by nerve receptors of the skin,
Meissner's glomerular corpuscles and Pacinian cor-
puscles. The frequency range of vibrational sensitivi-
ty of Meissner corpuscles is 2—40 Hz, and the limit
amplitude is 35-100 pm. Mechanoreceptors enhance
the processes that take place in the tissues and con-
vert them into energy that is much higher than that
of the active vibration factor. Impulses from vibro-
receptors are transmitted to the central nervous sys-
tem (CNS) through the posterior columns of the spi-
nal cord. Afferent flows arising after stimulation
of mechanoreceptors form local, segmental, generali-
zed body reactions [8, 9].

Mechanical vibrations with a frequency of more
than 50 Hz are responsible for the selective irritation
of mechanoreceptors, blood vessels, vegetative nerve
conductors, which leads to the expansion of muscle-
type blood vessels, increased local blood flow and
lymph drainage, contributes to a decrease in mus-
cle tone and activation of trophic processes in other
tissues.

One of the main impacts of the therapeutic effect
of vibrations is pain relief. Its mechanism is condi-
tioned by the adaptation of the body due to the deve-
lopment of inhibition signs in the central nervous sys-
tem. Weak vibrational irritations results in narrowing
of blood vessels, strong ones in expansion. Low fre-
quencies of mechanical vibrations trigger vascular
atony; high frequencies (100-200 Hz) cause spasm.

Mechanical fluctuations in frequencies are trans-
mitted to the central nervous system and are realized
on the periphery in the form of short-term muscle
contractions. The vibration acts on their entire vol-
ume, there is a significant increase in the contraction
capacity of the muscles, the metabolism increases
without the accumulation of lactic acid, which allows
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you to quickly restore the muscles after physical exer-
tion and injuries.

Vibration promotes relaxation and strengthening
of muscle stretching, increases the elasticity of liga-
ments and tendons, increases mobility in the articu-
lar-ligamentous apparatus, normalizes trophic pro-
cesses, contributing to the full production of synovial
fluid [2, 10].

Contractures formed as a result of immobilization
respond to low-frequency vibration that is applied di-
rectly to the affected joint. Researchers have noted
the positive effect of low-frequency oscillations on
increasing the amplitude of movements in the joints,
but without a comprehensive study [2, 10]. Studies on
the effect of low-frequency local vibration on joints
were carried out by the Soviet researcher V. T. Na-
zarov. He created a series of devices for local low-
frequency vibration to increase the range of motion
of athletes and dancers, and subsequently substanti-
ated the therapeutic effect of vibration on damaged
joints and peri-articular tissues [11, 12]. Unfortunate-
ly, the proven effectiveness of local vibration has not
been widely used in medical rehabilitation.

Changes in the tissues adjacent to the joint be-
gin with the blocking of motor nerve impulses that
gradually reduce and over time turn off the function
of muscle contraction. According to M. 1. Arinchin
[13], muscles perform not only the function of sup-
port and movement, but also play a significant role
in blood circulation, providing the so-called «pe-
ripheral heart» function. A decrease in the supply
of nutrients to the tissues of the joint and the loss
of nutrition of the muscles due to the slowing down
of blood circulation leads to their reconstruction, i. €.
atrophy, fibrotization, deformation and degeneration
of the cartilage.

The task of rehabilitation involves restarting
the processes of restoring joint mobility. Its imple-
mentation begins precisely with the restoration
of nutrition, that is, blood circulation in the muscles
of the limb, and the involvement of the joint tissue in
the process. Of course, this is a long-term work, be-
cause recovery does not happen quickly.

So, if the changes in the joints of the limbs be-
gin with the slowing down of blood circulation,
it should be assumed that the recovery depends on
a full blood supply. Muscle contraction plays an im-
portant role in the work of blood vessels of the limbs.
Impulses transmitted from the CNS to muscles by
motor nerves are known to cause muscle contraction.
Proprioceptors are responsible for the feedback sig-
nal from the muscle to the central nervous system.
Receptors that respond to a mechanical stimulus are

called mechanoreceptors. They are present in ten-
dons, muscle fascia, joint bursae and in all organs.
In the case of deformation of these nerve endings,
nerve irritation occurs and the biopotential from them
is sent to the central nervous system. The sensitivi-
ty of the receptors is very high, they respond to me-
chanical tissue displacements of 10—11 m (the size
of a hydrogen atom), for a displacement of 10—6 m,
a generator potential arises in them [8, 9].

According to the Dubois-Raymond law of irrita-
tion (accommodation), the irritating action depends
not only on the absolute magnitude of the direct
current or its density, but more on the speed of its
increase over time. Under the slowly increasing ef-
fect of the stimulus, excitation does not occur due to
the adaptive reaction of the tissue. This phenomenon
was called accommodation [14, 15]. And although
the Dubois-Raymond law applies to the irritation
of tissues by electric current, let us try to attribute it
to mechanical vibrations, namely to the vibration ef-
fect. With some assumptions, for mechanoreceptors
vibration can be considered to be a very strong stimu-
lus, since the direction of mechanical deformation
changes rapidly. But there is also a limit to the rate
of change of the excitation factor — it should not be
too high for the receptors to respond to such stimuli.
For mechanoreceptors, the sensitivity frequency is
within 10-104 Hz (Fig. 1).

It should be noted that the frequencies and ampli-
tudes that are optimal for stimulating mechanorecep-
tors are higher than for performing the blood-pump-
ing function of muscles. To determine the optimal
vibration effect for its launch, it is necessary to con-
sider some positions of the muscles.

Skeletal (striated) muscles are bundles of muscle
fibers consisting of myosymplasts and myosatel-
litocytes. The cytoplasm of myosymplasts contains
myofibrils, which consist of actin and myosin myo-
filaments (contractile proteins actin and myosin). In
the fibril, these proteins partially mutually penetrate
each other's space, and during muscle contraction,
actin threads slide between myosin threads, during
relaxation, the reverse occurs.
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Fig. 1. Section of the spectrum of sensitivity of mechanoreceptors
to mechanical vibrations: a—c — limits of sensitivity, a— the most
effective frequencies resonant for organs and the human body;
b — resonance frequencies for proteins and cells; ¢ — approximate
frequency spectrum to which the mechanoreceptor responds



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. Ne 1

The energy for such a relative movement of protein
strands comes mainly from the splitting into com-
ponent parts of adenosine triphosphoric acid (ATP).
Then, thanks to a series of chemical transformations,
ATP is restored again and the actin-myosin protein
complex is ready to contract again. Enzymatic activi-
ty changes under the influence of external factors, in
particular, vibration. Actomyosin is sensitive to vi-
brations mainly in the range of 10-500 Hz. Its enzy-
matic activity significantly decreases at frequencies
of 25, 100, 200 and 300 Hz. Maximum oppression
of the actin-myosin complex activity is observed as
a result of vibration for 30 minutes, when up to 90 %
of enzymatic activity disappears. But these changes
are easily reversible within 5-30 minutes. Therefore,
vibration stimulation will be useful if its duration
does not exceed the specified time.

Thus, the vibration effect acting along the muscle
fiber irritates the mechanoreceptors, which causes
the muscle fibers to contract. This, in turn, infuses
the vessels located in the muscles and starts the pro-
cess of blood pumping. With the restoration of blood
circulation, tissue nutrition is gradually restored.
The more vessels, including small ones, are involved
in the blood circulation process, the faster recovery
will occur.

One of the evidences of the expediency of using
local low-frequency vibration for development of im-
mobilization limitation of joint mobility is a hypothe-
sis put forward and developed by M. 1. Arinchin [13].

A study of the function of the water-lipid-protein
complex of blood cells showed that the activity of oxy-
gen-dependent reactions under the influence of low-
frequency vibration increases. That is, at the cellular
level, it has been determined that low-frequency vi-
bration has a positive effect on the activation of ener-
gy exchange between the cytoplasm and the external
environment of the cell [16—18]. Therefore, it can be
predicted that the activation of oxygen-dependent
processes in cells and, accordingly, in tissues, ac-
celerates healing processes. Moreover, the additional
supply of oxygen accelerates the start of redox reac-
tions of metabolism, energy and nervous activity.

K. E. Games et al. [2] in a meta-analysis found an
increase in peripheral blood flow as a result of low-
frequency vibration of the whole body, but without
noticeable signs of muscle oxygenation. It can be
stipulated that the restoration of full blood circulation
ensures the full involvement of oxygen, which enters
the tissues during vibration therapy, in biochemical
processes.

The schematically described process is shown in
Fig. 2.

Long-term immobilization or restriction of limb
mobility is known to result in a decrease in muscle
strength, and later to atrophy, gradual resorption of its
tissues, up to the complete death of the limbs. And this
occurs against the background of preserving the in-
tegrity of blood vessels and the normal functioning
of the heart. This probably explains the very painful re-
organization of the body after limb amputation. After
all, it was believed that limbs are only organs of sup-
port and movement. Therefore, after healing the stump
and eliminating the mental trauma, one would expect
relief in the heart activity and better blood supply to
other organs. In fact, it turns out to be the opposite.
The body painfully rebuilds its functions for several
more years [19]. Therefore, each muscle is not only an
organ of movement, but also takes an active part in en-
suring blood supply to a certain part of the system and
vital activity of the body in general.

If the effect of low-frequency vibration on muscles
and the circulatory system has been studied and its
effectiveness has been proven in experimental studi-
es, then the healing effect of vibration on bone, con-
nective and cartilage tissues has hardly been inves-
tigated. This is explained by the fact that changes in
these tissues occur more slowly than in muscles and
blood vessels, so studying the process requires long-
term observations.

In recent years, whole-body vibration (WBV) has
become a popular therapeutic and preventive method
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Fig. 2. Impact of vibration on muscles and circulatory system
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of stimulating muscle tone, energy and nervous pro-
cesses in the body [20]. Quite a lot of studies, includ-
ing meta-analyses of specialized literature, have been
devoted to the assessment of the effectiveness of this
method. Let us try to use this information to evalu-
ate the effect of local low-frequency vibration on
the joints without involving the whole body.

Studies have shown that WBYV has positive effects
on age-related and inactivity-induced bone loss [21,
22], can inhibit bone resorption, promote bone for-
mation, increase bone alkaline phosphatase, and en-
hance muscle strength [23, 24].

Another positive effect of low-frequency vibration
is the prevention of osteoporosis [25, 26]. It should be
noted that osteoporotic changes are a risk factor for
bone fractures in the elderly. Therefore, the vibration
effect can be not only a way to rehabilitate a joint im-
mobilized as a result of an injury, but also to prevent
the cause of a fracture, i.e. osteoporosis. K. Pichler
et al. [27] hypothesized that by changing the activity
of bone modeling/remodeling receptors, mechanical
stimulation can inhibit bone destruction, that is, me-
chanical stimulation can increase bone formation and
prevent osteoporotic bone fractures. But these studi-
es still have experimental value, which must be con-
firmed in clinical settings.

Regarding the effect of low-frequency vibration
on the cartilage, there is little material. Usually, spe-
cialists study the condition of the peripheral tissues
of the joint, the destruction of articular cartilage, and
not its repair. Let us try to find out the processes that
occur in the articular cartilage under the influence
of local low-frequency oscillations. If the direction
of the vibration flow is applied along the limb, for ex-
ample, to the heel during the development of the knee
joint, or to the radiocarpal zone in a state of full ex-
tension during the development of the elbow, it can
be assumed that oscillations will occur in the joint
cavity, while observing micro-movement of the ar-
ticular ends of bones. Thus, movement processes in
the joint will begin, but, unlike normal movements
with a significant amplitude, micromovements will
not destroy the surface of the cartilage, but will only
start recovery processes in it.

Irritation of mechanoreceptors and, accordingly,
the longitudinal passage of mechanical vibrations
will cause contraction of muscles, compression
of blood vessels by them and, accordingly, an in-
crease in blood flow. This will ensure the removal
of the products of cartilage metabolism and the sup-
ply of nutrients, and in portions with a frequency high
enough for the joint. Blood flow to the joint will cause
an increase in tissue temperature, which, in turn, will

increase muscle contraction and, accordingly, blood
supply due to the work of thermoreceptors.

The mechanical wave, passing along the bone
and bumping into various structures, is refracted and
changes speed (Fig. 3). Some particle returns and is
repeatedly reflected within the medium. Given that
the wave band is wide, a significant zone of micro-
vibrations is formed in the joint, which act in diffe-
rent directions, stimulating the joint cavity and the en-
tire depth of the cartilage. The period of oscillation
of the wave at a frequency of 20 Hz is 0.05 s, so a new
pulse is sent every 0.05 s, and because the speed
of propagation of the vibration wave in different struc-
tures of the limb is very different (bone ~ 3300 m/s,
skin ~ 1610 m/s, cartilage ~ 1510 m/s, synovial fluid
~ 1510 m/s, blood ~ 1600 m/s [28]), separate areas
of vibration oscillations with different coating densities
are formed in different tissues. Cartilage repair is en-
hanced under the conditions of periodic loads [29, 30],
micro-oscillations do not lead to its destruction, but on
the contrary, periodic soft impact can contribute to its
restoration. However, full recovery can occur only in
the case of short periods of immobilization, until ir-
reversible changes have taken place.

Thus, we determined the main positive mecha-
nisms of local low-frequency vibration for the re-
covery of joints after immobilization. An interest-
ing experiment was conducted on rats by C. Zhang
et al. [31]. The purpose of the study was to assess
the influence of vibration on the stretch reflex and
the quantitative relationship between dynamic mus-
cle responses and low-frequency vibrations, namely
2—-16 Hz. It was determined that the muscle strength
in the state «with the stretch reflex» was significantly
greater than without it, and the difference increased
with the frequency of vibration exposure.

We did not find similar sources, but on the basis
of this study, it can be predicted that the introduction
of elements of physical exercises, namely, extension

Fig. 3. Propagation of a mechanical wave through a joint
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and bending during vibration therapy, can improve
the condition of the joint. Postisometric relaxation
(PIR) is a well-known method of low-traumatic joint
development. In this case, not only mechanical PIR
exercises will be effective, but also a change in the di-
rection of the vibration effect, involving an increasing
volume of tissues in the excitation process. Moreover,
it has been observed that low-frequency vibration re-
duces pain syndrome [32], so during PIR a greater
range of flexion/extension movements can be per-
formed than without vibration.

We have considered the effects of low-frequency
vibration on muscles, circulatory system and joints.
Let us try to combine the above conclusions into one
whole (Fig. 4).

Without repeating the entire mechanism of the in-
fluence of vibration on the structural elements of limbs
and joints, as it is described above, let us focus on the
main aspects.

Therefore, the vibration applied to the limb irritates
the mechanoreceptors, which send a signal to the cen-
tral nervous system, and owning to the motoneurons,
muscle contraction occurs. It affects peripheral blood
flow. At the same time, the oscillations affect the accu-
mulation of oxygen in the blood, which, together with
increased blood circulation, trigger redox processes in
the tissues. That is, tissues are saturated with oxygen;
metabolic products are removed, etc.

The effect of vibration on joint tissues involves
restoration of micromovements, which contributes
to the nutrition of cartilage, as well as the exchange
of substances of synovial fluid of the joint with blood
plasma through the synovial membrane. The synovial
membrane is saturated with blood vessels and nerve

endings, therefore, through mechanoreceptors, it re-
sponds to vibration stimulation by contraction and
activation of blood circulation. In this way, the carti-
lage is saturated with moisture, its surface is restored,
and the ability of synovial fluid to provide nutrition is
normalized.

Restoration of nutrition of the periarticular tissues
of the joint leads to their regeneration, contraction
of muscles through motoneurons gives impetus to
a gradual increase in their motor activity and strength,
restoration of nutrition and surface of the cartilage
triggers activation of mobility. The combination
of these changes contributes to the restoration of joint
mobility.

Certainly, with long-term immobilization
of the limbs, when tissue transformations in the-
form of cartilage ossification, muscle atrophy, and
vascular remodeling have occurred, there is little
hope for full recovery of mobility. Moreover, this
process, both with the help of vibration and with
the use of other physiotherapeutic methods, takes
more time than the duration of immobilization, and
this difference enhances with the increase in the time
of immobilization.

In this case, it is logical to assume that in order to
speed up recovery, it is necessary to slow down the re-
construction of joint tissues during the period of im-
mobilization. If it is not possible to impose excessive
loads on the limb and perform physical exercises
of flexion/extension, then it is possible to at least pre-
serve the nutrition of the joint cartilage, blood circula-
tion of muscles and adjacent tissues. Today, for this
purpose, contrast baths or bandages are used to ensure
blood flow, finger movements are recommended.
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Fig. 4. Conceptual model of the impact of vibration on blood, articular and periarticular tissues
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It can be assumed that local low-frequency expo-
sure to the immobilized limb can also lead to preser-
vation, albeit limited, of blood circulation and nutri-
tion of the cartilage. Of course, the impact should be
short-lived, not cause pain, vibrations should not be
applied to metal structures. It must be performed un-
der the close supervision of a doctor.

Conclusions

The elaborated conceptual model of the effect
of low-frequency vibration on joints with limited
mobility due to immobilization takes into account
the changes in joint tissues under its influence.
The concept involves the restoration of nutrition
of the tissues and muscles adjacent to it. It is vibra-
tion, due to the ability to transfer vibrational energy
between tissues, that enables the processes of mus-
cle contraction, increasing the blood supply and me-
tabolism of the joint.

The use of the model will allow healthcare practi-
tioners to develop a system of therapeutic measures to

prevent the development of contractures.
Conflict of interest. The authors declare no conflict of
interest.
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