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Beryn. Ha cporomni  ocreoapTpos
CIiJIT BBa)KaTH HAMOLIBII MOMIMPEHO ¢op-
Moto cyrnoboBoi matosorii. B Ykpaini mopi-
YHO peecTpyeThes nmoHan 34500 naiieHTiB 13
NEPBUHHUMH  3aXBOPIOBAaHHAMH  CYTJIOOIB.
ITpu upomy 3rinHo 3 nanumu B.H. KoBanen-
ko, O.II. boprkeBuua (2003) mommpeHicTh
aptpo3y craHoBuTh 2200,6 Ha 100 THCsSY Ha-
ceneHHs [1].

B 3B’s3Ky 13 3aragpHUM MOCTaApiHHAM
HACEJICHHSA, B TOMY 4YHCII W YKpaiHCHKOI
MOMYJISANil, THUTaHHA [IarHOCTUKU, Mpodi-
JAKTUKHU Ta JIIKYBaHHS KOKCapTpo3a HaOysH
aKTYyaJbHOCTI Cy4acHil

0c00IMBOT TUTS

TpaBMaTojorii Ta opromedii. Amke 31

3017BIIEHHSAM BIKY AaCOLIIOETHCS 1CTOTHE
3017IbIIEHHS YacTOTH I[bOTO 3aXBOPIOBAHHSI.
[TommpeHicTh KOKCapTpo3a cepea KUTENIB
CIIA crapue 30 pokiB ckiajgae MpUOIU3HO
3% 3axigHUX KpaiHax
PEHTTEHOJIOTIYH1

HaCCJICHHA, a B

O3HaKM IBOTO  3aXBO-
PIOBaHHS 3yCTPIYAlOThCS y OUIBIIOCTI OCI0
nmoHaa 65 pokiB 1 mpubauzHo y 80% ocid

noHaz 75 pokis [3, 4, §].

Introduction. Osteoarthrosis nowa-
days could be considered the most wide-
spread for of articular pathology. Annually in
Ukraine over 34 500 patients are registered
due to the initial diseases of joints. At that
according to V.N. Kovalenko, O.P. Bort-
kevych (2003) distribution of arthritis equals
to 2200.6 per 100 thousand of population [1].

In connection with the general ageing
of population, and Ukrainian population as
well, the matter of diagnostics, prevention,
and treatment of coxarthrosis becomes espe-
cially topical for modern traumatology and
orthopedics. Indeed, ageing is connected with
the reasonable increase in the frequency of
this
among the residents of the USA over 30 years

disease. Dispersion of coxarthrosis
old makes 3%, and in Western countries x-
ray signs of this diseases are observed in the
majority of persons over 65 years old and
approximately in 80% of persons over 75
years old [3, 4, 8].
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OmuuM 13 HEBUPINICHUX [HTaHb Y Among the matters not resolved
npobiemi KOKCapTpo3a 3anumaeTbess  regards the coxarthrosis, the matter of the

MUTaHHS MEXaHi3MIB PO3BUTKY Ta Mporpe-
CyBaHHS IIOTO 3aXBOpIOBaHHA. llpu 1pomy
HANOUIBII YacTOK Ta 3HAYMMOIO MPUYUHOIO
PO3BUTKY IOCTTpaBMaTUYHOIO Ta  1710-
KOKCapTpo3a, IO BelIe [0
MOPYIIEHHSI KOHTPYEHTHOCTI CyTiioba, ciif
BB@)KATH TOIIKO/PKECHHSI alleTa0yJIsIpHOT TyOn
Ta CyrJI000BOTO XpsIa.

Ha ceoroani po6oTu mopo momupe-

IaTU4YHOI O

HOCTI YUIKO/DKEHHS XPSIIOBOiI I'yOu KyJIbIIO-
BOro cyrinoba € mooauHokuMu. Yacrora ii
yIIkopKeHHs 3a ganumu . Mc Carthy et al.
(2003) mpu BUBYEHHI TPYMHOIO Marepiairy
cTaHoBUTH 10 93%. Pa3oMm 13 TuM icHye npu-
MyIICHHS, 1110 PO3PHB aleTa0yJIIpHOT TYOHu €
HANOIIBII YacTOK MaTOJOris, SKa 3ycTpida-
€TbCA M1/l 4ac apTPOCKOIIii 3 MPUBOLY KOKCa-
prpo3a [5, 6, 7, 9]. 3rimHO 3 OTpUMaHUMH
HaMH pe3yJbTaTaMH TiCTOJIOTIYHOTO TOCIi-
JOKEHHSI YaCTUH aneradynsapHOi ryOH, KoTpi
Oy BUJIyuY€H1 M1 4ac apTPOCKOMIYHOI map-
11aJIbHO1 pe3eKilii octanHboi y 105 maiieHTiB
13 kokcaptpo3om I-II cranii Ta/abo demopo-
aneTalyJIIpHAM IMIIHKMEHTOM, BCTaHOB-
JeHo, mo B 94,3% Bumagkax MarTb MiCIIE
MOp(}OIOriuHi 3MiHHU, SIKI CBiAYaTh MPO MOII-
KO/DKEHHs aretadyssipHoi TyOou TpaBMaTud-
HOTO TeHe3y, 1 numie 5,7% BUNAAKIB CIOCTe-
pIraeThesl 11I0MATUYHUN KOKCApTpo3 13 Mep-
BUHHUMH JTUCTPO(PIYHO-HEKPOTHUYHUMH 3Mi-
HaMM Ta PyHHYBaHHSM CyIJIOOOBOTrO XpsIia
[2]. 111 maHi 7O3BOJISIFOTH 3pOOUTH TyXKE BaK-
JUB1 BUCHOBKU. OCKIIBKM BBAXKA€THCS, LIO
aneTaOynsipHa Ty0a € cTabili3youo CTPYK-
TYpOIO, il PO3PUBU MOXKYTh CIPUATH PO3BUT-
Ky KOKcapTposa. fIKIo NpUUHATH 10 yBaru
MO>KJIUBICT YIIKOJDKEHHS TIPU LIbOMY 1 CyT-
JT000BOTO XpAIla, TO PU3UK PO3BUTKY 3aXBO-
pIOBaHHS 3 HACTYMHOIO BTpaTor (YHKIIIT
crae qyxe peanbHum [10].

Po3yMiHHS TpakKTHUYHUMHU JTIKaApSIMH
pOJIi  MOIIKOKEeHb aneTadynsapHoi TyOu B

mechanisms of the development and
progression of this disease still remains. At
that, damage of acetabular labrum and joint
cartilage could be considered the most
frequent and the most important reason for
development of posttraumatic and idiopathic
coxarthrosis, leading to distortion of a joint’s

congruency.

Nowadays researches, devoted to the
prevalence of damage of acetabular labrum
and hip joint are not single ones. Frequency
of damage thereof according to I. Mc.Carthy
et al. (2003), based on the study of cadaver
material, makes up to 93%. Simultaneously,
there is an assumption that dilacerations of
acetabular labrum are the most frequent
pathologies, observed while arthroscopy due
to coxarthrosis [5, 6, 7, 9]. According to the
by us received results of histologic studies of
the particles of acetabular labrum, extracted
during partial arthroscopic resection of the
mentioned in 105 patients with coxarthrosis
at the 1%-2" stages and/or femoroacetabular
impingement, it has been defined that in
94.3% there are morphologic
changes estimating damages of acetabular
labrum of traumatic origin, and only in 5.7%
of the entire cases idiopathic coxarthrosis is
observed, characteristic of initial dystrophic-
necrotic changes and destruction of articular
cartilage [2]. These data allow coming to very
important Inasmuch it is
considered that acetabular
stabilizing structure, dilacerations thereof
could promote the development of
coxarthrosis. If one considers the possibility
of simultaneous damage of articular cartilage,
the risk of the development of the disease
with further loss of function becomes
extremely real [10].

Understanding of the role of aceta-

of cases

conclusions.
labrum is a



THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2017 Ne 3-4 (9-10)

75

PO3BUTKY KOKCApTpo3a JacTh 3MOTY JOBECTH
BHHSITKOBY BaXXJIMBICTh 3aCTOCYBaHHS MaJIOi-
HBa3MBHHUX XIPYPriuHUX BTPYyYaHb y MAIli€H-
TiB 13 MOYaTKOBUMH CTaJIiIMU 3aXBOPIOBAHHSI,
10 B CBOIO Yepry A03BOJIUThH 3a0e3MeyuTH
eeKTHBHE JIIKyBaHHs MAaTOJOTIYHOTO MPOIie-
Cy Ta CIIOBUIbHEHHS HOTO MpOrpecyBaHHS, a,
OTXe€, JT03BOJINTh MAaKCHUMaJbHO BIITEPMIHY-
BaHHS TOTaJlbHE EHJONPOTE3yBAaHHS BpaXKe-
HOTO CyTJ00a.

Meta po6oTH — BUBUUTU Ta OOTPYyH-
TyBaTW 3HAYEHHs MOMIKO/DKEHHS aneTalyJis-
pHOI TyOu B PO3BHUTKY OCTE€0apTpO3a KyJIb-
IIOBOTO Cyrio0a LUIAXOM MaTeMaTHYHOTO
MO/JICJIIOBAHHSM B32€MOJIII OCHOBHUX elleMe-
HTIB KYJIBLLIOBOI'O CyIyio0a B HOpMI Ta Npu
MIOIIIKO/KECHHI areTadyIsipHOT ryou.

Marepiaaun ta meroau. [ mope-
JIFOBAHHSI IPOLIECY BUHUKHEHHSI HAIIPYXKEHb y
eJIEMEHTax KyJbIIOBOIO Cyrioba Ta iX po3s-
MOJUT MO KOHTAaKTHUX MOBEPXHAX Cyrioda,
SKHH TIpalo€ 32 YMOB BiJICYyTHOCTI IOIIKO-
JUKeHb Ta TPU HAsIBHOCTI MOPYIICHHS KOH-
IPYEHTHOCTI Cyrio0y, 30KpemMa IpH IMOIIKO-
JUKEeHHI aneTaOysipHoi ry0ou, OyB 3acTocoBa-
HUI METO]| KIHIIEBO-EJIEMEHTHOTO aHAIII3Y.

Ha pucynky | mokazaHa monenb Ky-
JIBIIIOBOTO CYTJ100a, KOTPUA BIAHOCHUTHCS 10
TPbOXOCHOBOTO 1O (POPMI Ta 10 KyJISICTOTO IO
Buay cyrino0iB. Cyrinod MonenboBaHO 3
TPbOX eJIeMEeHTIB. MK JBOMa CyTrI000BUMH
MOBEPXHSIMU  TOJIBKM CTETHOBOI  KICTKH Ta
BEPTJIIOTOBOI 3alaJMHU Ta30BOi KICTKU 3Ha-
XOJIUThCS CUHOBIAJIbHA PIJIMHA, SIKa TEepeae
3yCHJUIL Ta 3MEHINye TepTd. AueralyispHa
ryba 3abes3nedyye BIJHOCHY TE€PMETHYHICTh
LEHTPAJILHOTO KOMITAPTMEHTY Cyrioly (cyr-
71000BOi WIIMHU), CHpPUSE YTBOPEHHIO PiB-
HOMIPHOTO IIapy «BHYTPILIHBOCYTJIOO0BOT
3Ma3KH» Ha CyrJI000BUX MOBEPXHIX TOJIBKU
CTETHOBOI Ta Ta30BO1 KiCTOK 3aBIAKH (PyHKITT
«KJIAIIaHHOT0» MEXaHI3My B LUPKYJALIi CH-
HOBIJILHOT PIIMHH B KYJIBIIOBOMY CYTJIOO0I.

bular labrum damages in coxarthrosis devel-
opment by practicing doctors allows proving
the especially importance of the use of less-
invasive surgical interventions in patients
with the initial stages of the disease, and this
in turn will ensure the efficient treatment of
pathologic process and slowing the progres-
sion thereof, and give a possibility of maxi-
mum postponing of total hip replacement of
the involved joint.

Aim of the research — to study and
ground the meaning of acetabular labrum’s
damage for the progression of hip joint osteo-
arthrosis by mathematic modeling of interac-
tion of the basic elements of hip joint in nor-
mal conditions and in case of acetabular la-
brum damage.

Materials and methods. To simulate
the process of arising tensions in the elements
of a hip joint and distribution thereof along
the contact surfaces that works upon condi-
tions of the absence of damages and presence
of congruency of joint, inter alia in case of
acetabular labrum damages, we used the
method of finite-element analysis.

Pic.1 demonstrates the model of a hip
joint that relates to three-axial according to its
shape and to spherical according to the types
of joints. The joint was simulated of three
elements. Among two articular surfaces of
femoral head and coxal cavity of pelvic bone
there is synovial liquid that transfers the ef-
forts and decreases friction. Acetabular la-
brum ensures high tightness of a joint’s cen-
tral compartment (joint gap), promotes crea-
tion of a uniform layer of “intra-joint lubri-
cant” on articular surfaces of femoral head
and pelvic cavity thanks to the “valve” mech-
anism in synovial liquid circulation in the hip
joint.
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A (A)

B (B)

Puc. 1. 3-D Moaeab KyJab1I0BOro cyriioda (A) ra iioro po3spi3 (b).
Pic. 1. 3-D model of a hip joint (A) and cross-section thereof (B).

[TomkomkeHa BHACTIIOK MEXaHIUHO-
ro BIUIMBY (TpaBMH) a00 3aXBOPIOBAHHS alle-
Ta0yJsipHa ryba mepecrae BUKOHYBAaTH CBOIO
GYHKIIO, MO MPU3BOAUTH [0 TOPYIICHHS
IUPKYJIALii CHHOBIAIBHOI PiIMHU Ta, SK Ha-
CJTIJIOK, 3MEHIIICHHS TOBIIWHU MIPOIIAPKY MIXK
CYrJ000BHUMH TOBEPXHSMHU, IO BUKIHUKAE
HEPIBHOMIPHUHN PO3IMOALT TUCKY 1 30MKCHHS
MOBEPXOHB CYT00a axK A0 KOHTAKTY.

[Ipuitmaemo, 110 Mmics MOMIKOHKEHHS
aneTadyisipHoi TyOM BHACIHIJOK TPaBMH YU
Ha (oHI 3MiHU OloMexaHiku cyrioba (pemo-
poareTraldyIspHHA IMIIHIKMEHT), TIeBHA Ki-
JBKICTh CHHOBIJIBHOI PIAMHU BUTHCKYETHCS
3 CyrJo00BOi MIUIMHH 70 MOMEHTY, KOJH
KOHTaKTH1 (Cyrjo00Bi) TMOBEpPXHI KICTOK I10O-
YHHAIOTHh JOTUKATHCS 0€3 y4acTi CHHOBIallb-
HOI pimuHU. MoJenroBaHHS MPOBOIWIH 3
Mmacoro Tina moguau 100 kr Ta 3 HaBaHTa-
*keHHsM Ha cyrino6 1000 H.

VY BignoBimHOCTI 0 3akoHy ['yka i30-
TEePMIYHOI JiHIHHOI Teopii MpyXHOCTI naedo-
pmarii 3B’s3aHI 3 HampyXeHHSMH Yy OyIb
SIK1A OPTOTOHAIBHIN CUCTEMI KOOPAUHAT X, Y,
Z TakuMHU 3anexHocTaMmu: Jle mo3HadeHo
KOMITIOHEHTH HANpPYXkKEHb: Oxx, Oyy, Ozz, Oxy,
Oyz, Ozx; KOMIIOHEHTH NedopMalliid: €xx, Eyy,
€22, Exy, €yz, €zx; B — Moynb npyxHOCTI FOH-
ra;, G — MOAyJb MPYXHOCTI 2-TO POAY; V —
koedimient [lyaccona.

Acetabular labrum, damaged due to
mechanic influence (trauma) or disease, ceas-
es to fulfill its main function and this leads to
disorders in synovial liquid circulation and,
as a consequence, to the decrease in thickness
of layer between articular surfaces, causing
uneven pressure distribution and approaching
articular surfaces up to contact.

We accept that after damaging ace-
tabular labrum due to trauma or at the back-
ground of changes in biomechanics of joint
(femoro-acetabular impingement), certain
quantity of synovial liquid is pressured from
the joint gap to the moment, when contact
(articular) surfaces of bones begin to touch
each other without intermediation of synovial
liquid. We performed the simulation of hu-
man body weighting 100 kg and loading on a
joint equal to 1000N.

In accordance with the Guk’s iso-
thermal linear theory of elasticity, defor-
mations are connected with tension in any
orthogonal system of coordinates x, y, z by
the following dependences: Components of
tension are indicated as follows: Gxx, Oyy, Oz,
Oxy, Oyz, Ozx; components of deformations: &xx,
€yy, €2z, &y, &z, €x; B — Young’s elasticity
modulus; G — 2™ type elasticity modulus; v —
Poisson’s index.
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PiBHSIHHS piBHOBaru B MPSMOKYTHIH Equations of equilibrium in rectangle

JIEKapTOBIA CHUCTeM1 KOOpJauHAT MatoTh Takuii  Descartes’s coordinate system appear as fol-

BUTJISII: lows:
oo oo, Oo
T4 T 24 X=0
ox oy 0z
oo oo oo
2+ —24+—247=0 (2)
Ox oy oz
oc. 0o, oo
Xz + V: + =z 47 = O
ox oy 0z
3aye’)kHOCTI MK AedopmariisiMu 1 1ie- Dependences between deformations
pPEeMILLIEHHSIMU MalOTh HACTYITHUM BUTIIA; and movements appear as follows:
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J€ u, v, W — KOMIIOHEHTU BEKTOpa IepeMmi-

LIEHHS y HalpsIMKax X, Y, Z BIJAIOBIIHO.

3amadya BCTAHOBJICHHS HAIPYKCHb B
yCIX TOYKAaX MOBEPXHI Cyryioda TOJsArae y
BU3HAYCHHI HACTYMHUX I SITHAMIATH (YyHK-

i{ IpU 3aJaHOMY HaBaHTA)KEHHI:

— KOMIIOHEHTH HAIMpYyKEHb Oxx,
Ozz, Oxy, Oyz, Ozx,

— KOMIIOHEHTH jaedopmariii exx,

€zz, Exy, €yz, €zx,

— KOMITOHEHTH TIEPEMIIIIEHb U , V, W.

where u, v, w — parts of the vector of move-
ments in the respective directions X, y, z.

The task of defining the tension in the
entire points of the joint’s surface requires
defining the following fifteen functions at the
prescribed loading:

Oyy, — components of loadings 6xx, Gyy, Gz,
Oxy, Oyz, Ozx,
Eyy, — components of deformations &xx, &yy,

€zz, Exy, €yz, E€zx,
— components of movements u, v, w.
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Jani ¢yHkii B KOXHINA ToUIll Tijia
3aJI0BOJIHSIIOTh TAKUM I SITHAUATA PIBHSH-
HAM: 3-M pIBHAHHSIM piBHOBaru (2); 6-Tu
CITIBBITHOIIICHHSIM MDK HaNpPY>KEHHSIMH Ta
nedopMmarnismMu (1); 6-TH CHiBBIIHOIIEHHSM
MiXk nedopmatisiMu Ta nepeMiteHHsIME (3).

Jns po3p’si3aHHs 3amadi HEO0OXiJTHO
BUPILIUTH cUCTeMy piBHsHB 3.1-3.3 i3 ypaxy-
BaHHSM TPaHUYHUX YMOB. J[7si po3B’si3aHHs
JaHoi 3a/layl MM BUKOPUCTOBYBAJIM CIIELiati-
30BaHui mporpaMunii komruieke ANSY'S, mo
Mac€ B CBOI OCHOBI KIHIIEBO-€JIEMEHTHUI
anami3. Kowmm’rorepHe mMojentoBaHHS 37iiic-
HEHO B Takiil MOCHiIOBHOCTI: MOOyA0BaHO 3-
D anamor KynpmioBOro cyrioba; 3agaHo y
BIJIMOBIAHOCTI /10 peamniii meBHI (¢i3uKo-
MeXaHI4HI BJIACTMBOCTI MaTepialiB; 3a3Haue-
HO CTYIIE€HI BUIBHOCTI Ta PO3TallyBaHHs KiC-
TOK Cyrio0a B MPOCTOPi; 3reHEPOBAHO KiHIIE-
BO-CJIEMEHTHHUI aHAJIOI CUCTEMH; 31HCHEHO
HABaHTAXKCHHSI, 10 JIIFOTh HAa CYIJIOO Mija yac
byHKIIOHYBaHHS, Ta Yac ix [ii, TOIo; mpo-
BEJICHO PO3PAaxXyHOK PE3YyJIbTYIOUUX BEIHUYUH
(nedopmarii, Hanpy>KEeHHS, TOILO), 13 HACTY-
[THUM BUBEJCHHIM OTPHUMAHHUX JaHUX Y BU-
Al rpadikis, TaOdMIb, MOJIB HANpPYKEHb

Above functions in each point of a
body satisfy the following fifteen equations: 3
equations of equilibrium (2); 6 interrelations
between tensions and deformations (1); 6
interrelations between deformations and
movements (3).

To solve the task, it is required to
solve the system of equations 3.1-3.3, consid-
ering the limiting conditions. To solve this
task, we used the specialized software com-
plex ANSYS, based on finite-element analy-
sis. Computer simulation was performed ac-
cording to the following procedure: creation
of 3-D analogues of a hip joint; prescribed
certain physic-mechanical features; men-
tioned extent of freedom and location of
joint’s bones in the space; generated finite-
element analogue of a system; simulated
loading, affecting a joint while functioning
and period of affect thereof etc.; performed
the calculation of resulting values (defor-
mation, tension etc.) with further presentation
of the received data in form of graphs, tables,
stress fields etc.

TOUIO.
z dy
f dx
1 a
- Iy
: ‘J?J'"'"B.Td)'
E A %y
e o ot A | f— AT
| & b Oy + 5, dy
dz| 1 )_ _____ I,
[
# a;
1 A B+ 2y
te,

Puc. 2. EnemenTapHuii 00’€eM noBepxHi cyr;100a, BAKOPUCTAHU /15 3aNIMCy PiBHAHb

pPiBHOBarm.

Pic.2. Elementary volume of joint’s surface, used to record the equations of equilibrium.
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PesyiabTaTH Ta ix o0roBopeHHs. Y
HETIOMIKO/PKEHOMY CyTJI001 HIap CHHOBiajb-
HO1 PIIMHU OJHOPITHO PO3IOIIICHUN B CYyT-
71000BIM HIIIMHI Ta PIBHOMIPHO Tepeae Ha-
BaHTa)XEHHs MO Bcii moBepxHi. Ha HaBene-
HOMY BHILE pUCYHKY | noka3ano 3-D moznens
KyJIBIIOBOTO Cyrjo0a 3 HENOIIKOIKEHOIO
areta0yssipHOIO Ty0010, a Ha PUCYHKY 3 — 3
MOIITKO/DKEHOI0. BHACTiOK BUTHUCHEHHS CH-
HOBIaJIbHOI PITUHHA E€JIEMEHTH CYTI000BOTO
apHIPy 3MICTHIIUCH 10 KOHTAKTY .

A (A)

Results and discussion. In an intact
joint, the layer of synovial liquid is equally
distributed in joint gap and equally transfers
the loading to the whole surface. At the Pic.1,
provided below, there is a 3-D model of a hip
joint with intact acetabular labrum, and on
Pic.3 — with damaged one. Due to forcing
synovial liquid away, elements of a joint
knuckle moved up to contact.

B (B)

Puc. 3. 3-D TBepaoTiJibHA MO/IeJIb CYTJ100a 3 MOLIKOKeHOI0 I'y6010 (A) Ta iioro po3pi3 (b).
Pic. 3. 3-D solid model of a joint with damaged labrum (A) and cross-section thereof (B).

[Ticnst cTBOpeHHsS! TBEpAOTIIEHOT MO-
neni B Moayai mporpamMu ANSYS renepyers-
cg T KIHIEBO-€JIEMEHTHHM aHajaor, TOOTO
CITKa BYy3JiB Ta €JIEMEHTIB. 3 METOI0 MiJIBU-
IIEHHS TOYHOCTI PO3PaxyHKIB IOLUIBHUM €
OUIBII JeTallbHEe PO30OUTTS HA €NEMEHTH Ti€l
obmacti cyrnoba, mo Oe3nocepeHbO KOHTa-
KTytoTb. Ha pucynky 4 mnokasaHa Mopeib
KYJIBIIOBOTO CYyT100a 3 TIOMIKO/DKEHOO are-
TaOYJISIPHOIO TYOOI0 Ta HAHECEHWMH CITKaMU
CKIHYEHHUX €JIEMEHTIB.

[Tix TCKOM MmIap CHHOBIAJIBHOI PiaM-
HU B LIUIMHI Cyri00a 3MEHIIY€eThCs, a CyIJIo-
00Bi MOBEPXHI KICTOK 3MILLYIOThCS 10 MOME-
HTY HACTaHHA JOTHKY MK HUMH, 110 3HAYHO
301IbIIIY€E TEPTS CYriI000BUX MTOBEPXOHB Ta iX
3HOIITyBaHHSI.

After creation of solid model, soft-
ware application ANSYS generates its finite-
element analogue, i.e. a network of nods and
elements. To increase the accuracy of calcu-
lations is it expedient to distribute directly
contacting surfaces of a joint into elements.
Pic.4 depicts hip joint model with damaged
acetabular labrum with depicted nets of finite
elements.

Under the pressure, the layer of syno-
vial liquid in the joint’s gap decreases, and
joint surfaces of bones move to the moment
of touching each other, which fact decreases
reasonably friction of articular surfaces and
wear.
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Puc. 4. 3-D TBepaoTiibHA MO/IeJIb MOIIKOIKEHOT0 KYJILOBOI0 CYIJ100a 3 HAHECEHOI CiT-

KOI0 CKiHYeHMX eJIeMEHTIB.

Pic. 4. 3-D solid model of a damaged hip joint with a net of finite elements.

Jsist MOJIeNtOBaHHST PO3IOIITICHHS TH-
CKIB y CyIJI00i Ta BIJMOBITHUX HAMPYKEHb Ha
MIOBEPXHAX BUKOPUCTAHO CXEMY, IIOKa3aHy Ha
PHUCYHKY 5.

SIK HaBaHTaXXEHHsI NPUKUMAEMO Macy
moauau B 100 kr Ta BiANOBIIHE 3yCHIUIA
1000 H, mo moka3aHi Ha pUCYHKY 6-A. 3y-
CWILISI TIPUKJIAIAEThCS BEPTHKAIBHO, a HOTO
BEKTOp MPOXOAMTH Yepe3 BiCh CUMETPii CyT-
n06a. Pe3ynbraToM po3paxyHKy € IoJjie Ha-
MPY’KEHb, IKE MOKe OyTH Moka3aHe y rpadi-
yHOMY BUIJsal (puc. 6-b) Ta uncenpHuX ma-
CUBIB, 0 (opMyroTbcs aBTOMaTHyHO. Lli
MacHBM JIaHUX € OCHOBOIO JJISI PO3pPaxyHKY
nedopmaliiil Ta Hapy>KeHb B CyTI00i.

AHami3 pe3ylNbTaTiB MOJETIOBAHHS
MOKa3ye, M0 HANpYXXEHHS y 3I0POBOMY KYy-
JBIIOBOMY CYTJI001 PO3MOIUIAIOTECS PIBHO-
MIPHO TIO BCiii KOHTAKTHIM MOBEPXHI CYTJIO-
OOBHX KIHIIIB KICTOK. TOMy MaKCHMaJbH1
HaIpy>KeHHsI JOCATaI0Th Juile Kiibkox MIla
Ta HECYTT€BO OUTBIII BiJ MiHIMaNbHUX (pHC.
6-b).

To simulate the distribution of pres-
sure forces in a joint and the respective ten-
sions on the surfaces, we applied the scheme,
provided on Pic.5.

For loading we accept 100 kg body
weight of a human and the respective effort
1000 N, as depicted on Pic.6-A. The effort is
attached vertically, and its vector passes
through the axis of symmetry of a joint. Re-
sult of calculations is a field of loadings,
which could be depicted graphically (Pic.6-B)
and through numeric massive, created auto-
matically. Such data massive is a basis for
calculating deformations and tensions in a
joint.

Analysis of the results of simulation
shows that tensions in an intact hip joint are
evenly distributed along the whole contact
surface of articular ends of the bones. Thus,
maximum loadings reach only several MPa,
are very slightly different from minimal ones
(Pic. 6-B).
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Puc. 5. Cxema Moie/1l0BaHHSI HANIPY KeHb i 1edopMalliii B KyJIbIIOBOMY CYTIJI00i.
Pic. 5. Scheme for modeling the tensions and deformations in a hip joint.

A (A)

B (B)

Puc. 6. Cxema HaBaHTa:KeHHSI HA KYJbIIOBHI cyrJjio0 (A) Ta moJjie HAMPY:KeHb Y KOHTAKTI Ky-

JIBIIOBOIO CYIJI00a y BUNA/IKY BiICYTHOCTI MOIIKOAKeHHs aneTadyasspHoi ryou (b).
Pic.6. Scheme of loading on hip joint (A) and stress field in hip joint contact in case of damaged

acetabular labrum (B).

VY BUNajAKy MOLIKOKEHHs areTaly-
JsipHOi TyOUW MijJ BIUIMBOM HABAHTA)KEHHS Ta
THUCKY, 110 BUHUKA€ B PiAMHI, YaCTHHA CHHO-
BiaJIBHOT PIJMHMA BUTIKAE Yepe3 MOIIKOIKEH-
HSI, @ CyTJII000BI MOBEPXHI KiCTOK MOYMHAIOTH
30JMKYBaTUCh 10 MOMEHTY JOTHUKY. I[licmst
1OrO 30JMKEHHsI Maike 3yNHUHSAEThCA, a B
TOYIl KOHTaKTy Ta HAaBKOJIO BUHUKAIOTh 3Ha-
YHI Halnpy>XeHHA Ta 3 SBISETbCS «CYyXUI»
KOHTAKT (puc. 7).

If acetabular labrum is damaged under
the influence of loading and pressure, occur-
ring in the liquid, a part of synovial liquid
leaks away through the defect, and articular
surfaces of bones start to approach to the
moment of contact. Thereafter approaching
almost stops, and reasonable tensions occur
in contact point and around it, the “dry con-
tact” appears. (Pic.7).
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Puc. 7. IloJie HanpykeHb B KOHTAKTI KYJbIIOBOI0 Cyrj100a y BUNIA/IKy HAsIBHOCTi MOMI-

KO/IKEeHHsI Iy0u.

Pic.7. Tension field in contact of hip joint if labrum is damaged.

Ile € migcraBor Uit BUHMKHEHHS
3HAYHHUX CHJI TEPTS, 3HOIIYBAHHS Ta IOCTY-
MOBO1 Jerpajaiii Ccyrio0oBOro Xpsiia, II0
3HAYHO TPHCKOPIOE MPOTPECYBAHHS OCTE0ap-
TPO3Y KYJIBIIIOBOTO CyTJI00a.

TakuM 4YMHOM, TMPU TOPIBHSHHI Mak-
CHMaJIbHUX HAaIpy)XeHb Y KOHTAKTi 37J0pOBO-
ro cyrioba ta cyriioda 3 MOIIKOIKEHOIO arle-
TaOynApHOIO Ty0OI0 BHUSBICHO iX 3HAYHY
BIIMIHHICTB: y CyIJI00i 13 TOIIKOMIKEHOIO
aneTaOyysipHOI0  TyOOI0 HAmNpyXCHHS € Ha
mopsiIoK  OimbMu  (muB. puc. 3.6-3.7) Ta
CKJIaaaroTh 3a po3paxyHkamu 44 Mlla y no-
piBHsiHHI 3 4-5 MIla y 3m0poBOMY KyJbIIO-
BOMY CyTJI001.

BucHoBok. BcraHoBieHO, 110 y BU-
naaKy TOPYIIEHHS MITICHOCTI aneTadyspHOl
ryOM yacTMHA CHHOBIAJIBbHOI PIMHU BUTIKAE,
a cyriao0oBI TOBEPXHI KICTOK MOYMHAIOTH
30JIMKYBaTUCh 0 MOMEHTY JOTHKY. Hampy-
KEHHSI B KOHTAKTI KYJBIIIOBOTO Cyriioda 3
MOIIKO/PKEHOI0 a1leTadyJsIpHOI0 TyOOK € B
8,8-11 paziB OULTBIIMMH B TOPIBHSHHI 3 Ha-
NpYKeHHAMH y 300poBoMy cyrno0i. Lle €
MiJICTaBOIO JJIs1 BUHHUKHEHHS 3HAYHHX CHII
TEpTs, 3HOIIYBaHHA Ta IOCTYIOBOI Jerpaja-
mii cyrmo00BOro Xpsia, 1o B CBOIO YEpry
NPU3BOANTE JI0 PO3BUTKY Ta MPOTPECyBaHHS
0CTE0apTPO3y KyJIbIIOBOTO CYIo0a.

This is the basis for occurrence of rea-
sonable friction forces, ware and gradual deg-
radation of articular cartilage; it fastens rea-
sonably the progression of hip joint osteoar-
throsis.

Thuswise, comparison of maximum
tension in contact between a healthy joint and
a joint with damaged acetabular labrum re-
vealed great difference between them: tension
in joint with damaged acetabular labrum is
massively more (Pic.3.6-3.7) and according
to calculations equal to 44 MPa, compared to
4-5 MPa of healthy hip joint.

Conclusion. It has been recovered
that in case of acetabular labrum integrity
violation synovial liquid leaks out partially,
and articular surfaces of bones start to ap-
proach up to the moment of contact. Tension
of hip joint contact with the damaged acetab-
ular labrum in 8.8-11 times exceeds the same
tensions in an intact joint. This is the ground
for the occurrence of reasonable friction forc-
es, wearing and gradual degradation of articu-
lar cartilage, that in turn leads to the devel-
opment and progression of hip joint osteoar-
throsis.
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MATEMATWYHE OBIPYHTYBAHHS POJII ITOIIKOPKEHH S
ALIETABYJISIPHOI TVBU B PO3BUTKY TA ITPOI'PECYBAHHI
I[TIOCTTPABMATUYHOTI'O TA IAIOITATUYHOI'O KOKCAPTPO3A
Jhyuwun B.I'., Kanawnixose A.B., Maiiko O.B., Maiiko B.M., Cagynsax B.1.

3 METOI0 BUBYEHHS Ta OOIPYHTYBaHHS POJIi MOLIKOJKEHHS aleTaldysipHoi TyOu B po-
3BUTKY KOKCapTpo3a 3I1iICHEHO MaTeMaTHYHE MOJIEITIOBAHHS B3a€MOJIii OCHOBHUX €JIEMEHTIB
KYJIBIIIOBOTO CyIJIo0a B HOpMI Ta MpH po3puBi aretadymnspHoi ry0ou. (s po3B’s3aHHA 1€l
3aJjaul BUKOPUCTOBYBAJIM CHeliani3oBaHuil nporpaMHuii kommiekc ANSYS, o mMae B cBOii
OCHOBI KiHIICBO-€JIEMEHTHUI aHami3. Komr toTepHe MOoenoBaHHS BKIFOYAIo Mooy oy 3-D
aHajora KyJIbIIIOBOTO Cyrjio0a; BBEJICHHS MEBHUX (Di3MKO-MEXaHIYHUX BJIIACTHBOCTEH MaTepi-
aJiB, CTYIICHIB BUIBHOCTI Ta pO3TalllyBaHHS KICTOK Cyryio0a B MPOCTOPI, CTBOPEHHS KIHIIEBO-
€JIEMEHTHOTO aHAJIOTY CUCTEMHU, 3[[IHCHEHHS HaBaHTaXXEHb, 1110 JIIOTh Ha cyryiod mia yac dy-
HKIIIOHYBaHHs, Ta dYac iX Jii, TOLIO, PO3PaXyHOK Pe3yNbTYIUHX BEIUUYUH (Iedopmaliii,
Harnpy>kKeHHs, Toulo). JloBeZieHo, 110 Y BUNIAJIKY MOPYIIEHHS LUTICHOCTI aneTadynsipHoi ryou
YacTHHA CUHOBIAJIbHOT PIIMHU BUTIKAE, a CYyrI000B1 MOBEPXHI KICTOK MOYMHAIOTh 30JIMKyBa-
TUCh 10 MOMEHTY JAOTHKY. Hanpy’keHHs B KOHTAKTi KyJIbLIOBOTO CYIJ100a 3 HOLIKOKEHOO
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areTadyssipHO0 ry0ot0 cTatoTh B 8,8-11 paziB OUIBIIMMH B MOPIBHSAHHI 3 HANPYXCHHAMU Y
370poBOMY Cyrii00i. Ile € mpuurMHOK BUHUKHEHHS 3HAYHHMX CHJI TEPTs, 3HOLIYBAHHS Ta IOC-
TYIOBOI Jlerpaalii cyriio00BOro Xpsia, o B CBOIO Yepry MPU3BOIUTH JI0 PO3BUTKY Ta MPO-
IPECYBaHHS OCTE0APTPO3y KYJIBIIOBOTO Cyriioda.

KurouoBi cjioBa: KokcapTpo3, Ta30CTErHOBUH cyrio0, anetabymisipHa ryba, maTema-
TUYHE MOJICITIOBAHHSI.

MATEMATHUYECKOE OBOCHOBAHUE POJIM ITOBPEXIEHM A
ALIETABYJISIPHOM I'YEbI B PABBUTHH U ITPOI' PECCUPOBAHNH
[TIOCTTPABMATHUYECKOI'O U UJUOITATUYECKOI'O KOKCAPTPO3A
Jhyyuwun B.I'., Kanawnuxoe A.B., Maiiko O.B., Maiiko B.M., Cagynsk B.H.

C uenbio U3ydeHuss 1 0OOCHOBAHUS POJIM MOBPEKICHUS aleTaldyasipHON T'yObl B pas-
BUTUHM KOKCapTpO3a MPOBEJIEHO MATEMAaTUYECKOE MOJECIMPOBAHUE B3aUMOJECHCTBUNA OCHOB-
HBIX 3JIEMEHTOB Ta300€IPEHHOT0 CyCTaBa B HOPME U MPHU MOBPEKICHUM aleTa0yJISIPHON Ty-
Obl. Jlyisi peleHus 9TOM 3a/layd MCIOJIb30BAHO CIEIUATU3UPOBAHHBIN MPOrPAMMHBIA KOM-
miekc ANSY'S, umeromuii B CBO€il OCHOBE KOHEYHO-3JIEMEHTHBIM aHanu3. KommbroTepHoe
MOJIETTMPOBAaHUE BKIIIOYAIO TMocTpoeHue 3-D aHamora Ta3o0eqpeHHOro CycTaBa, BBEIICHUE
OTpeeNIEHHBIX (PU3NKO-MEXaHUYECKUX CBOWCTB MAaTEpUAJIOB, CTEMEHEH CBOOOIBI M pacro-
JIO’)KEHHE KOCTEH CycTaBa B MPOCTPAHCTBE, CO3/IaHNE KOHEUHO-2JIEMEHTHOT'O aHaJIOTa CHUCTE-
MBI, OCYIIECTBJICHHE HArpy30K, JEHCTBYIOIIMX Ha CyCTaB BO BpeMs (yHKIHMOHUPOBAHUS, U
BpEMS UX JNEUCTBUA U T.J., pacueT pe3yJbTUPYIOIUX BeIUYUH (nedopmanuu, HampsHKeHUs,
np.). JlokazaHo, 94TO B Clly4ae HapyIIEHUS [EIOCTHOCTH aleTadyIsipHOI TyObl 4aCTh CHHOBH-
aITBHOM >KMJIKOCTH BBITEKAET, a CyCTaBHbIC MOBEPXHOCTH KOCTEW HAUYMHAIOT CONMKATHCS 0
MOMEHTa COINPUKOCHOBEHHUs. HampsikeHne B KOHTaKTe Ta300€ApEeHHOro CycTaBa C IOBpE-
JKACHHOU aretalOynsapHoii ry0oif OynyT B 8,8-11 pa3 GonbIIMMH 1O CPAaBHEHUIO C HAIPsKe-
HUSMH B 3[JOPOBOM CyCTaBe. JTO SIBISETCA MPUUYMHON BO3HUKHOBEHHS 3HAYUTEIBHBIX CHJI
TPEHUs1, U3HANTUBAHUS U TIOCTETICHHOW JeTpajallii CyCTaBHOI'O XPsIlla, YTO B CBOIO OYepe/lb
CIOCOOCTBYET Pa3BUTHIO U MPOTPECCUPOBAHHIO OCTEOAPTPO3a Ta300€IPEHHOTO CYCTaBa.

KiroueBble c10Ba: KOKCapTpo3, Ta300€ApEHHBIN CycTaB, aleTadysspHas ryda, Marte-
MaTUYECKOE MOJCIIUPOBAHUE.

MATHEMATICAL REASONING ON THE RISK OF THE ACETUBULAR

LABRUM DAMAGE IN DEVELOPMENT AND PROGRESSMING OF THE

POSTTRUMATIC AND IDIOPATHIC COXARTHROSIS
Lutsyshyn V.G., Kalashnikov A.V., Maiko O.V., Maiko V.M., Savulyak V.I.

In order to study and substantiate the role of acetabular labrum damage in the devel-
opment of coxarthrosis, a mathematical modeling of the interaction of the basic elements of
the hip joint in norm and at the break of the acetabular labrum was performed. To solve this
problem, a specialized software package ANSYS was used, which is based on a finite-element
analysis. Computer simulation included the construction of a 3-D analog hip joint; introduc-
tion of certain physical and mechanical properties of materials, degrees of freedom and loca-
tion of joint bones in space, the creation of a finite-element analogue of the system, the im-
plementation of loads acting on the joint during operation, and the time of their operation,
etc., calculation of the resulting quantities (deformation, stress, etc.). It is proved that in the
case of violation of the integrity of the acetabular labrum a part of the synovial fluid flows,
and the articular surfaces of the bones begin to converge to the moment of contact.
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The tension in the hip joint with the damaged acetabular labrum becomes 8.8-11 times
larger in comparison with the stresses in the healthy joint. This causes the formation of signif-
icant frictional forces, wear and gradual degradation of the articular cartilage, which in turn
leads to the development and progression of osteoarthrosis of the hip joint.

Key words: coxarthrosis, hip joint, acetabular labrum, mathematical modeling.
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MEDICAL PROPHYLACTIC THERAPY OF NEURODISTROPHIC
SYNDROME IN PATIENTS WITH FRACTURES OF RADIAL BONE'S
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Kuarwuessbie caosa. Ilepenom aucra-
JBHOTO MeTa’nu(u3a JIy4eBON KOCTH, MOCTT-
paBMaTHYECKUN HEUPOAUCTPODUUSCKUI CH-
HIPOM, paHHEEe METMKAMEHTO3HOE JICUCHHUE.

AKkTyajabHOCTh. [lepenomMsl aucranb-
HOro  MeTasnudusa

(AMDJIK) siBasitoTcst Hanbosiee 4acTo BCTpe-

Jy4eBOM  KOCTHU
YaeMbIMHU IIEPEIIOMAaMH KOHEYHOCTEH M COC-
TaBJAOT OT 15 10 40% ciyvaeB, 1o JaHHBIM
pasabix aBTopoB (Motosuios /J[.JI., 2009,

Keywords: Fracture of the radial
bone distal metaepiphisis, posttraumatic neu-
rodistrophic syndrome, early medication
Relevance. Fractures of the radial
bone distal metaepiphisis (RBDM) are the
most common fractures of the extremities and
range from 15 to 40% of cases, according to
different authors (Motovilov D.L., 2009, On-

oprienko G.A. et al., 2006, Ismail, A.A. et al.,



