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ABSTRACT

The development of the musculoskeletal system depends on many components of anatomically determined changes in the
body, the structure of movement patterns and the mechanisms of action involved in it. Postural disorders can arise as a result
of various reasons and be a source of further changes in the body, influencing the development of compensatory changes and
functional transformations of the motor sphere. Diagnosis of the state of the musculoskeletal system is an urgent task, through
which many somatic changes can be corrected or compensated in a timely manner.

This article reviews patent documents from databases such as FIPS, Orbit, Google patents over the past 30 years. It was
revealed that the study of postural disorders is carried out in four areas of study: visual assessment in a standing position;
diagnostic methods using stabilometric platforms; characteristics of disturbances in the assessment of muscle electrical
potentials and analysis of the kinematics of motor actions during movement. In their content aspect, these diagnostic methods
are focused on the quantitative and qualitative characteristics of the location of the boundaries of the regions of bone segments,
the center of gravity of the body and the parameters of its movement during motor action; assessment of electromyographic
indicators of coordination of muscle efforts in static and dynamic positions; analysis of the biomechanics of movement patterns
with consideration of various components of the motor act.
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0630p oTeyecTBEeHHbIX U306peTeHUI No cnocobam
AVWarHoCTUKU NOCTYpPaibHbIX HapyLeHUH
ONOpPHO-ABUraTeNIbHOro annapara

[1.B. ®epynosa, K.A. bepatorun

Ypanbckuit pesepanbHbli yHUBEpCUTET UMeHM nepBoro MpeanaeHta Poccum B.H. EnbumHa, Ekatepun6ypr, Poccus

AHHOTALMA

PasBuTtie onopHo-ABMraTeNnbHOr0 anmnapara 3aBUCUT OT MHOTMX KOMMOHEHTOB aHaTOMUYecKW 06YCNOBAEHHbIX M3MEHEHWN
OpraHu3Ma, CTPYKTYpbl MaTTEPHOB LBUXEHWUA M YHACTBYHOLUMX B HEM MeXaHW3MOB AelicTauA. [TocTypanbHble HapyLIeHWS Mo-
IYT BO3HUKHYTb BCNEACTBME Pa3HbIX MPUUYMH U BbITb UCTOYHMKOM AanbHENLUX NMepecTpoex OpraHn3Ma, BIUATb Ha pasBuTHe
KOMMEHCaTOPHbIX U3MeHeHUI U QyHKLMOHaMbHBIX Npeobpa3oBaHmil ABuraTenbHoi cdepbl. [luarHocTuka cocTosiHUS OMopHO-
ABUraTeNIbHOr0 annapata fBNsAeTcs aKTyanbHOM 3afavyeid, MOCpPeCcTBOM KOTOPOM MHOTWME COMaTUYeCKUe U3MEHEHUS MOTyT
ObITb CBOEBPEMEHHO CKOPPEKTUPOBAHbI MU CKOMMEHCUPOBaHBI.

B cTaTbe npoBoAMTCA 0030p NaTEHTHbIX LOKYMEHTOB U3 Takux 6a3 faHHbIx, kak OUNC, Orbit, Google patents, 3a nocnepHue
30 net. BbisBneHo, YTO WcCnefoBaHWe NOCTYpabHbIX HapYLIEHWA NPOBOAMTCA MO YeThIPEM chepaM: BU3yaNbHas OLEHKA
B MOJIOXKEHMM CTOS;; METOAbl JMArHOCTUKM C NPUMEHEHUEM CTabuoMeTpuuyeckux NNatdopM; XapaKTepUCTUKA HapyLUeHWN
MPU OLIEHKE 3IEKTPUYECKUX NOTEHUMANOB MBILLLL; aHANW3 KMHEMATUKK IBUraTenbHbIX AeCTBUIA NpU NepeMeLLeHnn. B cBoém
COZIepXKaTeNlbHOM acneKTe AaHHble Cnocobbl AMArHOCTUKM OpPUEHTUPOBAaHbI HA KONMYECTBEHHYHD U KAYeCTBEHHYI0 XapaKTe-
PUCTUKY PacronOXeHUs FPaHUL, PEMMOHOB KOCTHBIX CEFMEHTOB, LEHTPA TAXECTW OpraHU3Ma M NapamMeTpoB ero nepeMelLe-
HWA BO BpEMSA [BUraTeslbHOro AEMCTBUS; OLEHKY 3NIEKTPOMMOrpadMuecKnx noKasateseid KOOpPAMHALMN MBILLEYHBIX YCUIUIA
B CTAaTMYECKOM W AMHAMUYECKOM MOJOMEHMSX; aHanM3 BuoMexaHMKM naTTepHOB [BMMEHMS C PAaCCMOTPEHWEM PasfiNyHbIX
KOMMOHEHTOB [BUraTeslbHOr0 aKTa.

Kniouesbie cnoea: OI'IOpHO-,U,BVIFaTEJ'IbeIi;I annapart; nNocTypanbHble HapyLleHns; Cnocobbl AUArHOCTUKK; BMoMexaHKKa
ABUraTeNlbHOro AenNCTBMS.

Kak uutupoBatb:
®enynosa [1.B., BepajorvH K.A. 0630p 0TEUECTBEHHBIX M306DPETEHMIA N0 CNOCOHAM AMarHOCTUKM NOCTYPasibHbIX HapyLLIEHMA ONOPHO-BUraTelbHOro annapa-
Ta // ®n3noTepanus, banbHeonorvs 1 peabunutaums. 2024. T. 23, N 1. C. 68-75. DOI: http://doi.org/10.17816/rjpbr627208

Pykonucb nonyyena: 19.02.2024 Pykonucb opobpena: 01.03.2024 Ony6nukoBaHa online: 06.11.2024
&5
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

nse
© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
http://doi.org/10.17816/rjpbr627208
http://doi.org/10.17816/rjpbr627208

Russian journal of the physical therapy,
REVIEWS Vol. 23 (1) 2024 balneotherapy and rehabilitation

DOI: http://doi.org/10.17816/rjpbr627208

X FZEnEBESHNE R &R ERSER
Darya V. Fedulova, Kirill A. Berdyugin

Ural Federal University, Ekaterinburg, Russia

S

BR: BIRGNEEIRT 25 GBS BN SN LS5 H]
HHIBVENL . BB RESF e T 2 MR 51K, JFRTREBON I — P SR E IR R,
REEVEZAIZ B DR A . 1IZ2Wrigsh RAENPIRES S — TE EAE S, i X Fho7 20mT BL &
IR B B AMEE VT 22 44 T 1 AR AL

RN A: A LR Tk E30FE KR HFIPS. OrbitfGoogle® FI 5 12 b 1 L ) SCHR .
WEF ORI, BARBEG IR AV T S BA AL AR E N =T 612
Wrogiks VP LN BT RRE R A i B eG s LR AERE S X ia B s e 3 o ffr . X 28
W7V 2 B TR AR B A B X S ) 8 B E MR IE b . SR ELL I E i s s 2
Bt RERSMBIERE TR AR S LAGEAE iz s s A1) 5, s
X EAEAS [ 5 7 R4 20 AT o

R : BENRG:; RHEE; WL BEY I,

5 A3

Fedulova DV, Berdyugin KA. 5% T-12 W& S a5 (1) [ 9 & W1 732 1 45538 . Russian journal of the physical therapy, balneotherapy and rehabilitation.
2024;23(1):68—75. DOI: http://doi.org/10.17816/rjpbr627208

WEN: 19.02.2024 52 01.03.2024 RATHI: 06.11.2024
V-2
9KO®BEKTOP The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024

70


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
http://doi.org/10.17816/rjpbr627208
http://doi.org/10.17816/rjpbr627208

7

0b30PHI

INTRODUCTION

Postural disorders are mainly characterized by the per-
son's postural balance, its change during motor actions, and
a change in the position of the center of gravity, i.e. the point
of intersection of the resultant force of all gravitational forces
acting on individual parts of the body.

Any developmental changes (skeletal disorders, asym-
metrical muscle function, functional failures) will entail a
change in the center of gravity and functional musculoskele-
tal disorders. Timely diagnosis of musculoskeletal conditions,
biomechanics of motor actions performed by a person, is an
urgent task as it allows to identify an information resource
for further, more targeted rehabilitation and management
and to predict compensation mechanisms for impaired func-
tions with more health benefits.

POSTURAL DISORDER RESEARCH
AREAS

Over the past 30 years, analysis of patent documents
from databases, such as FIPS, Orbit, and Google patents,
has revealed that the basic diagnostic methods for postural
disorders, in addition to the well-known methods (radiogra-
phy and podography), may be provisionally divided into four
assessment areas:

» Visual assessment in a standing position;

» Diagnostic methods involving stabilometric force

platforms;

« Disorder diagnosis by assessing electrical potentials

of muscles;

« Analysis of motor kinematics during movement.

Diagnostic methods that involve visual assessment in a
standing position provide deep insights into the very nature
of balance, which is always dynamic. The combined center
of gravity is constantly fluctuating with major changes in all
activities performed, even in a static position. With a func-
tionally weak segment, the counterbalancing of bone levers
by involving the muscular system occurs with disorders,
leading to postural changes, adjustments, and compensatory
adaptation of the musculoskeletal system.

Thus, Vasilieva et al. developed a diagnostic method
for static disorders in patients with chronic muscle pain
by visually analyzing the relative position of the spine and
limbs regional boundaries. It was found that by drawing
horizontal lines in the frontal, sagittal, and transverse
planes through the combined and regional centers of grav-
ity (perpendiculars), it is possible to compare the projec-
tions of the combined and regional centers of gravity on the
bearing area of the feet and its bias in other regions relative
to reference values [1]. This method allows to assess the
projection bias degree of the centers of gravity in individu-
al spine and limbs regions, which, in turn, determines the
pathobiomechanical condition of the muscles and identifies
functional changes.
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Another local diagnostic method for postural disorders
developed by Goshkoderya et al. [2] analyzes the projection
of the regional boundaries of musculoskeletal segments
and involves application of reference points of the region-
al boundaries on the body of the patient, who is placed in
the center of a horizontal base platform with plumb lines.
Two front and rear view photographs are taken in the frontal
projection; and two right and left view photographs are tak-
en in the sagittal projection. After that, the sum of angular
deviation of parallel horizontal lines from the lines of spine
regional boundaries are graphically processed and analyzed,
thereby diagnosing posture disorders.

Vasilevich et al. [3] developed a screening method for
musculoskeletal disorders involving image analysis by 3D
scanning of digital images in various planes, in the position
of flexion, backbend, tilt, and rotation of the trunk and limbs
regions to calculate the absolute dimensions of the body, its
regions, compare them with reference values, and identify
disorders.

Kolyagin [4] proposes to overlay images of a patient with
postural disorders and a healthy person with the same so-
matometric parameters at the same shooting angles using
a software processing images taken on a rotating platform
with a system used to stabilize the platform’s rotation angles.

In considering the issue of balance, many researchers
independently highlight the importance of core muscles in
maintaining postural balance [5-8], locomotor functions, and
the overall stabilization of the body to ensure vertical stability
of a person and harmonious movement. This opinion is based
on the anatomical location of the muscles in the middle part
of the musculoskeletal system and importance of their func-
tions during movement.

In studies of dynamic body dysfunctions, such as Wall-
den’s [9, 10] middle crossed syndrome and Myers' [11] spiral
myofascial line disorder, lateralization failures in the control
of motor actions definitely occur with the involvement of the
core muscles. Often, it is this area that becomes a cause of
muscular pain and further structural changes in the body and
local diagnostic inventions for this segment are of special
importance.

Mikhailov et al. [12] developed a diagnostic method for
non-specific muscle pain in the lumbar spine involving vi-
sual and palpatory diagnosis of the static and dynamic com-
ponents of stereotypical motor movements. When muscle
hypertension and pain irradiation is detected, the cause of
muscle pain is identified.

The diagnostic method for postural imbalance by re-
cording the moire pattern of the back surface sequential-
ly in six periods of transferring body weight to each of the
lower limbs from a two-point standing position on scales
was developed in 1997 [13]. Based on a series of topograms,
graphs of movements in three planes are built subsequently
assessing the degree of the body axis bias, including with the
body axis shifted in the opposite direction of the supporting
limb, emphasizing that the key factor of this adaptation are
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muscles of the pelvic girdle, where the body center of gravity
is found.

However, if we move slightly away from visual repre-
sentations, the most extensive area of research on the bias
of the center of gravity and the corresponding movement
disorders is stabilometry [14, 15]. Quite a few researchers
use stabilometric values to develop diagnostic methods for
postural disorders to characterize the state of human balance
and equilibrium.

For example, Davydov et al. [16] determine the dynam-
ic characteristics of movement and the motion paths of the
center of gravity along the plane of the platform to calculate
the angular velocity of movement, characterizing the process
of maintaining balance by the patient, by comparing the ob-
tained data with reference values.

Kondratyev et al. [17] add biological feedback to the test
to develop a polystructural diagnostic method. The method
involves an analysis of movement (postures) of varying de-
grees of complexity for the action performed, where each of
them is tested for 20 s with open eyes at the first stage; for
20 s with closed eyes at the second stage; and at the third
stage, the individual is asked to minimize the body vibrations
using a visual biological connection. Then, the motion path of
the center of pressure is examined using vector analysis of
the resulting statokinesiogram.

An interesting proposal has been put forward by Istomina
et al. [18] to use stabilometry and electromyography, in par-
ticular, with electromyogram of the gastrocnemius muscles
important for maintaining an upright position, together in a
combined diagnostic method.

In general, electromyograms are informative and many
use them to develop local diagnostic methods for individual
segments. Thus, Ryzhkov et al. [19] developed a method to
assess the coordination of bioelectrical activity of paraverte-
bral muscles. Nebozhin et al. [20] assess the severity of bio-
mechanical disorders in the cervical spine using movements in
the loading phase with muscle resistance. Zoikin et al. [21] use
electromyography for the functional diagnostics of the knee
joint. Vasilieva et al. [22], in their electromyographic diagnostic
method for impaired coordination of muscle efforts, propose
general diagnostic principles for the muscles of the body using
the analysis of the advanced initiation of the studied muscle
prior to the agonist/synergists to determine the pathogenetic
role of its primary contraction for a relevant therapy.

Muscle efforts are coordinated in any motor act, designed
for diagnosis of both positions and a natural pattern of move-
ments, such as walking. The study of various locomotions of
the motor act both in parts and as a whole is important for
the diagnosis of postural disorders as it allows to understand
the influence of static disorders on the movement dynamics
and to detect promptly locomotion kinematic disorders for
subsequent management.

Velikson et al. [23] developed an assessment method
for the quality of walking, where goniometers are installed
on the joints of the lower limbs (hip, knee, and ankle) to
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calculate the maximum range of motion in the joints and the
length of a double step during walking. By comparing the
obtained values and anthropometric measurements, a degree
of walking asymmetry and abnormal movement biomechan-
ics are determined.

For hip joint disorders, an invention proposed by Smirn-
ov et al. [24] assesses walking parameters by recording the
maximum acceleration of the spinous process region in the
sagittal projection recorded using special reflective markers
attached to this region.

Zhivaev et al. [25] used an analyzer of kinematic param-
eters of human walking invented by them (a device with a
metal track, contact sensors for the participant’s shoes, a
rectangular pulse generator for an infrared emitter attached
to the participant’s body, and an optical distance meter) to
measure the parameters by integrating the measurements
from the motion sensors and a photosensitive receiver of
infrared pulses recording the participant’'s movement.

Rulev [26] designed a device to assess and adjust the
load on the supporting surface of the foot during walking
by sound transformation of the support dynamics and pro-
jecting signals of different frequencies and tones depending
on the location of the test point on the foot and the correct
foot placement relative to a reference step. It allows to get a
meaningful idea of an abnormal walking pattern and possible
management.

CONCLUSION

Thus, the invented diagnostic devices and methods for
postural disorders of the human musculoskeletal system fo-
cus on the quantitative and qualitative location parameters of
the regional boundaries of bone segments, the body center
of gravity, and its movement during motor action; electro-
myographic assessment of muscle effort coordination; bio-
mechanical analysis of movement patterns based on various
elements of the motor act.

An important aspect is a comprehensive assessment of
the static and dynamic characteristics of postural disorders,
allowing to identify the relationship between primary disor-
ders and accompanying changes in the body, the muscu-
loskeletal restructuring and development of compensation
mechanisms, their influence on the development pattern of
the human motor system.
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NO0NOJHUTENIbHAA UHOOPMALIUA

WUctouHnk ¢uHaHcupoBaHMA. ABTOpLI 3asBNAIOT 06 OTCYTCTBUM
(UHaHCMPOBAHWA NpY NOArOTOBKE NybNMKaLmK.

KondnukT uHTepecoB. ABTopbI 3aABNAOT 06 OTCYTCTBUM KOHDAMK-
Ta VHTEPECOB, CBA3AHHBIX C NYBNMKALMEN HACTOSLLEN CTaTbW.
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