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THE EFFECT OF MECHANICAL FACTORS FOR INTERNAL FRACTURE
FIXATION WITH A PLATE ON FRACTURE HEALING

The main principle of treatment of bone fractures of the musculoskeletal system is the
repositioning of the chips with their subsequent fixation by various designs until the consolidation
of the fracture. This process is influenced by a significant number of factors, such as general (the
age of the patient, the presence of concomitant diseases, metabolic disorders, the use of drugs, etc.)
and local (the quality of the fragment fragmentation, blood supply to this site, the presence of
infection in this area, etc.). Of considerable importance are mechanical factors, optimization of
which allows to achieve fracture joining in optimal terms. Traditionally it is believed that the most
durable structural materials should be used for the bone osteosynthesis purposes, because as a
result of the load, the phenomena such as the migration of the latches, their fracture, secondary
displacement, non-fracture fracture are often noted. In connection with this, there was a need for
an analysis of the mechanical factors that influence fracture joints, the choice of materials and the
construction of structures in which these parameters will be optimized.

An analysis of the main mechanical factors influencing the results of osteosynthesis of the
fracture by the plate was performed. There are three main groups of factors - biological character,
factors depending on the design and material from which the fixator is made, and the factors
associated with the features of surgical technique. The best choice should be considered
biotechnical systems with less rigid fixation. This effect can be achieved by using materials from
Young's lowered module. According to the authors, the combination of a metal plate with polymer
screws, combinations of a polymer plate with metal screws or a polymeric plate with polymer
screws will help to create optimal mechanical parameters for fracture joints. The use of
biodegradable materials for the manufacture of components of the fixing system allows dynamically
to reduce the stiffness of the fixation and provides a gradual loading of this site.

Keywords: osteosynthesis, long-bone fracture, plate, mechanical properties, fracture
healing.
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BO3MOKHOCTH KOMIBIOTEPHOTO IJIAHUPOBAHMS NPU JIEYEHUU
0’KOIOB METOJ0OM DKCIIAHJAEPHO# JEPMOTEH3UM

DKkcnanoepras 0epmomeH3us — NepCneKmueHast 001ACmyb NIACMUYecKoll xupypauu. /[antviil
Memoo no3eousiem IPOeKmueHo 60CCMAHABGIUBAMb KONCY YEN08EKA, NOCMPAOABULE20 0N 0HCO208
unu opyeux mpaem. Mbvi npeonacaem npomomun npocpAMMHO20 obecnedeHusi O pearu3ayuu
Memooa IKCNAHOEPHOU OepMOMe3Ul ¢ Y4emom pacnoiodcerus aunuti Jlaneepa na Kooice
nayuenma. Ha ocnosanuu cneyuanvbHulx pacuemos, npocpamma no3eonsem Oblcmpo U HA2ASAOHO
RAAHUPOBAMb ONMUMALLHOE PACNONONCEHUE IKCNAHOEPA 05l BIPAUJUBAHUSL HOBOU KOJCU C YHEemOM
UHOUBUOYATILHOU 8apuabenvHocmu. Pe3ynomamul pabomuvl MO2ym HenocpeoCmeenHo 6HeOpamvCs 8
MEQUYUHCKYIO NPAKMUKY.
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JYaHeepa, MexanudeckKoe pacniadsiCeHue Kodicu.

ITocTanoBka npo6JeMbl. MeTos SKCIIAHAEPHOU AEPMOTEH3UHM — 3TO CPABHUTEIBHO HOBBIN
MEPCHIEKTUBHBI METOJl IUIACTHYECKOW XHUPYPTUH, IMO3BOJSIONIMKA YCTPAaHUTh 3HAYUTEIbHBIC
Je(eKThI KOXKH (Yalie BCEro MPUMEHSETCS MPHU JICUSHUH 0XKOTOB). MEeTOoT OCHOBaH Ha CIIOCOOHOCTH
YeJIOBEYECKOH KOXH K DJAaCTUYHOMY paACTsDKEHHIO. ECTECTBEHHBIM NHyTEM 3TO IMPOUCXOMMT,
HampuMmep, BO BpeMs 0€peMEHHOCTH, WU IPU CYILIECTBEHHOM NpubaBiieHnu Beca. MicKkyccTBEHHBIM
IIyT€M KOXY MOKHO PacTAIMBaTh C IOMOLIBIO CIEUAIBHOTO YCTPOICTBa — 3Kcnanaepa [1].

W3BecTHO, 4TO YenoBevecKasl KoKa 3JIaCTUYHA U yIpyra Onarojiapsi KojulareHy, BEUIeCTBY,
COJIEpKAIlEMYCsl B MEXKKJIETOUHOM BELECTBE COEAMHUTENbHOM TKaHU. OH pacnosioxeH
YIOPSAOYEHHO, B BHJE IY4YKOB BOJIOKOH. B HampaBieHUM ATHX MYy4KOB (POPMHUPYIOTCS Tak
HasbIBaeMble TUHUY JlaHrepa (yCIOBHO MPOBEICHHBIC JIMHUU Ha KOXke) [2]. ONBITHBIM ITyTeM OBLIO
BBISICHEHO, YTO €CJIM PacTATUBATh KOXKY MEPIEeHIUKYIApHO NuHUSAM JlaHrepa, TO KOJUIareHOBBIE
BOJIOKHA BBITSTUBAIOTCS U yTOHYAIOTCA 0e3 (pparmMeHTanuu u paspeiBoB [3]. IIpeanonaraercs, 4to
pasMellleHre SKCIaHaepa ¢ y4eToMm JMHUM JlaHrepa mo3BosuT oOJIErdYuTh UM YCKOPUTH IpoLece
pOCTa HOBOW KOXH.

AHaJIU3 NOCJEeAHUX HCCIe0BaHu U myOaukanuid. CaMm METO]l 3aKJII0YAeTCs B TOM, 4TO
MOJT KOXKY B HECKOJBKHX CAaHTHMETPax OT Ne(PEKTHOrO YYacTKa KOXKM BBOJUTCS CHIIMKOHOBBIN
skcnanzep (puc. 1).

Pucynok 1 — M300pakeHre THIIMYHOTO TKAHEBOT'O SKCIaHepa
1 — 6a3a i1 ynaneHHoro 3anojdHeHus 0aiona, 2 — TpyOKa, 3 — CHIIMKOHOBEIHN OalliioH

Ero o0bem paccuuThIBaeTCsl B 3aBUCUMOCTH OT IUIOIIAU OBPEXKIEHHOTO yyacTKa. 3aTeMm, ¢
[UKIUYHOCTBIO B JIBE HEJEIN B DKCHAHJAEP C MOMOIIBI0 0a3bl BBOAUTCS (DU3PACTBOP, yBETUUUBAS
00BeM OaJTOHA W 3aCTaBIIsAS KOXKY pacTATHBAThCs. Takum o0pa3om, GopMHUpPYETCsT «BBIPAIIICHHBII
YY4aCTOK KOXH C HEOOXOIUMBIMH XapaKTepUCTHUKaMHU. 3aTeM JKCHaHAep W3BIEKaeTcs, a
M3MEHEHHBIM y4acTOK KOXKU uccekaeTcs. [ledekT mpUKphIBAeTCS 3TUM y4YacTKOM Kak JIOCKYTOM.
Pana mnocnoitHO 3amMBaeTCs € HAJOKEHHEM KOCMETHYECKOTO BHYTPUKOXHOTO mmBa [2, 3].
Omneparnus 1aeT XOpolIre pe3yiabTaThl, TaK KaK JUIsl TUIACTUKU OepeTcs y4acTOK KOKU, CXOJHBIN 10
XapaKTePUCTHKAM C TEM y4aCTKOM, KOTOPBII HEOOXOAUMO UCTIPABUTH.
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MeTtonbl KOMIBIOTEPHOIO IJIAHUPOBAHUS XUPYPIHMUYECKMX BMELIATEIbCTB JOCTATOYHO
IIMPOKO Pa3BUTHI B Pa3HBIX 00JACTAX MEIUIUHEI, TAe TpeOyeTcsi BEICOKOTOYHOE BO3JCHCTBUE HA
OmpeieNICHHbIE aHATOMHYECKUE CTPYKTYpHI [4-8].

He.]'l]: HCCJICA0BaAHUA. M1 NpeaACTaBJsICM IIPOTOTUII HPOTpaMMbl IJid BBIYHCIICHHUA U
HaFHHHHOﬁ ACMOHCTpaluu Hauboee BBII'OJJHOT'O PasMCUICHUA OBKCIaHACPa C YUYCTOM JIMHUN
Jlanrepa. BXoHBIMU JaHHBIMU SBJISIFOTCA: CXEMa PacloIOKeHUs JIMHUH JIaHrepa Ha yelioBeuecKoM
Tese, pa3sMephbl 4acTU Tela MALUEHTa, KOTOpas MOJIydyusa IOBPEkKACHUE, Pa3sMepbl U MOJIOKECHHUE
MOBPEXJCHHOIO y4yacTKa, pa3Mepbl SKcmaHjepa. B pesynabrare mnoisyyaercs H300paxkeHue
HOBpG)KI[ﬁHHOfI YacTH Teja C MOKa3aHHBIMU Ha HeEH PECKOMCHIOBAHHBIMU (HapaHHGJILHO JIMHUAM
Jlanrepa) M He pEKOMEHIOBaHHbIMM (IEPIEHAUKYJISAPHO JHMHUAM JlaHrepa) MOJOXKEHUSAMU
skcmanzaepa. MHrepdeiic mporpamMmsl BKIIOUaeT H300paXKEHHE YacTH Tela C  3aBEAOMO
HaHeceHHbIMU JInHUAMU JlaHrepa (Oepercst Ta yacThb Tena, Ie ecTh Ae(EeKT KOXKH), a TAKKE BOCbBMHU
KHOIIOK.

Aaroput™m padotsl mporpammbl. CHauana Ha H300pakeHMM OTMe4aeTcss paHa (A
ymnpouieHus pacuéra Oepercst kpyrias ¢opma), 3atem Ha Ommkalmmx K Hel ywmHUAX Jlanrepa
IIPOU3BOJILHO 0003HAYAIOTCS TOYKU U COEAMHAIOTCS BEeKTOpaMu. BriOupaercss BoceMb BO3MOKHBIX
pacrnojoKeHUl HKCIaHJepa BOKPYT paHbl, KaXJOMy M3 KOTOpPHIX CTAaBUTCS B COOTBETCTBUE

HapaJ'IJIeJILHbIﬁ €My BCKTOp Ci . I[JIH Kaxxaoro Ci HaxoauTCs OmmKkamas K HEMY TOYKa Ha JIMHUU
JIaHrepa. Brruucnsercs CKaJIAPHOC IMMPOU3BCACHUC!

(G ®

rae: 6. (i :1,_8) - eJMHUYHBIA BEKTOD, MapaUIeNbHBIA JKcmanaepy, L

P e JUHUYIHBIN

BEKTOD, BBIXOSAIINN U3 OirKaiiien K i-My SKCIaHIepy TOYKU Ha nuHuu Jlanrepa (puc. 2).
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‘ Calculate vectors |

‘ Picture |

‘ Save to file ‘

[ Point wound ]

| Calculate cameras |

dist 109,293183684986
dist 128,996123972777
dist 150,685102116964
dist 170,299735760218
scalar -0,74740931868366
‘ m

\ ‘ Calculate aligment

Pucynok 2 — [IpumMepsl BEKTOPOB, HCIIOIB3YEMBIX B aJITOPUTME:!
Ci — BekTOp, MapajuleabHbIN SKCcIanaepy, Li — BEKTOp, BBIXOIAIINI U3
onmmxaitmeit k Hauany Ci Touku Ha TuHUM Jlanrepa
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B ciydae ecam Moayib CKaJasipHOTO MPOU3BEICHUS ‘S‘HaXO,[[I/ITCSI B npenenax ot 0,7 mo 1

(4TO OTBEYaeT MPAaKTHYECKU NapauIeIbHOMY paCIHOJIOKEHHUIO dKclaHiepa u jauHuM Jlanrepa B
JAHHOW TOYKE), TO PACIOJOKEHUE OTMEYAeTCs KaK OJIArONPHUSATHOE W BBIICSCTCS 3EJICHBIM

nsetoM. Ecim OS|S| < 0.4 pacnonoxxeHue OTMEYAECTCA KAk HEOIArONPHATHOE M BBIAEISIETCS

KpacHbIM 1BeTOM. Ecim O.4<|S|<O.7 TO PpACIOJIOKEHHE OTMEUACTCS JKEITHIM IIBETOM Kak

BO3MOJKHOE, HO HepeKOMeH1yemoe (puc. 3).
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Pucynok 3 — Onpenenenre ONTUMaIbHOIO PAaCIOIOKEHUS IKCIIaHAepa!
1 — skcaHaepsl ¢ OJIArONPHUATHBIM PACIIONOKEHHEM (OTMEUEHBI 3€JIEHBIM), 2 — DKCIIaHIEPHI C
HEeOJIaronpusATHBIM PacIoIoKeHHEM (OTMEUEHBI KPaCHBIM), 3 — 3KCIAaHJIep C BOZMOKHBIM, HO
HEPEKOMEHIyEMbIM PACIIOJIOKEHUEM (OTMEUEH KENThIM), 4 — CXeMaTHUYEeCKOE H300paKeHNE PaHbI

[Iporpamma mo3BOJISIET OBICTPO  BBISICHUTH ONTHMAJIbHOE PACIOJIOKEHHE KaMephl
OTHOCHUTENIbHO paHbl U JuHUM Jlanrepa. [Ipennonaraercs, uto B OyaylieM B Hee OyneT BKIIOUEHA
HeOosbIIas 0a3a JaHHBIX, OCHOBaHHAsi Ha M300paKEHUAX pa3IUYHbIX 4acTed Tena ¢ aedexkTamu
KOXM U pa3MepaMu paHbl.

BbIBO/IbI

OKcrnaHzepHasl [IEMOTEH3Usl OYE€Hb IEPCHEKTHBHAs OTPAcib IUIACTUYECKOW XHUPYpPIrHH,
MO3BOJISIIONIAs 32 HEOOJNIbIION BPEMEHHOM NPOMEKYTOK HCIPAaBUTh IOCIEACTBUS OKOTOB HIIU
apyrue nedexTsl Koxu. IIpencraBieHHas mporpamma IpH3BaHa OOJerduTh paboTy XHpYpra,
COKpaTUTh BpeMs Ha pacyeTbl U O00eCNeyuTh OOJBIIYI0 TOYHOCTH PACHOJOKEHUS Kamepbl
oTHocuTeNbHO NuHMH Jlanrepa. IlepcriekTHBOI pabOTHI SBJISIOTCS MPEABAPUTENbHBIE KIMHUYECKUE
UCIBITaHUS Pa3pabOTaHHOTO MPOTPaMMHOI0 0OecIIeYeHHs.
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Kipsk A. O., Koxopes A. E., AppyHin O. I'., Kpemens B. A., Odqiiinuk I'. A.

MOXKJINBOCTI KOMIT'IOTEPHOT'O INTAHYBAHHA ITPU JIIKYBAHHI
OIIIKIB METOAOM EKCITAHAEPHOI JEPMOTEH3II

Memoo excnandepnoi depmomen3ii npu niacmuyHin Xipypeii onikie ma iHwux Oegexmis
WIKIpU IPYHMYEMbCA HA 30AMHOCMI TII00CLKOI WKIpU 00 pOoCmy Npu MeXAHIYHOMY PO3MA2YB8AHHI.
Memoo nonseae y 68edenHi CUNIKOHO8020 OaloHy (ekcnanOepa) nio wiKipy nayienma nooausy 0o
Micysi Oeghekmy ma HANOBHeHHs. U020 (I3I0N02IYHUM POZUUHOM 3 NEPIOOUYHICIMIO NpubaU3HO 1-2
muoici. Ilicna O0ocseHeHHs po3mASHYMOW WKIpolo HeoOXIOHOI niowyi, HO8Y wKipy 3pizaiomo i
noxkpusaroms Heio Oegekmuy OLAHKY mina. byno npodemoncmposano, wo nomenyian wxipu 0o
PO3MA2YB8AHHSA HeOOHAKOBULL ) PISHUX HANPAMKAX. 3HAUHO Kpawe, Oe3 (hpazmenmayii ma po3pusis,
80HA PO3MALYEMBCA Y HANPAMKAX, NEPNEHOUKYIAPHUX MAK 36aHuM Niniam Jlaneepa - Konazenoeum
80I0KHAM, wo Gopmyroms nyuku y moswii wikipu. Omoice, po3miujenHs ekcnanoepa Oinvui 00682010
gicclo napanenvHo niHiAm Jlaneepa (OCKiNbKU exkcnamoep po3ULUPIOEMbCS NEPesadtCHO 830084
KOpOMKOI 0Ci) 003804UMb 3HAYHO NOAESUUMU MA CKOPOMUMU NPOYedypy BUPOUWYEAHHA HOBOI
WIKIpU 3a paxyHoxk Oinbul weuoxkoeo ii pozmsazyeanus. Mu npononyemo npomomun Komn 1omepHoi
npocpamu Ol HAOYHO20 NIAAHYBAHMA DPO3MIWeHHsA eKcnanoepa ni0 WKIipolo nayienma 3
VPaxysauHam posmauiyeants ninii Jlaneepa nooausy oegpexmmuoi oinanxu. Ilpoepama npuiimae na
6Xi0 cxemamuune 300paxcents ninitl Jlaneepa Ha 8iONnoGiOHIU Yacmumni mina, micye 3HAX00HCEHHS
ma po3mip pauu, poamip excnanoepa. Ilpocmip naskono panu po3ousacmuvcs Ha 8icim obaacme, y
AKUX MOJACTIUBE PO3MAULYBAHHA eKcnanoepa. Onmumanvhe po3mauly8antsa GU3HAUAEMbC MEMOOOM
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MIHIMI3aYil  cKanapHo2o 000YMKY HOPMOBAHO20 6eKMOpY, AKUL NAPANelbHULl KONXCHOMY 3
MONCTUBUX POZMAULYBAHD, 3 HOPMOBAHUM 8EKMOPOM, OOMUYHUM 00 niHii Jlaneepa y Haubaudxicuii
0o O0anoeo pozmauitysanHs mouyi. Hatikpawi pozmawuyeanus 8ioMiuaiomscs 3e1eHUM KOJIbOPOM,
Hatieipwii — 4epeoHUM, NPOMIJNCHI — JHCOBMUM. 3ANPONOHOBAHUL NPOSPAMHUL 3ACiO 0036801UMb
JIKAp1o WEUOKo ma HAOYHO 3 'ACY8amu ONMUMAlbHe PO3MAULy8aHH KaMepu eKCnanoepy 8iOHOCHO
panu ma ninit Jlaneepa 3 ypaxysauHs iHOU8iOyaibHUX po3Mipie paHu ma ypadiceHoi yacmuny mind.
Ha maiibymne nianyemocs 6KaouenHs 00 npocpamu 6a3u OaHux nayicumie ma 300paxcenb pisHux
yacmun mina 3 0eghekmamu wKipu ma po3mipamu pauu.

Knrwouosi cnoea: xomn’tomepne nianyeawHs, eKcnamoepHa oepmomen3is, niHii Jlaumeepa,
MexaHiuyHe po3msAcyGaHHA WKIPU.

Kiriak A. O., Kokorev A. E., Avrunin O. G, Kremen V. A., Oleynik G. A.

COMPUTER PLANNING FOR THE TREATMENT OF BURNS USING
TISSUE EXPANSION METHOD

The method of tissue expansion in plastic surgery of burns and other skin defects is based on
the ability of the human skin to grow at mechanical stretching. The method is to insert a silicone
cylinder (expander) under the patient's skin near the defect site and fill it with a physiological
solution at intervals of approximately 1-2 weeks. After the stretched skin has reached required
area, a new skin is cut and transfer on the defective part of the body. It has been demonstrated that
the potential of the skin to stretch uneven in different directions. Much better, without
fragmentation and discontinuities, it stretches in directions perpendicular to the so-called Langer's
lines - collagen fibers that form bundles in the thickness of the skin. Consequently, the expansion of
the expander with a longer axis in parallel with the Langer's lines (as the expander extends mainly
along the short axis) will greatly facilitate and reduce the procedure of growing the new skin due to
its faster stretching. We offer a prototype of a computer program for the visual planning of
placement of the expander under the skin of the patient, taking into account the location of the
Langer's lines near the defective site. The program accepts the schematic representation of the
Langer's lines on the corresponding part of the body, the location and size of the wound, the size of
the expander. The space around the wound is divided into eight areas where the expander location
is possible. The optimal location is determined by the method of minimizing the scalar product of a
normalized vector, which is parallel to each of the possible locations, with a normalized vector
tangent to the Langer line in the nearest point to the given location. The best locations are marked
with green, the worst ones are marked with red, and the intermediate ones marked with yellow. The
proposed program tool will allow the surgeon to quickly and accurately find out the optimum
location of the expander chamber relative to the wound and Langer's lines, taking into account the
individual sizes of the wound and the affected part of the body. For the future it is planned to
include in the program the patient database and images of various parts of the body with skin
defects and wound sizes.

Keywords: computer planning, tissue expansion, Langer's line, mechanical stretching.
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