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Beryn. XBopoOu  KiCTKOBO-M'SI30BOi1
CHUCTEMHU € OAHIEI0 3 HAWOLIBII MOMUPEHUX
3aXBOPIOBaHb CYy4acHOTrO CycCiabcTBa [2,7,8].
Yacrora 3aXBOPIOBaHHS KiCTKOBO-
CYIJI000BOTO amapary MpoJOBXKYE HEYXUIBHO
poctu. [IpuuuHOIO TOMY ciyXaTbh 301IbIIEH-
HSl TPUBAJIOCTI KUTTS HACEJICHHS MPOMUCIIO-
BO PO3BHHEHHX KpaiH, TimoAuHaMis, HaAMIip-
Ha Bara i psn iHmmx QakropiB pusuky [14,
15]. Yacrora ocTeoapTpo3y B MOMYIIALIl CTa-
HOBUTH 6,43 % 1 KOpeIroe 3 BIKOM, JOCSTar0-
uyn 13,9 % y oci6 craprie 45 pokis [16, 18] ta
97 % y oci6 crapme 60 pokis [19, 20]. biu-
3pk0 12 % pmopocnoro nacenenns CIIA i1
€Bponu CTpaXIalOTh HA OCTE0APTPO3 BEIU-
kux cyrmio6iB [21]. 3a mpornozam J.M.
Hootman i3 cniBaBTopamu, 1o 2030 poky B
CIHIA ouikyeTbcs 301IbIIIEHHS KITBKOCTI Jia-
THOCTOBAHOTO OCTE0apTpo3y 10 67 Minbiio-
HiB mopiBHSIHO 3 47,8 minbitonamu B 2005 p.
[5]. B Vkpaini nmormmpeHicTs 3aXBOPIOBAHOCTI
Ha ocTeoapTpo3 ckianae maibke 500 ocid Ha
100 tucsy Hacenenns [11]. Cepen octeoapt-
pO3y BEJIMKHUX CYrio0iB OJHIEIO 3 HalakTya-
JBHIMUX MpoOJieM sIBiIse cO0010, Oe3CYMHIB-
HO, 0CTE0apTPO3 KOJIHHOrO cyrioba (roHap-
Tpo3). ['onaptpo3 peecrpyerbes B 50,6-54,5
% BHUITANIKIB cepell XBOPUX, SIKI CTPAKIAIOTh
TUCTPOPIYHUMH 3aXBOPIOBAHHSIMH BEITHKUX
Cyri00iB HI)KHBOT KiHITIBKH, 1 B 86 % Bumnan-

Introduction. Diseases of the bone-
and-muscular system are among the most
widespread ones in modern society [2,7,8].
The frequency of the diseases of the bone-
articular system is steadily growing. This is
due to a longer human life in the developed
industrial countries, typical hypodynamics,
excessive weight, and a range of other risk
factors [14, 15]. The frequency of osteoarthri-
tis makes 6.43% and correlates with age,
reaching 13.9% in persons over 45 years old
[16, 18] and 97% in those over 60 [19].
While in the past degenerative and dystrophic
joint diseases were observed mostly in senior
people, 30% of nowadays patients have hard-
ly reached the age of 40 [20]. Approximately
12% of adults in the USA and Europe suffer
from big joints’ osteoarthritis [21]. According
to the forecast by J.M. Hootman et al., the
increase in the diagnosed osteoarthritis in the
USA is expected to achieve 67 million cases
by 2030, compared to 47.8 million in 2005
[5]. As for Ukraine, osteoarthritis occurs in
almost 500 cases per 100 thousand of the
population [1]. Knee osteoarthrosis (gonar-
throsis) is indeed the acutest among all types
of osteoarthritis of big joints. Gonarthrosis is
discovered in 50.6 - 54.5% cases if a patient
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KiB Bpa)kae 0cCi0 mpare3gaTHOro BiKy, a B
6,5-14,6 % mnpu3BOAUTH OO 1HBAJIIHOCTI
[12]. Came TOMYy roOHapTpO3 MpEIACTABISE
co00I0 aKTyallbHy MEIHMKO-COIallbHY TIpO-
onemy.

[lpuHOMOM JIIKYBaHHS XBOPHX Ha
0CTE0apTPO3 KOJIIHHOTO Cyriioda Ha ChbOTOJ-
HINTHINA €Hb JOCTaTHHO BUCBITJIEHI B JIiTEpa-
Typi. [Ipyn TepMiHAIBHHX CTamisIX 3aXBOPIO-
BaHHS TOTAJIbHE CHIOMPOTE3yBaHHS KOJIIHHO-
ro cyriioba € METoJIOM BiTHOBJIIOBaHHS HOTO
¢ynkuii. 3a JTaHUMHU PiI3HUX aBTOPIB, TOTANb-
HE CEHJOIpPOTEe3yBaHHS KOJIHHOIO Cyrio0a
JI03BOJISIE OTPUMATH 33JOBUIBHI pe3yJlbTaTh
6inpm Hik Y 90 % BunazakiB Ha nepiox Bix 10
1o 20 pokis [3]. Ile npu3BoauTH 10 3pOCTaH-
Hs 4YHWCJa omepariid eHmonpore3yBaHHs. Ha-
npukian, y 1990 p. y CIIA nwa 100 Tucsu
oci06 BukoHyBajacs 51 omeparrisi eHgOMpPOTE-
3yBaHHS KOJIHHOTO cyriiooa, y 2002 p. — Bxke
136, a B 2012 p. — 155 onepartiii [13].

[Ipore He3BakarOuM Ha BEIHKY KiJb-
KICTb OMNEPAaTUBHUX BTPY4YaHb BU3HAYCHHS
METOJIMK ONEPATUBHOTO BTpy4YaHHs (KiCTKOBa
IUTACTHKA, METAJICBI IMITIaHTH) TIpH e eKTax
KICTKOBOI TKaHWHHU TIPH EHIONPOTE3yBaHHI
KOJIIHHOTO Cyrii00a He € OJTHO3HAYHUMH.

3 MOMEHTY TIOSIBH 1 BIIPOB/KCHHS B
MEAWYHY MPAKTUKY MEPIIUX OCTEOIMILIaHTa-
TiB 1 0 HEIaBHROTO MUHYJIOTO MEpeBipKa iX
OlOMeXaHIYHUX BJIIACTUBOCTEN 3MiHiCHIOBaIa-
Csl CYyTO Ha OCHOBI HAaTYpPHHX OlOMEXaHIYHUX
JIOCJTIJIIB Ta PE3YJIbTATIB KJIIHIYHOI MPAKTHKH.
VYV Benwkid Mipi 1 TeHAeHIs 30epernacs i
noHuHI. JlocmigHl 3pa3Kd IMIUTAHTATiB BU-
MpoOOBYIOTECS TPU PI3HUX HABAHTAXKEHHSIX
Ha 0l0JIOTiYHOMY MaTepiaii Ta 3a pe3ysbTa-
TaMH EKCIIEPUMEHTIB BBOJSTHCS B JIIKYBallb-
HY MIPAKTUKY.

[Ipu mpOoMy 3acTOCYBaHHS MPHUCTPOIO
MPOTSATOM TPHUBAJIOTO YaCy JTO3BOJISIE OCTATO-
YHO OIIIHIOBAaTH MOTO MPUIATHICTH Ta BIOC-
KOHAJIFOBATH METOJIWKY BUKOPUCTAHHS. 3Bic-
HO, TaKUH M1X1/1 BUMarae 3Ha4HUX Martepia-

suffers from lower limbs’ big joint diseases,
and in 86% it affects people of workable
age.In 6.5-14.6% of cases, this disease leads
to disability [12]. That’s why the gonarthrosis
is acknowledged as an acute medical-social
problem.

The principles of treatment of knee os-
teoarthritis are currently covered enough by
the literature. At the terminal stages of the
disease, total knee arthroplasty is the method
of choice to restore its functionality. Accord-
ing to different authors, the total replacement
of a knee ensures a positive result in over
90% of the cases for the period from 10 to 20
years [3]. This leads to a raised number of
arthroplasty operations. For instance, in 1990,
51 knee replacements per 100 thousand peo-
ple have been carried out in the USA, com-
pared to 136 in 2002 and 155 in 2012 [13].

Although, despite so numerous surgi-
cal interventions, the methods of choice
(bone plastics, metal insert) for the defects of
a prepared bone site is still ambiguous.

Since the first osteoimplants have ap-
peared and have been implemented into med-
ical practice, and till the most recent past,
their biomechanical features have been stud-
ied exclusively on natural biomechanical ex-
periments and in clinical practice. To a great
extent, this trend survived to the present.
Samples of the implants are being tested in
cadaver bone materials under different
strains; results of the experiments are imple-
mented into medical practice. At that, only
the long use of a device enables the final as-
sessment of its expediency and improvement
of methods of use. Of course, this approach
demands significant spendings in money and
time. Since the mechanical tests are associat-
ed with the destroying methods of control,
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JBHUX PECypciB 1 3aiimMae Oarato vacy. Me-
XaHIYHI BUMPOOYBaHHS BIIHOCATHCS 10 pyH-
HIBHUX METOJIIB KOHTPOJIO, TOMY JOCIHi-
JDKEHHS IPOBOJATHCS Ha KICTKOBOMY Matepi-
i, KW 3HAYHO MOCTYMAETHCS PiBHIO (Pi3u-
KO-MEXaHIYHMX BJIACTHBOCTEHN KMBOI TKAHHU-
Hu. [IpsiMi MexaHI4HI JOCITI)KEHHS BUBUCHHS
IHTEPaKTUBHOI TIOBEIIHKH CHUCTEMH «KICTKa-
IMIUTAHTAT» OCTAaTHHO CKJIAOHI Ta MaJIOiH-
dbopmaTHBHI Yepe3 aCUMETPUUHY TeOMETPII0
KICTKOBOI TKaHWHH, 116 YHEMOJKJIUBIIIOE TOY-
HO BU3HAYUTHU IUTOMI HAaBAHTAXKCHHS, SIK I10
JIOBXHHI, TaK 1 B epepisi, a TAKOK BIATBOPH-
TH CKJIAQHO-HAMPYXKEHY CXEeMy OJHOYACHHX
nedopmaritiii  (CTUCHEHHS, KpPY4YCHHS, 3THH,
PO3TAT) 1€ 3HIKYE CKOHOMIYHY 1 COIialibHy
eEKTUBHICTh TAKUX JOCIIIKEHB [1].
Boanouac, 31iiCHIOIOTHCS cClIpoOu 00-
IPYHTYBaHHSI MPUJATHOCTI MEXaHIYHUX OCTe-
OIMIUTAHTATIB HAa OCHOBI BIJIOMOCTEH TIpO
OiomexaHiKy cucTeM oAuHU. [Ipu 1pomy
Hal4JacTile MPOBOJUTHCS PO3PAXYHOK Ha-
OMIKEHUX CXeM, IO BiJOOpa)xaroTh IesKi
ACIIEKTU ITOBEIIHKH CHCTEMHU «KICTKA — IM-
IJIAHTAT», 3 BUKOPUCTAHHSIM MPOTPAMHUX
peanizaiiii YMCEeIbHUX METOIB, HANPHUKIIAI,
METOAYy CKIHUEHUX eneMeHTiB. IlepeBaru
TaKOTO MIIX0/ly OYEBH/IHI. HA OCHOBI PE3yJib-
TaTiB pO3PaxyHKy MOXKHa POOMTH BHUCHOBKH
po poOOTy OCTEOIMIIAHTAaTa Ta MOTO BIUIHB
Ha KICTKY 1, TUM CaMHM, BiJIMOBUTHUCS BiJ
MOIAJIBIIIOTO PO3TIIAY OYEBUIHO Oe3mepcerie-
KTUBHUX KOHCTPYKIIH; 3'SBISIETHCS MOXKIIN-
BICTh KOperyBatu abo 3MiHIOBaTH (Qopmy
KOMITOHEHTIB IMIUIAHTATy IS TOINIICHHS
1oro QyHKITIOHATBHOCTI; BiJilaaae morpeda B
MPOBEJICHHI YHCENbHUX EKCIEPUMEHTIB Ha
TBapUHAX; CYTTEBO 3HIDKYETHCS BApTICTh Ta
CKOPOUYYETHCSI 4Yac PO3POOKH KOHCTPYKIIT
IMIUTAHTaTy; Ha OCHOBI po3noAainy nedopmy-
I0OYUX HANpPYKEHb MOXIIMBE TOYHE MPOTHO-
3yBaHHS BiJIaJICHUX pe3y/bTatiB [6, 17].
Tomy 1iKaBUM B HAYKOBOMY Ta TpaK-
TUYHOMY TUJIaHI BBa)KAEMO TIPOBECTU KOM-

these studies involve cadaver bone material,
despite its physic-mechanical features are
lower compared to the same of living tissue.
Direct mechanical studies of a “bone-
implant” system’s interaction are rather com-
plicated and low-informative due to bone
tissue asymmetry,making it impossible to
identify specific loadings properly as length-
wise as in cross-section, and replicate a com-
plex-strained scheme of simultaneous defor-
mations (compression, twirl, bending, stretch-
ing). All mentioned factors reduce the eco-
nomic and social efficiency of these studies
[1].

At the same time, there are some at-
tempts to ground expediency of the mechani-
cal osteoimplants based on information about
human systems’ biomechanics. At that, most
frequent are calculations of approximate
schemes, reflecting some aspects of the
“bone-implant” system’s behavior through a
software simulation, or a numeric method of
finite elements. Advantages of this approach
are obvious: based on results of calculations,
one could consider an osteoimplant's perfor-
mance and its effect on a bone to refuse from
further study of obviously unpromising con-
structions or to correct or change an implants
components’ shape to improve its functionali-
ty. It eliminates the need for numerous exper-
iments on animals; saves time and money to
be spent to develop an implant; enables an
accurate forecast of the remote results based
on the distribution of deforming strains [6,
17].

Thus, we consider it scientifically and
practically interesting to carry out a computer
simulation of the strains upon conditions of a
knee endoprosthesis with a regular and an
extended nail, depending on defects of tibial
condyles.
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I FOTEPHE MOJICITIOBAHHS HANIPYXECHb B MOBaxX
3aCTOCYBaHHs  Ti0laJbHOTO  TIOJIOBXYyBada
EHJIOTPOTE3a KOJIIHHOTO CYIJIo0a 3ajie’HO
BiJl 1e(eKTy BUPOCTKIB B/TOMIIKOBOI KiCTKH.

Mera podoTH -
KOMIT IOTEPHE MOJICJIIOBAHHSI HANpPYXKEHb B

IIPOBECTU

yMOBaX BUKOPHMCTaHHs 3BHYaiHOI Ta 3 Tibia-
JHHUM TIOJIOBKYBaueM HIXKOK EHIONpOTe3a
KOJIIHHOTO Cyrio0a

Marepiaan T1a Metoauku. Po3paxy-
HKH Hampy>KeHO-1e(OpMOBAHOTO CTaHy MO-
JeNi KOJIHHOTO cyrio0a 3 eHAONPOTe30M
npoBeneHi Ha 0a3i mabopaTopii GiomexaHiku
AY «lHcTHTYT TpaBMarosorii ta opromenii
HAMH Vkpainu», sixka arecroBana [I1 «Yk-
pmetptecrcranaapt» (Csigourso I1T-72/15
Big 12.03.15). Po3B’s3aHHs mocTaBieHol 3a-
Jnadi po3aiieHo Ha eranu. Ha moyaTkoBomy
eTari CTBOPEHO IMITallitHy MOJAENIb KOJIIHHO-
ro cyriao0y 3 €HIOMPOTe30M, 3 PI3HUMH Me-
XaHIYHUMHU BIIACTHBOCTSMU ii enemeHTiB. Ha
HACTYIHOMY €Tarli, Micis po3paxyHKiB 3aco-
6amu mporpamuoro makery ANSYS, mpose-
JICHO aHalli3  HaIlpyXeHO-Ie(POpPMOBAHOTO
crany (HJIC) Ha enemenTax mojeni. 3a 10-
noMoror mporpamuoro makery Solid Works
noOyaoBaHa imiTariiina moxaens. s cTBo-
pEHHS MOJIeJi 3aCTOCOBYBAJIM aHATOMIYHI Ta
AQHTPOTIOMETPUYHI JaHi, MOJEIb CTBOpEHA
MaKCUMaJdbHO HAOMIDKEHOI [0 peallbHOT
(puc. 1).

[Tomanpimi po3paxyHKH HAIMpPYKEHO-
nedopmosanoro crany HJIC momeni 3mific-
HIoBayM y TiporpamHomy mnaketi ANSYS wme-
togoM ckinueHHux eneMentiB (CE), skwmii
HaOyB TIOMIMPEHHS, SK YHUCEIBHHHA METO.
pilIeHHsT KpalOBHX 3a/7a4 MEXaHIKH CYyLib-
HUX CEpPEOBHIL, OPIEHTOBAHUN HAa BUKOPHC-
taHH EOM. ¥V po3paxyHkax 3acTOCOBYBaJIU
¢i3u4HI BIACTUBOCTI KICTKOBOI TKAaHWHHU Ta
XpAIIIB, SKI OTPUMaHI 3 JITEPATypHHUX JIXKe-
pen [4] (Tabmn.1).

The task of the research — to carry
out a computer simulation upon conditions of
a knee endoprosthesis with a regular and ex-
tended tibial nail.

Materials and methods. The strain
deformed conditions of a knee with an endo-
prosthesis have been calculated by the Labor-
atory of Biomechanics of the SI “The Insti-
tute of Traumatology and Orthopedics of the
NAMS of Ukraine”, certified by the SI
“Ukrmetrteststandard” (Certificate TIT-72/15
of March 12, 2015). The task's solution was
divided into stages. First, a software model of
a knee with an endoprosthesis having differ-
ent mechanical features has been created. At
the next stage, after calculations by the soft-
ware package ANSYS, we have analyzed the
SDC (Strain-deformed conditions) of the
model’s elements. On the Solid
Works software package, we have created an
imitation model, adding thereto anatomic and
anthropometric data to make the simulation
as realistic as possible (Fig. 1).

For the next step of the calculations of
the strain-deformed conditions (SDC) in the
model, we used ANSYS software and the
method of finite elements (FE). This is a
widespread numeric method for finite tasks of
solid substances mechanics on a PC. For the
calculations, we applied the physical features
of bone tissue and cartilage from the litera-
ture [4] (Table 1).
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Puc. 1. Anatomiuna 3-D Moaesnb KOJiHHOTO cyriioda (a) 3 HopMaabHOIO (0) Ta MOA0BIKe-

HOI0 Hi’KK010 (B) TiGiaIbHOr0 KOMIIOHEHTY

Fig. 1. Anatomic 3D model of a knee (a) with regular (b) and extended (c) nail of a tibial

component

Tabmuns 1. @i3udHI BIACTUBOCTI KICTKOBOI TKAHWHU Ta €IIEMEHTIB CHIOTPOTE3Y
Table 1. Physical characteristics of bone tissue and components of an endoprosthesis

Marepian / Moayas FOnra, Pa / KoedimienT ITyancona /
Material Young module, Pa Poisson ratio
KOpl.“I/IKaJIBHI/II/I map Kictku / 17.6¢9 0.3
Cortical layer
CrioHTi03HMH 11ap KicTkH / 5 0c8 0,28
Cancellous layer
Mez[_HqHa cranb (12X18H10) / rell 0.3
Medical steel (12x18H10)
[MTomieTnnenosa BcraBka /

. 1,769 0,45
Polyethylene insert

[To6ynoBany 3D monens (nuB. puc 1)
iMmnoproBano y cepenosuiie ANSYS s
MOJANBIINX PO3PaXyHKIB. 3IIHCHEHO CHpO-
IIICHHSI, @ CaMe - HE BPaXOBYBAJIUCH 3B SI3KU
ta karncyna KC.

['panuiiero MIITHOCTI 711 METAIYHUX
eleMeHTIB Mojeni npuitHaTo 586 MPa, mis
rosieTniieHoBoi BctaBku 113 MPa.

The 3D model created (see fig.1) has
been imported into ANSYS environment for
further calculations. To simplify, we have
omitted tendons and a knee joint capsule. The
breaking point for metal elements of the
model has been accepted as 586 MPa, for
polyethylene insert — 113 MPa.
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BpaxoByrouw, 1o mij 9ac eHI0NnpoTe3yBaHHS
BUIAJISIETHCST KOPTUKAJIbHA TIOBEPXHS CTETHO-
BOi Ta TOMUJKOBOi KICTKH, TO 3a TPaHUIIIO
MIITHOCT1 JJIsi KICTKU mpuiiHaro Big 3,5 MPa
Ha KOMITaKTHOMY mmapi 1o 25 MPa Ha cnion-
riozHoMy. ToOTO, SIKIIIO HAMPY>KEHHS ITi]T Yac
pO3paxyHKiB OyIyTh MEPEBUIIYBATH 1Ii TIOKa-
3HUKH, TO II¢ Oyae BBa)KaTHUCS CBIIYCHHSIM
nporiecy pydHyBaHHS B MOJIETII.

VY HamiBaBTOMaTUYHOMY PEKHMI 3Te-
HEPOBAHO CKIHUEHO-EJIEMEHTHY MOJIelTb (pHC.
2), sika HamiuyBaia 478 303 By3na ta 286 093
€JIEMEHTA, 110 € JOCTATHIM Jis 3a0e3MeueHHs
HEOOXiHOI TOYHOCTI PO3paxyHKiB. Y Haii-
OUTBII BAXJIMBUX TMEPEXIAHUX NIISHKAX MO-
JeJi 3 pI3HUMH MEXaHI9YHUMU BIACTHBOCTSIMU
CKIHUCHHO-EJIEMCHTHA CiTKa 3TYIIyBajach
JUTSL TIIBUIIIEHHST TOYHOCT1 PO3PAXyHKIB.

Jns po3paxyHKIiB 3aJaHO HACTYIHI
TPaHUYHI YMOBH.

- [0 TUTOUIMHI (2) BBEIEHO JKOPCTKE 3a-
KpiIUIeHHS,

- o 1wiomuHi (B) MO/IeIb HABAHTAXKEHO
cuinoro 700 H, mro Binmosizae Ba3si JIIOAUHU
70 xr.

o6/b
Puc. 2. CkiHueHO-eJileMeHTHA MOJIeJIb KOJIIHHOTO cyrjioda(a) 3 HopMaiabHO0 (0) Ta momo-

BJKEHOI0 Hi’KK0I0 (B) Ti0iaJbHOr0 KOMIIOHEHTY
Fig. 2. The finite-element model of a knee (a) with a regular (b) and extended (b) nail of
a tibial component

.a/a

As cortical surfaces of femoral and tibial
bones are removed during arthroplasty, the
breaking point of bone has been supposed as
3.5 MPa for a compact layer and up to 25
MPa for cancellous one. Thus, if the calcula-
tion demonstrated that the strains exceed
these values, the model was considered to be
destroyed.

The finite-element model was gener-
ated in a semi-automatic mode (fig.2). It con-
tains 478,303 nods and 286,093 elements,
which number is enough to ensure proper
accuracy of calculations. In most important
transit areas of a model, with different me-
chanical features, the finite-element network
was concentrated to calculate more accurate-
ly.

The following finite conditions were
set for the calculations:

- rigid fixation on a plane (a);
- the model loaded with 700N on a

plane (b), corresponding to 70 kg of body
mass of a human.

B/C
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Jlyia mpoBeeHHsI pO3paxyHKIB KOpHC-
TyBaJucsi 0a3010 JaHUX OOCTEKEHHS XBOPHUX
3 yckianHeHHAMHU michs mpoBeaeHoro TEIT
KC, mo Oynu BBeneHi B Tabumirro Microsoft
Exel — 2003, cTaruCTUYHUM TNAKETOM HAHOI
nporpamu Ta mporpamoro Statistica — 6.0 [9,
10].

PesyabTaT Ta ix o0rosopenns. Pe-
synpTaTu aHamizy HJIC mopenmi B ymoBax
EHJIOTPOTE3YBAaHHS 13 3BUYHOIO HIXKKOIO €H-
J0MpOTe3a MPEICTaBICHO Ha PUCYHKY 3.

A; Static Structural
Equivalent Stress
Type: Equivalent {von-Mises
Unit: MPa

Time: 1
Customn

I 29,148 Max
9,0604

0,046662

0,015959
I 0,0054535
0,001867 Mis
2,

0,00

a) HarpyXeHHs (Gmax = 29,15 MPa)
a) strains (omax = 29,15 MPa)

For calculations, we applied details
from the database of patients with complica-
tions after TKA, arranged into a table of Mi-
crosoft Excel 2003, statistic package of the
same program and Statistica 6.0 [9, 10].

Results and discussion. Results of the
analysis of SDC model upon conditions of
arthroplasty with a regular and extended nail
of endoprosthesis are represented in Fig. 3.

Az Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mrn/rrm
Tirme: 1
Custom

000070688 M -
I *[1,2573e-000
0,000251

. Max “-_
1,041 12004
| Bl 1,4069e—004 I

1,1238e-9 My
I \ y
3,9905¢-6 43 ssgal_o
= 141768

5,0315e-7
I 1,7866e-7
6,344e-8 Min

1
1,1186e-004 8

0,00

25,00 75,00

0) nepopmanii (€max=0,0007 mm)
b) deformations (gmax=0,0007 mm)

Puc. 3. PesyabraTn BumiproBanus HC moaeni KC i3 3BHUH0I0 HiZKKOI0 eHA0NPOTE3Y
Fig. 3. Results of measuring SDC on the model of a knee with a regular nail of a prosthe-

SIS

Ha pucynky 3a mpeacraBieHi pe3ynbTaTH
aHai3y HampyKeHb Ha BCIH MoOJeli B IIIO-
My. MakcuManabHI TIOKa3HWKH, 3BHYANHO,
30CEpPEIKEHH] B 30HI KOHTaKTy (heMOpabHO-
ro KOMIIOHEHTA €HJOMPOTE3Y 3 MOJIIeTUIICHO-
BOI0O BCTAaBKOIO 1 30CEpE/DKCHI BJIacHE Ha
(dheMopaIbHOMY KOMIIOHEHTI €HJO0IpPOTe3a
Omax =29,15 MPa.

Hedopmartii (pruc. 3 6) TakoXx JoKai-
30BaHi B Til caMiif TUIAHII, aje 30cepe/KeH1
Ha TOJIIETHIICHOBIH BCTaBIl (£max=0,000711),
Tak K il MEXaHIYH1 BJIACTUBOCTI € Habaratro
MEHILIUMH HIX Y CTaIi.

Fig. 3a shows the results of strains
analysis of the model as a whole. The values,
indeed, are maximum in the area of contact
between a femoral component and polyeth-
ylene insert, focused on the femoral compo
nent itself: omax =29,15 MPa.

The deformations (fig. 3b) are also fo-
cused there, although concentrated on the
polyethylene insert (emax=0,0007rm), as its
mechanical properties are much lower than
the same of steel.
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Ha puc. 4 posrisayro HJC s xox- In Fig. 4, SDC is shown considered for
HOTO 3 €JIEMEHTIB MOJIEIl OKPEMO each element separately.

A Statis Stiuctarad
Fuicahnl Loz 1
Tape Faavalent fwan- i T
it 1P,

ama

EREES

. 50.00imml

oy 2
r/d) (omax = 9,71 MPa)

Custern

49111 Max
27,0473
025243
035576
014831
0061323
0,025772
0010743
0,0044786

0001867 g

25,00 75,00

| / 9) (Gmax = 4,91 MPa)

Puc. 4 PesyabraTn BumiproBanusa HJ/IC Ha ko:xxkHomy 3 esiemenTiB mojesi KC i3 3Buu-
HOI0 HIZKKOI0 €eHJI0NPOTe3y

Fig. 4. Results of measuring SDC on every element of the model of a knee with a regular
nail of a prosthesis

Ha puc. 4a npexacraBieHi pe3yibTaTH Fig. 4a represents the results of maxi-
aHai3y MakCHMMaJbHHUX Halpy»XeHb Ha KicTii mum strains analysis of a bone: omax =
omax = 10,67 MPa, sixi nokanizosani B nusH- 10.67 MPa focused in the contact area be-
i KOHTaKTy CTETHOBOi KICTKH 3 pemopanb- tween a femoral bone and femoral component



12 MPOBJIEMU TPABMATOJIOT'TI TA OCTEOCUHTE3Y Ne 4 (18) 2019

¥

HUM KOMIIOHEHTOM EHJOMpOTe3a 1 BOHHU €
JIOKaJIbHI (TOYKOBI), aji¢ B IIIJIOMY Ha MOJEII
HaInpy>XeHHsI He nepeBuInyoTh 1,84 MPa .

Ha puc. 46 npezacraBieHi pe3ylbTaTu
aHamizy MaKCHUMaJbHUX HANpYXEHb Ha
(dbeMopanbHOMY KOMIIOHEHTI €HJIIOIpPOTEe3a
(omax = 29,15) MPa nokanizoBaHi B JiISHII
HOTO KOHTaKTy 3 CTETHOBOIO KICTKOIO 1 BOHH
€ JIOKaJIbHI (TOYKOBI), aJie B LIJIOMY Ha MOJie-
JIl HaNpy>KeHHs He nepeBunlyoTs 4,16 MPa.
Ha pucynky 4B mpeacTaBieHi pe3ynbTaTH
aHaJi3y MaKCHMaJbHUX HAaIPy)KEHb Ha I0JIi-
€TUJICHOBIH BCTaBIIl €HAONIPOTE3Y Omax — 1,43
MPa. Bouu po3noisieHi 1o mionyi KOHTaKTy
3 (heMOpaTbHUM KOMIIOHEHTOM €HAOMPOTE3A.
HamnpyxeHHsT MO 30HI KOHTaKTy PO3MOJIIIIs-
IOTBCSl Maiike PIBHOMIPHO 1 BapilOIOThCS BiJ
0,34 0o 1.43 MPa, o € Habararo MeHIIIE BiJ
rpanuii mirHocTi. Ha puc. 4 t npeacrasieHi
pe3yNbTaTH aHali3y MaKCUMAIbHHUX HaIpy-
KEHb Ha METAJIEBOMY €JIEMEHTI BEJIMKOTOMi-
JIKOBOI KICTKH Omax = 9,71 MPa, axi joxamni-
30BaHi B JUISHIII KOHTAKTY Ti0iaJbHOTO KOM-
MMOHEHTa E€HJIONPOTe3a 3 TOMIUJIKOBOK KICT-
ko1o. L{i Hanpy>eHHs € HabaraTo MEHIII rpa-
HUIl MIIHOCTI Juist ctam. Ha pucynky 4 1
MPEICTABIICH] PE3YyNbTaTH aHANI3y MaKCHMa-
JHHUX HANpPYy>KE€Hb Ha BEJIMKOTOMIJIKOBIN Kic-
T Omax = 4,91 MPa.

Takox HaMu TOCTIKEHO HAPYKEHHS
Ta aedopmariio TIATO TOMLUTKOBOI KiCTKH,
TaKk SK HamNpyXCeHHS Ha HbOMY BH3HA4alOTh
CTaOUIbHICTh BCi€i KOHCTPYKIIl B Iiiomy. 3
PUCYHKY 5 a MOXHa crocTepiratu Makcuma-
JIbHI HaIPYXEHHS Ha TUTATO BEITMKOTOMIJIKO-
BOT KICTKHU Opmax = 1,81 MPa. 11i HanpyXeHHS
30CEpeDKEHHI 10 Kparo TUIaTo 1 3MEHITYIOTh-
Csl 10 TICHTPY MOJENI, 1 BOHH € 3HAaYHO MEH-
IIMMU BiJ] TpaHulli MirtHOCTi. Ha pucynky 5 6
CIIOCTEPITaeThCA po3nonil AedopmMaiii Ha
MOJEeNi 3  MaKCHMaJbHHM  3HAYCHHSIM
emax=0,0003 mm.

Otxe ipu moxeni KC 13 3BU4HOIO Hi-
KKOIO €HIONPOTE3y HANpYXKEeHHS, nedopma-
il Ta MepeMillieHHs PIBHOMIPHO PO3IMOIiIs-
I0ThCS 110 BCIX €JI€MEHTaxX KOJIIHHOTO CYTJIO-
Oy.

of an endoprosthesis, moreover they are local
(pin-point). Although, strains in the model as
a whole do not exceed 1.84 MPa.

The results of maximum strains analy-
sis for a prosthesis’ femoral component
(omax = 29.15) MPa display strains located
in its contact area with a femoral bone, plus
they are local (pin-point); although in general
the strains in this model do not exceed 4.16
MPa. Fig. 4c illustrates the results of the
analysis of the maximum strain for a polyeth-
ylene insert omax = 1.43 MPa. The strains
are distributed in the area of its contact with a
femoral component of the prosthesis. The
strains in the contact area are spread almost
evenly and vary from 0.34 to 1.43 MPa, sig-
nificantly lower than the breaking point. Fig.
4d represents the results of maximum strains
analysis for a metal element — tibial nail
omax = 9.71 MPa. The strains are located in
the contact area between a tibial component
and tibial bone and are far lower than the
breaking point of steel. Fig. 4e shows the
results of maximum strains analysis for a
tibial bone: omax = 4.91 MPa.

We also studied strains and defor-
mations in a tibial plateau, as these strains
determine the whole structure's stability. Fig.
5 shows maximum strains in a tibial plateau:
omax = 1.81 MPa. These strains are concen-
trated at the edge of the plateau and lower
towards the center of the model; they are sig-
nificantly lower than the breaking point. In
Fig. 5b, we can observe the distribution of the
model's deformations if maximum values
emax=0.0003 mm.

Thus, for the model of a knee with a
regular prosthesis nail, the strains, defor-
mations, and displacements are evenly dis-
tributed among all components of a joint.
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000011843 Max

[~ 3463%-6

L 0057521

2,091e-6
0,085031

1,2627e-6 Min

0,021334Min e

al a.) (Gmax = 1,85 MPa) o/ b) (Smax:0,000:I.MM)

Puc. 5. PesyabratH BHUMIpIOBaHHS Hampy:KeHHsi a) Ta aedopmamii 6) HAa mIaTO
BeJMKOroMijikoBoi KicTku moaesi KC i3 3BUHYHOI0 HIZKKOI0 eHI0NpoTe3a

Fig. 5. Results of measuring the strains a) and deformations b) on the knee model’s tibial
plateau with a regular prosthesis nail

Pesyneratn anamizy HJIC momemi B Results of SDC analysis on the model
yMoBax eHjomnporesyBaHHs 3 TiOiameHmM Of arthroplasty made with an extended tibial
OIOBKyBaueM IMpeIcTaBiIeHo Ha pucyHky 6. nail are represented in Fig. 6

A: Static Structural
Equivalent Stress
Type: Equivalent (vo
Unit: MPa
Tirne: 1
Custom

A: Static Structural

Equivalent Elastic Strain
Type: Equivalent Elastic
Unit: mmyfmm
Tirme: 1
Custom

2,2378

0,76696

240532-5
0,26286

869646
0,000088

| 3,0308=-6
0,030876

- 1,0563e-6
0010582

3,6811e-7
00036267

1,2820e-7
0,001243 Min

4,4711e-8

0.00 100,00 {mm) 100,00 {mm)

T
a/2) (Gmax = 19,05 MPa) 6/ b) (emax=0,0006nm)

Puc. 6. Pe3yabTaTH BUMipIOBaHHS Hanpy:keHHs a) Ta gedpopmanii 6) mogeni KC i3 en-
JONPOTE30M 3 TiOiaJJbHUM MOJ0BKYBavYeM

Fig. 6. Results of measuring the strains a) and deformations b) of the model of a knee
with a tibial offset
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Pesynpratu ananizy HJIC monem B
YMOBaxX €HAOMPOTE3yBaHHS 3 TiOlaIbHUM
MOJIOBXKYBaueM MPEJCTABICHO HA PUCYHKY 0.

Ha pucynky 6a mpeacraBieHi pe3yib-
TaTW aHalli3y HANpy>XeHb Ha BCIH Monemi B
[IJIOMY, MaKCUMaJIbHI TIOKa3HWKH, 3BUYANHO,
30CEpPEIKEHH] B 30HI KOHTaKTy (heMOpabHO-
ro KOMIIOHEHTA €HJIONPOTE3a 3 MOTIETUIICHO-
BOIO BCTAaBKOIO 1 JIOKaJIi30BaHI BJIacHE Ha Me-
Tam omax =19,05 MPa. Jlebopmariii (Puc. 66)
TAKOX JIOKQJII30BaHl B Till camiil JUISHIM, ajie
30Cepe/DKeHI  Ha  TOJIETUJICHOBIM  BCTaBIT
(émax=0,0006 mm), Tak sK 1i MexaHiuHI Biac-
THUBOCTI € HA0araTo MEHITUMH HIXK y CTal.

Ha puc.7 posrnsayri HAC nns kox-
HOTO 3 €JIEMEHTIB MOJIENi OKPEMO.

031512

012526

0003127

e

0.001243Min =
0,00 ﬁ - s%monm)

E 1
a / a) (Gmax = 5,02 MPa)

154
walent (von-Mises) Stress

Custom
12534 Max
058129
0,26%8
012502
0057978

0026888

0,0012437 Min ik

B/ C) (0max = 1,25 MPa)

Results of SDC analysis on the model
of arthroplasty made with an extended tibial
nail are represented in Fig. 6

In Fig. 6a, there are results of the anal-
ysis of measuring strains in the whole model;
maximum values are admittedly concentrated
on the metal, in the contact area between the
femoral component and the polyethylene in-
sert omax =19.05 MPa. Deformations

(Fig. 6b) are also found in the same
area but concentrated on polyethylene insert
(emax=0,0006 mm), because its mechanical
features concede the same of steel significant-
ly.

Fig.7 demonstrates SDC values for
every separately considered component of the
model.

A: Static Structural
Equivalent Stress 3

Type: Equivalent (van-Mises) Stress
Unit: MPa

Time: 1

19,051 Max

0,0055868

0,002021 Min

QImn
016614
Q0emie

0046958 Min

) 4000

r/d) (omax = 13,84 MPa)
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045357
= 020437
0002087

] 0041493

— 001869
0,0084243
lax
2 i
0,00

30,00

| / 9) (Gmax = 4,96 MPa)

Puc. 7. AHani3 Hanpy:keHb HA KOKHOMY 3 ejieMeHTiB Mmoaeai KC i3 enonpore3om 3 Tioi-

AJbHUM MMOAOBIKYBAYEM

Fig. 7. Analysis of strains in every component of the knee with prosthesis with a tibial

offset

Ha pucynky 7a mpencraBiieHI pe3yib-
TaTH aHANI3y MaKCUMAJIbHHUX HAMpy>KeHb Ha
kicTii omax = 5,02 MPa, sxi nokanizoBaHi B
JISTHII KOHTAKTy CTETHOBOI KICTKH 3 (heMo-
paTbHAM KOMIIOHEHTOM €HAONpoTe3y. BoHu
€ JIOKaJIbHi (TOYKOBI), aje, B IIJIOMY Ha MO-
Jiel, HampyKeHHS He TMepeBuyoTs 1,84
MPa.

Ha pucynky 70 mpenctaBieHi pe3yiib-
TaTH aHANI3y MAaKCUMAJIbHHUX HAMpy>KeHb Ha
demMopasbHOMY KOMIOHEHTI EHJIONpoTe3a
omax = 19,05 MPa, saxi nokaiizoBaHi B Iiis-
HI[I WOTO KOHTaKTy 3 CTErHOBOIO KiCTKOIO,
BOHH € JIOKaJbHI (TOYKOBI), a B I[JIOMYy Ha
MOJIeIIi HANpYKEHHS HE TEepeBHUINYIOTH 2,49
MPa. Ha pucyky 7B mpeacTaBieHi
pe3yabTaTH aHallizy MaKCUMaJbHHX Harpy-
JKEHb Ha TIOJIETHJICHOBIM BCTAaBIll €HIOIPO-
Te3a omax = 1,25 MPa. Bonu posnonineHi
MO TUTOIII KOHTaKTy 3 (heMOpaJIbHIUM KOMIIO-
HEHTOM eHJomnpoTre3a. HampykeHHs mo 30H1
KOHTaKTy PO3MOJUIAIOTHCS Maibke piBHOMIp-
HO 1 BapiroroTbes Bin 0,27 mo 1,25 MPa, 1o €
HabaraTo MeHIE BiJ TpaHulll MmimHOCTi. Ha
PUCYHKY /T TIpeJCTaBICHI PE3yJIbTaTH aHaJi-
3y MaKCHMaJbHUX HaIpy>KeHb Ha Ti0iaJbHO-
My KOMIIOHEHTI eHjomnpore3a omax = 13,84
MPa, sxi jgoxkaiizoBaHl B AUISHIN HOro KOH-
TaKTy 3 BEJIMKOTOMIJIKOBOIO KiCTKOIO.

Fig. 7a demonstrates the results of
bone maximum strains analysis: cmax = 5,02
MPa. The strains are in the area of contact of
a femoral bone with a femoral component of
a prosthesis. They are local (pin-point), but
generally, don't exceed 1,84 MPa.
In Fig. 7b, there are results of the analysis of
maximum strains in the prosthesis femoral
component omax = 19,05 MPa. Strains are
discovered in the contact area of the prosthe-
sis femoral component with the bone; they
are local (pin-point), not exceeding 2,49
MPa. In Fig. 7Db, there are the results of max-
imum strains analysis for the polyethylene
insert of an endoprosthesis omax = 1,25 MPa.
They are distributed on the area of contact
thereof with the femoral component of an
endoprosthesis. The strains in the contact area
are distributed almost evenly, and vary from
0.27 to 1.25 MPA, not reaching the breaking
point. Fig. 7d shows the results of the analy-
sis of maximum strains in the prosthesis’ tibi-
al component omax = 13,84 MPa. The strains
are located in the area of its contact with a
tibia. These strains are significantly under the
breaking point of steel. In Fig. 7e, one can
observe maximum strains in the bone omax =
4,96 MPa.
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I[i mampyxeHHs € HabaraTo MeEHIII
HDK TpaHMII MIITHOCTI [yt ctaii. Ha pucyHky
7m MOXHa CIIOCTEpiraTM MaKCHMaJlbHI Ha-
npyXeHHs Ha KicTii omax = 4,96 MPa.

V3araiasHIOKYA OTpHMaHi na”l
(puc.7), HaNIpy)KEHHSI HA YCIX €JIeMEHTaX MO-
7eTTi 3MEHIIYIOThCS, OKPIM Ti01aJbHOTO KOM-
MOHEHTA €HJ0NpPOTe3a 3 JIOBrOI0 HIXKKOIO, JIe
HANIPYKCHHSI HaBMAKU 3POCTAIOTh, TaK 5K B
[IUX YMOBaX BIIOYBA€THCS MEPEPO3MOIIT Ha-
BaHTKEHHS, NMPH SKOMY BiH CIpHiiIMae Ha
ce0e J10/1aTKOB1 HaIPy>KEHHS.

Tako HaMU JAOCITIHKEHO HATIPYKEHHSI
Ta jgedopMmalliio IJIaTo BEIHMKOTOMIIKOBOI
KICTKH, TaK sSIK Halpy>KCHHS Ha HbOMY BU3Ha-
4aloTh CTAa0LIBHICTH BCI€] KOHCTPYKINI B ITi-
nomy. Ha 8a mpencraBneni pe3ynbraTé aHa-
T3y TOKa3HUKIB MaKCUMAJIBHHUX HaNpPYKEHb
Ha IUIaTo, Kl cKianaroTh cmax = 1,06 MPa,
o Ha 41,4 % MeHIe HiXK A7 MOJIE i3 3BU-
YailHOIO HDKKOIO eHmompore3a. LI Hampy-
KEHHSI 30CEPEIDKCHHI TI0 Kparo IUIATO BEJIH-
KOTOMIJIKOBO1 KICTKM 1 3MEHIIYIOTBCS [0
LIEHTPY MOJIEN1, BOHU € 3HAYHO MEHIIIUMHU Bi
rpanuni minHocti. Ha pucynky 806 MoxkHa
CIIOCTEpIraTH, sIK PO3MOAUIAIOTBCS aedopma-
mii Ha Moxem 13 3HaveHHamu smax=0,00008
MM.

OTxe mpu BapiaHTI €HIOMPOTE3yBaH-
HA 3 TIOlaIbHUM TIOJIOBXKYBa4eM HaMpyKeH-
Hs, nedopmarii Ta MepemillleHHs 3MEHIIy-
IOThCSI.

A: Static Structural
Equivalent Stress 7
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
Custom

1,0622 Max
074441

05217
036563
023624
017958
012586
0,085205
0061817
0.043324 Min

a/la) (omax = 1,06 MPa)

Puc. 8. PesyabTaTH BHUMIpIOBaHHS Hanpy:keHHsi a) Ta aedopmamii 6) Ha

To sum up the details (Fig.7), the
strains in all components of the model drop,
except for a tibial component with an extend-
ed nail, which on the contrary shows the in-
creased strains, because it accepts additional
strains due to their re-distribution.

We have also studied strains and de-
formations in a tibial plateau, which deter-
mines the whole structure's stability. Fig.8a
shows the results of the analysis of maximum
strains in a tibial plateau, omax = 1.06 MPa.
They are 41.4% lower compared to a model
with a regular nail. These strains are concen-
trated on the edge of a tibial plateau and low-
er towards the model's center; they are signif-
icantly lower than the breaking point. In Fig.
8b, one can observe the detailed distribution
of deformations in the model, emax=0.00008
mm.

Thus, if an arthroplasty is performed
with an extended tibial nail as strains, as de-
formations, as displacements will decline.

A: Static Structural
Equivalent Elastic Strain 2
Type: Equivalent Elastic Strain
Unit: mm/rorm
Time: 1

7.8116e-5 Max
5,337e-5
3,6468e-5
24917e-5
1,7025¢-5
1,1633¢-5
7,081e-6
5,4306¢ -6
3,7105¢-6
2,5353e-6 Min

6/ ) (£max=0,00008nm)

IJiaTo

BeJIMKOroMisikoBol KicTkn moaeai KC i3 enonpore3om 3 TidiaabHUM NOA0BKYBadYeM
Fig. 8. Results of measuring the strains a) and deformations b) in tibial plateau for a

model of a knee with the extended tibial nail
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Hamu Takox mociimkeHi 3araibHi Te-
pemimenns (Total Deformation) moneni ms
000X THMIB €HIOMPOTE3a, sIKI BIAOOPaXKYIOTh
CTAaOUTBHICT,  01OMEXaHIYHOI  KOHCTPYKIIIi
«CHJIOTIPOTE3-KICTKa».

3riIHO JaHUX 3 pUCYHKY 9a, MakcuMa-
JbHI TIepeMILICHHS 1151 MO 13 3BUYaifHOIO
HDKKOIO eHzomnpoTe3y ckianaiots A=0,089
MM, 13 €HJONpPOTE30M 3 TiOiaJIbHUM IOJOB-
xyBadeM (9 0) — A=0,051 MM, a MakcUMaITbHI
nepeMilieHHs1 Ti0laJlbHOrO KOMIIOHEHTa €H-
JIOTIPOTE3a i3 3BMYaifHOI0 HiXKOI0 (9 B) — A=
0,035 mwm, 3 TiGianeHUM moa0BKYBadeM (9 1)
—A=0,028 mMm.

[opiBHsUIBHI 3HAYEHHS HANPYKECHb Ha
€JIEMEHTH MOJIENIeH MIPU €HA0NPOTE3yBaHHI 13
3aCTOCYBAaHHSIM 3BUYAMHOT HIKKHM Ta TiOiallb-
HOTO TOJIOBXKyBaua MpeiCcTaBjiceHI B Tabm. 2

ta puc.10.

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mim

Tirme: 1

I 0,089 Max
0079111

0039556

1 0029667

0mar7a

00003280

0 Min

0,00 50,00 100,00

25,00

75,00

a/a) A=0,089 mm

For both types of nails, we also exam-
ined total displacement values (Total Defor-
mation) to assess the extent of stability of a
bio-mechanical construction “endoprosthesis-
bone”.

According to Fig. 9a, the maximum
displacements in the model with a regular
nail are A=0,089 mm, while the same for an
extended nail (9b) — A=0,051 mm; the maxi-
mum displacement value for a model with a
regular nail (9¢) — A= 0,035 mm, with an ex-
tended one (9d) — A= 0,028 mm.

The comparison of values of the
strains in elements of models of arthroplasty
with a regular and an extended nail are shown
in Table 2 and Fig. 10.

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Tirne: 1
Custam

I 0050539 Max
0044924

I 0039308

— 0033693

0028077

1 0022462

L 0016846

0011231

00056155

0 Min

6/b) A= 0,051
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I 0028928
I 0,026209
0,02248
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0,018051

I 0,015332
0,012613 Min

Puc. 9. 3araabHi nepemineHHst Mojei i3 3BMYaITHOI0 HIZKKOK eHIonpoTe3y (a), 3 Tidia-
JbHUM moaoBxkyBauem (0). IlepemimeHHsi Ti0iaJIbHOr0O KOMIIOHEHTAa €HIOMpPOTe3y i3
3BMYAIHOIO Hi’KK010 (B), 3 Ti0iaJLHUM MOT0BKYyBayeM (T)

Fig. 9. Total displacements for the models with a regular (a) and an extended (b) nail

— 0.01:5

0.016304
I 0.013458
— 0.010611

0.0077652
I 0.0049189
0,0020725 Min

B/ C) A=0,035 mm r/d) A=0,028 mm

Tabnus 2. 3MiHM MOKA3HUKIB HANPYXXEHb HA €JIEMEHTaX MOJEII MPU SHAOMPOTEe3yBaHHI 13
3aCTOCYBaHHSM 3BHYaHOI HIXKKH Ta Ti01abHOTO MOoI0BXKyBava , MITatn

Table 2. Changes in values of the strains in elements of simulated arthroplasty with a regular
and extended tibial nail, MPa+n

EnnonporesyBanns / Arthroplasty
TiOiampHuit KOMIOHEHT | Ti0laJbHUI KOMIIO-
. EHJIOTIPOTE3a 13 3BH- HEHT €HAO0NPOTE3A 3
Enementu mopeni / N .
YalHOI HIXKKOIO / OI0B)KyBayeMm /
Elements of model - i
Tibial component of an | Tibial component of
endoprosthesis with a an endoprosthesis
regular nail with an extended nail
Crernosa kictka / Femoral bone 10,67+0,12* 5,02+0,17
®eMopanbHUN KOMIIOHEHT CHILOHPO"I:CI&a / 29 15+0,31* 19.050,22
Femoral component of endoprosthesis
HomemneHm.sa BcTaBka / 1.43+0,24 1254011
Polyethylene insert
T-i6-iaJIBHI/II71 KOMIIOHEHT GHIIOHpOTGSa- / 9.710.11 13,8440, 19%*
Tibial component of an endoprosthesis
Tominkosa kictka / Tibial bone 4,91+0,09 4,96+0,07
[Tnaro rominkoBoi kictku / Tibial plateau 1,85+0,21 1,06+0,15

IMpumitku / Notes:

* — nani cratuctaHo HoctoBipHO (p < 0,01) BiAMiHHI Bix JaHUX TPYIH MOJEN 3i 3aCTOCYBAHHSIM TiOiaIbHOTO
KOMIIOHEHTY 3 moaoBxyBaueMm / the values have statistically significant (» < 0,01) difference from the same of
the group with an extended tibial nail;

** — nani craructigro moctosipao (p < 0,01) BiAMiHHI Bix JaHUX TPYMH MOIEIi i3 3aCTOCYBaHHSIM 3BUYANHOI
HibkKH eHgomnporesy / the values have statistically significant (p < 0,01) difference from the same of the group
with a regular tibial nail.
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AHai3yloun pe3yibTaTH IpecTaBlie-
Hi B Tabn.2 Ta puc. 10 BU3HAYEHO, O MPHU
3aCTOCYBaHHI MOjeNi i3 TiOiambHUM IOJOB-
KyBaueM CTaTUCTHYHO JocToBipHO (p<0,01)
3menuryerbes HIAC Ha QemopanbHuil KOM-
noHeHT engomnpotedy (19,05 MIla) Ta crer-
HoBii kictii (5,02 MIla) mopiBHSIHO 3 MOe-
JI0 31 3BUYAMHOI HIKKOIO EHIOMPOTE3Y
(29,15MIla — demopanbHHii KOMIIOHEHT Ta
10,67 — crernoBa KkicTka). Y TO# ke 4ac BH-
3HA4YEHO CcTaTuCTU4HO naocroBipue (p<0,01)
36unpmenns HJIC Ha TibianbHUN KOMIIOHEHT
EHJOINpPOTe3y y MOJAENi 13 3aCTOCYBaHHIM
nojopxkyBaua (13,02 MIla) B mopiBHSHHI 3
JAHUMH MOJIEJI 13 BUKOPUCTAHHSM 3BUYAiHOT
aikkn (9,71 MITa).

Analyzing the results represented in
Table 2 and Fig. 10, we have found that an
extended tibial nail shows statistically
significant (p<0,01) reduction in SDC of
femoral component (19.05 MPa) and a
femoral bone (5.02 MPa), compared to a
model with a regular nail (29.15 MPa -
femoral component and 10.67 — femoral
bone). Simultaneously, we established a
statistically reliable (p<0.01) growth of a
tibial component's SDC in case of an
extended nail (13.02 MPa) compared to the
values of the model with a regular nail (9.71
MPa).
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Puc. 10. IlopiBHAIbHMIT aHATI3 HANpPYKeHb Ha eJeMEHTaxX Mojesi MPH eHI0mpoTe3y-
BaHHI i3 32CTOCYBAHHAM 3BHYAWHOI HiI’KKH Ta Ti0iaJIbHOI0 MOI0BKyBa4ya
Fig. 10. Comparative analysis of strains in elements of models of a regular and extended

tibial nail, respectively
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Takum ynHOM TpoBeneHE GiOMeXaHiu-
HE JOCIHI/DKeHHS BU3HAYMIIIO, IO 3aCTOCY-
BaHHS MOJIENI 13 3aCTOCYBAaHHSM TiOiaIbHOTO
MOJIOBXKYBadya 3MEHIIYE HampyKeHHs, aAedo-
pMalliro Ta IepeMilieHHs] Ha BC1 KOMITOHEHTH
€H/IONPOTe3a KOMIHHOTO Cyrioda Ta mijyier-
701 KICTKH, OKpIM HOro TiGiaJlkHOTO KOMIIO-
HEHTY JIe Hamnpy>XCHHS 3pOCTalOTh, TaK SIK B
[IUX YMOBaX BIIOYBA€THCS MEPEPO3MOIIT Ha-
BaHTaXCHHS, MPU SKOMY BiH CHOpHiiMae Ha
ce0e M0JaTKOBI Hampy>XeHHs. 3a3HaveHi pe-
3yJIBTaTH CTAHOBJIATH OCHOBY JUISI ITPOBEJICH-
HS [MOJAJIBIINX OlOMEXaHIYHUX TOCHIKEHD B
yMoOBax Je(eKTiB BUPOCTKIB BEITMKOTOMIJIKO-
BOI KICTKM TpPU TOTaJIbHOMY EHIOMPOTE3Y-
BaHHI KOJIIHHOTO CyTJI00a.

BucHoBKM:

1. Ilpu BukoHaHHI OiOMEXaHIYHOTO

JOCTIDKEHHST TIPOBEACHO KOMIT IOTEPHE MO-
JICITIOBAaHHS HaNpPy)KeHb B YMOBaX BUKOPHC-
TaHHS 3BHYAMHOI Ta HIXKKH 3 TiOladIbHUM I1O-
JIOB)KyBa4eM TOTAIBHOTO EHJIIOMPOTe3a KO-
JHHOTO Cyrioba.
2. 3acTtocyBaHHS TiOIaJILHOTO TOJOBXKYyBayda
3MEHIIIy€e HampyKeHHs, nedopmarii Ta nepe-
MIIIEHHS Ha YCIX €JIEMEHTaX MOJEJl OKpiM
Ti0laPHOTO KOMIIOHEHTa CHIOMNpOoTe3a, e
HANPYKCHHSI HaBMAKW 3POCTAIOTh, TaK SIK B
[IUX YMOBaX BIIOYBA€THCS MEPEPO3MOIIT Ha-
BaHTaXCHHS, MPU SKOMY BiH CHOpHiiMae Ha
ceOe 10AaTKOBI HANPYKEHHS.

3. Orpumani pe3yabTaTH TO3BOJATH
MPOBECTH B TOJAJTBIIIOMY OlOMEXaHIYHE J10C-
JHKEHHST HANpY)KeHb Ha €JIeMEHTH MOJIemi
KiCTKa-eHJIONPOTE3 B YMOBaxX Ae(eKTiB BUPO-
CTKiB BEJIMKOTOMUJIKOBOI KiCTKH IPU TOTAJIb-
HOMY EHJOIPOTE3yBaHHS KOJIHHOTO CYIJIO-
0a.
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Thus, biomechanical studies made it
clear that the use of a tibial extensor reduces
strains, deformations, and displacements of
all the components of a knee endoprosthesis
and the underlying bone. A tibial component
IS an exception because its strains raise upon
such conditions, and it accepts all the
excessive strains due to their redistribution.
The specified results can serve as a basis for
further  biomechanical studies, namely
considering the cases of some defects of tibial
condyles upon total knee arthroplasty.

Conclusions:

1. While the biomechanical research,
we carried out a computer-aided simulation
of the strains upon conditions of a regular and
extended tibial nail used in a knee endopros-
thesis.

2. A tibial extensor reduces strains, de-
formations, and displacements in all elements
of a simulated arthroplasty, except for a tibial
component of prosthesis, as it accepts all the
excessive strains due to re-distribution.

3. Results of the research shall make it
possible to continue the biomechanical study
of strains in the elements of a simulated ar-
throplasty upon conditions of tibial condyles'
defects.
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PE3YJIBTATH MATEMATHYHOI' O MOJAE/IFOBAHHA HAIIPY?KEHO-
JAE®OPMOBAHOI'O CTAHY KOMIIOHEHTIB EH/]OITPOTE3Y IIPH
BUKOHAHHI TOTAJIBHOI O EH/IOITIPOTE3YBAHHA
KOJIIHHOI O CYTJIOBA

B ma6oparopii 6iomexaniku Y «ITO HAMH VYkpainu» npoBeneHO KOMI IOTEpHE
MOJICITFOBaHHSI HAINIPY>KE€Hb B YMOBAaX BUKOPHCTaHHS 3BUYAWHOI Ta HIKKH 3 Ti01aJIbHUM TI0J10-
BXKYBa4eM TOTAJILHOTO €HAOIPOTE3a KOJIHHOTO CYyTiio0a.

BusHaueHo, 1m0 3acToCyBaHHS TiO1AIbHOTO TOJOBXKYBada 3MEHIIIYE HAMPY>KEHHS, Je-
dhopmariii Ta mepeMileHHs Ha YCIX eJIeMeHTaX MOJIEN OKpiM Ti0iaTbHOTO KOMIIOHEHTa €HJIO-
npoTe3a, Je HaNpYyXCHHs HaBITAKH 3POCTAIOTh, TaK SK B IIUX YMOBAxX BiJIOyBa€ThCs MEpepo3-
MOJIIJT HABAaHTAXEHHS, NPH SKOMY BiH CIIpHiiMae Ha cebe AOJaTKOBI HANpPYKEHHs. 3a3HadeH1
PE3yJIbTaTH CTAHOBJISATH OCHOBY /ISl IPOBEACHHSI MOAANBIIIX OIOMEXaHIYHUX JTOCIIIKCHD B
yMOBax Je(eKTiB BUPOCTKIB BEIMKOTOMIJIKOBOI KICTKH TIPH TOTAILHOMY €HJOTPOTE3YBaHHI
KOJIIHHOTO CyTji00a.

KarouoBi cjioBa: KoJiHHMIA Cyrii00, €eHIONPOTE3yBaHHs, 3BUYaliHa Ta MOJ0BXKEHA Hi-
KKa €HI0IpoTe3a, OioMeXaH1uHe JOCHTIHKECHHS.

PE3Y/IbTATBI MATEMATHYECKOI' O MO/JEJIHPOBAHHUA HAITPA’KEHHO-
JAE@®OPMHUPOBAHHOI' O COCTOAHHUA KOMIIOHEHTOB 3H/IOIIPOTE3A
IIPH BBIIIOJIHEHHH TOTAJIBHOI' O 5H/][OIIPOTE3HPOBAHHA
KOJIEHHOTI' O CYCTABA

B nma6oparopun 6momexanuku I'Y «MTO HAMH YkpauHbI» NpoBEIEHO KOMITBIO-
TCPHOC MOACIINPOBAHUC HaprDKCHI/Iﬁ B YCJIOBUSAX UCIIOJIb30BAHUA OGBI‘-IHOﬁ U HOXKKH C TI/I6H-
QJIbHBIM YAJIMHUTENIEM TOTAJIBHOTO SHIONPOTE3a KOJIEHHOro cycTaBa. OnpeaeneHo, 4To mpu-
MEHEHHE THOMAILHOTO YUIMHUTENSI YMEHBIIACT HANpsDKeHUe, AeGopManuy U mepeMenicHus
Ha BCEX AJIEMEHTaX MOJEIH KPOMe THOHAIBHOTO KOMIIOHEHTA SHAONPOTE3a, I/Ie HAPSHKCHNE
HA00OPOT PACTEeT, TaK KaK B ATUX YCIOBHSX MPOWCXOMIUT MEepepacipeieiCHHe Harpy3Ku, Mpu
KOTOPOM OH BOCHPUHUMACT HA 06651 AOIMOJIHUTCIIbHBIC HAITPSIPKCHU. Yka3zaHHBIE PE3YyIbTAaThI
MPEICTaBISIFOT OCHOBY JUIS TPOBEICHUS NANTBHEHININX OMOMEXaHHMYECKHX HCCIICAOBAHHUHA B
YCIOBHAX J1e()EKTOB MBIIIEITKOB OOJBIIEOSPIIOBOM KOCTH MPHU TOTAILHOM 3HIOMPOTE3UPOBA-
HHUU KOJICHHOI'O CyCTaBa.
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KioueBble ¢10Ba: KOJICHHBINA CyCTaB, YHIOMPOTE3UPOBAHKE, OOBIYHAS U YIJIMHECHHAS
HOKKH JHJIOMPOTE3a, OMOMEXaHUYECKOE HCCIIeI0OBAHUE.

RESULTS OF MATHEMATICAL MODELING OF STRESSED-DEFORMED STATE
OF THE COMPONENTS OF AN ENDOPROSTHESIS WHEN EXECUTION OF
TOTAL KNEE REPLACEMENT

In the Laboratory of Biomechanics of the State Institution “ITO NAMS of Ukraine”,
computer simulations of strains were carried out using a regular nail of a total knee
endoprosthesis and a nail with a tibial extension. It was ascertained that the use of an extended
tibial nail reduces stress, deformations, and displacements in all elements of the model except
for tibial component of an endoprosthesis, where the stress increases on the contrary since
under these conditions the load is redistributed, in which it takes on additional stresses. These
results represent the basis for further biomechanical studies in conditions of tibial condylar
defects with a total knee replacement.

Keywords: knee joint, arthroplasty, regular and extended nails of an endoprosthesis,
biomechanical research.
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OIIHKA PU3UKY OCTEOINIOPOTUYHUX ITEPEJIOMIB
Y XBOPUX HA PEBMATOIJTHUM APTPUT I3 3ACTOCYBAHHSAM
INOKA3HUKIB FRAX TA TBS
Pomanoecvkuit A. B., Opauxk T. B.
Jeporcasna ycmanosa «Hayionanvnuii naykoeuii yenmp «Incmumym xapoionocii imeni
axkaoemika M./]. Cmpaxcecka» HAMH Ykpainu», Kuie

ASSESSMENT OF THE RISK OF OSTEOPOROTIC FRACTURES IN PATIENTS
WITH RHEUMATOID ARTHRITIS BASED ON FRAX AND TBS INDICATORS
Romanovskyi A.V., Orlyk T.V.

State Institution “National Scientific Center “M.D. Strazhesko Institute of Cardiology” of
the NAMS of Ukraine”, Kyiv

Kntouosi cnosa: peBMaroimHuii apt- Keywords: rheumatoid arthritis,

PHUT, JKIHKH, OCTEOIOpPO3, PH3UK OCTEOMOPO-
FRAX, winepanpHa
IIUTBHICTh KICTKOBOI TKaHWHH, SIKICTh Tpabe-
KYJSIPHOI KICTKOBOi TKaHWHH, 1BS, mepeno-
MH.

TUYHUX TIEPEJIOMIB,

Mera - ouinutu 10-piyHmMii pu3HK
OCTEOTIOPOTUYHHX TEPEIOMIB y XBOpUX Ha
PEBMATOITHUN apTPUT 13 BHUKOPHCTAHHIM
anroputmy FRAX 3 ypaxyBaHHSM MMOKa3HUKA
TBS Ta 6e3 HboTO.

women, osteoporosis, osteoporotic fractures
risk, FRAX, bone mineral density, trabecular
bone score, TBS, fractures.

Objectives: To assess the 10-year
risk of osteoporotic fractures in patients with
rheumatoid arthritis based on the FRAX algo-
rithm with or without consideration of TBS.



