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1. Xipypriune sikyBaHHS IepeJIOMiB IPOKCUMAJILHOTO Bifl1ijy TIJI€40BOI KiCTKU (€KCIIepUMEHTaIbHO-KITiHIYHe

TIOCTIiTKEHHST)

2. Surgical treatment of proximal humerus fractures (experimental and clinical study)

Pedepar:

1. O6’ekT mocmimKeHHs: XipypriyHe JyliKyBaHHS IepeJIOMiB IPOKCHMMAbHOTO Bif iy I1J1€40BOi KiCTKM Ha (POHI
ocreonopoasy. [IpegMeT HoCHiIKeHHS: METOIY XipPYPriYHOTrO JIiKyBaHHS MePEeJIOMiB TPOKCUMAJILHOTO BillIIiny
I171€40BOi KiCTKM; 6ioMexaHiuHi TpUBUMIPHI MOZEJII «KiCTKa O IMIJIaHTaT» Ta HAaIIPY>KEHHS i 3MillleHHS], 1[0 BUHMKAIOTh
B HUX; KJIiHi4YHi Ta PEHTT€HOJIOTYHi aHi; MOP(OJIOTidHa XapaKTEPUCTHKA NIepebyL0BU KiCTKOBOI TKAHMHYN HAaBKOJIO
iMIIyIaHTATIB i 6i0XiMiYHI TOKa3HMKY CUPOBAaTKU KPOBi y eKCIIEpUMEHTAIbHUX IIypiB. MeTa: MOKpaInuTy pe3yIbTaTu
Xipypri4Horo JlikyBaHHS MaLi€HTIB i3 TepesioMaMy IIPOKCUMAJIbHOTO Bif[iily M11€490BOi KiCTKH LIJISIXOM
€KCIIEPMMEHTAIBHOIO MOP(OJIOTiYHOr0, 6i0MEXaHiYHOTr0, MATEMAaTUYHOI O Ta TPi6OJIOriYHOrO OOIPYHTYBAHHH,
PO3pO6JIeHHS Ta KJIiHiYHOI anpoballii iMIIaHTaTiB i peBepCUBHOrO €HI0IPOTE3A MIJIEY0BOrO CYry06a, BATOTOBIEHUX

3a J,OTIOMOTOI0 aIMTUBHUX TEXHOJIOTIH, 11 BU6OPY CIIOCOOY ONEePaTMBHOTO JIiKyBaHHS 3aJIE5KHO Bifl CTPYKTYPHO-



(yHKIIOHATIbHUX OCOOJIMBOCTEN KiCTKOBOI TKaHMHU. MeToau: KiiHiuHi, peHTreHorpagiuynuii, MPT, CKT,
MaTeMaTU4YHe MOJEJIIOBaHHS Ta CKiHUeHO-eJIeMEeHTHUI aHaJli3, 6iomexaHivHi, ricrosoriyHi, MopdpomeTpuyHi,
6ioximiuHi, cTratucTryHi. HaykoBa HOBM3HA: B €KCIIEPMMEHTAX Ha IIypax JOBEJEHO BUCOKY OCTEOIHTerpaliio
HAJPYKOBaHUX Ha 3D-NpUHTEDPI iMIIZIAaHTATIB i3 MOJIIIAKTUY, HE 3aJIEXKHO Biff CTDYKTYPU KiCTKOBOI TKAHUHU
(koMnakTHa 44 ry6yacra) Ta BU3HA4€HO BiJICyTHICTb Aerpajalii iMIaaHTaTiB Ha KiHIeBUI TepMiH JocimpKkeHHs (9
Mic.); moBeeHo 6i0CyMiCHICTb, BUCOKI aJire31BHIi Ta OCTEOIHTErPATUBHI SIKOCTi a7IMa30I10i6HUX BYIJIelleBUX
IIOKPUTTIB, HAHECEHUX Ha CTaJIEBi iIMIIJIAHTATH; [OBEJEHO 6i0CYMiCHICTh HAAPYKOBAHUX i3 TUTAaHOBOTO NOopouIKy (Ti-
6Al-4V) 3D-imMmIaHTaTIB 3 IOPCTKOIO IOBEPXHEIO i MAKPOIIOPUCTOIO CTPYKTYPOIO, Ta B OCTAaHHIX BU3HAYEHO OibLIy
OCTEOIHTETPATUBHY SIKICTh 32 iHAEKCOM OCTEOiHTerpallii Ta BifjHOCHOIO IJIOLIEI0 HOBOYTBOPEHOI KiCTKOBOI TKAaHMHU.
Ynepuie Ha MaTeMaTHUYHIM MOJeJli TepesioMy IPOKCUMAJIbHOTO Bif iy MJ1€40BOi KiCTKH, 3adiKCOBaHOTO
[IJIACTUHOIO, JOBEMIEHO, 1110 BBEAECHHS B IKOCTi apMyI04YOro Marepiajly HagpyKoBaHUX i3 nosinakrumy 3D-
IMIIJIAaHTATIB 103BOJISIE BHUBUTY HAIIPYKEHHS B METaJIeBill KOHCTPYKIii; TOBeEHO, 110 TeXHIYHi 0COOIMBOCTI
aBTOPCBHKOT'O PEBEPCUBHOTO TOTAJILHOTO €HIONPOTE3a NO3BOJISIIOTh OTPUMATH NOCTATHIO IJIOILY KOHTAKTY 3i
3MEHIUIEHHSIM MaKCMMaJIbHUX i MiHIMaJIbHUX HAalIPYy>KeHb Ha KOHTAKTHUX [TOBEPXHSIX. YIIeplle 3a pe3yJibTaTaMuU
MOPiBHSIIBHOTO 6iOMEXaHIYHOTO OCIiIPKEeHHS SKOPCTKOCTI ¢ikcaii TpudpparMmeHTapHOro nepeiomy
MIPOKCUMAaJIBHOTO BiJI[i7Ty NIJIEYOBOI KiICTKM Ha CTAaHIAPTU30BAHUX MOJIEJISIX 3 OCTEOIIOPOTUYHO 3MiHEHOIO KiCTKOIO
BCTAHOBJIEHO HaNbiIbIly HOCIMHY 31aTHICTb i BeJIMYMHY eHeprii e opMyBaHHS y CUCTEMI «KicTKa O pikcaTop» y pasi
BMKOPHMCTAHHS IVIACTUHMU 3 KyTOBOIO cTabinpHicTio PHILOS 3 ip>kocTilikoi cTasi Ta oJaTKOBUM apMyBaHHSIM
(parmMeHTa roJIOBKY IBOMA iMIIJIAHTaTaMU 3 NOJIIAKTULy. [[pakTH4YHe 3HAYEHHS: YIIPOBAIKEHO B KIIiHIYHY
[IPaKTHKy BUKOPUCTAHHS iHHOBALIMHUX nopucTux 3D-iMniaHTaTiB i3 nosinaktuny (naTeHT Ykpainu N2 147449),
BJOCKOHAJIEHOTO PEBEPCUBHOIO TOTAJILHOTO MOJYJILHOTO €HJIONIPOTE3a I1IJIEY0BOT0 CYri006a 3 HapyKOBaHNMU
KOHCTPYKTUBHMMMU €JIeMEHTaMU i3 TPAOGeKyJISIPHOTO TUTAHY (MaTeHT Ykpainu N2 147264), HOBUX aIMa30I10Ai6HUX
BYIJIELIeBUX [TOKPUTTIB [JIsl TIap TEPTs MWTYyYHUX €HIOIPOTE3iB, 0 30i7bIIaTh TEPMIH iX CIy>KOM 3aBISKU
3MEHIIEHHIO YTBOPEHHS IPOJYKTiB 3HOCY ITOKPUTTIB (11ateHT YKpainu N¢ 153323). YripoBaJpKeHHS B KJIiHIYHY
[IPaKTUKy JU(ePEeHLif0BaHOrO NiIX0ay 10 BUOOPY METOAY JIiKyBaHHS MallieHTiB i3 nepesoMaMy IPOKCUMAaIbHOTO
Binniny nnedosoi kictku 11-B, 11-C 3a knacudikaniero AO /OTA 3 ypaxyBaHHSIM KOPTUKAJIBHOTO iHAEKCY JO3BOJIUIIO
IIPOBOJIUTH PaHHIO 1030BaHy aKTUBHY peaodisiTallilo, CKOpPOTUTHU TePMiHM TOBEpPHEHHS NallieHTa [0 MOBCSIKIEHHUX
dyHKUi. OnepkaHi pe3yabTaTi MOXKYTb OYyTU BUKOPUCTAHI JJ1s1 IOJAJIbIINX HAYKOBUX JTOCII/I)KEHD i IOKpalleHHs
PE3yJbTaTIB XipYPrivHOro JIiKyBaHHS MALi€HTIB i3 [IepeIoMaMU IPOKCUMAJIBHOTO BiiIiyly I171€40BOi KiCTKU.
Po3pob6eni 3D-iMIJIaHTaTH € IePCIeKTUBHUM MaTepiasioM 17151 3aMillleHHS KiCTKOBUX Ae(dEeKTiB, JTiKyBaHHS
IIepeJIoMiB Ta YHIKOIKEHb KiCTKOBO-M'SI30BOI CUCTEMH, 1110 BUHUKJIM BHACiOK 601oBux TpaBM. Coepa

BMKOPHMCTaHHS: MeIMLIYHA (TPaBMaTOJIOTis Ta OPTOIeis).

2. Object: Surgical treatment of proximal humerus fractures on the background of osteoporosis. Subject: Methods
of surgical treatment of proximal humerus fractures; biomechanical three-dimensional models of "bone - implant”
and stresses and displacements arising in them; clinical and radiological data; morphological characteristics of
bone tissue remodeling around implants and biochemical indicators of blood serum in experimental rats. Purpose:
To improve the results of surgical treatment of patients with proximal humerus fractures through experimental
morphological, biomechanical, mathematical and tribological substantiation, development and clinical approbation
of implants and reversible endoprosthesis of the shoulder joint manufactured using additive technologies, and the
choice of the method of surgical treatment depending on the structural functional features of bone tissue.
Research methods: clinical, radiographic, MRI, CT, mathematical modeling and finite element analysis,
biomechanical, histological, morphometric, biochemical, statistical. Scientific novelty: In experiments on rats, it
was proven the high osseointegration of 3D printed polylactide implants, independent of the structure of the bone
(lamellar or trabecular), and the absence of degradation of the implants was determined at the end of the study (9
months); there were proven the biocompatibility, high adhesive and osteointegrative qualities of diamond-like
carbon coatings applied onto steel implants; it was proven the biocompatibility of 3D implants printed from
titanium powder (Ti-6Al-4V) with a rough surface and a macroporous structure, and in the last case, a higher
osseointegrative quality was determined according to the index of osseointegration and the relative bone



formation area. For the first time, using a mathematical model of proximal humerus fracture with external plate
osteosynthesis, it was proven that the introduction of 3D printed porous polylactide implants as a reinforcing
material can reduce stress in the metal structure. There were proven that the technical features of the original
reverse total endoprosthesis make it possible to obtain a sufficient contact area due to changes in the maximum
and minimum strain on the contact area. For the first time, based on the results of a comparative biomechanical
study of the rigidity of the fixation of a three-fragment fracture of the proximal humerus on standardized
osteoporotic bone models, the greatest load-bearing capacity and magnitude of deformation energy in the "bone -
fixator" system were established in the case of angular stable plate PHILOS made of rust-resistant steel and
additional reinforcement head fragment with two polylactide implants. Practical significance: The use of innovative
porous polylactide 3D implants (patent No 147449 Ukraine), an improved reverse total modular endoprosthesis of
the shoulder joint with 3D printed structural elements from trabecular titanium (patent No 147264 Ukraine), new
diamond-like carbon coatings for endoprostheses friction pairs, which will increase their service life due to the
reduction of products from the wear of the coatings, have been introduced into clinical practice (patent No 153323
Ukraine). The clinical introduction a differentiated approach to selecting methods of surgical treatment of patients
with proximal humerus fractures classified 11-B, 11-C by AO /OTA classification, taking into account the cortical
index, made it possible to carry out early dosed active rehabilitation and shorten the time for the patient to return
to everyday functions. The obtained results can be used for further scientific research and improvement of the
results of surgical treatment of patients with proximal humerus fractures. The developed 3D implants are a
promising material for replacing bone defects, treating fractures and injuries of the musculoskeletal system caused
by combat injuries. Scope of use: Medicine (Traumatology and Orthopedics).
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