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Biomechanical Analysis of the Joint
and Muscle Forces of the Lower Extremities
in Walking of Rheumatoid Arthritis Patient
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Summary. Rbheumatoid arthritis (RA) is an immunomodulated, chronic inflammatory
disease, accompanied by the proliferation of the inflamed synovium and destruction of the
articular cartilage, which leads to the formation of contracture of lower extremities joints
and disability. Understanding the values of biomechanical loads on the articular surfaces
with contracture of the joints of the lower extremities in patients with RA and the muscle
[forces (MF) participation in this process with the formation of adaptation and compensation
mechanisms can coniribute to the development of new views and approaches to the tactics
of therapeutic measures specific to each stage of the disease. Objective: to analyze the be-
havior of the musculoskeletal system of an RA patient in bis walking pattern by calculating
the forces acting in the main muscle groups and joints of the lower extremities. Materials
and Methods. Initial dala were obtained from the examination of a female patient K., who
was diagnosed with stage 2 phase 3 RA with a predominant lesion of the hip and knee joints
and severe pain in the left bip joint. A video system of 6 cameras, reflective markers and a
force platform were used for motion capture of the walking. A simulation musculoskeletal
model of the gait of the RA patient using the AnyBody Modeling System 6.0 software (Den-
mark) was created. Joint reaction forces (JRF) and MF were calculated. Results. Normal
mode of loading of the lower extremities was altered o compensate for structural disorders
in joints of RA patients. The peaks of vertical component of the ground reaction force (GRF)
are lower compared to the normal population; the gait is static and asymmetric, sparing.
MF increase in m. gluteus (maximus, medius, minimus) with increasing amplitude of move-
ments in the frontal plane. JRF of both bips increase in all planes. Conclusions. Walking of
RA patients with limitation of active extensions in the hip and knee joints occurs due to an
increase in the amplitude of the frontal plane compensatory movements. Postural muscle
imbalance increases the m. gluteus, m. biceps femoris, m. semitendinosus and m. semimem-
branosus MF. Other lower extremities muscles decrease their MF. The MF redistribution is
compensatory and aimed to keep the RA patient in the upright position and optimize the
biomechanics of walking due to less painful movements. Biomechanical overloading of the
hip and knee articular surfaces can serve as a factor in maintaining the inflammatory re-
sponse, the development of degenerative processes, or the further progression of arthrosis
and stiffness of the joints of the lower extremities in this category of patients.

Key words: rbeumatoid artbritis; lower extremities contracture; AnyBody musculoskeletal
model; joint reaction forces; muscle forces.

Introduction

Rbeumatoid arthritis (RA) is an immunomodulated,
chronic inflammatory disease accompanied by the
proliferation of the inflamed synovium and destruc-
tion of the articular cartilage, leading to disability [1].
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The etiopathogenesis of RA is still unclear; however,
several stages of its pathophysiology have been elu-
cidated, the key feature of which is inflammatory sy-
novitis [1, 2]. Although historically cartilage has been
considered an “innocent bystander,” recent evidence
suggests that cartilage degradation in RA is associated
with an imbalance in the anabolic and catabolic activ-
ity of articular chondrocytes associated with synovitis
and joint inflammation indirectly. In addition to in-
flammation factors, the metabolic activity of chondro-
cytes is also influenced by mechanical stress factors [3].
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In particular, biomechanical factors in rheumatoid ar-
thritis can play an important role in the initiation and
progression of degenerative processes in the joint, sec-
ondary to the inflammatory process [4, 5, 6, 7, 8]. How-
ever, the sequence of biomechanical and biochemical
processes that regulate these events in vivo is not yet
clear enough.

With the development of clinical gait analysis tech-
niques (3D kinetics and kinematics), a necessary tool
has emerged for finding differences in pathological gait
patterns from its normal gait parameters [9, 10]. The
development of computer technology and software
contributes to data collection, analysis and interpreta-
tion of gait data as a tool for studying the function of
joints in RA [9, 10]. Thus, a significant decreased range
of the hip, knee, ankle movements (external-internal
rotation, abduction-adduction, flexion-extension) un-
der contracture conditions make influence to walking
style of RA patients. The walking conditions and pat-
tern of the path violate gait parameters — a decrease in
the force and stride interval — articular angular veloci-
ties, movement speed and support function in general
[10]. In such conditions, along with a pronounced pa-
tient’s pain reaction, the load on all elements of joints
and muscle groups of the lower extremities increases
significantly. An increase in mechanical stress, at the
background of an inflammatory process, capsular-liga-
mentous disorders, cartilage degradation, subchondral
bone changes and muscle imbalance contribute to
the progression of articular and muscle contractures,
as well as arthritic phenomena in joints of lower ex-
tremities, including the formation of erosions of the
articular surfaces [2]. Thus, the importance of mechan-
ical factors in the destructive cascade of processes in
RA is beyond doubt [3-5, 8]. At the same time, there is
insufficient data regarding the muscles functioning in
different clinical variants of RA, and routine analysis
of muscle activity in clinical practice in this category
of patients is usually not performed. The decrease in
muscle forces determined by a clinical study is asso-
ciated with the activity of the inflammatory process,
X-ray changes, and the severity of functional disor-
ders [8]. Understanding the values of biomechanical
loads on the articular surfaces in the lower extremities
joints contracture of RA patients and the participation
of muscle forces in this process with the formation of
adaptation and compensation mechanisms can con-
tribute to the development of new points of view and
approaches to the tactics of therapeutic measures spe-
cific to each stage of the disease.

The aim of our study was to analyze the behavior
of the musculoskeletal system of a patient with RA in
straight walking by calculating the forces acting to the
joints of the lower extremities and the main muscle
groups of the lower extremities using a simulated mus-
culoskeletal AnyBody model.

Materials and Methods

The initial data for creating a simulation model were
obtained from the examination of patient K. with a di-
agnosis of rheumatoid arthritis, stage 2 phase 3, with a
predominant lesion of the hip and knee and severe pain
in the left hip. The patient’s weight is 50 kg, height is
150 cm. In clinical examination, the movements in both
hips are significantly limited, acute painful. The flexion-
adduction contracture in both hips is determined; the
relative shortening of the right lower extremity is up
to 1 cm. The range of motion in the hips according
to the neutral (0 to zero) passing method: extension/
flexion - right 0/0/90°, left 0/0/70°, abduction/adduc-
tion — rocking, external/internal rotation — rocking.
The contours of the knee joints are changed, there is a
deflection and deformation of both knees, palpation of
both knees is painful, flexion-extension contracture is
observed in both knees. Active and passive movements
are markedly limited. The range of motion in the knee
according to the neutral (0 to zero) passing method:
extension/flexion - right 0/20/100°, left 0/20/100".
The contours of the ankle are changed, deformed. Ac-
tive and passive movements in the ankle are preserved.
In straight walking, the patient assumed a typical body
position characteristic of severe forms of RA with com-
bined contractures in the joints of the lower extremi-
ties, which determine the typical posture in walking.

At the next stage, the motion capture in the walking
was carried out using a video system of 6 cameras and
a dynamometric platform. In combination with built-in
specialized software modules, the used optical motion
capture system (Qualisys Motion Capture System, Swe-
den) allows high-precision measurement of the position
and movements of the fast-moving object or their ele-
ments with subsequent processing and analysis of the
obtained data. For this, reflective markers were placed
on the body of the investigated object, in the projection
of the main anatomical landmarks. In straight walking
with tread on the dynamometric platform, the trajecto-
ries of movement of each marker recorded be the video
system and additionally three peak forces: longitudinal
(Fx), transverse (Fy), vertical (Fz) (Fig. 1).

The resulting data package in C3D format was ex-
ported to the AnyBody Modeling System 6.0 (AnyBody
Technology, Danemark) software, which is a system of
musculoskeletal modeling for biomechanical simula-
tions based on inverse dynamics, which allows ana-
lyzing muscle and joint reactions in the human mus-
culoskeletal system [11]. A musculoskeletal simulation
model of the RA patient was created by AnyBody soft-
ware (Fig. 2), and the calculation of joint and muscle
forces was performed [12].

At the final stage, a comparative analysis of the pa-
tient’s data with the standard model’s data of the mus-
culoskeletal system (StandingModel from the AnyBody
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Fig. 1. Registration of the trajectory of markers movement and three peaks of GRF
in the window of the software (Qualisys Motion Capture System, Sweden)
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Fig. 2. Musculoskeletal
simulation model
of the RA patient Fig. 3. Joint reaction forces of the hip (vertical component, Z-axis)

Repository AMMR Version 1.6.2 package) was carried ed along the X (longitudinal component), Y (transverse

out, taken as a conditional norm averaged for both low- component), and Z (vertical component) axes (Fig. 3),
er extremities. In the context of this work, the joint re- as well as the muscle forces of the main muscle groups
action forces of the hip, knee and ankle were investigat- of the lower extremities (Fig. 4).
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Fig. 4. Muscles of the lower extremities in the AnyBody model

Results and Discussion

According to the obtained GRF data of the patient,
changes in the force and time parameters of the vertical
component were revealed. If normally the vertical com-
ponent of the GRF has two peaks (heel strike force, toe-
off force) and a trough between them (mid-stance), then
the typical changes in the vertical component of the RA
patient were a distortion of the graph curve of GRF’s ver-
tical component — the heel strike, and toe-off forces de-
creasingby 7% on the right, smoothness of the mid-stance
component on both sides and an increasing the single
stance time parameters on the left extremity (by 8%).
Due to the limitation of movements in joints because
of pain, the graphs of the vertical component of the
GRF acquired a wided form with increasing distance
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between peaks (more on the left) (Fig. 5). Decreasing
of walking speed, heel strike force and toe-off force on
the right, increasing of the mid-stance force, show an
attempt to unload the right extremity. In general, the
gait is static and asymmetric, sparing, due to the fact
that the lower extremities loading and push-off from
the ground are accompanied by painful sensations.

The values of the muscle forces of the main muscle
groups of the lower extremities are presented in Table 1.

As a result of walking modeling in the RA patient
with contracture of lower extremities joints, the force is
increasing in almost all portions of m. gluteus (maximus,
medius, minimus). It was noted in the range from 12%
(GluteusMinimusMid) to 328% (GluteusMaximusInfe-
rior). Only the anterior portions of m. gluteus minimus
and m. gluteus medius show decreasing in the force by
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Fig. 5. Vertical GRF Fz of the left (A) and right (B) lower extremities
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Muscle force parameters of the main muscle groups of the lower extremities fue
Muscle Normal Patient D Difference (%) Patient S Difference (%)
GluteusMinimusAnterior 12841 95.49 -25.03 89.24 -30.50
GluteusMinimusMid 80.99 90.98 12.34 109.03 34.63
GluteusMinimusPosterior 57.51 89.10 54.94 112.53 95.69
GluteusMediusAnterior 50.18 30.21 -39.80 19.97 -60.20
GluteusMediusPosterior 87.27 180.61 10697 228.07 16135
GluteusMaximusSupetior 11.54 45.53 294.71 2676 131.99
GluteusMaximusInferior 8.89 24.02 170.19 38.09 32846
GastrocnemiusLateralis 314.63 248.19 22112 19149 -39.14
GastrocnemiusMedialis 820.56 418.16 -49.04 582.81 -2897
SoleusMedialis 411.27 233.00 -43.33 307.61 -25.20
SoleusLateralis 353.84 37693 6.53 205.76 -41.85
Plantaris 831 848 2.05 481 -42.12
Poplitues 3.06 0.88 -71.19 1.74 -43.04
FlexorDigitorumLongus 1.64 16.10 884.71 0.00 -100.00
FlexorHallucisLongus 25.22 13868 449.99 0.00 -100.00
TibialisPosteriorLateralis 13,61 67.70 39743 0.00 -100.00
TibialisPosteriorMedialis 13.069 70.88 417.75 0.00 -100.00
TibialisAnterior 79.77 100.28 25.71 4801 -39.81
BicepsFemorisCaputLongum 259.34 443.89 71.16 593.29 12877
BicepsFemorisCaputBreve 10.05 19.75 96.02 2094 10846
Semitendinosus 168.01 22197 3212 196.95 17.23
Semimembranosus 193.04 22570 1692 251.70 30.39
RectusFemoris 271.05 79.16 -70.79 85.20 -08.57
VastusLateralisInferior 3.01 148 -50.83 3.26 831
VastusLateralisSuperior 201.18 102.68 -48.96 22802 13.34
VastusMedialisInferior 13.57 0.35 -53.19 14.01 3.28
VastusMedialisMid 50.57 24.64 -51.27 54.35 749
VastusMedialisSuperior 12.09 6.10 -49.52 13.52 11.87
VastusIntermedius 20.25 10.32 -49.02 2293 13.26

26-31% (GluteusMinimusAnterior) and 40-60% (Glu-
teusMediusAnterior), respectively. Thus, there was the
force increasing for GluteusMinimusMid — by 35-91%,
GluteusMinimusPosterior — by 55-96% (2 times at
the more affected side), GluteusMediusPosterior — by
107-161% (2-2.5 times), GluteusMaximusSuperior — 2-4
times, and GluteusMaximusInferior — 2.5-4 times. At the
same time, the force decreasing of the anterior bundles

02

of m. gluteus minimus (by 26-31%) and m. gluteus me-
dius (by 40-60%) demonstrate a lack of function associ-
ated with internal rotation of the femur.

This is associated with decreasing in hips range of
motion in the sagittal plane due to contracture of the
joint capsule itself and m. iliopsoas, accompanied by an-
terior pelvic tilt and hyperlordosis of the lumbar spine.
To compensate for movements in the sagittal plane, a
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group of femoral abductors (Gluteus Medius, Gluteus
Minimus) are involved in the work. By the reason, am-
plitude of movements in the frontal plane increases.
Thus, the patient’s movement in hips flexion contrac-
ture and limitation of active extension in RA occurs be-
cause of amplitude of compensatory movements in the
frontal plane increasing.

Muscle force increasing was also noted in the Bi-
cepsFemorisCaputLongum - by 71-129%, Biceps-
FemorisCaputBreve — by 97-108%, Semitendinosus —
by 17-32%, Semimembranosus — by 17-30%. Muscle
force decreasing took place in the Gastrocnemius Late-
ralis — by 21-39%, Gastrocnemius Medialis — by 29-49%,
Soleus Medialis — by 25-43%, Poplitues — by 43-71%, and
Rectus Femoris — by 69-71%. The weakness of the two-
joint muscles with a decrease in their involvement oc-
cur due to the convergence of attachment zones at the
background of a fixed contracture. Flexion position of
the knees causes a decrease in the strength of the pos-
terior muscle group of legs. At the same time, there is a
compensatory increasing of the BicepsFemoris muscle
force, which provides counteraction to the pelvis’s an-
terior tilt.

At the more affected side (left), the FlexorDigito-
rumLongus, FlexorHallucisLongus, TibialisPosteriorLa-
teralis, TibialisPosteriorMedialis, and TibialisAnterior
demonstrate zero MF values in walking, corresponding
to pronounced ankle’s contracture when these muscles
are not involved in the process. At the less affected side
(right), these muscle groups have 5-10 times increased
values of MF, apparently necessary to ensure compensa-
tory stabilization of the left ankle in the double support

phase of the gait. A MF decreasing of the foot’s flexor
muscles and functional shortening of the lower extrem-
ity leads to a compensatory sharp increasing in the load
on the Flexor digitorum longus, Flexor hallucis longus
and Tibialis posterior muscles.

Asymmetric force values of other muscle groups
of the lower extremities with their unilateral increas-
ing and simultaneous decreasing of the contralateral
extremity values can be regarded as a compensatory
mechanism for the muscle activity distribution aimed
at stabilizing the joints at the more affected side and
muscle unloading at the less affected extremity.

The patterns of MF distribution in RA patients corre-
spond to changes in the joint reaction forces (JRF) act-
ing in the hip, knee and ankle along the X, Y and Z axes.
JRF and the moments of forces are presented in Table 2.

As a result of modeling of the RA patient walking,
there is all JRF vectors increasing acting in both hips:
transverse (Y-axis) — by 143-181%, vertical (Z-axis) —
by 10-52%, longitudinal (X-axis) — by 112-170%. Bio-
mechanical overload of the articular surfaces of the hip
joints can serve as a factor of the degenerative process-
es development or further progression of arthritis and
joint stiffness.

In the knees, JRF acting in the longitudinal direc-
tion (X-axis), at the more affected side (left), are sig-
nificantly increased — by 82%; on the less affected side —
close to normal parameters (2% difference). Vertical JRF
(Z-axis) are decreased by 10-36% at both sides. Lateral
JRF (Y-axis) are increased by 18% at the more affected
side (left) and decreased by 14% at the contralateral
side compared to normal parameters. This difference

JRF of the bip and knee (D and S) of the RA patient fuble 2
. Lower Difference Lower Difference

Joint Normal extremity D (%) extremity S (%)
Hip MediolateralForce (Y) 674.81 1639.23 142.92 1895.59 18091
Hip ProximoDistalForce (Z) 2196.30 241805 10.10 3337.46 51.96
Hip AnteroPosteriorForce (X) 209.12 443.04 111.86 565.19 170.27
Knee MedioLateralForce (Y) 479.33 410.08 -14.45 564.50 17.77
Knee ProximoDistalForce (Z) 251232 1613.18 -35.79 2205.02 -9.82
Knee AnteroPosteriorForce (X) 804.20 820.35 201 1464.19 82.07
Knee AxialMoment 040 25094 2945 360.16
Knee LateralMoment 4861 -47.80 49.05 0.92
Ankle MedioLateralForce (Y) 901.07 800.69 -1047 066.60 -26.02
Ankle_ProximoDistalForce (Z) 3804.81 3310.55 -14.34 2689.84 -30.40
Ankle AnteroPosteriorForce (X) 619.29 341.01 -44.93 758.23 2244
Ankle AxialMoment 9.79 -16.20 5.17 -47.16
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can be explained by the compensatory mechanism of
load redistribution between the extremity more and
less involved in the pathological process [13]. The de-
crease in the magnitude of vertical JRF can explain the
increasing stiffness of the posterior parts of the knee’s
capsule as a result of a long-term inflammatory process,
followed by its fibrosis and formation of contracture.
Ultimately, an additional extra-articular point of rota-
tion forms. At the same time, due to the compensatory
increasing in the MF magnitude of the posterior femoral
muscles involved in maintaining the knees flexion posi-
tion in walking, the articular surfaces are unloaded by
decreasing in the vertical JRF (Z-axis) magnitude.

In the ankles, there is a decrease in lateral JRF
(Y-axis) — by 10-26% and vertical JRF (Z-axis) — by 14-
30%, while the longitudinal JRF (X-axis) increased by 22%
at the more affected side (left) and decreased by 45% at
the less affected side. This can also explain the compen-
satory load redistribution between the extremities.

In addition, axial rotational moment magnitude in-
creasing in both knees by 3-4 times compared with the
normal parameters, as well as a 16-47% decreasing in
the ankle axial moment, should be noted. According to
the study, deviations of the force moments from the ref-
erence values can explain the phenomena of the knee
and ankle instability in RA patients.

Thus, the load distribution changes, caused by joints
contractures and pain syndrome, have a certain posi-
tional adaptation of the pelvis and lower extremities.
This is due to activation of the body compensatory
mechanisms associated with the muscle activity trans-
fer from one group to others, which ultimately results
in functional antalgic intraarticular relationships. The
most common lower extremity joint conditions in RA
patients are flexion-adduction contracture in the hip
and flexion-valgus position of the knee. Joint capsule
relaxation and intra-articular pressure decreasing can
reduce the pain response. However, the intra-articular
relationships achieved in this case significantly impair
the biomechanical functions of support and movement
of the lower extremities, which are compensated by ad-
ditional muscle tension. Unilateral flexion-adduction
position of the lower extremity leads to its functional
shortening, femoral internal rotation, and a decrease in
the area of ground contact. Bilateral functional short-
ening of the lower extremities is compensated by pel-
vic anterior rotation with formation of permanent m.
iliopsoas contracture and lumbar hyperlordosis. Main-
taining the obtained vertical body position is accompa-
nied by postural muscle imbalance, which reduces the
MF of m. quadriceps femoris. Adduction and flexion of
the thigh leads to reflexive activation of the antagonist
muscles (m. gluteus maximus and m. gluteus medius) to
stabilize the extremity. The convergence of attachment
points of the m. gluteus maximus and anterior portion
of the m. gluteus medius leads to their weakness. For
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compensation of decrease in the area of ground con-
tact, the muscles turning knees in valgus position are
activated (m. biceps femoris and m. tensor fasciae latae
with an active role of m. gluteus maximus). Fixed posi-
tion of the knee leads to the lateral and medial head
of the m. gastrocnemius and m. soleus weakness. An
attempt to compensate functional shortening of the
extremity leads to fixation of the ankle in the plantar
flexion position with formation of its contracture. The
etiopathogenetic factor of inflammation plays a sec-
ondary role in this case.

The MF redistribution is compensatory and aimed to
keep the RA patient in upright position and optimize
the biomechanics of walking due to the less painful
movements.

Conclusions

1. According to the study of the RA patient walk-
ing with flexion-adduction lower extremities joints
contractures, a compensatory redistribution of muscle
forces was revealed, aimed at keeping the body in an
upright position and optimizing the biomechanics of
walking by increasing the amplitude of compensatory
movements in the frontal plane.

2. The presence of the hip and knee contractures
is accompanied by postural muscle imbalance with a
decrease in the muscle forces of the lower extremities,
except for the m. gluteus, m. biceps femoris, m. semi-
tendinosus and m. semimembranosus, demonstrating a
compensatory increase in their force characteristics.

3. A significant increase in biomechanical loads on
the articular surfaces in RA patients with contracture of
the lower extremities joints, as well as the contribution
of muscle forces to this process, can be both a factor
supporting the inflammatory response of the joints and
a factor in the development of degenerative processes
or further progression of arthrosis phenomena in the
hips and knees.
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BioMexaHiYHUH aHAJi3 CYITTOO0OBHX i M’A30BHX CHJI
HHKHIX KiHI[iBOK B aKTi X0JJbOH IIPH PEBMATOITHOMY apTPHUTi

Iepacumenxo C.1', Jlasapes 1.A.", Iepacumenko A.C.', babxo A.M.", Ilonyriax M.B.",

Jumeunenxo [0.B.%, JKupnos O.B.7, Manvosanuii C./1.5, Maxcumiviun O.M.!

IV “ncmumym mpasmamonozii ma opmonedii HAMH Vicpainu”, m. Kuig

‘Hayionanshuil yrieepcumem Qizunno20 suxoeanus i cnopmy Ykpainu, m. Kuis

SHayionansuti mexwniunuii ynisepcumem Yipainu ‘Kuigcokuil norimexmivnuil incmi-
mym imeni leopa Cikopcovrozo”, m. Kuie

Pestome. Pesmamoionuii apmpum (PA) — imyHOM00)606aHe XPOHIMHE 3andivHe 3a-
X60PI0B8ANHA, AKe CYNPOBOONCYEMBCA PO3POCMAHHAM 3ANANCHOT CUHOBIANLHOT 000IOHKY M
Dylinysannam cy2n0606020 XPAua, wo nPu00UMs 00 YMeopeHHs KOHmpaxmypu cyanooie
HUNCHIX KIHUIBOK Ma iHBANIOHOCI. PO3YMIHNA 3HAEHb DIOMEXAHIMHUX HABAHMANCCHb HA
CY2n0006i NOBEPXHE NPU KOHMPAKMYPE CY2n00i8 HUNCHIX KIHUIBOK Y X60pux Ha PA ma yuac-
ME M’ A308UX CUL Y UbOMY NPOUECE 3 POPMYBAHHAM MEXAHIIMIE A0ANMAlii ma KOMNeHcayii
MOJCe CPpusmU Po3PooYi HOBUX NO2TIANIE Ma NMI0X00i8 00 JUKYBAHHA, MAKMUKU Mepanes-
MUMHUX 3GX00i8, Cneyupiunux 014 KOXCHOI cmadii 3axeoprosarnns. Mema 00CIi0HCeHHA.
AHAM3 N0BCOIHKL CKeAeMHO-M A3060i cucmemu nayienwma 3 PA npu x0060i waAsxom po3pa-
XYHKY CUIL, W0 0ir0Mmb 8 OCHOBHUX M A308UX 2DYNAX | CY2100aX HUNCHIX Kinyigox. Mamepi-
anu i memoou. Buxioni 0ari ompumani na niocmasi 0anux 0ocuioxncennsa nayienmxu K. 3
diazro3om: peemamoionuii apmpum, 2 cm., 3 Pasa 3 NepesaNcHUM YDANCCHHAM KYAbULOBUX
i KOMMHUX CY2710018, BUDANCCHUM DONOBUM CUHOPOMOM ) JUBOMY KVAbULOBOMY CY2n00i. Bi-
deocucmema 3 6 Kamep, c8imMA0BIOOUBHUX MAPKeDI8 | OUHAMOMEMPUUHOL NAAMPOPMU BUL-
Kopucmosysanacs 0as ioeopeecmpanii xo060u. CmeopeHo IMIMauyiiny ckearemmo-m’a306y
Modens xo0u nayienma 3 PA 6 npozpamnomy 3abesneuerni AnyBody Modeling System 6.0
(Aaniz). Po3paxosaro cyanooosi (JRF) ma m’a3oei cunu (MF). Pe3ynvmamu. /115 Komnen-
Cauii cmpyKmyprux nopyuers y cyanooax xeopux wa PA 3MiHIOEMbCA 36UALIHULL DeXcum
HABANMANCCHHA KiHYIBOK. TiKu 8epMUKANLHOL CKAAA060T ONOPHUX DeaKyill SHUNCeHE nopie-
HAHO 3 NOKASHUKAMU HOPMANGHOL NONYAAYE, X004 CMAMUYHA MA ACUMEMPUHHA, WAOHA.
MF 3pocmaroms 6 m. gluteus (maximus, medius, minimus), 306ULYEMbCA amnuimyoa Pyxie
Y ppormansmiii naousuni. JRF 060X cme20mn 30IM6uyI0msca y 6Cix naowunax. Bucnoexu.
Xoov0a xe0pux na PA 3 00Mencentam akmusHo20 POeUHAnHA ) KYIbUWOBUX Ma KOJHHUX
cyenobax 6i00y8aemucs 3G PAxyHoOK 30IbUEHH AMIIINYOU KOMNEHCAMOPHUX DYXIE )
pponmansmiil naowuni. Ilocmypansnuti oOucoananc m’a3ie Imenusye MF HUNCHIX KIHUIBOK,
30 BUHAMKOM CIOHUYHUX, 08020706UX M’A316 CMe2Hd, HANIBCYXONUILHO20 Ma Hanignepe-
muHuacmoz20 m’a3ie, MF axux 30insuyromucs. Ilepeposnodin MF € KoMnencamopHum i cnps-

05



BicHuk opromneii, TpaBmaTonorii Ta mporesysans, 2021, Ne 3: 58-66

MOBAMUTL HA YMPUMANHA nayicnma 3 PA 'y 6epmuKansHomy noA0NCeHHE ma ONmumi3anio
Olomexanixu xX0060U 3a PAXYHOK MeHuL 00M0HUX PYXi6. biomexaniune nepesanmaxcenms
CY2n0b08UX NOBEPXOHD KYbULOBUX | KOMIHHUX CY2NI0016 MONCE CIYICUMU YUHHUKOM 1110-
MPUMKU 3aNANGHOT Deaiyii, PO3BUMKY 0e2eHepamusHux npouecis abo noodmsilozo npo-
epecysans apmposy ma cKymocmi cy2a0016 HUNCHIX KIHYIBOK ) Y€l Kame20Dii X60PUX.

Kniouogi cnoea: pesmamoionuil apmpum; KOHMPAxmypu Cy2no0ie; CkeaemHo-
M’A308a Mooens AnyBody; cyeno606i cun; Mm’4306i CULU.

buoMexaHnYeCKHH aHATIHU3 CYCTABHBIX H MBIIICYHBIX CHJI
HHKHHX KOHEYHOCTEH B AKTE XO,IH)6I>I IPpH PEBMATOUTHOM APTPHUTE

Tepacumenxo C.U.", Jlazapes H.A.", lepacumenxo A.C.", babko A.H.", [lonyniax M.B.",

Jumeunenxo 10.B.%, Kuproe A.B.2, Manvosansiii C./.3, Maxcumuuiun O.M."

TV “Uncmumym mpasmamonozuu u opmoneouu HAMH Vipauns”, 2. Kues

‘Hayuonansioui yrusepcumem Puauqeckozo 60cnumanus u cnopma Ypaunu, 2. Kueg

SHayuonansholii mexnuueckuti yuueepcumem Yipaunsi Kueeckutl noaumexnuueckusi
uncmumym umeru Hzops Cuxopckozo”, 2. Kueg

Pe3tome. Pesmamouonwii apmpum (PA) — UMMYHOMOOYIUPOBAHHOE XDOHUHUECKOe
BOCNANUMENBHOE 3A00NCEAHUE, CONPOBONCOAIOUCECH DASPACMAHUEM B0CNANCHHOU CU-
HOBUANLHOLL 000JI0UKU U DASDYUEHUEM CYCMABHO20 XPAWA, YMO npusooum K oopaso-
BAHUIO KOHMPAKMYDbL CYCMABOS HUICHUX KOHEUHOCMEN U UHBAMUOHOCHY. TIonumaHue
SHAYEHUTI OUOMEXAHUMCCKUX HAZPY30K Ha CYCMABHbIE NOBEPXHOCU NPU KOHMPAKmype
CYCMABOB HUNCHUX KOHEUHOCMeL ) 00IbHbIX PA 1 y4acmus MoleuHbix CUL 8 IMOM npo-
yecce ¢ PopmuposarUem MeXaruImMo8 adanmayiuy U KOMNeHCayui Moxcem cnocoocmeo-
8amb PaspadbomKe HobiX 832718008 U N00X0008 K JeUeHU0, MAKmuKe mepaneemuueckux
MePONPUAMUL, CReUUPUUHBIX 0N Kanc00ll cmaouu 3adoresanus. Lleav uccredosanus.
Ananu3 noseoenus CKkenremHo-muiewoll cucmemo. nayuenma ¢ PA npu xoovbe nymem
pacuema cun, 0elcmeyouux 6 OCHOBHbLX MbUUCHHBIX 2DYINAX U CYCINABAX HUICHUX KO-
neurnocmetl. Mamepuanvt u memoowvt. Hcxoonvle 0arHbie NOAYHeHbl Ha OCHOBAHUY 0aH-
HbIX UCCe008aHUA nayuenmxu K. ¢ ouaznozom: peemamouonsiii apmpum, 2 cm., 3 gasa
C NPEUMYUeCMEEHHBIM NOPANCEHUEM MAZ000DEHHbIX U KOICHHbIX CYCMABO8, BbiPANCEeH-
HbIM OONICBbIM CUHOPOMOM 8 1eB0M MA300edperHom cycmase. Budeocucmema u3 6 xamep,
CBeMOOMPANCAIOUUX MAPKEPOB U OUHAMOMEMPUHECKOL NAAMPOPMbL UCTIOII08ANACH
0nA sudeopezucmpauuu x0060bt. CO30aHA UMUMAUUOHHASL CKEeMHO-MbLULEHHAS MOOCLb
noxo0xu nayuerma c PA 8 npozpammrom obecneveruu AnyBody Modeling System 6.0 (Aa-
nus). Paccuumarsl cycmasnsie (JRF) u moimeunsie cunst (MF). Pe3yasmamot. /s Kom-
newcayuy CmpyKmypruiLx Hapyurenull 6 cycmasax nayuenmos ¢ PA usmensemcs o0biubili
Dpecum nazpy3Ku HUMCHUX Korneurnocmed. 1Iuxu 6epmukdansHoll CoCmasnaioueti OnopHoix
pearxuyuil chuxcersl no CHasHeHuI0 ¢ NOKASAMENAMU HOPMANLHOU NONYAAUUL, 1NOX00KA
cmamuveckas u acummempuunas, waosuas. MF eospacmaiom 6 m. gluteus (maximus,
medius, minimus), Y6eauuUaemcs aAmnaumyoa 08UNeHULL 60 PPOHMANLHOL NIOCKOCMIU.
JRE 0boux 6edep ysenuuugaemcs 60 6cex naockocmsax. Boieoowvt. Xoov6a 60mvnbix PA ¢
OZpanuvenuem aKkmuero20 Pasubaniisl 6 mazooeopennbix i KOACHHbIX CYCMABax npouc-
X00um 3a cuem YBeruueHus dmnaumyobl KOMNeHCaAmopHuix 08UNCeHUTE 60 PPOHMANLHOL
naockocmu. I1ocmypansioiii OUCOANARC Mol ymerbiuaem MF HudcHux xoneurnocmet, 3a
UCKTNOYCHUCM CCOANUUHBIX, 08Y2N1ABbIX Mbill; OEOPA, NOLYCYXONCUNBHOL U NOKYNePeNnoH-
uamoui moiiy, MF komopuix yseruvusaromcs. Ilepepacnpeoeneriue MF a615emcs Komnen-
CAMOPHLIM U HANPABIeHO Ha Yoepicanue nayuenma ¢ PA 6 6epmukansHom noA0NCeHUl 1
ONMUMUAUUIO OUOMEXARUKU X00b0bL 30 CHem Meree OONe3HeHHbIX 08UNceHull. buomexa-
HUMecKas nepezpysKa CyCmasHoix n06epPXHoCcmel maso0e0pentbix t KOLeHHbIX CYCmasos
MONCEM CAYACUMb PAKMOPOM NOO0CPICANUA BOCNANUMENLHOU PeaKyul, Pa3eumus oeze-
HepamuBHbLX NPOUeCcos UM 0dibHeliuezo nPpozPeccuposanus apmposa u CKO8aAHHOCMU
CYCMABOB HUNCHUX KOHeWHOCMElL ) OAHHOU Kame2opuu 00 1bHbIX.

Kntoueewvie cnoea: peemamoudnsiii apmpum; KoHmpaxmypo. Cycmasos; CKeaemno-
Moiueunas mooens AnyBody; cycmashble CUuibl; MblULeHbLe CUTDL.
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