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OO0was xapakrepucTuKa padorsbl
Knioueewie cnosa

CYXOXWJINA CTUBATEJEN ITAJIBIIEB KUCTU YEJIOBEKA, TPABMA
TPABMATOJIOITHA WU OPTOIIEAUA, XWPYPI'UA  KUCTH,  MPT,
CEITMEHTHMPOBAHUE, MOJEJIMPOBAHMUE, KOHEYHO-2JIEMEHTHbIN
AHAJIS.

Xapakmepucm uKa

B macrosmielr pabore HCHONB30BaH METOJ, KOHEYHBIX DJIEMEHTOB IS
MOJICTTMPOBAHMS JIBMXKEHUM 3 majiblia KUCTH YeJIOBEKa B HOpME U nocie ynanenus FDS.

AKTyalIbHOCTh paOOThI O0YCIIOBJIEHA CYIIECTBYIOIIEH MPoOIeMoii BBIOOpa
croco0a XUpypruyecKoil peKOHCTPYKIIUU CYXOXKUIIUM crufartesnieil MmajblieB Yel0oBeKa
IPU UX OJTHOBPEMEHHOM MOBPEXKICHUU. B paboTe n3oKeHbl aHATOMUYECKUE U
TUCTOJIOTUYECKHE OCOOEHHOCTH CTPOCHUS, KOTOPBIEC MPEIPACIIOararT K OOJBIION
JI0JI€ TIJIOXUX U HEYIOBJIETBOPUTEIILHBIX OTAAIEHHBIX PE3YJIbTATOB XUPYPTrUUE€CKOro
JIEYEHUSI OTKPBITHIX CBEXXUX MOBPEXACHUH BO 2 30He 110 Bunnell. Oqun u3
PacIpOCTpaHEHHBIX CIIOCOOOB JICYCHUS BKIIOYAET UCCEYCHUE TTOBEPXHOCTHOTO
crudaTessi ¢ peKOHCTPYKIMEH TOIBKO TITyOOKOTro crudarers.

B pabore uznoxkeHa MeTouKa Co3/JaHusl KOHEYHO-3JIEMEHTHON MOJIENN Ha
ocHoBaHuu MPT cepun KucTH AJisi CpaBHEHUS M OLIEHKHU MTEPEMEILICHHI B CITy4asx
HAJIUYMS MHTAKTHBIX CYXOXKHWIIMM U TIOCIIE€ YAAJIEHUSI CYXO0KUIINS IOBEPXHOCTHOTO
crubaress.

Breimonuaenst MPT u kmuHUYECKH OCMOTpP 3I0pPOBOM KUCTH TOOPOBOJIBIIA.
[IpoBeneHo cermMeHTHpPOBaHUE KOCTEH (BceX (haJlaHT U MSACTHOM), KOJBIEBUIHBIX CBA30K
(Al — Ab), cyxoxuunii crubaTereii manbia KUCTH (IOBEPXHOCTHOTO U TITyOOKOTO).

JI714 HacTpOWMKH 31aCTUYECKHE TTapaMETPOB TKAHEH MOJIEIN UCIIOIb30BAIN
JAHHBIE JTUTEPATYPHBIX UICTOUHUKOB U PE3YyJIbTaTOB KIMHUYECKOTO OCMOTPA.
B3anmoelicTBusL TBEPBIX TEJI U OTPAHUYHBIE COCTOSIHUS 3a1aJIM B COOTBETCTBUU C
aHATOMHYECKUMU U (PU3HOJOTHIECKUMHU CBOMCTBAMH MOJEIUPYEMBIX CTPYKTYP.

C noMoIIbI0 KOHEYHO-3JIEMEHTHOTO METO/1a MbI MOJTYYUIN 0ObEKTUBHBIC
napamMeTpUUYECKUEe JIAaHHBIE O MePEMEIICHUH CTPYKTYP Majblia BO BpeMsi CTHOaHMS.
OrneHKy TPOBOIMIIH 110 TTOKA3aTENsIM aMIUIUTY/I CTUOAHUS B KAKIOM CYCTaBe,
MpUJIaraeMbIX CUJIaX U AKCKYpPCUU KpaeB cyxoxxuiuil. [loctpownu rpaduku ux
W3MEHEHUW OTHOCUTEIBHO BPEMEHH.

Banunanuio pe3ynbTaToB NpoBEH MYTEM CpaBHEHUS rpa)UKOB TUHAMUKU U
aOCOJTFOTHBIX BEJIUYHH C JIATEPATYPHBIMU YKCIIEPUMEHTAIBHBIMU JTAHHBIMHE IN U €X VIVO.

[TonyueHHass MeTOAMKA MO3BOISIET MPOBOAUTH aHATIU3 MEPEMEIICHUN CTPYKTYP
najblia YeJIoBeKa B HOPME U IIPHU NaTOJIOrMu. MeToa MOXKeT ObITh aJJaliTUPOBAH K MHBIM
JIOKaJIu3alusiM OMOPHO-/IBUTATENIHLHOTO allliapaTa YeJoBeKa.

Pe3ynbTaThl paboThl MOTYT OBITH OCHOBAHUEM JIJIsl IPOBECHUS HUCCIICIOBAHUI Ha
KJIIMHUYECKOM JTare. [lanpHelive uccienoBanus Ha 00jiee TOUHbIX TOMOrpaduuecKux
JAHHBIX U YBEJIIMYEHHOU BHIOOPKE C BKIIOUEHUEM KIMHUYECKOTO MaTepuiia
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HEOOXOIUMBI JJIS BBIBEICHUS KIIMHMYECKUX PEKOMEHIAITUH 110 JICUCHUIO U
peaduIuTaIuu.

Cmpykmypa

O6bEM paboTsl coctabigeT 40 crpanunl. Pabota BritoyaeT 17 pucyHKOB U 7 Tabau.
[Ipu Hanucanuu, ucnoiab3oBanu 123 nurepaTypHbIX HCTOYHHKA.

General description of work

Keywords

HUMAN FINGER FLEXOR TENDONS, TRAUMA, TRAUMATOLOGY AND
ORTHOPEDICS, HAND SURGERY, MRI SEGMENTATION, MODELING, FINITE
ELEMENT ANALYSIS

Description

In the current work we used the finite element method to simulate the movements
of the 3rd finger of the human hand in norm and after FDS removal.

The relevance of the work is conditioned by the existing problem of choosing the
method of surgical reconstruction of human finger flexor tendons in case of their
simultaneous damage. The paper outlines the anatomical and histological features of the
structure that predispose to a large proportion of poor and unsatisfactory long-term results
of surgical treatment of open fresh lesions in Bunnell 2 zone. One common treatment
involves excision of the superficial flexor with reconstruction of only the deep flexor.

The paper outlines a technique for creating a finite-element model based on MRI
series of the hand to compare and assess movements in cases of intact tendons and after
removal of the tendon of the superficial flexor.

MRI and clinical examination of a healthy volunteer hand were performed. Bones
(all phalanges and metacarpal), annular ligaments (Al - A5), and finger flexor tendons
(superficial and deep) were segmented.

To adjust the elastic parameters of the model tissues, we used data from literature
sources and the results of clinical examination. The solid-body interactions and boundary
conditions were set according to the anatomical and physiological properties of the
modeled structures.

Using the finite-element method, we obtained objective parametric data on the
movement of the finger structures during flexion. We assessed them using the values of
flexion amplitudes in each joint, the forces applied, and the excursion of the tendon
margins. We plotted their changes versus time.

The results were validated by comparing the graphs of dynamics and absolute
values with the literature experimental data in and ex vivo.

The obtained method allows the analysis of movements of human finger structures
in norm and pathology. The method can be adapted to other localizations of the human
musculoskeletal system.



The results of the work can become the basis for research at the clinical stage.
Further research on more accurate tomographic data and a larger sample including clinical
material is necessary to make clinical recommendations for treatment and rehabilitation.

Structure

The volume of work is 40 pages. The work includes 17 figures and 7 tables. 123 literary
sources were used.

AryJibHasl XapaKTapbICTHIKA NMPalbl
Knrwuaewisn croewt

CYXAXBIUIA 3TIBAJIBHIKAY TTAJIBLIAY KUCTU YAJIABEKA, TPAVMA
TPAYMATAJIOI'IS I APTAIIE/BIL XIPYPIIS IIDH/3JIS, MPT,
CETMEHTABAHHE, MAJIDJISBAHHE, KAHUATKOBA-2JIEMEHTHBI AHAJII3.

Xapaxmapuvicmuika

VY campaynHaii Tpambl BBIKAPBICTAHBI METaJ KaHYATKOBBIX 3JIEMEHTAY IS
MaJPJISIBaHHS pyxay 3 MalbIlbl MH]I3IIS YaJlaBeka ¥ HopMe 1 acis BeiganaeHus FDS.

AKTyanpHaCIp Tpaibl abyMoyJieHa ICHyr4Jal mpabiemail BbIOapy crocady
Xipypriysai paIKaHCTPYKIIBIl CYXaXbULISY 3TiHAJNbHIKAY Tajbllay dYallaBeka Mpbl 1X
aJIHA4acoBbIM TMAIIKOJPKaHHI. Y TMpalbl BBIKIAA3€HB aHATAMIYHBIA 1 TICTaNarivyHbISA
aca0uiBacIli, SKis CXUISIONb J1a BsJIIKal J0JI1 APIHHBIX 1 He3AaBaJbHIIOUYBIX adaleHbIX
BBIHIKAY XipypriuHara JISI9HHS aJKPBITHIX CBEXKbIX MAILIKOKAHHAY Y 2 30He mla Bunnell.
An3iH 3 pacmaycro/pKaHBIX criocabay JISTYSHHS YKIIoYae BbIIAJICHHE MaBApXOyHara
3TiHAJIbHIKA 3 PIKAHCTPYKIIBIAHA TOJBKI TJIbIOOKAra 3riHaJIbHIKA.

VY mpartibl BBIKJIAJ3€Ha METOJbIKA CTBAPIHHS KaHYATKOBA-dJIEMEHTHAN MaJdIi Ha
najctaBe MPT cepsli MOHIBIS A1 TapayHaHHS 1 aA3HaKl IepacoyBaHHAY y BbIMaAKaX
HasyHACI[l MHTAKTHBIX CYX@XKbUUILY 1 TMacis BBIJAJCHHS CYXaXbUUIl MaBSpXoyHara
3riHaJbHIKA.

Brikananet MPT 1 KIiHIYHBI aryisa  34apoBara IIDHA3MSA J00paaxBOTHIKA.
[IpaBem3eHa cerMeHTaBaHHE KocTak (yciX (payiaHT i MSICTHOM), KOJIANaJ00HbBIX 3BSI3KaY
(Al - AS5), cyxakpuLIsy 3riHaJIbHIKAY manbla mHIBI (MaBsipXxoyHara i riblookara).
Jlns Hamamki SJacTBIYHBIX TMapaMeTpay TKaHIH MajdJli BBIKAPBICTOYBall JaA3€HBIS
TTapaTypHBIX KPBIHII 1 BBIHIKAY KIIHIYHAra arisany. Y3aeMaa3esHHlI HBEPIBIX el i
MaMEXXHBIS CTaHbl 3aJalli ¥ ajamaBedHAcIll 3 aHaTaMidHbIMi 1 (i3isutarigHbIMi
ymacimiBacIsiMi MaIdJIsiBaHbIX CTPYKTYP.

3 Jnamamorail KaH4YaTKOBa-3JIEMEHTHara MeETaay Mbl aTpbiMail a0 eKTbIYHBISA
MapaMeTPBIYHBIA JTaJ3€HBIA a0 TEepaMsIIudHHI CTPYKTYp Tayblla IMamdac 3TiHaAHHS.
AIPHKY TpaBOA3LII Ta TAakKa3dblkaX aMIUTITy[ 3TiHaHHS Y KOXHBIM CYCTaBe,
MPBIKIAAaEMbIX Cllax 1 3KCKypcil kpaéy cyxaxpuuigay. [laGynmaBani rpadiki ix 3MeH
aJTHOCHA Yacy.



Banmiganeito BbIHIKAY mpaBsill LUIAXaM MapayHaHHs Trpadikay IbIHAMIKI 1
a0CaTFOTHBIX BEIIIYBIHB 3 JIITAPATypPHBIMI IKCIIEPBIMEHTAIBHBIMI J1aI3¢HBIMI 1N 1 €X VIVO.

ATpbIMaHass METOJAbIKA Ja3Bajig€ MPaBOA3Ib aHa3 MEPACOYBAHHAY CTPYKTYpP
najblia yajaBeka ¥ HOpMe 1 Mphl matanorii. Mertaa Moxka ObIlb ajanTaBaHbl Ja THIIBIX
JaKajizalblii anopHa-pyxajibHara arnapara yajaBeka.

BbIHIKI mpansl MOrylb Obllb MajCTaBail sl MpaBsA3€HHS daciefaBaHHAY Ha
KIIHIYHBIM JTamne. Jlaneimbis jgacienaBaHHl HAa OOJbII JAKJIAJHBIX TamarpadiuHbix
JaA3€HbIX 1 MaBsuliuaHail BbIOAPIIB 3 YKIIOYIHHEM KJIIHIYHAra MaTiphIsuly HEaOXOHBI
JUTSL BBIBSJI3EHHS KITHIYHBIX pIKaMEHAIbIN T1a JITYdHHI 1 pRaduTiTaIlbi.

Cmpykmypa

AG'éM mpanwl ckianae 40 craponak. Pabora yxmrouae 17 mantonkay 1 7 tabmim. [psr
HamiCaHH1, BbIKapbICTOYBall 123 miTapaTypHbIst KPBIHILIBI.
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