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1. MeTor0 po60TH 6YJI0 CTBOPEHHSI ONITUMAaJIbHOI TAKTUKH XipypriyHOTO JIiIKyBaHHS YCKIATHEHUX Ta 3aCTapisiuX
PO3PUBIiB POTaTOPHOI MAaHXXETKH I171€4a. JI7151 BU3HaUY€HHS MOBEJIiHKM CTPYKTYP IJIEYOBOTO CYra06a mpu
VIIKOJKEHHI m.supraspinatus abo n.axillaris a6o plexus brachialis nposeneno HamniBHaTypHe 6ioMexaHiuHe
MOJIEJIIOBAHHS IIJIEY0BOTO Cyrioba. Y bOMy METO/i MU aHaJIi3yBaji MOBEIiHKY CTPYKTYP CyJIMUHHO-HEPBOBOTO
IIy4Ka IJIEYOBOTO Cyr106a B HAC/IiNOK TPaKIitHOro 3MillleHHS roJIiBKY JOHU3Y Ha 25 %, 50% Ta 100 % Bin ii
niameTtpy. Ha ocHoBi akcianpHux ckaHiB CKT iHTaKTHOrO IJIE4€BOTrO CYIJI00y, OTPUMAHMX HA KOMII'IOTEPHOMY
tomorpadi «Toshiba Activion 16», 3a OIOMOT0O0 IPOrpaMHOro NMakeTa «Mimics» B aBTOMaTUYHOMY Ta
HaNiBaBTOMaTUYHOMY P€XMMax BiITBOPEHO [IPOCTOPOBY F€OMETPIil0 CTPYKTYP IJIEYOBOTO Cyriaoba. 3acobamu
nporpamMHoro nakera «SolidWorks» ctBopeHo imiTaniiiny 3-D Mopessb niedoBoro cyrioba. o monesi oJaHO
M’KOTKaHMHHI esleMeHT! - m.deltoieus Ta m.supraspinatus M’sa3u, CyIUHYA Ta HEPBU, MOPPOMETPHUYHI Ta
tTonorpadivHi gaHi Ipo SIKUX OTPUMaHi 3 KaJaBEPHOTO Marepiasy. Po3rauryBaHHs Ta CIiBBiIHOMIEHHS €JIEMEHTIB

MoZeJsli MaKCMMaJIbHO HabJIMXEHO [I0 peaslbHUX YMOB. ICHYIOUi BiXnleHHSI HE BHOCUJIM PUHIIUIIOBUX



PO30iKHOCTEN Ta HE BIUIMBAJIY HA PE3YJIbTaTA PO3paxyHKiB. [loganbuli po3paxyHKu 3gilicHoBanu metogom CE,
SIKMI IO3BOJISIE LOCIIIAUTY €BOJIIOLI0 TIpoLecy fedopMyBaHHS I1iJi HABAHTA)XEHHSM eJIEeMEeHTIB iMiTaliliHOI MoJiei
Jieya, a came — KiCTKOBOi TKAHUHU, M'S13iB Ta HEPBIB, 3 BEJIMKUMU r€OMETPUYHUMU i Pi3UYHO HENMiHIMHUMU
BJIACTUBOCTSIMU MaTepiasiB i 3MiHHMMU B 4aci 30BHIIIHIMM BIJIMBaMu. [ly1ist TpoBefeHHs po3paxyHkiB HIIC meTogomM
CE imitauiitni mogesni 6yso imnoprosano y nporpamy «ANSYS». ¥ po3paxyHKax 3aCTOCOBYBaJIU ycepenHeHi Qi3nyHi
BJIACTMBOCTI 610JIOTiYHUX TKAHUH, SIKi OTPUMaHi 3 JliTepaTypHuX Axepel. [ NOpiBHAIBHOTO aHalizy obupanu
HalMeHIIEe 3Ha4eHHs MeXi MIIJTHOCTI TKaHMH. Y HaIliBABTOMAaTUYHOMY peXuMi 3reHepoBaHo 3 Bapiantu CE mogeri 3
IVCTaJIbHUM 3MiLeHHSIM roJliBKU 171e40BOi KicTKY Ha 25 %, 50 % ta 100 % ii miameTpy, mif, fielo Macu BEpxHbOi
KiHLIiBKY, 110 iMiTy€ BUKJIIOUEHHS 3 pOOOTU PYHKLIi AebTONoAI6HOro M'sa3a. Mopesni HajliuyBanu B cepeiHboMy 393
000 By3iB Ta 128 000 esniemeHTiB. [l7151 36i7bII€HHS] TOYHOCTI PO3PaXyHKIB CiTKa yIlIiJIbHEHA B [IiJITHKax KOHTAKTy Ta
171 eneMeHTiB HepBiB. CE ciTka npejcTaBiieHa nepeBakHO TeTpaeapuiyHumu ejemeHtamu (Tetrahedrons), po3mip
SIKUX HAa OCHOBHIV MOZEJIi He nepeBulnye 2 MM, y micusx 3rymeHnHs 0,1 - 1 Mm. B sKkoCTi HaBaHTaKeHHS MOZeli
IIPUIHSATO [Iil0 IIepepaxoBaHOi Macy BEPXHbOI KiHIIiBKU [JIs1 CepeIHbOCTAaTUCTUYHOI JIIOAVMHU MACOI0 75 KI'y
IIOJIOKEHHI CTOSAYY, 3 ypaxyBaHHAIM Mac-iHEPLUiMHUX XapaKTePUCTUK: Iyiede — 2,7 %, nepearunidys — 1,6 %, KUCTb —
0,6 %, cymapHo — 4,9 %, Biz 3arasibHOI Macu Tina moguHu. OTXe, 10 JUCTAJIBHOTO KiHIIS IJIEY0BOI KiCTKM MOJIEJIi
npukiaganu 3ycuiisg 750H x 0,049 = 36,75H. V pesysipTaTax OTpUMaIy 10 LUCTAJIbHE [1epeMillieHHS ToJliBKU
1171€490BOi KicTKu Mopei Ha 25-100 % Big, ii miameTpy CypOBOIKY€ETHCS CIIJIBHUMU IIEPEMIIIIEHHSIMU CTYKTYD
CyJJMHHO-HEPBOBOro cIuleTiHHA. OfHaK yCi €JIEMEHTH CIIJIETiHHS 32 PaXyHOK aHaTOMIYHOTIO PO3TaIlyBaHHS,
MIXKTKaHMHHOT'O 3'€JHAHHS Ta BJIACHUX MEXaHIYHUX BJIACTUBOCTE MepeMillyoTecs He piBHOMipHO. [Ipu iboMy
n.musculocutaneus, fasciculus posterior plexus brachialis Ta n.ulnaris 3a mokazHuKamu 3arajgbHUX MepeMillleHb
(Total Deformation) MaioTh HaibinbIIi 3HaUEHHS — 10 52,9 MM, 44,4 MM Ta 41,4 MM BiZINOBifHO. BeJuKi MOKa3HUKU
NepeMilleHb CyIIPOBOIKYIOThCSl 3aKOHOMIPHUM 3pOCTAHHSIM 3HaY€Hb HaNPYyXKeHb Ta JedopMalliil Ha OKpEMUX
CTPYKTypax CyZJMHHO-HEPBOBOTrO CIJIETiHHS Mopei. Tak, 3a I0Ka3HUKaMU Hallpy>KeHb, HANOIIbIIOMY BILJIUBY
nignaBanucs n.radialis Ta a.axillaris, ix 3HaueHHsI MPOrPECOBHO 3POCTAJHU i3 301/IbLIIEHHSIM JUCTATbHOTO 3MillleHHS
roJiiBKM 1J1e40BOi KicTKu 10 100 % ii niameTpy Ta BUXonuiuy 3a Mexxi MilfHOCTi TKaHUH. [loenHaHi naHi MOKa3HUKIB
HaIpPYy>KeHb Ha €JIEMEHTax MOJieJli [71s1 pi3HUX BapiaHTIiB JUCTAJIbHOrO 3MillleHHS FOJIiBKY I1J1€Y0BOi KicTKH (25, 50 Ta
100 % pmiameTpy). 3a okazHMKamu nedopmaliiil, HaibinboMy BIIMBY nignasBanucs n.radialis Ta n.axillaris.
[TepeBuilyoun Mesi MilJHOCTI y 2,5 pa3y, 3HaueHHs fedopmaliiil 1y n.radialis, BXe IIpu JUCTaTbHOMY
nepeMilleHHi rosiBKY M1€490Boi KiCTKM Mozesi Ha 25 %, IPOrpeCcoBHO 3pOCTAJIN i3 30i/bIIEHHSIM IUCTaIbHOTO
3Milll€HH4 TOJIiBKU M71€40BOi KicTKU 10 100 %, cqrarouyu 3Ha4eHb, 4Ki y 9 pasiB epeBUILYIOTh MEXIi MIilIHOCTI
HEpPBOBOI TKAaHUHU. 3HaUeHHs Aedopmatiil 1y n.axillaris, nepebyBaruu Ha Me>Xi MilIHOCTi TKAHUHU IIPU
IVICTaJIbHOMY IepeMillleHHi ToJliBKY IJ1e40BOoi KicTKU Mogesti Ha 50 %, MporpeCcuBHO 306ibITyBaIuCs i3
30iBIIEHHSM IMCTaJIbHOTO 3MillleHHS TOJIiBKY I1e40Boi KicTku 1o 100 % ii miameTpy, cAraioun 3HaYeHb, SKiy 1,7

pasiB NepeBUIIYIOTh MEXi MIlJTHOCTi HEPBOBOi TKAHUHMU.

2. The purpose of this work was to create optimal tactics for surgical treatment of complicated and chronic tears
of the rotator cuff of the shoulder. In order to substantiate the choice of tactics and prove the importance of
stabilizing the shoulder joint, a semi-natural biomechanical modeling of the structures of the shoulder joint and
vascular-nerve bundle was created and carried out, as well as clinical, biophysical, instrumental studies and a
comparison of the results obtained in the treatment of the main group of patients with a retrospective analysis. To
determine the behavior of the structures of the shoulder joint in case of damage to the m.supraspinatus or
n.axillaris or plexus brachialis, a semi-natural biomechanical simulation of the shoulder joint was carried out. In
this method, we analyzed the behavior of the structures of the vascular-nerve bundle of the shoulder joint as a
result of traction displacement of the head downwards by 25 %, 50 % and 100 % of its diameter. On the basis of
axial CT scans of the intact shoulder joint obtained on the Toshiba Activion 16 computer tomograph, the spatial
geometry of the shoulder joint structures was reproduced using the Mimics software package in automatic and
semi automatic modes. A simulated 3-D model of the shoulder joint was created using the SolidWorks software
package. Soft tissue elements - m.deltoieus and m.supraspinatus muscles, vessels and nerves, morphometric and
topographical data about which were obtained from cadaver material, were added to the model. The location and



ratio of model elements are as close as possible to real conditions. The existing deviations did not introduce
fundamental disagreements and did not affect the results of the calculations. Further calculations were carried out
by the SE method, which allows to study the evolution of the deformation process under the load of the elements
of the shoulder simulation model, namely, bone tissue, muscles and nerves, with large geometric and physically
nonlinear properties of materials and time-varying external influences. In order to calculate VAT using the SE
method, simulation models were imported into the "ANSYS" program. Averaged physical properties of biological
tissues obtained from literary sources were used in the calculations. For comparative analysis, the smallest value of
the limit of tissue strength was chosen. In a semi-automatic mode, 3 variants of the SE model were generated with
a distal displacement of the head of the humerus by 25 %, 50 % and 100 % of its diameter, under the influence of
the mass of the upper limb, which simulates the exclusion of the function of the deltoid muscle. The models had an
average of 393,000 nodes and 128,000 elements. To increase the accuracy of calculations, the mesh is compacted
in the areas of contact and for nerve elements. The CE grid is mainly represented by tetrahedral elements
(Tetrahedrons), the size of which on the main model does not exceed 2 mm, in places of thickening 0.1 - 1 mm. As
the load of the model, the effect of the calculated mass of the upper limb for an average person weighing 75 kg in a
standing position, taking into account the mass inertial characteristics: shoulder - 2.7 %, forearm - 1.6 %, hand -
0.6 %, in total - 4.9 % of the total weight of the human body. Therefore, a force of 750N x 0.049 = 36.75N was
applied to the distal end of the humerus of the model. The results showed that the distal movement of the humeral
head of the model by 25-100 % of its diameter is accompanied by joint movements of the structures of the
vascular-nerve plexus. However, all elements of the plexus do not move evenly due to their anatomical location,
inter-tissue connection and their own mechanical properties. At the same time, n. musculocutaneus, fasciculus
posterior plexus brachialis and n. ulnaris have the largest values according to indicators of total displacement
(Total Deformation) - up to 52.9 mm, 44.4 mm and 41.4 mm, respectively. Large displacement indicators are
accompanied by a natural increase in stress and strain values on individual structures of the neurovascular plexus
of the model. Thus, according to stress indicators, n.radialis and a.axillaris were most affected, their values
progressively increased with the increase in the distal displacement of the head of the humerus up to 100% of its
diameter and exceeded the limits of tissue strength. Combined data of stress indicators on model elements for
different variants of distal displacement of the humeral head (25, 50 and 100% of the diameter). According to
deformation indicators, n.radialis and n.axillaris were most affected. Exceeding the strength limits by 2.5 times, the
values of deformations for n.radialis, already at a distal displacement of the humeral head of the model by 25%,
progressively increased with an increase in the distal displacement of the humeral head up to 100%, reaching
values that exceed the limits by 9 times strength of nervous tissue.

Jep>kaBHH#M peecTpanifiHuii Homep HiP: 01170007492

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH 1 TEeXHIKH: Hayku npo KUTTS, HOBi TEXHOJIOTIi NPO(INAKTUKY

Ta ]IiKy'BaHHH HaﬁHOIHI/IpeHiIHI/IX 3aXBOPIOBAaHb

CrpareriyHuii NpiopUTETHUH HANIPSIM iHHOBALiMHOI Ais1JIbHOCTI: BripoBa/KeHHs HOBUX TEXHOJIOTii

Ta 06J1aHAHHS 1151 IKICHOTO MEIMYHOTO OOCIIyTOBYBAHHS, JIiKyBaHHS, (papMalleBTUKU
I'[i,qcyMKH IOCJIiI>KEHHS: TeopeTuyHe y3araJbHEHHs i BUPIlIEHHS BAXJIMBOI HAyKOBOI TPOGIeMu

Iy6sikaii:

¢ Ctpadyn C.C., JIlucak A.C., Cyxin O.10. «Hemacausa Tpiaga» mieva. [Ipobnemu piarHoctuxu. TpaBma - N220
(2). - 2019. - C. 108-112

e Strafun O.S., Sukhin O.Yu., Lysak A.S., Bohdan S.V. Treatment of Chronic and Complicated Ruptures of the
Rotator Cuff of the Shoulder. o Herald of Orthopaedics, Traumatology and Prosthetics - N22 (109). - P. 51-57.

e Cyxin O.10. «CTATUCTHWKA TA TTOPIBHAJIbHUI AHAJII3 JIIKYBAHHS XBOPYIX 3 VCKJIAIIHEHVIMU TA
3ACTAPUIMMMU PO3PVMBAMUM POTATOPHOI MAHKETH TIJIEYA». OfechKuii MequyHuit >KypHai N23 (184). -
c. 40-44



e Strafun S., Lysak A., Sukhin O., Lazarev I. «Terrible Triad» of the Shoulder. Biomechanical Semi-Natural
Modeling and Justification to Rotator Cuff Restoration. o EUREKA: Health Sciences - N26. - P. 17-23

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MeToxy, Teopii, rinoresn

Couiaano—eKOHOMqua CIIpﬂMOBaHiCTb: TOJIINIIEHHS SIKOCTi )KUTTSI Ta 340POB'SI HACEJIEHHS,

eEeKTUBHOCTI [AiarHOCTUKY Ta JIiIKyBaHHS XBOPUX

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH: 01170007492

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Crpadyn Cepriit CemeHOBUY

2. Serhii S. Strafun

KBasigikanis: 1. men. u., npodecop, 14.01.21
InenTudikarop ORCID ID: 0000-0002-3368-8396
JonaTkoBa iHdopmaris:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHa ycTaHOBa "THCTUTYT TPaBMATOJIOTIi Ta OpTONEji

HaujonasnbHoi akagemii MeguYHMX HayK YKpaiHu"

Kopg, 3a € IPIIOY: 02012007

Micue3HaxoaKeHHS: ByJ1. BysnbBapHO-KynpsiBeeka, 6ya. 27, Kuis, 01054, Ykpaina
dopma ByracHoCTI:

Cdepa praBJIiHHﬂ: HaujjonanbHa akageMis MEIUYHUX HAYK YKpaiHU

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odinifiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. ®dimeHko Bonogumup OsnekcannpoBuY

2. Volodymyr O. Fischenko

KBasidikamis: n.men.n., npodecop, 14.01.21
InenTudikarop ORCID ID: 0000-0002-4742-9416
JopaTrkoBa indpopmamnist:

IToBHEe HaﬁMeHyBaHHH IOpH,ZII/I‘-IHOi 0COOH: BiHHUIbKUIT HAI[IOHAJIBHUI MeMYHUI yHiBepcuTeT iMeHi M. L.

[Tnporosa



Koz, 3a €IPITIOY: 02010669

Micueanaxo,r.pxeﬂna: ByJ1. [Iuporosa, 6yz. 56, BiHuuig, Binaunekuii p-H., 21018, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: MiHiCTepCTBO OXOPOHH 3/10POB's YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. TonoBaxa Makcum JleoHimoBUY

2. Maksym L. Holovaha

KBasigikamis: n.men.n., npodecop, 14.01.21
InenTudikarop ORCID ID: 0000-0003-2835-9333
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: 3anopisbKuii nepkaBHUIl MeIUKO-(papMaleBTUHUIA

yHiBEpCUTET

Kopg 3a €IPIIOY: 45030873

Micue3HaxoaKeHHS: np-T MasgkoBCbKoro, 6y/1. 26, 3anopixoks, 3anopisekuii p-H., 69035, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpasiiHHS:

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Byp sHOB Osnekcanap AHaTOJiOBAY

2. Oleksandr A. Bur'yanov

KBasigikanis: . men. u., npodecop, 14.01.21
InenTudikarop ORCID ID: 0000-0002-2174-1882
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: Hauionanbuuit meanuHuii yaisepcurer imeni O.0.

boromosbiis

Kog, 3a €IPIIOY: 02020787

Micue3HaxoO KeHHS: , Kuis, 01601, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepPCTBO 0XOPOHU 31,0POB's YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

PeuenszeHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. IMaBanyko IOpiit FOpiitoBny



2. Yuriy Y. Pavlychko

KBasigikamis: k. men, H., nouenr, 14.01.21

ImenTudikarop ORCID ID: 0000-0003-0060-4536

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHOi 0COOM: OpechKUil HAliOHATBHUI MeTUYHUI yHiBEpcUTeT
Kog, 3a € IPITIOY: 02010801

Micue3HaxoaKeHHS: BalixoBChKuii IIPOBYJIOK, 6yx. 2, Oneca, 65082, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJ'IiHHﬂ: MiHicTepcTBO OXOPOHM 30POB 'Sl YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Biiacue IlpisBume Im's ITo-6aTbKOBI Boprist Onexcannp IsaHoBny

TOJIOBH pajgu

Biacue IlpisBume Im's I1o-6aThKOBI Boprst Omekcanp IaHoBid
TOJIOBYIOYOTO Ha 3acCiaHHi
BigmoBizansHMIA 32 HiATOTOBKY Tlerpo Bopucosuy AHTOHEHKO

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJILHUM 32 peecrpauilo HayKOBO'l' Opuenko TersHa AHaToJIiBHA

OisIJIbHOCTI




