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1. XipypriuHe y1ikyBaHHs IEPEJIOMiB IPOKCUMAJIBHOTO Bifl iy IIJIE40BOI KiCTKM (€KCIIepUMEHTAIbHO-KIIiHIYHE

TIOCTIiIKEHHST)

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

1. O6’exT mocimKeHHs: XipypriuHe JlikyBaHHS IIepeJIOMiB IPOKCUMAJIbHOTO Bifflisly M71€40BOi KiCTKM Ha QOHi

ocreonopoasy. [IpegMeT DoCHiIKeHHI: METOAY XipyPriYHOrO JIiKyBaHHS [1€PEJIOMIB ITPOKCUMAJILHOTO BillIiny

IJIEYOBOI KiCTKY; 6i0MexaHiYHi TPUBUMIPHI MOZE «KiCTKa O iMIIJIAHTAT» Ta HANIPY>KEHHSI i 3MillleHHS, 1110 BUHUKAIOTh

B HUX; KJIiHI4HIi Ta pEeHTreHOJIoriyHi aHi; Mop¢oJioriyHa XapakTepucTHKa IepebyLoBU KiCTKOBOi TKAHMHY HAaBKOJIO
iMIIyIaHTATIB i 6i0XiMiYHI TIOKa3HMKYU CUPOBATKU KPOBi y €KCIIEpUMEHTAIbHUX 1ypiB. MeTa: MOKpaIUTy pe3yIbTaTu

XipypriyHoro JylikyBaHHS MALi€HTIB i3 epeoMaMu IPOKCUMAJIbHOTO BifAiny M1€40BOi KiCTKM LIJIAXOM



€KCIIepUMEHTAJIbHOTO MOP(OJIOTiYHOr0, 6i0MEXaHI4YHOTr0, MATEMATUYHOTO Ta TPi6OJIOTIYHOrO OOIPYHTYBAHHS,
PO3po6JIeHHs Ta KJIiHIYHOI arpoobaliii iMIIJIaHTaTiB i peBepCUBHOIO €HI0IIPOTE3a MIeY0BOr0 CYIy106a, BATOTOBJIEHUX
3a ZOTIOMOTOI0 aIMTUBHUX TEXHOJIOTIH, 11 BUGOPY CIIOCOOY ONEPAaTUBHOTO JIiKyBaHHS 3aJIEKHO Bifl CTPYKTYPHO-
(PYHKLIOHAJIBHUX 0COOJIMBOCTEN KiCTKOBOI TKAaHMHU. MeTonu: KiiHiuHi, peHTreHorpadiynmii, MPT, CKT,
MaTreMaTU4He MOJIEJIIOBaHHS Ta CKiHYeHO-eJIeMeHTHUI aHaJi3, 6iomexaHiuHi, ricrosnoriyHi, MopdomeTpryHi,
6ioximiuHi, cTatucTryHi. HaykoBa HOBM3HA: B €KCIIEPUMEHTAX Ha Ilypax JOBeJeHO BUCOKY OCTEOIHTerparliiio
HaJpPyKOBaHUX Ha 3D-NpUHTEDPI iMIIZIAaHTATIB i3 MOJIIJIAKTULY, HE 3aJIEXKHO Bif} CTDYKTYPU KiCTKOBOI TKAHWHU
(koMIakTHa yM ryb4yacTa) Ta BU3HAYE€HO BifJICYTHICTb Aerpafalii iMIIaHTaTiB Ha KiHL€BUY TePMiH AOCIiIKeHH (9
Mic.); OoBeZ,eHO 6i0CyMiCHICTb, BUCOKI aire€3UBHi Ta OCTEOIHTETrpaTUBHI SIKOCTi aJIMa30IoiOHNX BYTJeLeBUX
IIOKPUTTIB, HAHECEHUX Ha CTaJIeBi iIMIIJIAHTATH; [IOBEJEHO 6i0CYyMiCHICTh HAAPYKOBaHUX i3 TUTaHOBOrO nopouIky (Ti-
6A1-4V) 3D-imMniaHTaTiB 3 LIOPCTKOI IIOBEPXHEIO i MAKPOIIOPHCTOIO CTPYKTYPOIO, Ta B OCTAHHIX BU3HAYEHO Oi/IbIIY
OCTEOIHTETPaTUBHY SIKICTb 3a iHAEKCOM OCTEOIHTEerpallii Ta BiZlHOCHOIO IJIOLIEI0 HOBOYTBOPEHOI KiCTKOBOI TKAaHMHU.
Ynepuie Ha MaTeMaTHUYHIM MOJeli TepesioMy IPOKCUMAJIbHOTO Bif iy M1€40BOi KicTKH, 3adikCOBaHOTO
IIJIACTUHOIO, JOBEMIEHO, 1110 BBEAEHHS B IKOCTi apMyI04YOro Marepialy HagpyKoBaHUX i3 nosinakrumy 3D-
iMIIJIAHTATIB IO3BOJISIE 3HU3UTY HAIIPYKEHHS B METAJIEBil KOHCTPYKLii; OBEEHO, IO TEXHIYHI OCOOIMBOCTI
aBTOPCHKOI'O PEBEPCUBHOTO TOTAJILHOTO €HIONPOTE3A LO3BOJISIOTh OTPUMATU JOCTATHIO IUIOILY KOHTAKTY 3i
3MEHIIEHHSM MaKCMMaJIbHUX i MiHIMaJIbHUX HaNPY>KeHb Ha KOHTAKTHUX [TOBEPXHSX. YIIEpIIE 3a pe3yIbTaTaMuU
MIOPiBHSIJIBHOTO 6iOMEXaHIYHOTO [OCIiI>)KEHHS )KOPCTKOCTI (iKkcallii Tpu@pparMeHTapHOro nepeiomy
IIPOKCUMAJIBHOTO BilIJIiJly IJIEY0BOI KiCTKM HAa CTAHAAPTU30BAHNX MOJEJISIX 3 OCTEOIIOPOTUYHO 3MIHEHOIO KiCTKOIO
BCTaHOBJIEHO HaNOiIbIly HOCIMHY 37aTHICTD i BeJIMYMHY eHeprii e opMyBaHHS y cucTeMi «kicTKa o pikcaTop» y pasi
BMKOPHUCTaHHSI IVIACTUHMU 3 KyTOBOIO cTabinpHicTio PHILOS 3 ip>kocTilikoi cTasi Ta oaTKOBUM apMyBaHHSIM
(pparMeHTa roJI0BKY JIBOMA iMITJIAHTATaMU 3 NOJINIAKTALY. [IpakTH4HE 3HAYEHHST: YIIPOBAIIKEHO B KJIiHIYHY
IIPAKTUKY BUKOPMCTAaHHS iHHOBALiHNX opucTyX 3D-imMmIaHTaTiB i3 nosinakruny (mateHt Ykpainm N2 147449),
BJOCKOHAJIEHOTO PEBEPCUMBHOIO TOTAJIbHOIO MOJYJIbHOTO €HZOINIPOTE3a [1JIEY0BOTO CYry106a 3 Ha[pyKOBaHUMU
KOHCTPYKTUBHUMU €JIEMEHTAMU i3 TpabeKyISIPHOrO TUTAHy (IaTeHT YKpainu N2 147264), HOBUX aMa3oIoniobHux
BYIJIELI€BUX IIOKPUTTIB IJ1s1 [ap TE€PTS WITyYHUX €HIO0NPOTE3iB, M0 30i/1b1AaTh TEPMIH iX CIIy>KOU 3aBISKA
3MEHIIEHHIO YTBOPEHHSI IIPOJYKTiB 3HOCY ITOKPUTTIB (1aTeHT YKpainu N2 153323). YripoBaJpKeHHS B KJIiHIYHY
IIPaKTUKy Ju(epeHLif0BaHOr0 NiIX0oay 10 BUOOPY METOAY JIiKyBaHHS NallieHTiB i3 nepesoMaMy IPOKCUMaIbHOTO
Biginy nedoBoi Kictku 11-B, 11-C 3a knacudikauiero AO /OTA 3 ypaxyBaHHSIM KOPTHUKAJIBHOTO iHIEKCY LO3BOJIUIIO
IIPOBOJIUTY PAHHIO 1030BAaHY aKTUBHY peadisiTaliio, CKOpPOTUTH TEPMiHM TIOBEPHEHHS MallieHTa 10 TOBCAKIEHHNX
dyHKUiN. Onep>kaHi pe3yabTaTi MOXYTb OYTU BUKOPUCTAHI JJ1s1 IOJAJIbIINX HAYKOBUX JIOCII/IKEHD i IOKpalleHHs
pe3yJIbTATIB XipyprivHOro JIiKyBaHH MALi€HTIB i3 IepesioMaMy NPOKCUMAaJIbHOTO Bifiiyly [1JIEY0BOI KiCTKHU.
Po3pob6ieHi 3D-iMIyIaHTaTU € NEPCHEKTUBHUM MaTepiasioM /1Jis 3aMillleHHS KiCTKOBUX Je(eKTiB, JIiKyBaHHS
IIepeJIoMiB Ta YHIKOIKeHb KiCTKOBO-M'SI30BOI CUCTEMH, 1110 BUHUKJIM BHACiOK 601ioBux TpaBM. Coepa

BMKOPHUCTaHHS: MeIMLIMHA (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).

Jeps>kaBHH# peectpanifinuii Homep [JiP: 0621U000164, 0621U000167, 0121U108688
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