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Beryn. Ilepenomu npokcuMalibHOro
Bigainy creroBoi kictku (IITIBCK) Ta ix
HACHIKA MIOPIYHO 3aBJAIOTh BEJIHYE3HOT
IIKOAM €KOHOMIIll Oyab-sikoi nepkaBu. Tak,
3a JaHMMH BcecBiTHBOI opraHizaiii 0XOpoHU
3nopoB's, y 1990 pori 6mu3eko 1,3 MiasioHN
BunajkiB [IIIBCK 3apeectpoBano B ychomy
cBiTi. Ha nymky excnepris, usg mudpa Oyne
30inbIyBaTHC, 1 B 2025 poIi MoXe BUPOCTH
B JIBa pa3u, a B 2050 poui — B Tpu pasu [1, 2].
3rigHo cratMcTUYHUX gociimkens, ITTIBCK
CTaHOBJATh 17 % y CTPYKTYpi TpaBM OIOp-
HO-PYXOBOI'O amapary, 3 HMX BEpTelIbHI Iie-
penomu ckianaoth 35-40 %, migBepTENbHI
5-10% [3,4]. Y cBITOBIiif MpakTUIll JaBHO
BU3HAHO IEpeBary Ta BUCOKY €(EeKTHBHICTb
OIIEPATUBHOTO METOAY JIKyBaHHS Yepe3BepT-
JIFOTOBUX MEPEIOMiB Nepes] KOHCEPBATUBHUM.
Xipypriune BTpy4aHHs, K€ MMOKa3aHO OLIbII
HIX Yy 80% BUMAKIB, OJIATAE Y BIAKPUTIH YU
3aKpUTIN pero3uilii KiCTKOBUX (parMeHTiB i
ix ¢ikcamii pi3HUMH KOHCTPYKIAMH [5, 6].
AJie yacoM JIOCUTh CKJIQJIHO BU3HAUYMTHU 4Yac 1
o0csr Xipypri4yHOro JIiKyBaHHS 4epe3 0co0-
JUBOCTI 3arajJibHOTO CTaHy XBOPOTO, BHOOPY
Metony (ikcamii (3aCcTOCyBaHHS NMPOKCHMA-

Introduction. Proximal femoral bone
fractures (PFF) and consequences thereof
annually have very negative influence on
economy of every country of the world. Thus,
according to WHO, almost 1.3 million cases
of PFF have been registered throughout the
world in year 1990. Experts are confident that
the abovementioned figure tends to increase,
to the year 2025 it could duplicate, and to the
year 2050 — increase in three times [1, 2].
According to statistical researches, share of
PFF among the entire locomotion system
traumas makes 17%; 35-40% thereof relates
to trochanteric fractures and 5-10% to pertro-
chanteric 3, 4]. For a long time, world medi-
cine admits advantages and high efficiency of
surgical treatment of pertrochanteric frac-
tures, compared to conservative one. Surgical
intervention, indicated in over 80% of cases
consists of open or closed reposition of bone
fragments and fixation thereof by different
devices [5, 6]. However, sometimes it is quite
difficult to specify period and volume of sur-
gical treatment due to peculiarities of a pa-
tient’s general conditions, choice of fixation
method itself (e.g. proximal femoral IM nail,
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JBHOTO CTETHOBOI'O CTEP:KHs, miactuHu DHS
Yl 1HIIOI KOHCTPYKINi) abo eHIompoTe3y-
BaHHS, a TaKOX pAalllOHAJbHOTO JIKyBaHHS
MoCTTpaBMaTHYHOI Koarynomatii [6, 7, 8].
Bubip merony mikyBaHHSI TEpeIOMIB MPOKCH-
MaJIbHOTO BiJUILTY CTETHOBOI KICTKH € OJTHUM 3
HaMBaXJIUBIIMIKMX, OCKUIBKH BiJl I[LOTO 3ajie-
KUTh HE TUIBKM Yac 3pOIICHHA Mepesomy,
asie 1 BiTHOBIICHHS (DYHKIIIT KIiHI[IBKU Ta TTOHO-
BJICHHS TIpaIle3/1aTHOCTI MOTEPIILIOro [5].

Ha cborozasi, y po3BUHYTHX KpaiHax
CBITY NpH JIKyBaHHI NEPeIOMiB MPOKCUMa-
JBHOTO BIJJIITy CTErHOBOI KICTKH IIHPOKO
BIIPOBAKYIOTbCS MaJOIHBa3UBHI, MaJlOTpa-
BMAaTHYHI TEXHOJIOT1i 3aCTOCYBaHHS MPOKCH-
MaJIbHOTO cTeTHOBOTO cTepxHs (Trochanteric
gamma nail G 3 — STRYKER, PFN A -
SYNTHES, ChFN - ChM). s meroauka
OTIEPATUBHOTO JIIKYBaHHs MEpEIOMIB JJOBIUX
KicTOK 3acTocoByeThest B 6070 % xBopux [8,
2] 1 n1o3BoJsi€e, HA BIAMIHY BiJl €HIIONPOTE3Y-
BaHHs, y OUTBIIOCTI BUNAJIKIB 30epertu (yH-
KIIIf0O TPABMOBAHOTO KYJIBIIIOBOTO CYTI00a.

3araabHOBIIOMOTO Kkiacudikaiiero
Yepe3BEPTIIOTOBUX  MEPENOMIB  CTETHOBOL
kictku € knacudikamis OA [7], me aBTOpH
BUJUISIIOTh  BEPTUKAILHOHECTAOUIbHUMN, ale
CTaOUIbHUN Y TOPU3OHTAJBHIN IUIOMIMHI Te-
penom Ty Al; HecTaOinbHUN Y BepTHUKAIb-
Hill Ta TOPU3OHTAJIBHIN IJIOLIMHAX TEpPeIoM
tuny A2 Ta HecTaOUIbHUM y TOPU30HTANIbHIN
IJIOMWHI Ta CTalUIbHUN y BEpPTUKAIBbHIN
rmomuHi nepeiaoM tumy A3. I[Ipote Hamu He
Oynu HaWaeHl JiTepaTypHI JaHi, MO0 Ha-
NpyXeHb Ha OJIOKOBAHUHM IHTpaMEAyJSIPHHUNA
CTPM)KEHBb 3aJIeKHO BiJ THUITy IEpeoMy 3a
OA Ta BapiaHTiB HOro AMCTANBbHOTO OJOKY-
BaHHS.

3 MOMEHTY MOSIBH 1 BIIPOBA’KEHHS B
MEIMYHY MPAKTHKY MEepPUIMX OCTEOIMILIaHTa-
TiB 1 0 HEIaBHLOTO MUHYJIOTO TEpPeBipKa ix
OlOMEXaHIYHUX BJIACTUBOCTEN 31MCHIOBajIA-

Csl CYTO Ha OCHOBI HATYPHUX O10MEXaHIYHUX

DHS plate etc.) or total hip replacement, as
well as optimal treatment of post-traumatic
coagulopathy [6, 7, 8]. Selection of the meth-
od for proximal femoral fracture treatment is
extremely important, because it determines
not only the period of fracture union, but also
renovation of the limb’s functioning and pa-
tient’s recovery in general [5].

Nowadays in well-developed countries
of the world minimal-invasive and minimal-
traumatic implantation techniques of IM
proximal femoral nail are being implemented
for proximal femoral fractures treatment
(Trochanteric gamma nail G 3 — STRYKER,
PFN A — SYNTHES, ChFN - ChM). This
methodic of long bones fractures surgical
treatment is applied in 60-70% of cases [8, 2]
and allows, as opposed to joint replacement
method, to preserve the injured hip joint’s
function in majority of cases.

The generally know classification of
pertrochanteric fractures is OA [7] classifica-
tion, which authors separate Al fracture, un-
stable vertically, but stable in horizontal
plane; A2 fracture, unstable in both vertical
and horizontal planes and A3 fracture, unsta-
ble in horizontal, and stable in vertical place.
Although, we have not found any information
in literature, relating to strains on locking
intramedullary nail depending on fracture
type according to OA and variants of distal
locking of such nail.

From the moment of invention and
implementation of first bone implants into
practical medicine, and to the recent times,
examination of their biomechanical features
was made only on the grounds of natural
biomechanical experiments and results of
clinical practice. This trend mostly remained
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JOCITI B Ta Pe3yJabTATIB KIIHIYHOI MPAKTUKH.
VY Benukiii mipi 1 TeHIEHIs 30eperiacs i
noHuHi. JlocmigHi 3pa3Ky IMIUIAHTATIB BH-
MPOOOBYIOTHCSA TMPH PI3HUX HABAaHTAKEHHSX
HAa MEpPTBOMY KICTKOBOMY MaTtepiaii Ta pe-
3yJIbTaTaMU CKCIIEPUMEHTIB BBOJSATHCS B JIi-
KyBaJIbHy MpakTuKy. Ilpum 1mpomy 3acrtocy-
BaHHS MPUCTPOIO MPOTATOM TPHUBAJIOTO YaCy
JIO3BOJISIE OCTATOYHO OI[IHIOBAaTH HOTO TpH-
JMATHICTh Ta BJIOCKOHAIIOBAaTH METOJIUKY BH-
KOPHCTAaHHA. 3BICHO, TaKu¥ MiAXiJl BUMAarae
3HAYHUX MaTepiaJbHUX pecypciB 1 3aiimae
Oarato yacy. MexaHiuHi BUIpOOyBaHHS Bij-
HOCSITbCSI 10 PYMHIBHUX METOIB KOHTPOJIIO,
TOMY JTOCTIPKEHHS MTPOBOJISATHCS HA MEPTBO-
My KICTKOBOMY Marepiaiii, SKMid 3Ha4YHO HOC-
TYNA€eTbCA PIBHIO (PI3MKO-MEXaHIYHUX Biac-
TUBOCTEH *UBOI TKaHWHU. [IpsAmi MexaHiuHI
JOCTIPKeHHS. BHUBUYEHHS 1HTEPAaKTUBHOI TIO-
BEJIIHKU CHCTEMHU «KiCTKa-IMILJIAaHTAT)» JOCTa-
THBO CKJIQJHI Ta MajoiH(OpPMAaTUBHI uepe3
aCUMETPUYHY F€OMETPil0 KICTKOBOI TKaHWHH,
1€ YHEMOJKJIMBITIOE TOYHO BU3HAYUTH MMATOMI
HABAHTAXKEHHSI, K 10 JOBXHHI, TaK 1 B Iepe-
pi3gi, a
HalpyXeHY CXeMy OJIHOYacHUX Aedopmariiit
(CTUCHEHHS, KpY4YeHHs, 3TMH, pO3TAr) ILe
3HWKYE EKOHOMIYHY 1 coliajbHy e(eKTHB-
HICTh TaKMX JOCIIJKEHB [9].

Bognouac, 31iliCHIOIOTECS cripodu 00-

TaKO)X  BIATBOPUTU  CKJIQJHO-

I'PYHTYBAaHHS MPUIATHOCTI MEXaHIYHUX OCTe-
OIMIIJIAaHTATIB Ha OCHOBI BiOMOCTEH TPO
OlomexaHiky cucteMm moauHd. [Ipu 1mpomy
HaW4acTillle TPOBOJIUTHCSA PO3PAXYHOK Ha-
OMIKEHUX CXeM, IO BioOpaXkaroTh IesKi
ACIIEKTH TOBEHIHKH CHUCTEMH «KICTKA — IM-
IUTAHTAT», 3 BHUKOPUCTAHHSM MPOTPAMHHUX
peaitizaiiii 4uceIbHIX METOJIB, HAMPUKIA,
metony kinneBux enemeHtiB (MKE). Tlepe-
Baru TaKOro TiJXOJy OYEBHJIHI: Ha OCHOBI
pe3yIbTaTiB PO3paxyHKy MOKHA POOUTH BHU-
CHOBKH PO poOOTY OCTEOoIMIaHTaTy Ta HOro
BIUTMB Ha KICTKY 1, TUM CaMHM, BIIMOBUTHUCS

unchanged to the present time. Samples of
implants underwent examination at different
loadings using cadaver bone material, and are
applied for bone fractures treatment on the
grounds of such experiments. At that, durable
application of a medical device allows to es-
timate finally its suitability and to improve
application technique. Of course, this ap-
proach requires optimal financial resources
and long period of time. Mechanical studies
relate to destructive methods, so they are per-
formed on cadaver material, which physical
and mechanical qualities are reasonably low-
er compared to living tissues. Direct mechan-
ical studies of “bone-implant” system’s inter-
active behavior are quite complicated and low
informative due to asymmetric geometry of
bone tissue. Due to such specific geometry of
bone tissue it is impossible to define accu-
rately the specific loading lengthwise and in
cross-section, as well as to reproduce com-
plex tension scheme of simultaneous defor-
mation (compression, stretching, bending,
rotation), which fact decreases economic and
social value of such studies [9].

At the same time, there are attempts to
ground the suitability of mechanical bone
implants on the basis of information about
biomechanical features of systems of a hu-
man. At that most frequently approximate
schemes are being calculated, reflecting cer-
tain aspects of “bone-implant” system’s be-
havior applying software-supported numeri-
cal methods, e.g. finite elements method
(FEM). Advantages of this method are obvi-
ous: on basis of results being calculated, one
could make conclusions about a certain bone
implant functioning and its influence of living
bone, refusing from further studies of obvi-
ously unproductive constructions. It allows
correcting and changing shapes of compo-
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BiJ] IOJAJIBIIOTO PO3IJIsAY OUYEBUAHO Oe3mnep-
CIEKTUBHUX KOHCTPYKUIHN; 3'SBISAETHCS MOXK-
JUBICTh KoperyBaTu abo 3MiHIOBaTH (opmy
KOMIIOHEHTIB IMIUIAHTATy JUIsl TOJIMIICHHS
fioro (yHKIIOHANBHOCTI; Binaaae morpeda B
NPOBEIEHHI YHCEIbHUX EKCIIEPUMEHTIB Ha
TBapHUHAX; CYTTEBO 3HIKYETHCS BapTICTh Ta
CKOPOUYYETHCSI 4Yac pPO3POOKM KOHCTPYKIIi
IMIUTaHTaTy; Ha OCHOBI po3noAiny nedopmy-
I0YMX HAlpyKeHb MOXKJIUBE TOYHE HPOTHO-
3yBaHHs BiJajJeHux pe3yabTaris [10, 11].

ToMy wiKaBUM y HayKOBOMY IUIaHi
BB2)XKA€EMO MPOBECTH KOMIT IOTEPHE MOJIEIIO-
BaHHS HaIpy)XeHb Ha MeTaleBl (ikcaTtopu
NpU BHUKOHAHHI OCTEOCHUHTE3Y 3 TPHUBOIY
Yepe3BEPTIIOIOBUX MEPEIOMIB PI3HUX THUIIIB
3a kiacugikamiero AO.

Mera poboru. IIpoBecTn komm fo-
TEepHE MOJICIOBAHHS HAaIPYy)KeHb Ha pi3HI
MeTaleBi (ikcaTopu MpH BUKOHAHHI OCTEO-
CHHTE3Y 3 IPHBOAY YEPE3BEPTIIOTOBHX TIe-
penoMiB PI3HUX THUIIB 3a
AO.

KJ1acudikali€ero

Marepiaaun Tta meroauku. Kowm to-
TEpHE MOJETIOBAaHHS NPOBOJWIN B J1abopa-
Topii 6iomexaniku JIY «IHCTUTYT TpaBMaTo-
aorii Ta opronenii HAMH Vkpainn». Hamu
3aCTOCOBAHO KOMII IOTEpHE MOJICNIIOBAHHS Ta
MKE — meroau pilieHHs 3aqad MeXaHIKd
CYIIUTBHUX CEPEJOBHI Y TMPHUKIAIAHHI O
6i0JIOriYHIX 06 €KTiB 3 BUKOPUCTAHHSM IIPO-
rPaMHO-KOMIT FOTEpHHUX KoMILIekciB [12, 13].
Jlns mpoBeNeHHS TOPIBHAJIBHOTO aHaI3y
HajiiiHOCTI (ikcamii KICTKOBUX BiJTAMKiB
MIPU BEPTIIIOTOBHX IEPEIOMax CTETHOBOI Kic-
TKA pI3HUX TUMIB 3a Kiacupikamiero AO
BUKOPUCTOBYBAJIM MAaKET CTETHOBOI KICTKH, B
SAKUW IMIUTAaHTOBaHO (DIKCYIOUl E€JIEMEHTH.
Jnst dikcarii BigjlaMKiB 3aCTOCOBYBAIH 2
Bapiantu (ikcaropiB - DHS mmactuny (1

BapiaHT) Ta NPOKCUMAIbHUN CTETHOBHI
CTpyXKeHb (2 BapiaHT), sKi 3a0e3Me4yloTh
onTUMabHI OlomexaHiyHi Ta Oi0JOTivHI

nents of an implant to improve its functionali-
ty; eliminates the need in multiple experi-
ments on animals; reasonably decreases the
period of time required for implant’s con-
struction development and design; infor-
mation about stress strains distribution pro-
vides the possibility to prognosticate accu-
rately the postponed results [10, 11].

Considering the mentioned above, we
found it scientifically interesting to perform
computer-aided simulation of metal fixator
strains at osteosynthesis of different pertro-
chanteric fractures according to AO.

Aim of the research. To perform
computer-aided simulation of metal fixator
strains at osteosynthesis of different pertro-
chanteric fractures according to AO.

Materials and methods. Computer-
aided simulation has been made in laboratory
of biomechanics at the SE “The Institute of
Traumatology and Orthopedics by NAMS of
Ukraine”. We applied software simulation
and FEM — methods, taken from the branch
of solid environments mechanics, applied to
biological objects using software complexes
[12, 13]. For comparative analysis of bone
fragments fixation reliability at femoral bone
pertrochanteric fractures of different types
according to AO classification we applied the
model of femoral bone into which fixing de-
vices are implanted. For fragments fixation
we applied 2 types of devices — DHS plate
(1% variant) and proximal femoral nail (2"
variant), ensuring optimal biomechanical and
biological conditions of fractures union. On
the grounds of axial CT scanned images of

femoral bone with different variants of fixa-
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YMOBH JIJIs 3pOIIeHHs mepenoMiB. Ha ocHOBI
aKciaJbHUX CKaHIB KOMII IOTEpHOI TOMOrpa-
¢ii Momenel CTErHOBOI KICTKHM 3 PI3HHMH
BapiaHTaMu (ikcarlii, OTpUMaHUX Ha KOM-
m'torepuomy Tomorpadi Toshiba Asteion
Super 4 (Snowist), 3a JOMOMOTOI0 TPOTPaM-
HOro makeTy Mimics B aBTOMaTHYHOMY Ta
HAIiBaBTOMAaTHYHOMY DPEXHMax BiJATBOPEHO
IPOCTOPOBY T€OMETPII0  MPOKCUMAIILHOTO
BIJIIUTY CTErHOBO1 KicTKU. Mojeni B mominmi-
HiSIX 1MIopToBaHo B cepenoBuie Solid
Works, 1e 3a IOIIOMOrOr BIAMOBIAHHUX iH-
CTPYMEHTIB CTBOpPEHO imiTauiitHi 3-D moneni
IIPOKCUMAJILHOTO BTy CTETHOBOI KICTKH 3
Yepe3BEPTIIOTOBIMH TieperoMamMu A2 THITY
Ta ix ¢ikcamiero 3a nonomororo DHS mmac-
trHU Ta PFN cTprkHs.

[Moganpmii po3paxyHKH 3A1HMCHIOBAIN
MKE, sxuii HaOyB MOIIUPEHHS, SIK YHCETb-
HUIl MeTOoJ| pillleHHs KpaloBMX 3a/Jad Mexa-
HIKU CyLUUIbHUX cepenoBuul. [[ns nmposenen-
HSl PO3paxyHKIB HaIPYKEHO-1e(OPMOBAHOTO
crany (HAC) meronom MKE 6yB BuGpanuit
MIPOrpaMHO-aHATITUUYHUN KOMILJIEKC Ansys,
po3pobnenuit kommaniero ANSYS Inc. [9, 11,
10].

VY po3paxyHKax 3acTOCOBYBaiH (hi3u-
BJIACTUBOCTI KICTKOBOI TKAHWHHM, SKI
OTpHUMaHi 3 JiTeparypHux pkepen [14]. Pos-
paxynku HJIC meronom MKE mnposoguin

YyHi

JUIs THTAaKTHOI Mojeni 3 oOoma BapiaHTaMu
¢ikcaTopiB, a TOTIM 3 (pikcaTopamu TIpH Ue-
PE3BEPTIIOTOBUX TMEPEIOMax Pi3HUX THITIB 3a
kinacudikamiero AO Ta BapiaHTaMU JTUCTab-
HOro OnokyBaHHS (6e3 OmokyBaHHS, | TBHH-
TOM, 2 TBUHTAMH).

PesyibTaTn Ta 00rosopenns. Pe-
3yneTati po3paxyHkiB HJC s iHTakTHHX
MoOJIeJIell CTErHOBOi KICTKM TpE/ICTaBlICHI Ha
puc. 1-3. Ha pucynkax mapkepamu BUIiICHI
3HAYCHHSI HAMPY)KECHb Y HAWOLIBII 3HAYUMUX
MicisiX (y KOXKHIM JIISHII BU3HAYABCS Hak-
OUTBIII HABAHTAXKCHHUH €JIEMEHT).

tion, received from CT scanner Toshiba
Asteion Super 4 (Japan) using “Mimics”
software pack in automatic and semi-
automatic regimes, we reconstructed space
geometry of proximal femoral bone. Models
in polylines have been imported into “Solid
Works” environment, where using the proper
instruments we created imitational 3D models
of proximal femoral bone with pertrochanter-
ic A2 fractures and fixation thereof with DHS
plate and PFN IM nail.

Further calculations have been per-
formed by FEM, widespread as digital meth-
od of solving boundary equations of mechan-
ics of solid environments. For calculations of
strained-deformed conditions (SDC) by FEM
we have chosen “Ansys” software pack de-
veloped by “ANSYS Inc.” [9, 11, 10].

For calculations we used physical
characteristics of bone tissue, received from
literature sources [14]. SDC calculations by
FEM method have been performed for an
intact model with both variants of fixators,
than with the same fixators at pertrochanteric
fractures of different types according to AO
classification and different variants of distal
locking (without distal locking, distal locking
by 1 screw and by 2 screws).

Results and discussion. Results of
SDC calculations for intact models of femoral
bone are provided on pic. 1-3. On these pic-
tures markers indicate the values of tenses in
most important places (the most strained ele-

ment have been specified for each area).
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Puc. 1. Iloka3zHUKHN HANIPYKeHb VIS MOJeJIi 3 iIHTaKTHOIO KicTkoo Ta DHS nuiactunoro
Pic. 1. Values of strain for the model with intact bone and DHS

Ax Gaunmo 3 puc. 1, MakcUMalbHI
HaIlpy»XeHHsl Ha CTETHOBIM KICTLI JIOKami30-
BaHl B JIISHII BBEIEHHS HUKHLOIO IBUHTA —
11,07 MPa, a Takox y AUISIHII OMOpPY AUCTa-
JBHOTO KiHIM (hikcaTopa Ha KICTKYy — 2,97-
3,13 MPa. Takox 3Ha4yHI HaNpPy>KEHHs CIO-
CTEepIraroThCs Ha IIUUII CTETHOBOI KICTKH —
3,13 MPa Ta nHa miadizi — 4,54 MPa. Ha ¢ik-
CYIOUMX €JIeMEHTaX MaKCHMaJbHI Hampy-
KCHHSI 30CEPE/DKCHHI Ha MEepIIoMy Ta JAPYyro-
My BHUTKaX pi3b0HM MPOKCUMAJILHOTO (IIMKHKO-
BOro) reunta — 21,67-28,37 MPa, Ta B oTBOpi
IUTACTUHM  JUISI ~ HIDKHBOTO ~ TBHHTA  —
73,84MPa, Ta came Ha rBuHTI — 15,64MPa.

3a3HayeHi MOKa3HUKU HANpyXeHb Ha
KICTIIl Ta eneMeHTax (ikcallli He MepeBHIIY-
I0Th JIOMTYCTHUMHUX.

Ax Gaunmo 3 pHUC. 2, MaKCHMAaJbHI
HaINpy>KeHHsI Ha CTETHOBIH KICTII JIOKaJi30-
BaHi B IUISIHIII BBEJICHHS OJIOKYIOYOT'O TBHHTA
B OBabHMIA OTBip — 15,63 MPa. Takox min-
BUIIIEHI TOKa3HWKU HAINpyXeHb CIOCTepira-
IOTBCSl B JIUISHIN OTMOPY AWCTAIILHOTO KiHIIS
(ikcaTopa Ha KICTKY, SIKI CATalOTh 3HAYCHB
6,62 MPa.

As it is obvious from the Pic.1, maxi-
mum values of strain in femoral bone are
localized in the area of lower screw implanta-
tion — 11.07 MPa, as well as in the area of
fixator’s distal end’s rest on the bone — 2.97-
3.13 MPa. Optimal strains are also observed
in the femoral neck — 3.13 MPa and its di-
aphysis — 4.54 MPa. As concerns fixing ele-
ments, maximum loadings are focused on the
first and second turns of thread of proximal
(neck) screw — 21.67-28.37 MPa and on the
plate’s hole for the lower screw — 73.84 MPa,
and on screw itself — 15.64 MPa.

The abovementioned values of strain
on bone and fixing elements do not exceed
the allowable ones.

As we can see from Pic.2, maximum
loadings on femoral bone are localized in the
area of locking screw insertion into the oval
hole — 15.63 MPa. Strain is also increased in
the area of fixator’s distal end’s rest on the
bone, reaching the value of 6.62 MPa. Values
of strain on femoral neck are bigger com-
pared to previous model — 3.56 MPa.
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A: Static Structural

Equivalent Stress 4 0,48135 3

Type: Equivalent (von-Mises) Sty
Unit: MPa 0,13075 13

Time: 1 |3,5542e-002 3

15,625 Max
8

4,7831

— 40091

— 3,2352

— 2,4613

— 16874

— 13512

1,015

0,6788

0,34261

0,0064081 Min

A: Static Structural
Equivalent Stress 5

Type: Equivalent {von-hig

Unit: MPa
Time: 1

I 15,625 Max
= S

| 47831
- 3,352
L 16874
13512
L 1,015

0,6788
I 0,34261

— 0,0064081 Min

A: Static Structural
Equivalent Stress 3
Type: Equivalent (von-Mises) Stres,
Unit: MPa }
Time: 1

213,65 Max

0,024185 Min

Puc. 2. Iloxka3Huku HANIpy:KeHb 111 MoeJIi 3 iHTaKTHOIO KicTKoI0 Ta PFN cTrpuaxnem
Pic. 2. Values of strain for the model of intact bone with PFN

A: Static Structural
Equivalent Elastic Strain 5
Type: Equivalent Elastic St3,0099e-005 1
Unit: mm/mm
Time: 1
Custom
I 0,0010531 Ma
0,00042836

T

1 0,00037487
L1 g,00032138
L1 0,0002679
| 0,00020461
L1 0,00016002
0,00010743
I sz )

5,3948e-5

— 4,6092¢-¢Min

25,00 75,00

100,00 {rarn)

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

G
" j
0,0019778 M

0,00016646
0,00014569
0,00012493
0,00010416
8,3396e-5
6,263e-5
4,1864e-5
2,1098e-5

3,3231e-7 Min
0,00

25,00 500

Puc. 3. llokazuuku negopmaniii 1 Moaesi 3 iHTAKTHOIO KicTko10 Ta PFN cTpuxkHem
Pic. 3. Values of deformation for model with intact bone and PFN
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Ha mmmiin cTerHoBOI KICTKHM IMOKA3HUKHA Ha-
NpyXeHb OUTbII, HDK A MOTepeaHbOI MO-
nemi — 3,56 MPa. Ha enemenrtax dikcartii
MaKCHMaJIbHI HaNpY)KeHHs OTPUMaHi B JiJIs-
HIl BBEJCHHS OJIOKYIOUOTO TBHHTA B OBallb-
HUW OTBIp, 3 TOKa3HUKAMH, SIKi CSATAIOTh 3HA-
yeHb 213,65 MPa, a Takox Ha mepuIMX BUT-
KaX MPOKCUMaJIbHOTO (IIMHKOBOTO) TBUHTA —
no 66,10 MPa. V Takux ymoBax B AUISHII
BBEJICHHS TBUHTIB MOJKE BiJOYBaTHCh HE3HA-
YHEe 3MUHAHHS KICTKOBOi TKaHUHHU, SIK y Tep-
uIiii Mozieni, Tak 1 B IpyTii, 3a paxyHOK 4Oro
HaIlpyXCHHsSI B ITUX JIJISHKAX 3HAYHO 3MCH-
IIATHCS.

Takox ayisa JaHoi MoJzenl MpeacTaB-
JIEHO TOKa3HUKM JedopMaliii Ha KICTLI Ta
eneMmeHTax (ikcarii. Sk BUIHO 3 puc. 3 Mak-
cuManbHl fedopmariii po3TalioBaHi B 30HaX
MaKCHMaJIbHUX HaBaHTaXXeHb. TaK Ha CTer-
HOBIM KiCTIII MakcuMaibHI aedopmarii ma-
o1k 3HaueHHs — 0,001 MM, a Ha elemMeHTax
¢ikcamii — 0,002 Mm. [ Tak K 11 MOKa3HUKU
nedopMartlii € He BETUKUMU, TPU TMOAATBIITIX
poO3paxyHKax OyqyTh BH3HAYATHCS JIMIIE T10-
Ka3HUKW HANpPYXeHb. 3MIHU IMX MOKA3HUKIB
BIJIMOB1/Ia0OTh MPOMOPLIMHUM JHIKHUM 3Mi-
HaM 1 moka3HuKaM Jedopmariii (JiHiiHA 3a-
JICKHICTB). Y 3aJIeKHOCTI B IIUX 3MIH BiJI-
OyBaeThCsl aHaji3 3a0e3MeueHHs MIITHOCTI
MOJEI.

Sk 6auumo 3 puc. 2-3 a8 AaHOI MO-
Jiel YMOBH MIITHOCTI TaKOXX BHKOHYIOTBCS,
TOOTO 3a3Ha4yeHi MOKA3HUKH HaINpyXeHb Ta
nedopMarlliif Ha KicTIli Ta eleMeHTax Qikcarrii
HE MEePEBUIIYIOTh JOIMYCTHUMHUX.

Hanani posrmstayro HJIC pizHux TH-
miB 3a kiacudikaiiero AO depe3BepTenbHO-
ro nepenomy B 4 BapianTax (ikcarii, 3 gerTa-
Ji3alli€l0 TOKA3HUKIB y MINSHIN (TUIOIIMHI)
TepEeIOMY Ta MICIISIX BBEJICHHS TBUHTIB.

Jns mepmoro Bapianta (ikcaropa
npu Tuni nepenomy Al oTpuMaHi MOKa3HUKA
HJIC Mopemi, siki mpeacTaBieH] HA PUCYHKY
4,

Regards fixing elements, maximum
strains are observed in the area of locking
screw insertion into the oval hole, values
reach 213.65 MPa, as well as on the first
turns of proximal (neck) screw — up to 66.10
MPa. Upon such conditions, slight crushing
deformation of bone tissue could be observed
in the area of screw insertion both in first and
in the second model, due to which strains in
these areas will decrease reasonably.

Values of bone and fixing elements
deformations are also represented for this
model. As it is illustrated by Pic.3, maximum
values of deformation are located in the areas
of maximum loadings. Thus, maximum value
of strain loadings on femoral bone consists of
0.001 mm; the same on elements of fixation
— 0.002 mm. And inasmuch values of defor-
mation are negligible, only values of strain
shall be considered for further calculations.
Changes of the values correspond to propor-
tional linear changes in values of defor-
mation (linear relation). Depending on these
changes, strength of model is being analyzed.

Pic. 2-3 for such model illustrate that
conditions of strength are also met, i.e. the
abovementioned values of strain and defor-
mation of bone and fixing elements do not
exceed the allowable ones.

Henceforth we consider SDC of dif-
ferent types of fractures according to AO
classification of pertrochanteric fractures in 4
variants of fixation, with the detailed values
in the area (surface) of fracture itself and in
the area of screws insertion. SDC values for
the first variant of fixator in case of Al frac-

ture model are provided on Pic.4.
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A: Static Structural
Equivalent Stress 7

Type: Equivalent (von-Mises) Strg

Unit: MPa
Tirme: 1
Custom
6,9145 Max
5,4465
3,9784
— 3,647
— 3,3155
— 2,984
— 2,6525
2,321
— 19895
— L1658
— 13265

0,99504
0,66355
0,33206

0,00057201 Min

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

6,9145
I 5,4465

0,99504
0,66355
0,33206

0,00

A: Static Structural
Equivalent Stress 5
Type: Equivalent (von-Mises
Unit: MPa
Time: 1

11,635 Max
l ;
= 6,7915
L 55831
L { 49754
L 43678
L 3,7601
L 3,1525
L 2,5448
L 19372
| 1,5498
1,1625
0,77521
0,38759
0,00057201 Min

10[:,00 {mm) 0,00 50,00 100,00 {mrm)

25,00

75,00 25,00 75,00

a) cTerHoBa KicTka / femoral bone

A: Static Structural

Equivalent Stress 6

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

Tirme: 1

Custom

57,191 Max

15

o 37141
3,405
L 3,006
2,787
2,478
- 2,169
- 186

I 15500
- 12419
0,93289
0,62387
0,31485
0,0058352 Min

100,00 {mm)
]

0) ninsHka mepenomy / fracture area B) eneMeHTH (ikcaiii kictku / elements of bone fixa-

tion

Puc. 4. Hanpy:kenHst 1iis1 mozeJi 3 nepesiomom tuny Al npu 1 BapianTi ¢ikcanii
Pic. 4. Strain values for the model of A1 fracture and 1% variant of fixation
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MaxkcumanbHi Hallpy>KeHHSI Ha MO
3 nepenoMoM Tuily Al 3ocepekeHi B 30HI
HepesioMy Ha HIMHLI CTETHOBOI KICTKM 3 IO-
ka3HukamMu 4,65 MPa 1 MaoTb JOKaJIbHUMN
xapaktep (puc. 4). YV 3B’s3Ky 3 HasBHICTIO
KOHIIEHTPATOPiB HAINPYXEHb y 30HI IMEpeso-
My TyO4acToi KiCTKH 3 JeSIKUM IepEBHIICH-
HAM ii MeXi MIITHOCTI, y Iil JUISHII MOKITH-
BE KpalloBe 3MMHAHHS KiCTKOBOI TKaHWHU. Y
TUISTHIII BBEJEHHS OJOKYIOYOro TBHHTA B
OBAJIbHUM OTBIP TMOKa3HUKU HANpyXeHb Ha
CTETHOBIH KICTII MaroTh 3HaueHHs 4,14 MPa.
Ha ¢ikcyrounx enemMeHTax MakCHUMajbHI Ha-
NPYKEHHS 30Cepe/DKeHI Ha MepUIMX JBOX
BUTKaX pi3b0M MPOKCHUMAIBHOrO (IIMHKOBO-
ro) reuHTa — 51,6 MPa Ta B gutsHIN aucTa-
JBHOTO KiHIA (hiKcaTopa B MICIIl OMOpYy Ha
KICTKY, SIK1 CATatoTh 3Ha4eHb 57,19 MPa.

MaxkcumanbHi 3Ha4eHHS IepeMillleHb
(Total Deformation) mo mjouUMHI TEepeIoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
1,95 mm (Puc. 5).

Hns npyroro BapianTa dikcarii 0e3
OJIOKYIOUMX TBHUHTIB y KPYIJIOMY 1 OBaJIbHO-
My OTBOpax MPOKCUMAIBHOTO CTETHOBOTO
cTepxHs orpumani nokasHuku HJIC mone-
JIei, sIKi IpeCTaBJIeHl Ha PUCYHKY 6.

A: Static Structural
Total Deformation 4
Type: Total Deformation
Unit: mm
Tirme: 1

1,9532 Max
1,9223
1,8914
1,8605
1,8296
1,7987
1,7678
1,7369
1,706 B
1,6751 Min ‘J

12,50

Pic4 demonstrates that maximum
strains of Al fracture model are focused in
the area of fracture, on femoral neck, with the
value of 4.65 MPa and have local character.
Due to presence of strain concentrators in the
area of cancellous bone fracture, with slight
exceeding the crashing strength thereof, slight
crushing deformation of the edges of bone
tissue is possible in this area.

In the area of locking screw insertion
into the oval hole of IM nail, value of strain
in femoral bone is 4.14 MPa. Maximum
strains of fixing elements are concentrated on
the first two turns of the thread of proximal
(neck) screw — 51.6 MPa, and in the area of
distal end of the fixator in the place of the
fixator’s distal end’s rest on the bone, where
the value reaches 57.19 MPa.

Maximal values of dislocations (Total
Deformation) along the fracture surface in
this variant equals to 1.95 mm (see Pic.5).

For the 2™ variant of fixation, without
locking screws in round and oval holes of
proximal femoral nail, the received values of
SDC are displayed on Pic.6.

25,00

50,00 {rrm)
37,50

Puc. 5. Ilepemimenns (Total Deformation) no muiommui nepesiomy Tuny Al npu 1 Ba-

pianTi ¢ikcauii

Pic. 5. Dislocation (Total deformation) along the surface in case of Al fracture and 1%

variant of fixation
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I Equivalent Stress 2
A: Static Strudl:lrd 1 Type: Equivalent (von-Mises) Stress
3 Unit: MP:
Equivalent Stresg 2 1 M
. H 1 Custorn
Type: Equivalent {vg | Nine i
Min: 0,012375

23,415

Max: 23,415
Min: 0,012375

23,415 A I
I ;
45

- 0,39798
0,26945
— 1,5846 0,14091
b 1‘1692 0,012375
0,00 M)
— 1,0407 4
) L 0) ningHka nepenomy / fracture area
— 0,78359
— 0,65505
= D i
0,39798 m:: "ig:ivalent {von-Mises) Stress
0,26945 e
Min: 0,031677
0,14091
126,88
0,012375 2
< 15,697
a) crerHoBa kictka / femoral bone ;ﬁg\
6,3012 o

55104

A: Static Strtlpctural
Equivalent Stress 3

Type: Equivailent( qo-Mi
Unit: MPa
Time: 1 |
Max: 126,88 |
Min: 0,031677

50,00 (mm)

T') MPOKCHMaJTbHI TBUHTH (hikcaTopa /
fixator’s proximal screws

126,88

® 20

15,697

A: Static Structural
Equivalent Stress 3

— 11,395

— 70919

Min: 0,031677

126,38
{56799 2

25,697
16,395

L 42678
I 2,3558
1,4437

— 0031677

0031677 \

) Hixka (ikcaropa /

B) dikcarop / fixator proximal part of fixator

Puc. 6. Hanpyxenns njst Moaedi 3 nepejiomoM tunmy Al npu 2 BapianTi gikcamii
0e3 0J10KYI04UX TBUHTIB
Pic. 6. Strain for the model of A1 fracture with 2" variant of fixation
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3 ornsy Ha puc. 6, MaKCHMalbHI Ha-
NpYKeHHsS. Ha MOJIeNi 3 meperoMoM Tumny Al
npu 2 BapiaHTi (ikcarrii 6e3 OI0KYyIOYNX TBH-
HTIB 30CE€pe/KEeHI B 30H1 MepeoMy Ha BepT-
JIIOTY CTErHOBO1 KICTKH 3 MOKa3HUKamu 23,42
MPa i
3B’SI3KY 3 HASBHICTIO KOHIIGHTPATOPIB Ha-

MAalOTh JIOKQIbHUK Xapakrep. Y

NpyXKeHb y 30HI IepesioMy I'y0uacToi KiCTKU
3 TIEPEBHINEHHSAM ii MEXi MIIHOCTI, y Wi
JISHIT MOYKJIMBE KpailoBe 3MHHAHHS KICTKO-
BO1 TkaHnHH. Ha enemeHTax dikcarii Makcu-
MaJbHI HampyXeHHs, TaK K 1 B MOMEePEIHbO-
My pO3PaxyHKy, CIOCTEpIraloTbcs Ha TMep-
UIMX BHUTKAaX MPOKCUMAJIbHUX (LIIMIKOBUX)
IBUHTIB, cirarmo4u 3HadyeHnp 126,88 MPa, ta
Ha HDKKU (Qikcatopa — 29,88 MPa, mo He
MIEPEBHUIILYE TOMYCTUMUX 3HAYCHb.

MaxkcuManbHi 3HaYeHHsSI NEpeMillieHb
(Total Deformation) mo mjoummMHI nepeaoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
2,26 mm (Puc. 7).

A: Static Structural
Total Deformation
Type: Total Deformatig
Unit: mm
Time: L

2,2604 Max
2,2252
2,1899
2,1547
2,1194
2,0842
2,0480
2,0137
1,9785
1,9432 Min

As we can see on Pic.6, maximum
values of strain of Al fracture model with 2™
variant of fixation without locking screws are
concentrated in fracture area on femoral bone
trochanter are equal to 23.42 MPa and have
local character. Due to presence of strain
concentrators in fracture area of cancellous
bone with exceeding of deformation strength
thereof, edge crashing deformation of bone
tissue is possible in this area. As in previous
calculations, maximum loading on fixing
elements are observed on first turns of prox-
imal (neck) screws’ threads, reaching the
figures of 126.88 MPa, and proximal part of
fixator itself — 29.88 MPa, although not ex-
ceeding allowable values.

Maximum values of dislocation (Total
Deformation) along the fracture surface in
this variant of fixation equals to 2.26 mm
(Pic.7).

40,00 {mm)

Puc. 7. Ilepemimenns (Total Deformation) no miiommui nepesiomy Tuny Al npu 2 Ba-

pianTi ¢ikcauii 6e3 6,10KyI0OUYNX TBUHTIB

Pic. 7. Dislocation (Total Deformation) along the fracture surface in case of Al fracture
and 2" variant of fixation without locking screws

Jns npyroro BapiaHTa dikcatopa 3
OJTHUM OJIOKYFOUMM TBUHTOM, BBEJCHUM Y
OBaJIbHUIA OTBIip (pikcaTropa, OTpUMaHi MOKa3-
Hukn HJIC momeni, siki mpencTaBiieHi Ha pu-
CYHKY 8.

For the second variant of fixator, with
a single locking screw, inserted into the oval
hole of the nail, values of SDC are provided
by Pic. 8.
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A: Static Structural |
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Equivalent Stress 6 | ! A: Static Structural
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Min: 0.0084506
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. 13751
a) crerHoBa kictka / femoral bone 2
11252
10003
= ——— 1 87535
1 15042
I w 1 62548
. | 5.0056
| | 27563
A: Static Structural 1 2507
Equivalent Stress 5 y 1 Las17
Type: Equivalent (vuL-Misz i | 0.0084506
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Time: 1 1 A 1
Max: 112.77 ] 1
Min: 0.0084506 s .
! I') IPOKCUMaJIbHI TBUHTH / proximal
112,77
! SCIréws
15 1
13.751 I
— 12501 _ - - _I A: Static Structural
Equivalent Stress §
— 1L252 Type: Equivalent (von-Mises) Stres|
Unit: MPa
— 10.003 Time: 1
Max L1277
— 8.7535 Min: 0.0084506
— 7.5042 1277
 6.2549 e
151
— 5.0056 12500
3.7563 | 11252
i 3 10.003
2,507 i ~ 8.7535
12577 ! 78
i 1 6.2549
0.0084506 1 5.0056
1 3.7563
- | 2507
1 I 12577
1 . 00084506
|
1 | 1
1 = | !
1 |

e) Hikka (ikcatopa / proximal part of

the fixator
B) ikcarop 2-ro Tumy / 2™ type fixator

Puc. 8. Hanpyxkenns njis Mmoaedi 3 nepesiomom tumy al npu 2 BapianTi Qikcaii 3
OAHUM 0JIOKYIOYHM I'BUHTOM

Pic. 8. Strain values for the model of A1 fracture and 2" variant of fixation by a
single locking screw

RR\%
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MaxkcumanpHi HanpyXeHHsI Ha MOJIENi
3 mepenomoM tuny Al npu 2 BapiaHTi ¢ikca-
1ii 3 oAHUM OJIOKYIOUMM TBHHTOM, BBEJIEHUM
y OBaJbHHI OTBIp (ikcaTopa, 30cepe/KeHi B
30HI BBEJICHHS TBUHTA — JAUISHII KOHTAaKTy 3
KICTKOIO 3 mokasHukamu 28,06 MPa 1 maroTh
JOKaJbHUN XapakTep, nepedyBaroun B Mexax
MIITHOCTI KOPTUKAJIBHOTO IIapy CTETHOBOI
Kictku (pic. 8). Y mingHII mepenomMy Hampy-
JKEHHsI HE MEepEeBHILYIOTh 3HaueHb 3,99 MPa.
Ha enemenrtax ¢ikcamii mMakcuManbHI Ha-
MIPYXXEHHS, TaK 5K 1 B MOMEPEIHIX PO3PaAXyH-
KaxX CIIOCTEpIraroThCsl Ha TMEpIINX BHUTKaX
MIPOKCUMAaJIbHUX (LIMIIKOBUX) I'BUHTIB, csra-
roun 3Hadenp 202,77 MPa ta € OlibmmuMu
YUM IPU BUKOPUCTaHHI Mojieil 6e3 IBUHTIB;
Ha OJIOKYIOUOMY I'BUHTI, BBEICHOMY B OBaJIb-
Huit oTBIp (pikcatopa — 21,07 MPa Ta Ha Hi-
x1i ¢ikcaropa — 25,32 MPa.

MaxkcuManbHi 3HaYeHHS TEepeMillleHb
(Total Deformation) mo mioummMHI nepeaoMy
Ipu JaHOMY BapiaHTi (ikcalii CTaHOBWIN
2,24 mm (Puc. 9).

Hns npyroro BapianTa ¢ikcaTopa 3
JBOMa OJIOKYIOUYUMU TBHHTAMH, BBEJICHUMH B

A: Static Structural
Total Deformation
Type: Total Deformatig,
Unit: mm
Time: 1

2,2376 Max
2,2053
21731
2,1408
2,1085
2,0762
2,044

27,0117
1,9794
1,9472 Min

As it is obvious from the Pic.8, maxi-
mum values of strain of Al fracture model in
2" variant of fixation, with a single locking
screw, inserted into the oval hole of a nail,
are focused in the area of screw insertion,
namely is the part of its contact with bone
tissue, value is 28.06 MPa, and are of local
character, remaining in limits of strain re-
sistance strength of cortical layer. In fracture
area strains do not exceed maximum values
of strain, as well as in previous calculations,
they are observed on first turns of proximal
(neck) screws, and reach 202.77 MPa, bigger
than the same in model without screws; value
of loading on oval hole of the fixation equals
to 21.07 MPa, and in proximal part thereof —
25.32 MPa.

Maximum values of displacements
(Total Deformation) along the fracture sur-
face were 224mm (Pic.9).

For the 2™ variant of fixator with two

locking screws inserted into round and oval

40,00 (rmrm)

Puc. 9. Ilepemimenns (Total Deformation) no niiomuni nepessomy tTuny Al npu 2 Ba-

pianTi ¢pikcanii 3 1 0,10KyH0UMM IrBUHTOM

Pic. 9. Displacements (Total Deformation) along the fracture surface in case of Al frac-
ture and 2" variant of fixation by 1 locking screw
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Kpyrnuii 1 oBanpHHMHA OTBopH  (hikcaro- holes of the fixator, values of SDC are dis-
pa,orpumani nokazHuku HJIC mopemni, siki  played on Pic.10.
npeJcTaBieHl Ha pucyHKy 10.

A: Static Structural _
Equivalent Stress 6
Type: Equivalent (vc]n-Mises) Stress
Unit: MPa
Time: 1

Max: 14.843
Min: 0.0027946

I 14843
= 45343
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“.; | Las

\! 1 1un

] 26052 ) TR | i
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L Lasts fracture area

{ 14899

— L1181

0.74632 T T T
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— 0.0027946
0,00 10D.00 |
:
-y B) OTBOPH OJIOKYIOUMX 'BUHTIB /

a) crertHona kictka / femoral bone holes for locking screws

Equivalent Stress )
____________ 1 Type: Equivalent (von-Mises) Stress
Unit:MPa

Cu:
M 205,39
Min: 0021063

A: Static Structural
Equivalent Stress 3
Type: Equivalent (voh-Mises)
Unit: MPa
Time: 1
Customn

Max: 205.39
Min: 0.021063

205.39

25

22225

L 19.449

— 16.674

______ 1) IPOKCHMaJIbHI TBUHTH /
proximal screws

— 13.898
M 1L123

83474

55719

2.7965

/

0.00 50.00 100,00

0.021063

2021063

. 25.00 75.00 e) HIKKa q)iKcaTopa /
r) pixcatop / fixator fixator’s end

Puc. 10. Hanpy:xeHHsi 15 MojeJti 3 nepesiomom tuny Al npu 2 BapianTi
(pikcanii 3 ABOoMa 0,10KyIH0OUMMH TBUHTAMU

Pic. 10. Strain values for A1 fracture model in case of 2" variant of fixa-
tion with two locking screws
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3a puc. 10, MakcuManbHi HaNPYKEHHS
Ha Mojedi 3 nepenomom tumy Al mpu 2 Bapi-
aHTi ¢ikcamii 3 ABOMa OIOKYIOYMMH TBUHTA-
MU 30Cepe/KEeH]1 y 30HI BBEJIEHHS I'BUHTa B
OBaJIbHUHN OTBIp (ikcaTopa — JUISHII KOHTa-
KTy 3 KICTKOIO 3 mokasHukamu 14,84 MPa i
MAIOTh JIOKAJIIbHUH XapakTep, nepedyBatouu y
MeXaX MIITHOCTI KOPTHKAIBHOTO Iapy CTeT-
HOBOi KICTKH. Y JUISHII TIepesioMy Harmpy-
JKEHHs1 HE MEepEeBUIIYIOTh 3HaueHb 3,6 MPa.
Ha enemenrtax ¢ikcamii mMakcuManbHi Ha-
MPYXKEHHS CIOCTEPIraloThCsl  Ha TMEPIINX
BUTKAaX MPOKCHUMAIbHUX (IIMHAKOBUX) TBHUH-
TiB, csArar4u 3HadeHb 287,39 MPa ta € 0i-
JBIIMMU YUM IPU BUKOPUCTAaHHI Mojeni 6e3
IBUHTIB Ta Ha HIXKII (pikcaTopa HAaBKOJIO OBa-
JBHOTO OTBOPY — 36,84 MPa.

MaxkcuManbHi 3HaYeHHsSI NEpeMillieHb
(Total Deformation) mo mjomMHI TEepeIoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
2,15 mm (Puc. 11).

A: Static Structural
Total Deformation /
Type: Total Deformation
Unit: mm
Time: 1

2,145 Max
2,1186
2,0022
2,0658
2,0393
2,0129
1,9865
19601
1,9337
1,9073 Min

As it is obvious from Pic.10, maxi-
mum strains of Al fracture model, 2™ variant
of fixation, 2 locking screws applied, are lo-
cated in the area of screw insertion into the
oval hole of fixator — the area of contact with
the bone, the value itself equals to 14.84 MPa
and have local character, remaining in limits
of maximum strain strength of femoral bone’s
cortical layer. Strains in fracture area do not
exceed 3.6 MPa. Loading on fixing elements
are observed on first turns of proximal (neck)
screws, reaching the figure 287.39 MPa. This
value is bigger than in case of model without
screws and on fixator’s end around the oval
hole — 36.84 MPa.

Maximum values of dislocation (Total
Deformation) along the fracture surface in

this type of fixation makes 2.15mm (see
Pic.11).

50,00 {rmm)

Puc. 11. Ilepemimenns (Total Deformation) nmo nyiommHi nepesaomy tuny Al npu 2
BapiaHTi ¢ikcauii 3 2 0JIOKyI0OUMMH rBUHTAMH
Pic. 11. Dislocation (Total deformation) along the surface, type 2, 2" variant of fixation

with 2 locking screws
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Jns mepmoro BapiaHTa Qikcaropa For the first variant of fixator in case
npu nepenomax tuny A2 orpumani nmokazHu- of A2 fracture SDC values are displayed on
ku HJIC mogeni, siki npeacTasieHi Ha pucy- Pic.12.

HKy 12.

A: Static Structural
Equivalent Stress 5 0.52569 4

Type: Equivalent (von-Mises) Stress

Unit: MPa 0.11041 n

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

0.89012 ZEEEE

Unit: MPa Tirme: 1
Time: 1 Max: 15.31
Max; 15.31

Min: 0.0051249 |8,9487e-002 3
Min: 0.0051249

1531
1531
37603
05729
28361 3.4714
20211 [ig| 2198
— 22061 T
L 186 I 26049
I 17659 = 2316
) T 20271
L3257 L7383
| 106 L4494
L 0.8855 H L1606 ‘
0.66541 — 4
044531 T ..
022522 0.29398 L6385 l
n g1 0.00 -
0.0051249 .00 5000 100.00
I Tl )

a) crerHoBa kictka/ femoral bone

A:Static Structural
Equivalent Stress 5

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

Time: 1

Masz 15,31

Min: 0.0051249

1531
37603
3.1886
26168

A Static Structural
Equivalent Stress 6

1
Min: 0,0053133
27.03.2018 141

sa22L
©

a2

E :i::s B "“"_ )
0.0051249
0) minsuka nepenomy/ fracture area r) enmeMeHTH (pikcaropa/ fixing elements

Puc. 12. Hanpy:xeHHs1 1151 Mojeti 3 nepesioMoM Ty a2 npu 1 BapianTi ¢ikcanii
Pic. 12. Strain pattern for the model of A2 fracture and 1* variant of fixation
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3rigHo puc. 12, MakcuMallbHI Hampy-
KEHHs Ha MoJienl 3 nepeaoMoM tumy A2 30-
Cepe/DKEHI B 30H1 MepesioMy Ha IIMHI CTer-
HOBOI KICTKM 3 mokasHukamu 15,31 MPa i
MaloTh JIOKAJbHUHM XapakTep. Y 3B’S3Ky 3
HasIBHICTIO KOHIIGHTPATOPIB HANpyXeHb Y
30HI TIEpeNIoMy T'y0UYacToi KiCTKHU 13 3HAUHUM
MIEPEBHILECHHAM i1 MEKI MIITHOCTI, y I JiIsI-
HIIl MOKJIMBE 3MHHAHHS KICTKOBOI TKAaHWHU.
VY nuisHII BBEJIGHHS HUKHBOTI'O I'BHHTA MOKa-
3HUKM HaIpy)K€Hb Ha CTETHOBIM KiCTHi Ma-
10Th 3HadueHHs 4,97 MPa. Ha @ikcyrounx
€JIEMEHTaX MaKCHMaJbHI HaIlpYy>KEHHS 30cCe-
pe/uKeH1 B AUISHII IUCTAIBLHOTO KIHIIS TUIac-
TUHU B MICII ONOPY Ha KICTKY, SIKl CATalOTh
3HaueHb 54,22 MPa. Ha nmepmux aBox BHUT-
Kax pi3bOM MPOKCUMAIBHOIO (IIMIKOBOIO)
IBUHTAa HamlpyKeHHsa crtaHoBwiM 25,18 MPa
Ta Ha eleMeHTax (ikcaropa B IUIOMIMHI Te-
penomy — 13,88 MPa. Yci nokazuuku HJIC
Ui (PIKCYIOUUX €JEMEHTIB He MePEeBUIYBAIN
MeXI1 MIITHOCTI MaTepiamy.

MaxkcuManbHl 3HaYeHHsI NepeMillieHb
(Total Deformation) mo riouIMHI HepeIoMy
Ipy JaHOMY BapiaHTi (ikcamii CTaHOBHIU
1,93 mMm (Puc. 13).

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1

1,931 Max
1,8996
1,8683
1,8369
1,8056
L7743
1,7429
L7116
1,6803
1,6489 Min

It is obvious from Pic.12 that maxi-
mum tensions of A2 fracture model are locat-
ed in fracture area near femoral neck, values
15.31 MPa, and are of local character. Due do
existence of strain concentrators in the area of
cancellous bone fracture, exceeding reasona-
bly its endurance strength, crush of bone tis-
sue is possible in this area. In zone of lower
screw insertion tension value equals to 4.97
MPa. Regards fixing elements, maximum
loadings are focused in the area of the plate’s
distal end, where the plate leans upon the
bone, and reaches the value of 54.22 MPa.
On the first two turns of proximal (neck)
screw thread strain equals to 25.18 MPa, the
same on fixator’s elements along the fracture
surface — 13.88 MPa. All SDC values for
fixing elements were in limits of material’s
maximum strength.

Maximum values of dislocation (Total
deformation) along the fracture surface for
this variant of fixation made 1.93 mm
(Pic.13).

75,00

50,1

12,50 37,50

Puc. 13. Ilepemimenns (Total Deformation) mo nuiommHui nepesiomy Tuny A2 npu 1 Ba-

piaHTi ¢pikcamii

Pic. 13. Dislocation (Total Deformation) along the fracture surface, A2 fracture
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s mpyroro BapianTa ¢ikcaropa 6e3 For the second variant of fixation,

OJIOKYHOYHMX IBHHTIB y KPYIJIOMY W OBalbHO- without locking screws in round and oval

My OTBOpax IHPOKCUMAIBHOIO CTCTHOBOIO  holeg of proximal femoral bone, SDC values

crepkia oTpuman nokasuuki HJIC monen, of the modes are provided on Pic. 14.

K1 MpeJICTaBJICHI HAa PUCYHKY 14.
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46006

2319
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1
1
1
1
1
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1
1
1
1
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L}

= 1L455
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Equivalent Stress §
Type Equalent fvon MiBRD)!
I 0.1704 ey

Torme: 1
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T

— 6.8855
I 4.6006
23157
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an

r) pikcarop / fixator 1) Hixka (ikcaTopa/
fixator’s end

Puc. 14. Hanpy:keHHs 1J151 MojeJIi 3 mepesioMoM Tuny A2 npu 2 BapianTi ¢ikcauii 0e3
0JI0KYHOYHX TBHHTIB
Pic. 14. Strains for A2 fracture model at 2" type of fixation



Py
LN
Wﬁ THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2016 Ne 3-4 (5-6)

37

MakcumanbHi Hallpy>KeHHSI Ha MOZEIi
3 mepesoMoM Tuny A2 npu 2 BapiaHTi ¢ikca-
ii 0e3 ONOKYHOUMX TBUHTIB 30CEpEIKEHl B
IUTOIIMHI TepPeIoMy Ha BEPTIIOTOBIM MINSHIN
3 nmokasHukamu 21,03 MPa i MaroTh JIOKajb-
HU Xapakrep (pic. 14). ¥V 3B’s3Ky 3 HasiBHiC-
TIO KOHIIEHTPATOPiB HANIPYXXEHb Yy 30HI mepe-
JIOMy TyO4YacToi KiCTKHM 3 IMEpPEBUIICHHAM Il
MEX1 MIITHOCTI, y LIl AIJSHII MOKJIMBE Kpa-
HoBe 3MUHAHHS KiCTKOBOi TKaHMHH. Ha (ik-
CYIOUMX €JIEMEHTaX MaKCHUMalbHI Hampy-
KEHHS 30Cepe/DKEHI HABKOJIO  KPYIJIOro
OTBOPY JHUCTAJBHOIO KIHLS CTErHOBOTO
CTpWXKHS 3 noka3Hukamu 218,77 MPa Ta Ha
MEepIINX JBOX BUTKAX Pi3bOM MPOKCHMAaJIbHO-
ro (IKMHKOBOro) rBUHTA 3 Moka3Hukamu 90,8
MPa. MakcumanbHi 3HAa4eHHS TEPEMIIICHb
(Total Deformation) mo miomuHI TIEpeIoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
2,28 MM (Puc. 15).

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Tirme: 1

2,2881 Max
2,2434
2,2087
— 2,169
— 2,1293
— 2,0897
— 2,05

2,0103
19706
1,9309 Min

12,50

Pic. 14 demonstrates that maximum
values of strains for the A2 fracture model in
case of 2™ type of fixation, without locking
screws are focused on fracture surface on
trochanteric area, with values of 21.03 MPa,
are of local character. Due to presence of
strain concentrators in the area of cancellous
bone fracture, exceeding maximum endure
strength thereof could lead to crash of the
bone tissue. Maximum loading on fixing el-
ements are focused near round hole in the
distal end of femoral bone, namely equal to
218.77 MPa, and on first two turns of thread
of proximal (neck) screw, values 90.8 MPa.
Maximum value of displacement (Total De-
formation) along the surface of fracture in
this type of fixation is 2.28 mm (Pic.15)

i

_ 25,00 )
37,50

50,00 (mm)

Puc. 15. Ilepemimenns (Total Deformation) mo nuiommHui nepesiomy Tuny A2 npu 2 Ba-

piaHTi ¢ikcauii 0e3 0,10KyHOUMX TBUHTIB

Pic. 15. Dislocation (Total Deformation) along the fracture area in A2 fracture, 2" var-

iant of fixation without locking screws
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Hns npyroro BapiaHTa Qikcaropa 3 1 For the second variant of fixation, us-
OJIOKYIOYMM TBUHTOM B OBalbHOMY OTBOpPI ing 1 locking screw in oval hole of the prox-

NPOKCUMAJIPHOTO ~ CTETHOBOTO  CTEPKHA  jmal femoral nail, observed SDC values are
otpumMani nokazauku HJIC moxeni, siki mpe-

CTaBJICHI Ha PUCYHKY 16.

provided on Pic.16.

A: Static Structural
Equivalent Stress 2

0) AinsHKA epenomy /
fracture area

4,37
3,74
— 3,11
L{ 24301
— 18501
16199
— 13897
—{ 11595
—{ 0,92934
0,69915
0,46896
0,23878
n nnasana mid L. s I
a) CTerHOBa KicTKa /
femoral bone

B) OTBOPH OJIOKYIOUUX I'BUHTIB /
holes of locking screws

A: Static Strqlctural
Equivalent Strgss 3
Type: Equivalent;
Unit: MPa 1

Time: 1

U ancx il

1) IPOKCUMaJIbH1 TBUHTH /
proximal screws

13,752
L 12504 — T T T
L 11,256 !
L 10,008
L 57602
L 75123
L 6,2643 b ———=

— 50164 —_
I 3,7684 |
o 25204 :
I 12725 | '] :
NN2453Mine — — =2 — — | A
r) ikcarop npyroro Tumy / ) HiXKa (pikcaTopa /
2" type fixator fixator’s end

Puc. 16. Hanpy:xenns A5 Mojeti 3 nepesioMom Tuny A2 npu 2 BapianTi dikcanii 3
OHHUM 0JIOKYIOYHM I'BUHTOM
Pic. 16. Strain for A2 fracture model in 2" variant of fixation
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3 oy Ha puc. 16, MakcUMalbHI
HampyXeHHs Ha MOJENl 3 MEepPeIoMOM THILY
A2 mpu 2 BapianTi ¢ikcarnii 3 1 O10Kyr0UnM
TBUHTOM B OBQJIBHOMY OTBOPI MPOKCHUMAJIb-
HOTO CTErHOBOTO CTEPXKHS 30CEpe/DKEeHI B
TUIONIUHI TIepeIoMy Ha BEPTIIFOTOBIN JIUISHII
3 mokasHukamu 16,84 MPa 1 MaroTh JIOKajIb-
HUH XapakTtep. Y 3B’S3Ky 3 HasBHICTIO KOH-
LEHTPATOPiB HANpPY)KEHb Y 30HI MeEperIomy
ryb4actoi KICTKM 3 MEPEeBHUINECHHSAM 11 MexXi
MIIHOCTI, y Il OUISHII MOXXIUBE KpaiioBe
3MHUHaHHS KicTKoBO1 TkaHuHU. Ha ¢ikcyro-
YuX eNeMEHTaX MaKCHUMallbHI Hampy>KeHHS
30Cepe/KEeH] Ha MepIInX ABOX BUTKaxX pi3bOu
000X IpOKCUMaIbHUX (IIMHKOBUX) I'BUHTIB 3
nokasHukoM 298,51 MPa, a Takok HaBKOJIO
OBaJILHOTO OTBOPY HMPOKCHUMAIBHOTO CTETHO-
BOT'O CTE€p:KHSI 3 MOKa3HUKOM 16,03 MPa.

MaxkcuManbHi 3HaYeHHsS TEpeMillleHb
(Total Deformation) mo mjoumMHI TepeIoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
2,21 mm (Puc. 17).

A: Static Structural

Total Deformation /
Type: Total Deformation 4
Unit: mm
Time: L

2,2064 Max
2,1725
2,1387
2,1048
2,071

2,0371
2,0033
1,9694
1,9355
1,9017 Min

As we could see on Pic. 16, maximum
strain of A2 model in 2™ variant of fixation
with 1 locking screw in oval hole of proximal
femoral nail are focused in fracture zone, in
trochanteric area, values are 16.84 MPa and
are of local character. Due to existence of
concentrator in the area of cancellous bone
fracture, edge crashing of bone tissue is pos-
sible. Maximum loading on fixing elements is
focused on first two turns of thread of both
proximal (neck) screws, value — 298.51 MPa,
and around oval hole of proximal femoral
nail, value — 16.03 MPa.

Maximum value of dislocation (Total
Deformation) along the fracture surface in

this type of fixation is 2.21 mm (Pic.17).

40,00 (mm)

Puc. 17. llepemimenns (Total Deformation) nmo nuommHi nepesomy Tumy A2 npu 2 Ba-
piaHTi ¢pikcanii 3 0oAHMM 0JI0KYHOYMM IBUHTOM
Pic. 17. Dislocation (Total Deformation) in 2" variant of A2 fracture fixation, namely

by 1 locking screw
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s npyroro BapianTta dikcaropa 3 2
OJIOKYIOUMMH TBHHTaMHU B OTBOpPax IPOKCH-
MaJbHOTO CTErHOBOTO CTEpPXHS OTpUMaHi
nokazHuku HJIC mopemi, siki mpeacraBieHi
Ha PUCYHKY 18.

A: Static Structural
Equivalent Stress 6

Type: Equivalent (von-Mis
Unit: MPa

For the second variant of fixator, with
2 locking screws in holes of proximal femoral
nail we received the values, displayed on Pic.
18.
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s Eqniert e Mse s
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Equivent Svess 3
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Tine: L

Custom
Max 19746
Min: RI16506
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Unit: MPa |
Time: 1
Custom

Max: 197.46
Min: 0.019506

I 197.46
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— 14.003

1 3.0063

— 2.2596

15129

— 0.76621

— 0.019506

W

J)IPOKCUMAaTbHI TBUHTH/ proximal
SCrews

A Static Structural

19746

r) ¢ikcaTop Ipyroro Tumy/
2" type of fixator

22556

5wy

076628

0915596

e) Hikka (ikcaropa / fixator end

Puc. 18. Hanpy:xeHHs 151 MojeJti 3 mepesioMom Tuny A2 npu 2 BapianTi ¢gikcauii 3

ABOMA GJIOKle‘lI/IMI/I I'BUHTAMHU

Pic. 18. Strain for A2 fracture model, 2nd variant of fixation by two locking screws
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MaxkcuManbHi Hanmpy>KeHHSI Ha MOJIeT1
3 mepesoMoM tuny A2 npu 2 BapiaHTi ¢ikca-
ii 3 A1BOMa OJIOKYIOYMMH T'BUHTAMH B OTBO-
pax MPOKCHUMAJIbHOTO CTETHOBOTO CTEPKHS
30cepe/KeHl Ha niadizi CTETHOBOI KiCTKU B
OTBOpi OJIOKYIOYOTO TBHHTA, KW BBEICHUN
B OBaJbHHUU OTBip NMPOKCHMAIBHOTO CTETHO-
BOTO CTEepKHSA 3 mnokasHukamu 18,44 MPa.
(pic. 18). Lli Hanpy>XeHHS MalOTh JOKAJIbHUN
xapakTep 0e3 MepeBUIEHHS MEXi MIITHOCTI
KOpTUKaJbHOI KicTkH. Ha dikcyrounx eneme-
HTaX MaKCHUMaJIbH1 HaIlPy>KEHHS 30Cepe/KeH1
Ha ToJIiBIi OJIOKYIOUOTO TBUHTA, SIKUI BBEJIE-
HUN y KPYIVIMH OTBiIp IPOKCUMAJIbHOIO CTET-
HOBOT'O CTEpXKHs 3 nmokazHukamu 195,25 MPa
Ta Ha NEpIIMX JBOX BHUTKax pi3bOu 000X
MPOKCUMAaNbHUX (IIMHKOBUX) T'BHHTIB 3 IIO-
Ka3zHukamu 62,36 MPa ta 72,96 MPa, a ta-
KOX HaBKOJIO OBAJIbHOI'O OTBOPY HPOKCHUMa-
JBHOTO CTETHOBOT'O CTEPXKHS 3 MOKa3HUKAMU
17,71 MPa, mo B ycix JoKami3aiisix He Ie-
PEBHINYIOTh JOMYCTUMUX 3HAY€Hb MIIHOCTI
MaTepiaib.

MaxkcuManbHl 3HaYeHHSI NEpeMillieHb
(Total Deformation) mo riouMHI HepeIoMy
Ipu JaHOMY BapiaHTi (ikcalii CTaHOBWIN
2,16 mm (Puc. 19).

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1

2,1602 Max
2,1307
2,1011
2,0715

2,042
2,0124
19828
19532
19237
1,8941 Min

As we can see on Pic.18, maximum
strains of A2 fracture model in 2™ variant of
fixation by two locking screws in holes of
proximal femoral nail are focused on diaphy-
sis of femoral bone, on the hole of locking
screw inserted into oval hole of the proximal
femoral nail, value is 18.44 MPa. These
strains are of local character, not exceeding
the maximum endure strength of cortical
bone. Regards fixing elements, maximum
loadings are focused on head of locking
screw, inserted into round hole of proximal
femoral nail, value is 195.25 MPa, and on
first two turns of both proximal (neck)
screws, with the values 62.36 MPa and 72.96
MPa respectively, as well as around oval hole
of proximal femoral nail, values — 17.71
MPa, and in the entire localizations do not
exceed allowable endure strength of the mate-
rials.

Maximum values of dislocations (To-
tal Deformation) along the fracture surface
made 2.16 mm (pic.19).

40,00 {mmm)

Puc. 19. Ilepemimenns (Total Deformation) mo nuiommHi nepesiomy Tuny A2 npu 2 Ba-

pianTi ¢ikcauii 3 1BoMa 0JIOKYIOUMMHU 'BUHTAMH
Pic.19. Dislocation (total deformation) along the fracture line in case of A2 fractures

and 2"? type of fixation by two locking screws
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s mepmioro BapiaHTa Qikcaropa
npu mepenomax tuna A3 oTpuMaHi MoKa3HU-
ku HJIC mopeni, siki mpeaCcTaBlieHI HA PHUCY-
HKY 20.

A: Static Structural
Equivalent Stress 6
Type: Equivalent (von-Mises) Strg

[o.7539 8

Unit: MPa .
Time: 1

1.8935 N
Max: 6.7926

Min: 0.0028316
6.7926
4
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— 2.9099
— 2.5465
— 2.1831
— 18197

— L4563

1093

g 072959
0.36621

0.0028316
0.00

= . 100.00 (mrm)

The values of SDC, observed in mod-
el of A3 fractures for 1* variant of fixation
are represented on pic.20.
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Equivalent Stress 6

Type: Equivalent (vori-Mises) Stress
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Time: L
Custom
20.03.2014 1321

155,92 Max
35
25,119
15,237
13,854
12,471
11,088
97047
8,3216
6,9385
5,5554
41122
2,781
1,406

3.022908 Min

0,0 80,00 (mm)

20,00 60,00

B) eneMeHTH (Qikcaropa / fixing elements

Puc. 20. Hanpy:xenHs A1 Moaei 3 nepesioMoM tuny A3 npu 1 BapianTi ¢ikcamii

Pic. 20. Strains for the model of A3 type fracture and 1* variant of fixation
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3a puc. 20, MakcuMallbHI HaNIPYKESHHS
Ha Mojem 3 mepenomoM Ty A3 3ocepe-
JDKEH1 B 30HI MEPEeIoMy Ha IIUHI CTErHOBOL
KICTKH 3 HOKa3HHKaMH 6,79 MPa 1 Maroth
JIOKAJIbHUN XapakTep. Y UISHII BBEIEHHS
HIDKHBOTO TBUHTA MOKa3HUKHU HAMpYy>KEeHb Ha
CTETHOBIN KICTIII MalOTh 3HaueHHA 5,29 MPa.
HasBHICTP KOHIEHTPATOpPIB HANpPYXKEHb Y
30HI TIEpesIoMy T'y04acToi KiCTKH i3 TaKUMHU
NOKa3HUKaMH HE € KPUTUYHUMH, repelOyBa-
0OYM Yy MeXaxX MIIHOCTI Marepiainy B I Ji-
asHul. Ha dikcyrounx enemeHTax Makcuma-
JbHI HAaNpyXeHHS 30CepeKeHl B AUISHIN
Iepexoy IUIACTUHU B il NIMHKOBY YacTUHY,
K1 cAraroTh 3HaueHb 155,92 MPa ta B oTBOpI
CEepeIHbOr0 TBHUHTA 3 MoOKa3Hukamu 60,21
MPa. VYci nokazuuku H/JAC nns dikcyrounx
€JIEMEHTIB HE MEPEBHUIYBaIN MEXI MIIIHOCTI
Marepiany.

MakcumanbHl 3Ha4YE€HHSI TIEpPEeMIIICHb
(Total Deformation) mo mjouMHI TEepeIoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
1,46 mm (Puc. 21).

As it is shown on Pic.20, maximum
strains of A3 fracture model are located in
fracture area, on the neck of femoral bone,
value is 6.79 MPa, and are of local character.
In the area of lower screw insertion values of
strain in the area of cancellous bone values
are not critical, remaining in the limits of
strength of the material in this area. Maxi-
mum loadings on fixing elements are located
in the area of neck part of the plate, reaching
the value of 155.92 MPa, and on the hole of
middle screw, with the value of 60.21 MPa.
All values of SDC for fixing elements did not
exceed maximum endure strength of the ma-
terial.

Maximum value of dislocation (Total
Deformation) along the fracture line in this

case was equal to 1.46 mm (Pic.21).

40,00 (mm)

Puc. 21. Ilepemimenns (Total Deformation) mo nuiommui nepesiomy Tuny A3 npu 1 Ba-

pianTi ¢ikcauii

Pic. 21. Dislocation (Total Deformation) along the fracture area, A3 fracture, 1* vari-

ant of fixation
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Jns gpyroro Bapianrta ¢ikcaTopa 0e3
OJIOKYIOUHMX T'BUHTIB y KPYIJIOMY 1 OBaJIbHO-
My OTBOpax HPOKCHMAJIbHOTO CTETHOBOTO
cTepkHA oTpuMani nokazHuku HJIC mopneni

MpeJICTaBJICH] Ha PUCYHKY 22.

A: Static Structural
Equivalent Stress 4

Unit: MPa
Tirme: 1

16.49 Max
' 43804
- 28743
—{ 24646
—{ 20549

= L6452

—{ L2356

0.82588
5 0.4162
0.0065199 Min

A: Static Structural
Equivalent Stress 3

Unit: MPa
Time: 1

231.53 Max
E 25
— 16.7

— 8.4009
— 7.006
— 5.6111

4.2162

28214
_————

1.4265

0.031596 Min

As for the 2™ variant of fixator, with-
out locking screws in round and oval holes of
proximal femoral nail, values of SDC are
shown on Pic.22.

A: Static Structural

Equivalent Stress 4

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

053352

16.49 Max

0.23276 1

0.03159 Min

I') IPOKCUMaJIbHI TBUHTH / proximal
SCTEeWsS

25.00 75.00

B) (ikcarop / fixator

100.00 {mm)

1) HbkKa (ikcaTopa / fixator’s end

Puc. 22. Hanpy:keHHs JJ151 MojeJIi 3 mepesioMoM Tuny A3 npu 2 BapianTi ¢ikcauii 0e3

0JI0KYIHOYHUX TBHHTIB

Pic. 22. Strains for A3 fracture model, 2" variant of fixation without locking screws



-

&

N

-
Q THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2016 Ne 3-4 (5-6)

45

Sk 300pakeHO Ha puc. 22, MaKCUMa-
JbHI HaMpy>KEHHS Ha MOJENi 3 MepeIoMOoM
tuny A3 npu 2 BapiaHTi ¢ikcaii 6e3 010Ky-
FOUYMX TBUHTIB 30CEpPE/DKCHI B 30HI IMIJIBEPT-
JFOTOBOTO TEPEJIOMY CTETHOBOI KIiCTKH 3 IO-
kasHukamu 18,49 MPa i MaroTh JIOKaJIbHUI
xapaktep. Y 3B’SI3KY 3 HasBHICTIO KOHIICHT-
paTopiB Hampy>keHb Yy 30HI Iepenomy ryoya-
CTOT KICTKH 3 TICPEBHUIIICHHAM ii MEX1 MIITHO-
CTl, y Wil JUISAHIII MOXJIUBE KpailoBe 3MHU-
HaHHS KiCTKOBOi TkaHuMHHM. Ha dikcyrounx
€JIeMEHTaX MaKCHUMaJlbHI Hampy>KEeHHS 30ce-
peIKeHl Ha MepHIMX [BOX BHUTKax pi3bOu
000X IpOKCUMaIbHUX (IIMHKOBUX) I'BUHTIB 3
nokasuukamu 231,53 ta 75,28 MPa, a Takox
HABKOJIO OBAJBHOTO OTBOPY MPOKCUMAIILHOTO
CTETHOBOI'O CTEp)KHs 3 MokasHukamu 31,13
MPa.

MaxkcuManbHi 3HaYeHHS TEepeMillleHb
(Total Deformation) mo mjoumMHI TepeIoMy
Ipy JaHOMY BapiaHTi (ikcamii CTaHOBHIU
1,63 mMm (Puc. 23).

1,623
162
16171
16141
16111
1,6081
1,6051
1,6022 Min

0,00

As it is obvious from Pic.22, maxi-
mum strains of the A3 fracture model in case
of 2™ variant of fixation without locking
screws are located in the area of sub-
trochanteric femoral bone fracture with the
value equal to 18.49 MPa, and are of local
character. Due to presence of strain concen-
trators in the area of cancellous bone fracture
and exceeding maximum endurance strength
thereof, crash of edges of bone tissue is pos-
sible here. Maximum loadings on fixing ele-
ments are focused on first two turns of both
proximal (neck) screws’ thread, values, re-
spectively, 231.53 and 75.28 MPa, as well as
around oval hole of proximal femoral nail,
values are 31.13 MPa.

Maximum values of dislocation (Total
Deformation) along the fracture surface in
this variant were 1.63 mm (pic.23).

Puc. 23. llepemimenns (Total Deformation) mo nuommHi nepesomy tuny A3 npu 2 Ba-

pianTi ¢ikcauii 6e3 6,10KyI0OUYNX TBUHTIB

Pic. 23. Dislocation (Total Deformation) along the A3 fracture surface, 2" variant of

fixation, without locking screws

Hns npyroro Bapianta dikcartopa 3 1
OJIOKYIOUMM TBHHTOM B OBaJlbHOMY OTBOpI
MIPOKCUMAJILHOTO CTEpPXKHS
otpumani nokazuuku HJIC monmeni, mpencra-

CTCIrHOBOI'O

BJICHI HA PUCYHKY 24.

For the 2" variant of fixator, with 1
locking screw inserted into an oval hole of
proximal femoral nail, values of SDC of the

model are provided on Pic.24.
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________ A: Static Structural

Equivalent Stress 7

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

Time: 1

20.11.2014 18:26

I
A: Static Structural 1
Equivalent Stress 6
Type: Equivalent (von-Mises)
I
I

Unit: MPa
Time: 1
20.11.2014 18:23

11.25 Max

5

11.25 Max
|-
>
5
1
2.7668 0.19203 1
— 23727 110
L0784 0.79575
0.40152
— L5842 0.0072886 Min
- 0) ninsHKa nepenomy / fracture area
0.79575
L T lent (von-
040152 ‘ Tkt
20.11.2014 18:26
11.25 Max
0.0072886 Min M
1 5

25.00 15 L

079575
040152

0.0072686 Min =

B) OTBOPH I'BUHTIB / screw holes

A: Static Structural
Equivalent Stress 5
Type: Equivalent (von-Mise
Unit: MPa
Time: L
20112014 18:27

11231 Max  — — — —& B - - — — - a
15

13.128
L 11.256

— 9.3846

— 7.5128

e Static Structural
Equialent Stress §

— 5.641

3.7692

15

v

18974

B

1

1

1

1

1

I 11231 Max
I

1

I 1L256
0.025606 Min !
I 93346
s
sel
376902
0.00 100.00

LesT4

0.025606 Min
S0 nn 151

r) ¢ikcarop / fixator

€) HixKa ¢ikcartopa / fixator’s end

Puc. 24 Hanpy:keHHsl 151 MojeJi 3 mepesioMom Tuny A3 npu 2 BapianTi ¢gikcauii 3 ogHuM
0JI0KYHOUHUM I'BUHTOM

Pic. 24 Strains for A3 fracture model, 2"® variant of fixation and 1 locking screw
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MaxkcumanbHi Halpy>KeHHsI Ha MOJeNi
3 mepesoMoM tuny A3 npu 2 BapiaHTi ¢ikca-
ii 3 ONHUM OJIOKYIOUMM TBUHTOM B OBallb-
HOMY OTBOpi (ikcaTopa 30cepekeHi HaBKO-
JIO TBMHTA 3 mokasHukamu 15,28 MPa, a Ta-
KOX B 30H1 MiIBEPTIIOTOBOTO MEPeIoMy CTe-
THOBOI KICTKM 3 IToKasHukamu 7,14 MPa i
MalOTh JIOKAJIbHUK Xapaktep. (pik. 24). Y
3B’SI3KY 3 HASBHICTIO KOHIIGHTPATOPIB Ha-
IpyXeHb Y 30H1 MepeioMy ry04acToi KicTKU
3 TMEPeBHILIEHHSAM ii MeXi MIIHOCTI, Yy Wil
JUISTHII MOKJIUBE KpailoBe 3MHUHAHHS KICTKO-
BOl TkaHuWHU. Ha ¢ikcyrounx enemeHTax Ma-
KCHMaJIbHI Hampy>KEHHs 30Cepe/PKeH] Ha Iie-
pIIMX JIBOX BUTKAX Pi3bOU MPOKCUMATHHOTO
(miikoBOro) rBUHTA 3 Moka3HuKamu 132,31
MPa, a Tak0X HaBKOJO OBAJIbHOTO OTBOPY
MIPOKCUMAJILHOT'O CTETHOBOI'O CTEPXKHS 3 IO-
kasaukamu 11,25 MPa.

MaxkcuManbHi 3HaYeHHsSI NEpeMillieHb
(Total Deformation) mo miomuHI TEeperoMy
IpU JaHOMY BapiaHTi (ikcalii CTaHOBWIU
1,58 mMm (Puc. 25).

1,5776 Max
Lav47
La71?
L3687
L3657
L3627
1,5347
L3368
15338
1,5508 Min 0,000

It is shown on Pic.24 that maximum
loadings of A3 fracture model in case of nd
variant of fixation by one locking screw in-
serted into oval hole of fixator are focused
around the screw, strain value is 15.28 MPa,
as well as in the area of sub-trochanteric
fracture of femoral bone, value 7.14 MPa,
and are of local character. Due to the pres-
ence of strain concentrators in the area of
cancellous bone fracture, exceeding its max-
imum endurance strength, crash of the edges
of bone tissue are possible. Maximum
strains on fixing elements are focused on
first two turns of proximal (neck) screws,
value 1s 132.31 MPa, as well as around oval
hole of proximal femoral nail, with the value
of 11.25 MPa.

Maximum value of Total Defor-
mation along the fracture surface in this type
of fixation is equal to 1.58 mm (Pic.25).

30,000 (i)

Puc. 25. Ilepemimenns (Total Deformation) mo nuiommHui nepesiomy tuny A3 npu 2 Ba-
pianTi ¢ikcauii 3 oxHUM 0JIOKYIOUMM IBUHTOM
Pic. 25. Total Deformation along the fracture surface of A3 fracture, 2" variant of fix-

ation with one locking screw

Jus npyroro BapianTa ¢ikcatopa 3 2
OJIOKYFOUMMH TBUHTAaMHU B OTBOpPax MPOKCH-
MaJBHOTO CTETHOBOTO CTEPXKHS OTPHMaHi
nokazauku HJIC mopeni, ski mpeacTaBieHi
Ha PUCYHKY 26.

Values of SDC for the 2" variant of
fixator with 2 locking screws in oval holes

of proximal femoral bone are depicted on
Pic. 26.
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A: Static Structuralm ~ === """~~~
Equivalent Strdss 5
Type: Equivale:nt (von-Mis

rut: AP

[1.52850-007 g

17,243 Max
I ;

6,1278
I 42555
I 23833

I 21719
19605

L7491

P L5377
0,69204

I 13263
H Ll

I

1
0,35833
1

0,024746 Min

0,90344

0,69204

____ Lac i 0,35839
a) cterHoBa kictka / femoral bone 0024736 VR
B) OTBOpH I'BUHTIB / screw holes

A: Static Structural
Equivalent Stre%s 3

Type: Equivalent {vo
Unit: MPa !
Tirme: 1 '

A:Static Structural
Equavalent Swess 3

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

Time: L

205,11 Max

1

1
20511 M*x
15
11,74

—J 10,675

— 9,6096

— 85443
— 74789

— 06,4136

11,74

— 5,3483 7 . . : :nﬁ:;:
— 4283 / | 85443

—{ 7,4789

3,2177

— 64136

2,1524

B = R

32077

L0871

I

1

I

I

I

1 53483
I

1

I

1 2,1524
I

L0871
0,021741 Min ‘ : 4

r) dikcarop / fixator €) HixkKa (ikcaropa / fixator’s end

Puc. 26. Hanpy:xeHHs 15 MojeJti 3 mepesioMom Tuny A3 npu 2 BapianTi ¢gikcauii 3
ABOMa 0JIOKYIOYMMH IBUHTAMH
Pic. 26. Strains for A3 fracture model, 2" variant of fixation by two locking screws
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3rigHo puc. 26, MakCUMallbHI Hampy-
YKEHHS Ha MOJIeTIi 3 mepesaoMoM tuny A3 npu
2 BapiaHTi (ikcanii 3 ABoMa OJOKYHOUUMHU
TBUHTAaMH B KPYIJIOMY Ta OBallbHOMY OTBO-
pax (ikcaropa 30cepemKeHi B 30HI IMIBEPT-
JFOTOBOTO TEPEJIOMY CTETHOBOI KICTKH 3 IO-
kasaukamu 14,28 MPa Ta HaBKOJO T'BHHTA,
BBEJICHOTO B OBAJIBHUI OTBIp 3 MOKa3HUKAMU
37,24 MPa, siKi MalOTb JIOKQJIbHUH XapakTep.
VY 3B’53Ky 3 HasBHICTIO KOHIIEHTPATOpPiB Ha-
IPYXEHb y 30HI IepenoMy IyouacToi KiCTKU
3 TEPEeBHILIEHHSAM ii MeXi MIIHOCTI, y Wil
TUTSTHII MOKJIMBE KpaiioBe 3MUHAHHS KiCTKO-
Boi TkaHuHU. Ha ¢ikcyrounx enemeHTax ma-
KCHMAaJIbHI HaTpy>KEHHS 30Cepe/PKeH] Ha Tie-
pIIMX JIBOX BUTKAX Pi3bOM MPOKCUMAIbHOIO
(1miikoBOro) rBUHTA 3 MOKa3HUKamu 295,11
MPa, a Tak0X HaBKOJO OBAJIbHOTO OTBOPY
MIPOKCUMAJIBHOTO CTETHOBOTI'O CTEPXHS 3 IO-
Ka3Hukamu 22,76 MPa.

MaxkcuManbHl 3HaYeHHS TepeMilleHb
(Total Deformation) mo mjoumMHI TEepeIoMy
Ipy JaHOMY BapiaHTi (ikcamii CTaHOBHIU
1,56 mm (Puc. 27).

Pic.26 demonstrates that maximum
strains of A3 fracture model in case of 2™
variant of fixation by two locking screws in
round and oval holes of fixator are focused in
the area of sub-trochanteric femoral bone
fracture, value equals to 14.28 MPa, which
are of local character. Due to presence of
strain concentrator in the area of cancellous
bone fracture, exceeding maximum endur-
ance strength thereof, edge crash of bone tis-
sue is possible.

Maximum loadings of fixing elements
are located on first two turns of thread of the
proximal (neck) screws with the value of
295.11 MPa, as well as around oval hole of
proximal femoral nail with the value of 22.76
MPa.

Maximum values of dislocations (To-
tal Deformation) along fracture area in this

type of fixation were 1.56 mm (Pic. 27).

30,000 {mm)

Puc. 27. llepemimenns (Total Deformation) mo nuommHi nepesomy tunmy A3 npu 2 Ba-
piaHTi ¢ikcanii 3 1BoMa 0JIOKYHOUMMHU FBUHTAMH

Pic. 27. Dislocation (Total Deformation) along the fracture area in case of A3 fracture,
2" variant of fixation by two locking screws
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Otpumani nokazuuku HJIC moneneit
npeacTaBieHi B Tabmauii 1.

[TopiBHsITEHMIA
Hanpy)XeHb Ha MeTaleBuX (Qikcaropax y 3a-
JISKHOCTI BiJl TUIy TEpeIoMy Ta BapiaHTa

aHai3 I[IOKA3HUKIB

¢ikcarlii HaBeIeHI Ha TicTorpamax puc. 28 Ta
29 (1 — iHTaKTHA KICTKa, 2 — MOJIEJb epelio-
My tuny Al, 3 — Mmonens nepeiaomy tumy A2,
4 — Mozenb nepenomy Ty A3).

Obtained values of SDC of the models
are represented in Table 1.

Comparative analysis of strain values
of metal fixators depending on fracture type
and fixation variant are provided on bar
charts Pic.28 and 29 (1 — intact bone, 2 — Al
fracture model, 3 — A2 fracture model, 4 — A3
fracture model).

Tabmuus 1. [Toxasauku HJIC Ha dikcaTopu JOCTiTHUX MOJIeNeH
Table 1. Values of SDC loading on study models’ fixators

~ 2 apiant dikcanii / 2" variant of fixation
> - =
2 i 3 5 2 £ e
= 3 g = 2 = 2 =&
& g = gt ol =0
2 = =2 S F B
= = = S o 0 = — 2 = =
= 2 z s = 5 > O > 5
E 3 2 2z 32 2@ @ 2R =
z 2 g2 =3 23 2 s
5 & By © q S Z S S
2 9 — g F — & a8
- g [4a) o ep)
-5 ,Q
n — — ~ — ~ — ~ — ~
€L | g4 |58 | g% SE | ¢gx |58 |gx|EE
sE |82 |52 |§¢2 52 |82 |52 |£¢8 |52
= O (&) (o) o o
SE &S | 2B |25 |5B |2E 2% 253
53 Onars MPa Onars MPa Onars MPa Onars MPa
s
= =
[HTakTHA
/t{r(l)f:t 73,84 21,67 213,65 - 213,65 66,10 | 213,65 | 66,10
Al 51,60
** 57,19 | 126,88 ** - 202,77 | 28,06 | 287,39 | 36,84
A2 298,51
25,18 54,22 218,77 - * 16,03 | 195,25 | 17,71
A3 295,11
155,92 60,21 |231,53** - 132,31 11,25 * 37,24

[Tpumitku / Notes:

* — nmaHi craTUCTHYHO JocToBipHO (p < 0,05) BigMiHHI BiJ JaHUX TPYNH XBOPHX 3 2 OJOKYIOUMMH I'BHHTAMU;

**_ nmani cratictudaHo K0cToBipHO (p < 0,05) BiMMiHHI Bijt JaHUX TPYITH XBOPHX 3 | GIOKYIOYHME TBHHTOM
* - statistically significant data (p < 0.05) different from those in the group with 2 locking screws; BimmiHHI Bifg

JAHUX TPYIH XBOPHX 3 2 OJIOKYIOUMMH I'BHHTAMU;

**_statistically significant data (p < 0,05) different from those of the group with 1 locking screw
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300 1 @ BapiaHT diKkcauii / 1st
variant of fixation
250 1 B |l BapiaHT dikcauii 6e3
remHTiB / Il variant w/o
screws
200 Ol sapiaHT dikcauiiz 1
remHToM / Il variant by 1
screw
150 1 Ol BapiaHT dikcauii 3 2
reuHTamum / Il variant by 2
screws
100
50
0 r T . .
IHTaKTHa Tun Tun Twun
Kictka / Intact nepenomy A1 nepenomy A2 nepenomy A3
bone / Al fracture /A2 fracture /A3 fracture

Puc. 28. I'icrorpama nokasuukiBs HC Ha npokcumaabHuii Bigaia MerajeBux ¢ikca-
TOpIiB
Pic. 28. Bar chart of SDC loadings on proximal area of metal fixator

70 - @ | sapiaHT dikcauii / | variant of
fixation
60 - B Il BapiaHT ¢ikcauii 6e3 remnTis /
Il variant of fixation, w/o screws
50 1 O Il BapiaHT ¢ikcau,ii 3 1 reuHTOM /
Il variant of fixation by 1 screw
40
Ol BapiaHT dikcauii 3 2 rBMHTaMM
/ Il variant of fixation by 2
30 — screws
20
10 A
0 T . . T
IHTaKTHa Tun Tun Tun
KicTka / Intact nepenomy A1 nepenomy A2 nepenomy A3
bone / Al fracture /A2 fracture /A3 fracture

Puc. 29. I'icrorpama nokaznukiBs H/{C Ha quctanbHuii Bingia Mmeranesux gikcaropis
Pic. 29. Bar chart of SDC loadings on distal part of metal fixators
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Amnanizyroun Tabma.1 ta ricrorpamu 28
Ta 29 BU3HAYEHO, IIO0 MIHIMaJdbHE HAMpy-
JKEHHs Ha MeTajieBi ¢ikcaTopu B iX MPOKCH-
MaJbHHUX BIIJUIAX y MOJEINi 3 THIIOM Mepe-
goMmy Al BH3Hayamocs MpH 3aCTOCYBaHHI
wiactuan DHS ta PFN crpmkHs B BapiaHTi
0e3 3acTocyBaHHS TBHHTIB, IPH MOJIENI 3 TH-
nom tiepesiomy A2 — DHS Tta PFN cTpuxus B
BapiaHTi 3 3aCTOCYBaHHSIM 2 TBUHTIB, MpH
mozeni 3 Tunom nepenomy A3 — DHS ta PFN
CTPWKHS B BapiaHTi 3 3aCTOCYBaHHIM | rBU-
HTa U1 JucTanbHOro OnokyBaHHs. Lli nmani
cTaTUCTUYHO focToBipHO (p<0,05) BimpizHs-
JUCS B JaHUX 3 IHIIMMM BaplaHTaMH AMC-
TanbHOI (ikcamii crpuxast PFN.

Ha nucranpHuii Bimmim MeTaaeBUX
¢ikcaTopiB Hampy>keHHs OyJO BiJICYTHE IpHU
3actocyBaHHi PFN cTpmwxkHs B BapiaHTi 0e3
3aCTOCYBaHHS T'BHHTIB, € MiHIMAaJIbHUM Yy Ba-
pilaHTi 3 3aCTOCYBaHHSAM 1 Ta 2 TBHHTIB Y
MoOJIeIl 3 TUTIOM TiepesioMy A2 Ta 3 3aCTOCy-
BaHHSAM | 'BHUHTa 3 TUIIOM nepesoMy A3 st
JTUCTAJIbHOTO OJIOKYBaHHS, Ha BIAMIHY BIJ
[ILOTO HANPY)KCHHS MPH 3aCTOCYBAaHHI ILIAC-
tuau  DHS 306inmbimyBanocs 10 MakCUMalb-
HUX TOKa3HHKIB y BCIX JOCTIIHUX MOJENIX
(A1, A2 Ta A3).

OTpuMaHi TIOKa3HUKH TEPEeMilleHb
(Total Deformation) mo MIONMUHI KiCTKOBUX
¢dbparMeHTiB Mojenell NMpeaCTaBlIeHl Ha pUC.
30.

Amnanizyroun puc. 30 BU3HAUCHO, IO
MiHIMaJIbHE TIEPEMIIICHHS KICTKOBUX YJIaM-
DHS-
wiactiHd. Ha Hamry nymKky, 3aHajaTo »KOpCT-

KiB BiZIOyBa€ThCS MpPU 3aCTOCYBaHHI

KWW BapiaHT (ikcallii mpu BiTHOCHO CTaOLIb-
HUX 4epe3BEPTIIOTOBUX Nepenomax TUMiB Al
Ta A3 MO€ IPU3BECTHU 10 MOPYIIECHHS perna-
pPaTHUBHOTO OCTEOTreHe3y IpU 3aCTOCYBaHHI
mporo metony Meranodikcarii. HaiOimpimn
ONTUMAIBHY MIKPOPYXJIMBICTh BU3HAYAIH
npu BapiaHTi 0e3 3aCTOCYBaHHS TBUHTIB NpH
nepenmomax tumy Al, 13 3acTtocyBaHHsM |

Analyzing the Table 1 and bar charts
Pic.28 and Pic.29, we defined that minimal
loading on metal fixators in proximal parts
thereof for Al fracture model was observed
in cases of DHS plate and PFN nail without
locking screws; for A2 fracture — in cases of
DHS plate and PFN nail with 2 locking
screws and in for A3 fracture model — in cas-
es of DHS plate and PFN nail with 1 screw
for distal locking. These values have statisti-
cally significant difference (p<0,05) from
other variants of distal fixation of PFN nail.

Loading on distal part of metal fix-
ators was absent in case of PFN nail without
locking screws, minimal in case of 1 and 2
locking screws on A2 fracture model, and in
case of 1 screw for distal locking on A3 frac-
ture model, as opposed to loadings in case of
DHS plate, increasing to maximum values in
all study models (A1, A2 and A3).

The obtained values of displacements
(Total Deformation) along the surface of
bone fragments of the model are represented
on Pic.30.

Analysis of Pic.30 defines that mini-
mal displacement of bone fragments is ob-
served in case of DHS plate applied. On our
opinion, too tough fixation of relatively stable
pertrochanteric A1 and A3 fractures by DHS
plate could lead to reparative osteogenesis
disorders. The most optimal micro-mobility
has been observed in case of Al fracture

without distal screws and A3 fracture fixed
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IBUHTA JUIsI JMCTAJIBbHOTO OJIOKYBaHHS IIpH
nepenomax tuny A3. Ilpu HecTabinbHUX Te-
penomax THUMY A2 ONTUMaJbHUM BBaKalIH
3aCTOCYBaHHA MeTanodikcaTopiB, ski 0 3a-
Oe3nedyBaid MiHIMaJbHY MIKPOPYXJIUBICTh
KICTKOBUX yJaMKiB — BapiaHT i3 3aCTOCYBaH-
HSM JIBOX T'BHHTIB JUIS JHCTAJIBHOTO OJIOKY-
BaHHs PFN ctpuwxkusa Ta DHS-nnactunm.

by 1 distal locking screw. In case of unstable
A2 fractures we considered it optimal to ap-
ply metal fixators, ensuring minimal micro-
mobility of bone fragments — variants of two
screws for distal locking of PFN nail and

DHS plate.

2,5 1

@ | sapiaHT dikcauii / 1st
variant

B |l BapiaHT ¢ikcauii 6e3
reuHTiB / 2nd variant

0Ol BapiaHT ¢ikcay,iiz 1
resuHTOM / 2 variant with 1
screw

Ol BapiaHT dikcau,ii 3 2
remHTamm / 2nd variant
with 2 screws

Tun nepenomy Al
/ Al fracture

Twun nepenomy A2
/ A2 fracture

Twun nepenomy A3
/ A3 fracture

Puc. 30. I'icrorpama noka3uukiB nepemimiers (Total Deformation) no miomuHi kicTko-

BUX (pparMeHTiB MojeJIeil.

Pic. 30. Bar chart of dislocation values (Total Deformation) along the bone fragments’

surface of the model

TakuM YMHOM, TMIPOBEACHE KOM-
II'IOTEPHE MOJICIOBaHHSA JIOBOJAUTH, IO
HaiiOinbl  OiOMEXaHIYHO  OOIPYHTOBAaHUM

IIpU YEPE3BEPTIIOrOBUX MepenoMax Tumy Al
€ 3actocyBanHs mojneni PFN cTpmwkHsa B Ba-
plaHTi 3 3aCTOCYBaHHsM 0Oe€3 TBHHTIB, TMpH
tum A2 — monens PFN cTpwxkHs B BapiaHTi 3
3aCTOCYBaHHSIM 2 TBUHTIB, TpH Tumi A3 —
Mozens PFN crtpmxHs B BapiaHTi 3 3acTOCy-
BaHHSAM | OJIOKYIOWOTO TBHHTA, cCame IpHU
IUX BapiaHTaxX JUCTAIBHOTO OJIOKYBaHHS
cniocrepiranu HaiHmwk4il nokazauku HJC Ha
MeTaneBuid (pikcaTop Ta aJeKBaTHY 1 HEOO-
XITHY MIKPOPYXJIUBICTh JUISl TIOKpAICHHS
penapaTuBHOTO OCTEOreHe3y B IIi€l KaTeropii
XBOPHX.

Consequently, computed aided simu-
lation proves that the most biomechanically
optimal model for Al per-trochanteric frac-
tures is PFN nail without locking screws, for
A2 — PFN nail with 2 distal locking screws,
for A3 — PFN nail with 1 locking screw in
distal part; namely in these variants of distal
locking the lowest values of SDC of metal
fixator and proper micro-mobility to improve
reparative ostegenesis of this category of pa-

tients.
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BucHoBKH.

1. 3 MeTOI0 BU3HAYEHHS ONTUMAaJIbHO-
ro BHJAY OCTEOCHHTE3y IpPHU OINEepPaTUBHOMY
JiKyBaHH1 nepenomiB
pi3HEX TUIB 3a kiacudikamiero AO mpose-

YCPE3BCPTIIOIOBUX

JIEHO KOMII IOTepHE MOJICTIOBAHHS HAIpy-
KeHb Ha MeTaneBi (ikcatopu (IIacTuHA
DHS Ta PFN cTpuxens).

2. Busnaueno, mo HaiOUIBI OioMe-
XaHIYHO OOIPYHTOBAHHMM TIPU UYEPE3BEPTIIO-
roBUx mepenomax Tumy Al € 3acTocyBaHHS
mogeni PFN cTpmxHsA B BapiaHTi 3 3acTocy-
BaHHSM Oe3 'BUHTIB, Npu T A2 — MOJETH
PFN cTpuxHS 3 3acTOCYyBaHHSIM 2 TI'BUHTIB,
npu tuni A3 — mogens PFN ctpuxns 3 1
OJIOKYIOUMM TBHUHTOM, IPO L0 CBITYUTH Mi-
HIMaJbHE HANpYXXEHHs Ha MeTaleBHil Qikca-
TOp Ta HAsBHICTh ONTHUMAJIBHOI MIKPOPYXJIH-
BOCTI MIJK KICTKOBUMH BlJITAMKaMH.

3. IlpoBeneHe MOCHiIKEHHS HO3BO-
JUTh BU3HAYUTH AUdepeHIiioBaHuiA MiaXi/
TIKyBaHHS XBOPHX 13 Yepe3BepTIIOrOBUMU
MepesioMaMH CTETHOBOI KICTKH, IMOKPAIIUTH
e(eKTUBHICTh HAJIaHHS MEIMYHOI JOTIOMOTH
1i€1 TSHKKOT KaTeropii XBOpHUX.

Jlitreparypa / References

Conclusions.

1. To establish the optimal type of os-
teosynthesis for surgical treatment of differ-
ent types of per-trochanteric fractures accord-
ing to AO classification we performed com-
puter-aided simulation of loadings on metal
fixators (DHS plate vs PFN nail).

2. It has been established that the
most biomechanically optimal type of osteo-
synthesis for Al fractures is PFN nail with-
out distal locking screws; for A2 fractures —
PFN nail with 2 distal locking screws; for A3
fractures — PFN nail with 1 distal locking
screws; this is grounded by minimal strain
loading on metal fixation and presence of
proper micro-mobility between the bone
fragments.

3. The study shall provide reasons for
differentiation of approach to surgical treat-
ment of femoral bone per-trochanteric frac-
tures, and improve the efficiency of medical
aid provided to his category of severely ill
patients.
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KOMIT'FOTEPHE MOLEJIFOBAHHA HAIIPYKEHD HA METAJIEBI
@IKCATOPH IIPH BUKOHAHHI OCTEOCHHTE3Y 3 IIPUBOAY
YEPE3BEPTI/IFOI' OBUX IIEPEJIOMIB PI3HUX THIIIB
34 KIIACH®IKALIEFO AO
KanamnikoB A.B.', Mamuk B.JI. %, JTasapes LA.', Kamamnikos O.B.'
"y «Incmumym mpasemamonoeii ma opmonedii HAMH Yxpainuy, m. Kuis
?Monmascuka obnacna nikapua im. M.B. Ckuigpocoghcvrozo, Yrpaina, m. [lonmasa

3 METOI0 BU3HAYEHHS ONTHMAJIbHOTO BHJY OCTEOCHHTE3y IPHU OINEPAaTUBHOMY JIIKY-
BaHHI 4epe3BEPTIIIOrOBHUX MepesoMiB 3a kinacudikaiiero AO mpoBereHO KOMIT IOTepHE MoJIe-
JIOBaHHS HanpykeHb Ha MeTaineBl ¢ikcaropu (tutactuHa DHS ta PEN crpukens). Busnaue-
HO, [0 HaWOLIBII GlOMEXaHIYHO OOIPYHTOBAHHUM IPU YEPE3BEPTIIOrOBUX IEpeIoMax THUILY
A1 e 3actocyBanns Mmozem PFN cTpuxHs B BapiaHTi 3 3aCTOCYBaHHSAM 0€3 TBHUHTIB, TIPH THII1
A2 — monens PFN ctpwkHs 3 3acTocyBaHHSM 2 TBUHTIB, Tipu THmi A3 — monens PFN ctpu-
KHs 3 1 OJIOKYyIOUMM TBHHTOM, MPO HIO CBIAYUTH MiHIMalbHE HAINpPY)KEHHS HAa METaJeBHM
¢ikcaTop Ta HAABHICTH ONTUMAIBHOI MIKPOPYXJIMBOCTI MK KICTKOBUMH Bimyamkamu. [Ipo-
BEJICHE JIOCITIJKEHHS JI03BOJIUTh BU3HAYUTH NU(EpEHIIIOBaHUH MiIXia JIKyBaHHS XBOPHUX 13
YEepe3BEPTIIOTOBUMHU TIEPEIOMaMU CTETHOBOI KICTKH, MOKPAIIUTh €(EKTUBHICTh HAJTAHHS
MEJUYHO1 JIOMOMOTH I1i€1 TSHKKOI KaTeropii XBOpUX.

Kuro4uoBi cjioBa: KoMIT I0TepHE MOJICTIOBAHHS, YePE3BEPTIIFOTOBI MIEPEIIOMHU 3a Kila-
cudikariero AO, HanpyXeHHs, MeTaJIeBl diKcaTopH
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KOMITbIOTEPHOE MOJIEJIMPOBAHUE HATIPSDKEHWI HA
METAJUIMYECKUE ®UKCATOPHI I[TPU BBITTOJIHEHUI
OCTEOCHHTES3A I10 [TOBOJY YEPE3BEPTEJIbHbBIX
IMEPEJIOMOB PA3JIMYHbIX TUITOB T10 KITACCUDUKAIIMN AO
Kanaumukos Au.B.! , Manuk B.JI. 2, JlazapeB I/I.A.l, Kanamuukos AnB.!
'ry «Hucmumym mpasmamonozuu u opmoneouu HAMH Vkpaunwviy, 2. Kues
? [Monmasckas obnacmuas 6onvnuya um. H.B. Cknugpocodckoeo, 2. [Tonmasa

C nenbro onpeneneHus ONTUMAIbHOIO BUAA OCTEOCHHTE3a IPU ONEPAaTUBHOM Jiede-
HUH 4epe3BEPTIIIOTOBHX MEPEIOMOB 3a Kiaccudukanueir AO nMpoBeeHO KOMIIBIOTEPHOE MO-
JeNUpOBaHNe HaNpsbKeHUM Ha Mmetajuimueckue ¢ukcatopsl (tuiactuHa DHS u PFN crep-
*eHb). OnpezeneHo, 4To Hanbosee OMOMEXaHNYECKH 00OCHOBAHHBIM MPU Yepe3BEPTEIbHBIX
nepenomax tuna Al sBisierca npumeHeHue moaenu PFN cTepxHs B BapuaHTe ¢ IpUMEHEHH-
eM 0e3 BUHTOB, Ipu THIe A2 — mozenb crepkHs PFN ¢ ncnonb3oBaHueM 2 BUHTOB, IPU THIIE
A3 — monens crepxknst PEN ¢ 1 650kupyromuM BUHTOM, O YeM CBHUJIETENILCTBYET MUHUMAJb-
HOE€ HampsDKeHHWE Ha METAIIMYeCKUui (UKcaTop W HAJU4KMe ONTUMAIbHOW MUKPONOJBUKHO-
CTH MEXKIy KOCTHBIMH OTIOMKamu. lIpoBeneHHOe HcCClieOBaHHE MO3BOJIUT ONPEHCINUTD
muddepeHIIMPOBaHHBIN MOIXO0/] B JIEYEHUH OOJIHBIX C Yepe3BepTEIbHBIMU MIepesioMamMu Oei-
PEHHOM KOCTH, YIydlmuT 3(P(HEKTUBHOCTh OKa3aHUS METUIIMHCKOW MOMOIIM STON TSKEIOn
KaTeropuu O00JIbHBIX

KuroueBble cj10Ba: KOMIbIOTEPHOE MOJIETUPOBAHUE, YEPE3BEPTEIbHbIE MTEPETIOMBI 32
knaccupukanueit AO, HanpsHKeHUe, METATHYeCKue (PUKCATOPHI

COMPUTER SIMULATION OF STRESSES ON THE METAL FIXTURES WHEN
PERFORMING OSTEOSYNTHESIS ABOUT CHARTVERFOLGUNG FRACTURES OF
VARIOUS TYPES ACCORDING TO THE CLASSIFICATION OF AO

Kalashnikov An.V." , Malik V.D.?, Lazarev L. A.', Kalashnikov ALV.'
''SU "Institute of traumatology and orthopedics of NAMS of Ukraine", Kyiv
? Poltava regional hospital. N. In. Sklifosofsky, Poltava

To determine the optimal type of osteosynthesis in the surgical treatment of fractures
ceresville for classification AO computer simulations of the stresses on the metal fixtures
(plate DHS and PFN rod). Determined that the most biomechanically justified when ceresville
fractures of type Al is the use of the PFN model web in the application without screws, in
type A2 model terminal PFN using 2 screws, in type A3 — model stud PFN with 1 locking
screw, as evidenced by the minimum voltage on the metal clip and the existence of optimal
micromotion between the bone atomtime. The study will determine the differentiated ap-
proach in treatment of patients with ceresville femoral neck fractures, will improve the effi-
ciency of medical care for this severe category of patients.

Key words: computer simulation, ceresville fractures in the AO classification, volt-
age, metal clips
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