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Pedepar:

1. MeTo10 po60TH 6YJI0 CTBOPEHHSI ONITMMaJIbHOI TAKTUKM XipyprivHOTO JIiKyBaHHS YCKJIAJHEHUX Ta 3aCTapisiux
PO3pUBiB POTATOPHOI MaHXETKH Ijieva. [y BU3HAaYEeHHS MOBEiHKU CTPYKTYP IJIEYOBOTO Cyrioba npu
YUIKOJPKEHHI m.supraspinatus abo n.axillaris a6o plexus brachialis nposeneHo HaniBHaTypHe 6ioMexaHiuHe
MOJIEJIIOBAHHS IIJIEYOBOTO Cyryoba. Y bOMy METO/Ii MU aHaJIi3yBajiv MOBEJiHKY CTPYKTYP CyJMHHO-HEPBOBOTO
IIy4Ka IJIeY0BOro Cyrjaoba B HAC/IiJOK TPaKLiHOTo 3MillleHHS roJiBKY OHU3Y Ha 25 %, 50% Ta 100 % Biz ii
niameTpy. Ha ocHoBI akcianpHux ckaHiB CKT iHTaKTHOrO IJIE4E€BOrO CYIJI00y, OTPUMAHMX HA KOMII'IOTEPHOMY
tomorpadi «Toshiba Activion 16», 32 OIIOMOro0 IPOrpaMHOro MnaxkeTra «Mimics» B aBTOMaTUYHOMY Ta
HaMiBaBTOMaTUYHOMY PEXKHMMax BiITBOPEHO IIPOCTOPOBY FEOMETPIiI0 CTPYKTYP IIJIEYOBOro Cyrynoba. 3acobamu

nporpamHoro nakera «SolidWorks» cTBopeHo iMiTaniiiny 3-D mozesns nae4oBoro cyrnoba. lo moneni 1ogaHo



M’IKOTKaHMHHI efieMeHTy — m.deltoieus Ta m.supraspinatus M’s3u, CyIMHU Ta HepBU, MOPPOMETPUYHI Ta
tonorpadivHi JaHi po KUK OTPUMaHi 3 KalaBEpHOTO Marepiany. Po3rauryBaHHS Ta CIiBBiIHOIIEHHS €JIeMEHTIB
MoJeJsli MaKCUMaJIbHO HabJIMKEHO [10 peajbHUX YMOB. ICHYIOUI BilX1JI€HHSI HE BHOCUJIM IPUHIIUIIOBUX
PO30IKHOCTEN Ta HE BIUIMBAJIY HA PE3YJIbTaTA PO3paxyHKiB. [loganbuli po3paxyHku 3giiicHioBanu metonom CE,
SIKUI TO3BOJISIE OCJIIAUTY €BOJIIOLIIO0 TIpoLecy nedOopMyBaHHS IiJi HABAHTA)XEHHSM €JIEMEeHTIB iMiTaliiHOi MoJieti
JIe4a, a came — KiCTKOBOi TKAHUHU, M'SI3iB Ta HEPBIB, 3 BEJIMKUMU reOMETPUYHUMU i Pi3MYHO HENMiHIMHUMU
BJIACTUBOCTSIMU MaTtepiasliB i 3MIHHMMMU B 4Yaci 30BHIIIHIMU BIIMBaMU. 1151 IpoBeieHHA po3paxyHKiB HIC meTomom
CE imiTaliiiHi mogei 6yJo iMIopToBaHO y mporpamy «ANSYS». V po3paxyHKax 3aCTOCOBYBAJIM yCEPEIHEHI (Pi3nyHi
BJIACTMBOCTI 610JIOTIYHUX TKAHUH, SIKi OTPUMaHi 3 JliTepaTypHUX Axkepet. i MOpiBHIIBHOTO aHasi3y obupanu
HalMEHIIEe 3Ha4€HHS MeXi MIIJTHOCTI TKaHMH. Y HaIliBABTOMAaTUYHOMY peXuMi 3reHepoBaHo 3 Bapiantu CE mogeri 3
IVICTaJIbHAM 3MillI€eHHSIM FOJIiBKU I71€40BOi KicTKM Ha 25 %, 50 % 1a 100 % ii niameTpy, mif Aielo Macu BepXHbOi
KiHLIiBKY, 110 iMiTy€e BUKJIIOYEHHS 3 pOo60TH PYHKLIi AesbTONnoAi6HOro M'sa3a. Moaesni HajlivyBanu B cepeiHboMy 393
000 By3iB Ta 128 000 esniemeHTiB. [7151 36i7bII€HHS] TOYHOCTI PO3PaXyHKIB CiTKa yIlliJIbHEHa B [IiJITHKax KOHTAKTy Ta
17 enemeHTiB HepBiB. CE ciTka npejcTaByieHa epeBaskHO TeTpaeapuiyHumu enemeHTamu (Tetrahedrons), po3mip
SIKUX HAa OCHOBHI/ MOZEJIi He nepeBuinye 2 MM, y micusx srymenHs 0,1 - 1 Mm. B sKOCTi HaBaHTaKeHHS MO el
IIPUIHSATO [Ii0 IIepepaxoBaHOi Macy BEPXHbOI KiHIIiBKU [IJIs1 CEpeIHbOCTAaTUCTUYHOI JIIOAMHU MACOI0 75 KT'y
TOJIOKEHHI CTOSYY, 3 ypaxyBaHHSIM Mac-iHEPLiMHUX XapaKTePUCTUK: Iyiede — 2,7 %, nepearunidys — 1,6 %, KUCTb —
0,6 %, cymapHo - 4,9 %, Bin 3arajibHOI Macu Tisia moguHu. OTKe, 00 OUCTAJIbHOIO KiHIM III€40BOi KiCTKM MOZEli
npukaganu 3ycusig 750H x 0,049 = 36,75H. Y pesysibTaTax OTpUMaiy 10 AUCTANIbHE epeMillleHHS TOJiBKU
n71e490B0i KicTku Mopesti Ha 25-100 % Big, ii miameTpy CypOBOIKY€ETHCS CIIIBHUMU IIEPEMIllEHHSIMU CTYKTYP
CyJJMHHO-HEPBOBOro cIuleTiHHsA. OfHaK yCi eJIeMEHTH CIIJIETiHHS 32 PaXyHOK aHaTOMIYHOIO PO3TalllyBaHHS,
MiKTKaHMHHOTO 3'€JHAHHS Ta BJIACHUX MEXaHIYHUX BJIACTUBOCTE MepeMilyloTecs He piBHOMIpHO. [Ipu ibOMY
n.musculocutaneus, fasciculus posterior plexus brachialis Ta n.ulnaris 3a mokazHuKamMu 3arajgbHUX MePEMillleHb
(Total Deformation) MaroTh HaibinbIIi 3HaUEHHS — 10 52,9 MM, 44,4 MM Ta 41,4 MM BiZINOBiHO. BeJuKi MOKa3HUKU
nepemileHb CYIIPOBOIKYIOThCS 3aKOHOMIDHUM 3POCTAHHSIM 3Hau€Hb HANPYXXeHb Ta Jedopmaliiil Ha OKpeMUX
CTPYKTypax CyZJMHHO-HEPBOBOTO CIJIETIHHS Mozei. Tak, 32 NOKa3HUKaMU Hallpy>KeHb, HANOIIbIIOMY BILJIUBY
nignaBanucs n.radialis Ta a.axillaris, ix 3HaueHHs MPOrPECOBHO 3POCTAJHU i3 301/IBIIEHHSIM JUCTATBHOTO 3MillleHHS
rOJIiBKU I1J1€40BOi KicTKM 10 100 % ii miameTpy Ta BUXOAWiU 3a MeXi MilfHOCTI TKaHMH. [loenHaHi naHi TOKa3HUKIB
HaIpyKeHb Ha eJIeMEHTax MOJieJli /171 Pi3HMX BapiaHTIB UCTalbHOTO 3MillleHHS TOJIiBKY I171e40BOi KicTKH (25, 50 Ta
100 % pmiameTpy). 3a nokazHuKamu fedopmaliiii, HaibinpImoMy BIIKMBY nignasanucs n.radialis Ta n.axillaris.
[TepeBuimyoun Mexi MiLlHOCTI y 2,5 pasy, 3HaueHHs gedopmaliiil 14 n.radialis, BXe npu fyucTaJbHOMY
nepeMilleHHi roJliBKU MJ1e40BOi KiCTKM MOAeJ Ha 25 %, IPOrpeCcOBHO 3pOCTaIH i3 30i/IbIIEHHSIM AUCTAIbHOTO
3MIIIEHHS IOJIiBKY I171€40BOi KicTKU 110 100 %, csararo4u 3Ha4YeHb, sKi y 9 pasiB IepEeBULLYIOTb MEXi MILJTHOCTI
HEpPBOBOI TKaHUHU. 3HauYeHHs Aedopmariii 1y n.axillaris, nepebyBarouu Ha Me>Ki MilIHOCTi TKAHUHU IIPU
IVICTaJIbHOMY IepeMillleHHi ToJliBKY IJ1e40BOoi KicTKU Mogiesti Ha 50 %, MporpecuBHO 306ibIIyBaInCs i3
30iJIbIIEHHSM AUCTAIbHOTO 3MillleHHS IOJ1iBKM I71€490BOoi KicTku 10 100 % ii miameTpy, csararouu 3HayeHs, sKi y 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.
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