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BcTtyn. Y cTaTTi HaBeAeHi pe3ynbTaTh eKCrnepuMeHTasbHOro
AOCHIAXEHHSA 3 BUKOPUCTAHHSAM Cy4YacHUX LUMQpPOBUX FicTOMOp-
dhoMeTpUYHNX METOAIB AN OLiHIOBaHHSA pereHepauiiHoi ak-
TUBHOCTI NEpMIMNNAHTHOI KiCTKOBOI TKAHUMHW Yy MNPULLINNKOBIN,
cepefHili Ta NpMBEPXIBKOBIl NoKaLiaX KiCTKOBO-iMNNaHTaTHOroO
iHTepdency (KII) nicna TpuBanoro yHKUiOHANbHOrO HaBaH-
TaxeHHs (1-1.5 poky). OTpuMaHi pe3ynbTaTv NiATBEPAXYIOTb
rinotesy npo Te, WO Haxwa iMnaaHTaTa MOAYOE npouecu pe-
MOAENOBAHHSA KIiCTKW Ta pereHepauinHuii noTeHuian, WwWo Mae
KNiHiYHe 3HaYeHHA 4719 naHyBaHHSA JliKyBaHHA 3 METON A0B-
roTpuBanoro ycnixy iMmnnaHTauii Ta niaTpyMaHHA cTtabinbHOro
YHKLIOHYBaHHA CTOMATOrHAaTUYHOI CUCTEMMU.

MaTepianu Ta Metoau. ictoMmopdomeTpmnyHa ouiHka 6asy-
Banacs Ha NpuUNyLeHHi, Wo IHTEHCUBHICTb yopecueHLii npu
NeBHMX AOBXMHAX XBW/b MNPSMO MNponopuiiHa KoHUeHTpauii
TeTpaumkniHoBoro 6apBHMKa, iIHKOPNOPOBAHOrO B MiHepanbHy
MaTpULIO HOBOYTBOPEHOI KiCTKOBOI TKAHMHW. Y KOXXHOMY 3pa3Ky
6yna Bu3HaveHa doHoBa nokauia (background) ans nopiBHSAH-
HA Ta Kopensuii iHTeHCMBHOCTENn hNyopeCcUeHTHUX CUrHaniB.

Pesynbtatn. CymapHuii iHAEKC pereHepauiinHoi aKTUBHOC-
Ti (RE) gna iMnnaHTaTiB, BXMBAEHUX Ni4 KyTOM, CTAHOBMB

252,02+69,29%, wo icToTHO nepeBuwyBano RE-iHAeKC Ansa iMnnaHTaTiB, BCTAHOBNEHUX Y Na-
paoCbOBOMY po3TawyBaHHiI (156,44+46,25%; p<0,033). OTpuMaHi gaHi ceigyatb npo Te, WO
pereHepauiiHa akTUBHICTb Ha KII y BMnaakax KyTOBOro BCTaHOBEHHS iMMaHTaTiB Npnban3Ho
B 1,6-1,7 pa3a BuLla, HiX Npu NapaoCbOBOMY po3TallyBaHHi. Li pe3ynbTtaty nigTBEpOXYOTb Ti-
notesy AOCNIAXEHHS Ta NiAKPEC/I0Tb BaXJ/IMBICTb BpaxXyBaHHA KyTa BCTAHOBJ/IEHHSA AeHTallbHUX
imnnaHTaTie (A1) npy nnaHyBaHHI NiKyBaHHS.

BucHoBKM. [icTOMOpdOMeTpuYHa oLiHKa NiATBEPAXKYE, LLO BCTAHOB/IEHHS IMMAAHTATIB Nig KyTOM
3YMOBJIIOE iICTOTHO BiAMiIHHY pereHepauiiHy BiANOBiAb NepUiMNAAaHTHOI KiCTKOBOI TKAHMHW MOpiB-
HAHO 3 MAapaoCbOBMM BCTAHOBMIEHHSAM MICAS TPMBANoro yHKUIiOHaNbHOr0 HaBaHTaXeHHs. Pere-
HepauiiHa aKTUBHICTb Y NpMBEPXIBKOBIl i cepeaHint nokauisax KII npu KyTOBOMY BCTaHOBMeHHI A1
6yna BianosigHo y 2,2 Ta 1,11 pa3sa Buwa, Hix y I, BCTaHOBNEHUX Y NapaoCbOBOMY pO3Tally-
BaHHi, TOAI K Yy NPULLIMAKOBIN NoKauii NpOCTeXyBasMca He3HauHi BiAMIHHOCTI. 3aranbHuin RE-iH-
Aekc AI, BCTaHOB/IEHMX Yy KYTOBOMY pO3TallyBaHHi, BU3Hayanm y Mmexax 312,96-374,78%, wo y
cepegHboMy B 1,6 pa3a Bula 3a nokasHuku RE npn napaocboBoMy po3TawyBaHHi A1 (156,44%).
BuasneHa BapiaTMBHICTb iHAeKkCy RE niakpecntoe HeObXiaHICTb KNIHIYHOMO Ta iIHCTPYMEHTaNbHOro
MOHITOPUHIY MPOCTOPOBOI OCTEOIHTErpauii Npun pisaHOMy po3TawysBaHHi Al.
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Introduction. The article presents the results of an exper-
imental study utilizing advanced digital histomorphometric
methods to assess the regenerative activity of peri-implant
bone tissue at the crestal, middle, and apical locations of the
bone-implant interface (BII) following prolonged functional
loading (1-1.5 years). The findings support the hypothesis
that implant angulation modulates bone remodeling processes
and regenerative potential, which has clinical significance for
treatment planning aimed at long-term implant success and
stable functioning of the stomatognathic system.

Materials and Methods. Histomorphometric assessment as-
sumed that fluorescence intensity at specific wavelengths is di-
rectly proportional to the concentration of tetracycline dye in-
corporated into the mineral matrix of newly formed bone tissue.
A background location was defined in each sample for compari-
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Results. The cumulative regenerative activity index (RE) for =
angled implants was 252.02 + 69.29%, significantly exceed-
ing the RE index for para-axially placed implants (156.44 £ 46.25%; p < 0.033). These results
indicate that the regenerative activity at the BII in cases of angled implant placement is approxi-
mately 1.6-1.7 times higher than that observed with para-axial placement. The findings confirm
the research hypothesis and emphasize the importance of considering implant angulation during
treatment planning.

Conclusions. Histomorphometric evaluation confirms that angled implant placement induces a
significantly different regenerative response of peri-implant bone tissue compared to para-axial
placement after long-term functional loading. Regenerative activity at the apical and middle BII
locations in angled implants was 2.2 and 1.11 times higher than in para-axially placed implants.
At the same time, only minor differences were observed at the crestal location. The overall RE
index for angled implants ranged from 312.96% to 374.78%, averaging 1.6 times higher than
the RE index for para-axially placed implants (156.44%). The observed variability in the RE index
highlights the need for clinical and instrumental monitoring of spatial osseointegration based on
different implant positions.

Keywords: dental implants, axial and angled implant placement, long-term implant function,

histomorphometry of the bone-implant interface, fluorescence microscopy, site-specific compar-
ison of the regenerative efficiency of bone-implant interfaces.
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KnrouyoBi cnoBa: neHTanbHi iMNnaHTaTh, napaakciasbHe Ta KyTOBE po3TallyBaHHS iMnnaHTa-
TiB, AOBroTpusasne (QyHKLIOHYBaHHS iMAnaHTaTiB, rictoMmopdoMeTpis KiCTKOBO-IMMNI@HTHOrO iH-
Tepdelicy, dnyopecueHTHa MiKpOCKonNis, flokauiiHe NOpPIBHSAAHHA pereHepauinHoi edeKTUBHOCTI
KiCTKOBO-IMN/I@aHTaTHMUX iHTEpdenciB iMnaaHTaTiB.

BcTtyn

Y cy4dacHUX AiarHOCTUKO-NiKyBasibHUX MPOTO-
Ko/nax npoBeAeHHA [AeHTasibHOoI iMnaaHTauil
AKLEHTYETbCS yBara Ha BpaxyBaHHi ik Mopdo-
NOrivHUX, Tak i GyHKUiOHaNbHUX daKTopiB ANng
OOCSITHEHHS OBrOTpMBaoi KNiHiYHOI epeKkTnB-
HOCTI Li€i TexHonorii nikyBaHHs [1]. Y KNiHiUHIN
npakTULi BiACYTHICTb (PYyHKLiOHaNbHO-OPIEHTO-
BAHOIMO0 KOMMOHEHTa NO3ULIIOHYBaHHA AeHTallb-
Hux iMmnnaHTaTie (A1) i NpoTe3HNX KOHCTPYKLUIl
Ha HWX, MPU3BOAUTbL A0 YACTUX YCKJIAAHEHb
npu XipypriyHmx BTpy4aHHsX 3 Henepeabauy-
BaHWUMW HacnigKaMu npu nojasnblUOMy npoTe-
3yBaHHi, NOpyLWeHHAM MOP@OIOrivYHOI LifiCHO-
CTi NepuiMNNaHTAaTHOro TKAHUMHHOIMO OTOYEHHS,
BTPaTO0 (YHKUIOHaNbHOI BUTPWUBANOCTI KOH-
CTpyKLUIii Ta paHHbO ekcnnaHTauieto Al [2; 5].
Y 3B’A3KYy 3 UMM, HAYKOBO-MpPaKTU4Hi 3ycunns
b6araTtbox axiBuiB CNpsIMOBaHi Ha ekcnepwu-
MeHTanbHi NiATBEPAXEHHSA 0CO6NMBOCTEN PO3-
noAdiny dyHKUiOHaNbHOro HaBaHTaxeHHsa [l B
HaBKOJIMLLHIA KICTKOBIA TKaHWHI i3 BTi/IEHHAM
OTPUMAHUX [aHUX Y KNiHIYHY MPaKTUKY Ans
noninweHHa no3uuioHyBaHHA Al y KiCTKOBIl
TKaHuWHI wenen [3; 6].

MpoBeaeHMMN  [OCAIAXEHHAMU  AUCPYHKLIiO-
HanbHOro BMN/WMBY HaBaHTaxeHHd Ha AI, wo
BCTAHOBJ/EHi y napaakcianbHoMy (611M3bKOMY
[0 aKcianbHOro) Ta KyToBoMy (HeaKkciasrlbHOMY)
po3TallyBaHHi, 6yna BusiBNeHa HasiBHICTb aK-
LLlEHTOBAHOr0 rOpPM3OHTaNIbHOrO BeKTopa LWKia-
nmBoro HasaHTaxeHHda AI. Lle ctaHOBUTL npu-
UYMHY 3POCTaHHSA KOMMNPECIMHO-PO3TAryBaibHMUX
aedopmauiiHux cun, nig Ai€l SKMX CTPIMKO
3pocTae pe3opbuis KiCTKOBOI TKAaHWHW anbBe-
ONIAPHUX BIAPOCTKIB LwWesien. KpiM TOro Takox
BCTAHOBJ/IEHO, AOMiHYBaHHSA BeKTOpiB Hedisio-
NOriYHMX HaBaHTaXeHb Ha MeXi «KiCcTKa-iMrn-
naHtat»> 0cobsMBO 3poCTaE npu iMnaaHTauii
6e3nocepeaHbo Micnsa BuaaneHHs 3y6is [8; 9].
Y npoueci penapaduii KiCTKOBOI TKaHUHWU JTYHKMN
Le CMPUYMHSE MAOLWMHHY BTPATy MapriHasibHO-
ro piBHA. 3 ornsg4y Ha ue, NpoTe3Hi KOHCTPYK-
uii Ha I BMrotoBngTb 3a po3MipamMu, 3HaUYHO
6iNbWKMMM, HiIXXK KOPOHKOBI YaCTUHW MPUPOAHIX
3y6iB, LLO BTOPMHHO MOXE CMPUYUHUTK TO-
TeHUiloBaHHSA  wkKignmBoro aedopMauinHoro
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BnamBy [17; 20]. OcCKinbKM Ha CbOroAHi iCHyeE
6araTto KOHTpaBepCinHMX Nornsiaie Ha pesysb-
TaTu TpMBanoro BNAMBY YHKLIOHANbHOIO Ha-
BaHTaxeHHa [1I, po3TalloBaHMX napaakciasibHO
Ta 3 Pi3HUM KYTOBUM HaAXWIOM, aKTyallbHUM, Ha
Hawy AYMKY, € NpOBeAEHHSA AOCMIAXEHb i3 3a-
CTOCYBaHHSIM HOBITHIX TiCTOMOPMOMETPUUHUX
TEXHOJIOriM ANS OUiHIOBAHHSA KiCTKOBO-iMMN/IaHT-
Horo iHTepdency (KII) [19; 21; 22].

Ba30Boto rinoTe3oto HaLoro AOCIAXEHHS € NpU-
NyLWeHHs HasBHOCTI BiAMIHHOCTEM MOKa3HUKIB
NepuiMNIaHTHOro TKaHWHHOro iHTepdericy Al,
BCTAHOBJIEHWNX Y MapaaKcia/ibHOMY Ta KyTOBOMY
po3TallyBaHHSAX Yy KICTKOBIN TKaHWHI HWKHbBOI
wenenu nigaocnigHMX TBapuH MNpu TpuBasioMy
(1-1.5 poky) dyHKLiIOHaNbHOMY HaBaHTaXEHHI.

MeTa focnigXeHHa nondrana y BUBUEHHI CTa-
HY eHAOCanbHOro iHTepdency «kictka-imn-
naHTaTt» npu TpuBanomMy QyHKUIOHAIbHOMY
HaBaHTaXeHHi eKkcnepuMeHTasibHUX iMN1aHTa-
TiB y nMapaakcianbHOMY Ta KYyTOBOMY poO3Tally-
BaHHAX 3@ [A0MNOMOrot iHHOBALiMHOI TEXHOJ10-
rii ricToMoppOMEeTPMYHOro AOCNIAXEHHSA A1
NoOAaNbLIOro YTOYHEHHS CTPYKTYPHO-(YHKLIiO-
Ha/IbHUX aCrMekKTiB KNiHIYHUX NPOTOKONIB AEH-
TanbHOI iMN1aHTauil.

Martepianu i MeTtoam pocnipxeHb. [na-
HyBaHHA €eKCnepuMeHTaNbHOro AOCNiAXKEHHS
BiAbynocs nig yac craxysaHHs 10.B. BoBka y
BigeHcbKOMY MeanyHOMY YHiBepcuTeTi y 1993
poui. OTpuMaHHA TriCTOMOrYHMX npenapariB
3[iNcHeHe y BigeHCbKOMY MeAUYHOMY YHiBep-
cuTeTi B npoueci HaykoBoi cnisnpaui A.M.H.,
npodecopa H0.B. BoBka - 3aBigyBaya kade-
Apw XipypridHoi ctomatonorii ®OYJIill JlbsiB-
CbKOro Aep>XaBHOro MeAMYyHOro iHCTUTYTY Ta
Prof. Watzek G., 3aBigyBaya kadeapu xipyp-
riyHol crtomaTtonorii BiaeHCbKOro Mean4yHoro
YHiBepcuTeTy ynpoaosx 1994-1997 pocis.

0O6’ekTOM pocnigxeHHst 6yB CTaH KOHTaKTy Mo-
BepXOHb Mix [AI [4] y NpuULINIAKOBIN, cepeanH-
Hi Ta NPUBEPXIBKOBIN eHA00CaNIbHUX AiNSAHKaX
Ta, BiAMNOBIAHO, MpUNEranx oKauiax KicTKoBol
TKaHWHU (iHTepdencn) HUXHIX wenen nigao-
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Introduction

Modern diagnostic and therapeutic protocols
for dental implantation emphasize the impor-
tance of considering both morphological and
functional factors to ensure the long-term
clinical success of this treatment modality [1].
In clinical practice, the absence of a function-
ally oriented component in the positioning of
dental implants (DIs) and the correspond-
ing prosthetic constructions often leads to
complications during surgical interventions,
unpredictable outcomes during prosthetic
rehabilitation, disruption of the morphologi-
cal integrity of peri-implant tissues, compro-
mised functional endurance of the prosthetic
system, and, ultimately, early implant failure
[2; 5]. Consequently, current scientific and
clinical efforts are increasingly directed to-
ward experimental validation of functional
load distribution patterns around DIs within
the surrounding bone tissue. These findings
are critical for translating data into clinical
practice to enhance the positioning of DIs in
the alveolar bone of the jaws [3; 6]. Previous
investigations into the dysfunctional impact of
loading on DIs placed in para-axial (near-ax-
ial) and angulated (non-axial) positions have
revealed the presence of a pronounced hori-
zontal component of harmful loading vectors.
This leads to increased compressive-tensile
strain, significantly accelerating resorption
of the alveolar ridge bone. It has also been
demonstrated that non-physiological loading
vectors at the bone-implant interface become
particularly pronounced during immediate
post-extraction implantation procedures [8;
9]. In such cases, bone remodeling within the
extraction socket is associated with a planar
reduction in marginal bone levels. As a re-
sult, prosthetic restorations on DIs often ex-
ceed natural crowns’ anatomical dimensions,
potentially exacerbating the harmful effects
of deformation forces [17; 20]. Given the
ongoing debate surrounding the long-term
biomechanical consequences of function-
al loading on para-axially versus angulated
implants, it is imperative to conduct studies
utilizing advanced digital histomorphometric
technologies to assess the bone-implant in-
terface (BII) [19; 21; 22].

The basic hypothesis of this study posits that
there are measurable differences in peri-im-
plant tissue interface characteristics between
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implants placed in para-axial and angulated
positions within the mandibular bone of ex-
perimental animals following extended func-
tional loading (1-1.5 years).

Objective of the Study. To investigate
the condition of the endosseous bone-im-
plant interface condition under prolonged
functional loading of experimental implants
placed in paraxial and angular positions, us-
ing innovative histomorphometric technolo-
gy to further clarify the structural and func-
tional aspects of clinical dental implantation
protocols.

Materials and Methods

The planning of the experimental study was
initiated during Y.V. Vovk’s internship at the
Medical University of Vienna in 1993. Histo-
logical samples were obtained at the Medical
University of Vienna as part of a scientific col-
laboration between Prof. Y.V. Vovk, Doctor of
Medical Sciences and Head of the Department
of Surgical Dentistry at the Faculty of Den-
tistry and Postgraduate Education of the Lviv
State Medical Institute, and Prof. G. Watzek,
Head of the Department of Oral Surgery at the
Medical University of Vienna, during the peri-
od from 1994 to 1997.

The object of the study was the condition
of contact surfaces between dental implants
(DIs) [4] at the cervical, middle, and apical
endosseous regions, as well as the corre-
sponding adjacent bone tissue locations (in-
terfaces) in the mandibles of experimental an-
imals (four mixed-breed dogs of both sexes,
aged 3 to 5 years, with body weights ranging
from 10 to 12 kg). Experimental animals were
not divided into research groups. Since bone
remodeling in dogs occurs within 6-18 weeks
and bone maturation within 18-54 weeks [7],
animals were euthanized 1 to 1.5 years after
implantation.

During the experimental study of bone tissue
remodeling around the DIs, to visualize fluo-
rochrome labeling in the alveolar bone, ani-
mals were administered crushed tetracycline
tablets (50 mg) added to their food three
times per day with a 3-day interval, repeat-
ed three times (first course). The first inter-
val between courses lasted three months. The
second course followed the same schedule
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CnigHnX TBapwH (4oTMpW 6e3nopoAHi cobakwu
obox craTel, BikoM Big 3 A0 5 pokiB, Macoto
Tina Big 10 go 12 kr). MigaoocnigHnx TBapuH He
noAiNaan Ha rpynu JocnigXeHHs. Bpaxosyoun
ToM dhakT, Wo y cobak TepMiHM pemMoaentoBaH-
HS KiCTKOBOI TKaHMHM Wesien CTaHoBNATbL 6-18
TUXHIB, @ Ao3piBaHHA — 18-54 TuxHiB [7], TBa-
puvHKU 6ynu BMBEAEHi 3 eKCrnepuMeHTy BMpoO-
nosx 1-1.5 poky nicng iMmnnaHTauil.

Y xoai eKknepuMeHTasibHOro AOCIAXEHHSA CTaHy
peMoaentoBaHHSA KiCTKOBOI TKaHWUHU gosBkona Al
Ans Bisyanisauii @1yopoxXpoMHUX CMYT Y KiCT-
KOBIi TKaHWHI anbBEONSPHOro BiAPOCTKa Niano-
CnigHUM TBapuHaM aoAaBasnuv y KOpM noapibHeHi
TabneTkn TeTpaumkiHy no 50 Mr Tpuui Ha AeHb
3 3-AeHHMM iHTepBanoM, Tpudi (Nepwmn Kypc).
TpuBanicTb NepLloi nepepsu ctaHoBwuia 3 Mi-
caui. Apyrui Kypc AoAaBaHHSA TETPAUMKAIHY Y
KOPM 3Ai/CHIOBaIN 3@ TaKOK CaMO0 CXEMOIO SK i
nepLumi. TpuBanicTb ApYyroi nepepsu CTaHOBUIA
4 micaui. TpeTin Kypc AoAAaBaHHSA TETPALMKIIHY
Yy KOPM 3A4iIACHIOBaNN aHanoriyHo A0 ABOX Mo-
nepefHix. OCTaHHIN Kypc NpuMMaHHSa TeTpauu-
KNiHY NPOBOAMNM 3a OAMH MiCsLb A0 BUBEAEHHS
TBApWH 3 €KCNepuMeHTYy, SAKe MNpoBesn 3rigHo
3 UMHHUMM Yy 1996 poui eTU4YHMMU npasuna-
MU €eKCnepuMeHTaNIbHOro AochnimxeHHd. [licna
ayToNnCii YOTMPbOX MiAAOCNIAHUX TBapuH 6ynu
OTPUMaHi MakponpenapaTy parMeHTiB HMKHIX
wenen 3 gingHkamu yeseaeHmx Al (puc.1).

Y pinsHkax i3 BcTaHoBseHuMn [I, ki PyHKUi-
OoHyBanu Bnpoaosx 1-1.5 poky, 6ysin BUroToB-
NeHi 3pi3n KIiCTKOBOI TKaHWUHU 3 eHAoCalbHUMU

Original research: Basic sciences

YacTMHaMM B OAHIl NNOLWMHI 3 noAanbLinM dap-
6yBaHHAM Ta dikcaLuiero OTpUMaHUX ricTonoriy-
HMx npenapartie [19]. MNigroToBka ricronoriy-
HUX MpernapaTiB onncaHa y Hawux rnonepenHix
HaykoBux ny6nikauiax [2,3]. TicronorivHi npe-
napaTtu 6ynu nepenaHi cniBaBTOPOBI ekcnepu-
MeHTaNbHUX AOC/IAXEHb NiJAOCIIAHNX TBAPUH,
JoueHTosi, A.M.H. l0.B. BoBky y 1997 poui i
36epiraloTbC B MOro Kofekuii Ans HayKoBMX
iHHOBaLinHMX gocnigxeHb (puc. 2 A, 2 b).

32022 i no 2024 poky pa3oM i3 cniBpobiTHUKaMu
JIHMY imMeHi JaHuna Nanmubkoro — AOLEHTOM Ka-
enpw xipypriyHoi cToMmaTonorii Ta WenenHo-nmn-
uesoi xipyprii B.O. BoBkoM Ta npodecopom ka-
denpw rictonorii, untonorii Ta embpionorii P.O.
bBinnM nposeneHi ekcnepuMeHTasnbHi 40CNioXKeH-
HA 12 rictonoriyHMx npenapariB i3 3aCToCyBaH-
HSM iHHOBAUIMHOro aHanizatopa dayopecueHLii
Keyence BZ-X800 (Keyence Corporation, Ano-
His). BMKOHaHe pO3WMpPEHHSA 30HasbHUX TpU-
BUMIipHMX 0OBCTeXeHb 3a iHHOBALiHOK MeToan-
Kot hnyopecueHTHOI Mikpockonii Ta Mikporpadii
CTaHy MoLwlapoBOo po3TawoBaHux apeanis KII AT,
aHaniTM4yHe onpautoBaHHSA OTPUMaHOI iHpopMaLlii
3 BM3HAYEHHSM riCTOMOP(POMETPUUHNX NMOKA3HU-
KiB pereHepauifiHoi akTuBHOCTI (RE-MakcnManb-
HWI curHan BuM3HadeHo! dnyopecueHuii), wWwo
BiAMNOBIAA/I0 MakCMMaNlbHOMY HAKOMWYEHHIO Te-
TpauMKNiHy y CiBBIAHOLLEHHI A0 piBHA (POHOBOIO
CUrHasny LbOro X NOoKasHMKa Y KiCTLi NPULLMIAKO-
BOI, cepeAnHHOI Ta npuBepxiBkoBoI AingHok Al.
Mia yac 6iOMETpUYHMX Ta PEHTreHOMETPUYHUX
[OCnigXeHb MakporpenapaTiB BUABMIEHO, LWO
napaakcianbHe po3TawyBaHHSA [l nepebyBae B

PucyHok 1. MakponpenapaTtu parMeHTiB HUXHIX LWefen YoTUpbox cobak i3 BCTaHOBNEHUMMU
Ta dyHKUiOHaNbHUMK ynpoaoBx 1-1.5 poky AgeHTanbHUMU iMNaHTaTaMm
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as the first. The second interval lasted four
months. The third tetracycline course was ad-
ministered similarly to the previous ones. The
final tetracycline course was given one month
before the animals’ euthanasia, which was
performed following the ethical guidelines for
experimental research in force in 1996. Fol-
lowing an autopsy, macroscopic specimens of
mandibular fragments containing the implant-
ed DIs were obtained from the four animals

(Fig. 1).

From the areas with implants that had func-
tioned for 1-1.5 years, histological sections
of bone tissue were prepared with the endos-
seous portions of the DIs in the same plane,
followed by staining and fixation of the ob-
tained histological slides [19]. Our previous
scientific publications described the prepara-
tion procedure for these slides [2; 3]. The
histological samples were handed over in
1997 to Associate Professor Y.V. Vovk, Doc-
tor of Medical Sciences, a co-author of ex-
perimental animal studies, and are stored in
his collection for scientific and innovative re-
search (Figs. 2a, 2b).

From 2022 to 2024, in collaboration with staff
from Danylo Halytsky Lviv National Medical
University—V.Y. Vovk, Associate Professor
at the Department of Oral and Maxillofacial
Surgery, and R.O. Bilyi, Professor at the De-
partment of Histology, Cytology and Embry-
ology—experimental studies were conduct-
ed on 12 histological specimens using the

Original research: Basic sciences

innovative Keyence BZ-X800 fluorescence
analyzer (Keyence Corporation, Japan). This
advanced method enabled three-dimension-
al zonal surveys via fluorescence microscopy
and micrography of layered regions at the
DI bone-implant interface (BII), followed by
analytical processing to determine histomor-
phometric indicators of regenerative effi-
ciency (RE—maximum fluorescence signal),
reflecting the peak tetracycline accumula-
tion relative to the background signal in the
bone at cervical, middle, and apical regions
of the DIs.

Biometric and radiometric analyses of the
macroscopic specimens revealed that pa-
ra-axial DI positioning ranged from 2° to 9°,
while angled positioning reached up to 18°.
Using the latest capabilities of the Keyence
BZ-X800 fluorescence analyzer, BII micropho-
tography was conducted in BrightField mode
(BF), and newly formed bone was visualized
by analyzing tetracycline fluorescence (ad-
ministered during the experiment) using ex-
citation/emission wavelengths of 470/20 nm
and 520/20 nm, respectively, with visualiza-
tion in green (Fig. 3). Peri-implant tissue was
visualized using toluidine blue fluorescence at
excitation/emission wavelengths of 620/30
nm and 700/35 nm, respectively, displayed in
red (Fig. 3). Based on the acquired microim-
ages of individual regions, spatial panoramic
visualizations (up to 15x15 mm in size, 1300
px/mm resolution) were generated using BZ-
X800 software (Keyence).

Figure 1. Macroscopic specimens of mandibular fragments from four dogs
with dental implants that had been functional for 1-1.5 years
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PucyHok 2A. TicTonorivyHi npenapaTtn KiCTKOBOI TKaHMHW Wwenen nigaocnigHnX TBapuH Ta eHA0CanbHUX
YaCTUH AeHTaNbHUX IMANAHTaTIiB B OA4HIM NIOWMWHI 3pi3y KiCTKOBO-iMMI@HTAaTHOro iHTepdericy
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PucyHok 2B. TictonorivyHi npenapaTtu KiCTKOBOi TKaHWHW Wwenen nigaocnigHnx TBapuH
Ta eHAO0CaNbHUX YaCTUH AEHTaNlbHUX IMNAAHTaTIB 3 NAapaoCbOBMM Ta KYTOBUM yBEeAEHHAM
B OAHIl NAOWMHI 3pi3y KiCTKOBO-iMNMIAHTATHOro iHTepdelicy, BUKOPUCTaHNX
ANS CyYacHUX ricToMopdonoriYHMX AOCNiAXKEHb
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Figure 2a. Histological specimens of the jawbone and endosseous portions of DIs from experimental animals
in a single cross-sectional plane of the bone-implant interface (BII)
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Figure 2b. Histological specimens of the jawbone and endosseous portions of DIs placed
in para-axial and angled positions in a single cross-sectional plane of the BII,
used for contemporary histomorphological studies

99

Original research: Basic sciences



Mpaui HTLW. MeanyHi Hayku
2025, Tom 77, Ne 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2025, Vol. 77, 1

OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKWu

Mexax Bi4 2 00 9 rpagyciB, a KyToBe po3Tally-
BaHHA OI - go 18 rpagycis. BukopucTtoByroum
HOBITHI MOX/IMBOCTI aHani3atopa groopecueHLii
Keyence BZ-X800, nposenn MikpodoTorpady-
BaHHA KII A y ceitnomy noni (BrightField-BF) Ta
BU3HAYMNM HAKOMUYEHHS HOBOYTBOPEHOI KiCT-
KOBOI TKaHWHM LUASXOM aHanisy dnyopecueHLii
TETPaUMKIIHY (SIKMM 3rofoByBanu NiaaoCnigHUX
TBApWH B XOAi eKCNEePUMEHTY) 3a AOBXUHU XBU-
ni 36ymxeHHs 470/20HM Ta emicii 520/20HM, wo
Ha PUCYHKY Bi3yasni30BaHO 3€/IEHMM KOJIbOPOM
(puc. 3). TKaHWHM NEepUiMMIAHTHOIO TKaHWH-
HOro JOBKININA Bi3yanisyBasn 3 BUKOPUCTaAHHAM
dnyopecueHuii 6apBHUKa TONYIAMHOBOrO CU-
HbOIO 3a AOBXWHU XBUAi 306ymkeHHs 620/30HM
npu emicii 700/35HM, WO Ha pPUCYHKY 306pakeHo
YepBOHWM KO/IbOPOM (pUc. 3). Ha ocHOBI oTpuMa-
HUX MiKpo306paxeHb OKpeMuX AiNSHOK CTBOPHO-
BasIM IXHIO MNPOCTOPOBY MaHOpaMHy Bi3yasii3aLito
po3MipamMu A0 15x15 MM 3 po34inibHOKO 34aTHICTHO
1300px/MM, 3 BUKOPUCTAHHSAM MPOrpaMHoOro 3a-
6e3neueHHs BZ-X800 (Keyence).

PucyHok 3. lMaHopaMHa Bi3yani3auis eHA0CanbHOI YacTu-
HU AeHTanbHOro iMNaaHTaTy, sKka niansrana ricromopgo-
METPUYHOMY AOCNIAXKEHHIO

JocnigxysaHi 304U KII fiokanisysanuca y npu-
wwuinkosux (1.5), cepeanHHunx (2.4) i anikanb-
Hux (3) noBepxHax KII eHgocansHux AI (ycboro
5 nokaduiit), a TakoxX y AiNaHUi iHTAaKTHOI KiCT-
KOBOI TKaHUHW HWXHbBOI Wenenu (background),
BigAaneHol Big Micua posTawysaHHA [AI, ki
BiANOBiAaNM POHOBUM 3HAUYEHHSM (puc. 4).

YcCi AingaHKn AocnifXeHHa MaTeMaTUYHO po3Ai-
NN Ha OKpeMi eneMeHTn cdepuyHoi dopmu
(ROI = region of interest) ogHakoBOiI NAoLWi, AKi
He nmepeKkpuBanuncs, y Takmii cnocib, wob BoHU
OXOM/I0BaNU NMLE NPUCYTHIO KiICTKOBY TKaHW-
Hy. NS UbOro BUKOPUCTOBYBASIM NPOrpaMHuni
komnnekc Fiji-Imagel 3 agantoBaHWMW anro-
putMamMn. dOnyopecueHTHUM curHanoMm 700 HM
BiAMEXOBYBaNM MNOTPAN/IgAHHA B AOCMIAXYBaHi

100
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nokauii CyAUMHHUX YTBOPEHb, HEKICTKOBUX KJli-
TUHHUX €JIEMEHTIB, y/1laMKiB Towo. N4 KOXHOI
[ocnigXyBaHol fiokauil BU3Hayanu cepeHio
iHTeHcuBHICTbL dnyopecueHuii (MFI) npu po-
BXWHI xBUNi pnyopecueHuii 520 HM (puc. 5). B
ricToMop@OMETPUYHOMY aHanisi MU BUXOAWU

s

PucyHok 4. MNo3HayeHi npsiMmokyTHUKamm (1-5)
Ta background nokauii rictoMmopcdoMeTpruyHOro
[OCNIAKEHHS KICTKOBO-iMMI@aHTaTHOroO iHTepdency
eHA0CaNlbHUX YaCTUH AeHTaNbHUX iMnnaHTaTiB

E

150000

102 3 4 5

sk

PucyHok 5. MpuHUMN BMKOHAHOIO FiCTOMOP(OMETPUYHOIO
aHanisy npenapatiB: A — MakpodoTorpadis 3y6Horo iMmnnaH-
TaTy, 3acdapboBaHOro ToNyiAMHOBUM CUHIM KOSIbOpoM; B -
ALinsiHKa npenapaTty B CBITJIOMY MOJi, WO nignarana aHanisy;
B - dnyopecueHuis npenapaty npu 520 HM, Wo Biagnosigae
PiBHIO HAKOMUUYEHHS TeTpauukiiHy B TKaHuWHax (Bi3yaniso-
BaHa 3eseHnM KonbopoM); I — dnyopecueHuis TKaHWH npu
700 HM, BMKOPWUCTAHOrO A5l YCYHEHHs 3 AINSHOK aHanisy
nedekTiB TKaHMH (Bi3yanizoBaHa 4YepBOHUM KONbOPOM);
[ - nokanisauist ginsHok 1-5 gocnigxeHHs Ta AiNsiHKKM oHy
(background), ae Bn3Havanu ROI Ta aHanisyBanu iHTEHCUB-
HicTb hnyopecueHuii (MFI); E — pesynbTaT aHanisy gnyopec-
LleHUii TeTpauMKiHy y No3Ha4yeHnX AinsHKax
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Figure 3. Panoramic visualization of the endosseous
part of the dental implant (DI) subjected to
histomorphometric examination

The investigated zones of the BII (bone-im-
plant interface) were localized at the cervical
(1,5), middle (2,4), and apical (3) surfaces of
the endosseous parts of the DIs (a total of
5 locations), as well as in the area of intact
mandibular bone tissue (background), remote
from the DI placement site, which served as
reference values (Fig. 4).

Figure 4. Rectangular-marked (1-5) and “background”
locations for the histomorphometric examination of the
BIls of the endosseous parts of the DIs

All study areas were computationally seg-
mented into separate non-overlapping spher-
ical elements (ROI region of interest) of
equal surface area, ensuring they encom-
passed only present bone tissue. The Fi-
ji-Image] software package with customized
algorithms was used for this purpose. A flu-
orescent signal at 700 nm was employed to
exclude vascular structures, non-osseous
cellular elements, debris, etc., from the ana-
lyzed locations. For each examined location,
the mean fluorescence intensity (MFI) was
determined at a fluorescence wavelength of
520 nm (Fig. 5).

101

background 1 2 3 4 5

Figure 5. Principle of the histomorphometric analysis of
specimens (A - Macro image of a dental implant stained
with toluidine blue; B - Brightfield image of the analyzed
area; C - Fluorescence of the specimen at 520 nm
indicating tetracycline accumulation in tissues (visualized
in green); D - Tissue fluorescence at 700 nm used to
exclude defective tissue areas from analysis (visualized
in red); E - Location of study areas 1-5 and background
area used for ROI definition and fluorescence intensity
(MFTI) analysis; F - The result of tetracycline fluorescence
analysis in the selected regions)

Study Results

The comparison of regeneration efficacy (RE)
parameters of bone-to-implant interfaces
(BII) was carried out for the cervical, mid-
dle, and apical locations of dental implants
(DIs) that had been inserted and function-
ing for 1-1.5 years in both para-axial and
angled positions. Given the differences in
absolute fluorescence values between spec-
imens, the background fluorescence value
for each specimen was used as a baseline
to compare bone tissue remodeling intensi-
ties between locations. Increasing values of
obtained indices indicated that the formed
bone tissue in the studied BII location was
undergoing physiological remodeling and
regeneration. Upon investigating RE values
of the interface in cervical regions of DIs
positioned para-axially, it was found that
their values ranged from 60.61+48.67% to
67.49+37.2% (Fig. 6). In comparison with
the background RE values (252.02+£69.29%)
in cervical regions of angled-positioned DIs,
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3 rinoTesun, WO IHTEHCMBHICTb (yopecueHL;ii
3a Ui€i AOBXWHM NponopuiiHa A0 HAaKOMUYeH-
HA dyopecueHTHOro 6apBHUKA TETPALMKIIHY,
AKUN  MICTUNM CTPYKTYPU MiHepanbHOro Ma-
TPUKCY KiCTKOBOI TKaHWUHW. 3Baxatoum Ha MOX-
JNIUBY pi3HY TOBLUMHY 3pi3iB, NOPIBHAHHA BUKO-
HyBanu nuwle MiXK pi3HUMU AiNSAHKAMWU OAHOro
npenaparty, cepes sikmx ob6oB’a3koBo byna Ai-
NsiHKa POHOBOIr0 CUrHany, Lo ii BUKOPUCTOBY-
Ba/n ANg HopMarsisauil curHany.

MFI

MFI

MFI

i
=
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Mpu rictroMopdOMETPUYHOMY aHani3i KOXHOro
i3 gocnigxeHux ricronoriyHmx npenapartis (ixHi
Ha3BMW, OTpPUMaHi 3 BigeHCbKOro MeaUYHOro yHi-
Bepcutety: 1lil1, 1lil3, 1remll, 2li12, 2red13,
3red11, 3red12, 3red13, 3rem13, 4rell, 4rel2,
4rel3) BCTaHOBMOBANW HaMBULLE 3HAYEHHSA
dnyopecueHTHOro CurHany i po3ginanum mnoro
Ha OoHOBe 3HaueHHs dyopecueHuii y doHi Ta,
NOMHOXMBLM Ha 100, BU3HayaM NOKasHUK iH-
TEHCMBHOCTI KiCTKOBOI pereHepauii (pereHepa-
LinHa edeKTUBHICTb, regeneration efficacy (RE).
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PucyHok 6. Mpenapatn 3red11; 3red12; 3red13; 3rem13 ans ricroMopOMETPUYHOIO AOCNIAXKEHHS AEHTaNbHUX
iMnnaHTaTiB 3 NapaakciaibHUM NO3ULIOHYBaHHAM (NiBopyY) Ta rpadiyHi pesynbTaTy AOCNIAXKEHHS iXHiIX NokasHukiB RE
KiCTKOBO-iMNaHTaTHOro iHTepdelicy (npaBopyuy)
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a statistically significant difference was iden-
tified (p<0.0006).

Analysis of RE values in the middle re-
gions of DIs positioned para-axially showed
values ranging from 75.46+19.12% to
34.58+40.03% (Fig. 6). A significant differ-
ence was found (p<0.0006) when compared
with the background RE values of cervical re-
gions in angled-positioned DIs.

In the apical regions of DIs placed para-axial-

Original research: Basic sciences

ly, RE values were found to be 23.67+29.1%
(Fig. 6), which differed significantly from the
background RE values in the apical regions of
angled-positioned DIs (p<0.0001).

Comparison of RE values in apical regions of pa-
ra-axially positioned DIs with RE values in cer-
vical and middle BII regions—81.88+28.84%
and 65.68+31.37%, respectively (Fig. 7)—
also revealed statistically significant differenc-
es (p<0.008, p<0.05).
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Figure 6. Specimens 3red11, 3red12, 3red13, 3rem13 for histomorphometric examination of DIs
with para-axial positioning (left) and graphical representation of their RE values (right)
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Y HayKoBO-MpaKTU4Hili poboTi BMKOPMCTOBY-
BaNu iHPpPaCTPyKTypy, CTBOPEHY 3a NiATPUMKMU
npoekTy HauioHanbHoro ®oHay MdocnigkeHb
Ykpaiim 2020.02.0131.

AHani3 CTaTUCTUYHUX [aHUX 3AiNCHIOBanM 3
BUKOPUCTAHHSAM MNporpamMHoro 3abe3nevyeHHs
LibreOffice Ta GraphPad Prizm 8. lNpu ubomy,
ANs npuknagy, Wo MeHwuM 6yno 3HadeHHs
CTaTUCTUYHUX MOKA3HUKIB, TO 6inbll roMoreH-
Hilwow 6yna KicTKkoBa TKaHMHa AOCNIAXYyBaHOI
nokauii intepdency Al, wo Bianosigano CTpyk-
TYPHO-(YHKLUiOHaNbHMUM O3HakaM rpyboBONOK-
HUCTOI KIiCTKW.

PesynbtaTtu pocnig>keHHs

[MopiBHAHHA NMOKa3HMKIB  pereHepauinHoi
edekTuBHocTi (RE) KiCcTKOBO-iMNI@aHTAaTHUX
iHTepdeliciB npoBeaeHe Yy NPULLMIAKOBKX,
cepeAnHHUX Ta MNpUBEPXIBKOBUX JOKauigxX
A1, yBeaeHnx Ta @yHKUIOHaNbHUX YNPOAOBX
1-1.5 poky y napaocbOBOMY Ta KYyTOBOMY
po3TallyBaHHAX. 3Baxawuyum Ha Pi3HUUIO B
abCconTHNX 3HAUYEHHAX dryopecueHuii Mix
npenapatamu, As9 NOPIBHAHHA iHTEHCUMBHOC-
Ti peMofesitoBaHHA KIiCTKOBOI TKAHWHU MiX
nokauissMm BuKopucToByBanu 6a3oBe 3Ha-
yeHHa dnyopecueHLii y QOHI ANS KOXHOro
npenapaTty. 3poCTatyi 3Ha4YeHHA OTPUMaHUX
NokKa3sHMKiB 3aceigdyyBanu, wo cdhopmoBaHa
KiCTKOBa TKaHuHa pocnigxysaHoil nokauii KII
[l nepebyBae y cTaHi @isionoriyHoro pemo-
AentoBaHHA i Bigbyaosu.

Mpwu gocnigxeHHi nokasHukiB RE iHTepdency
y NpUWMNKOBUX AinsgHkax OI, po3TawoBaHnx
rnapaakcianbHO, BUABUNWU, WO iXHI 3HAYEH-
HA MicTaTbCA y Mexax Big 60.61+48.67%
no 67.49+37.2% (puc. 6). MNMpu NOpiBHAHHI
3 ¢doHoBuMKn (background) 3HaueHHsMKM RE
(252.02+£69.29%) y NpUWLINIAKOBUX AiNSAH-
kKax Al 3 KyTOBMM po3TallyBaHHAM BCTa-
HOBWU/IM [AOCTOBIpHY BIAMIHHICTb MiX HWUMU
(p<0.0006).

Mpw aHanisi nokasHukis RE iHTepdeicy y cepe-
ONHHUX AingaHkax I, po3TawoBaHUX napaak-
cianbHO, BUSABUIIN, LLO iXHi 3HAYEHHSA MICTATb-
ca y Mexax 75.46+19.12% po 34.58+40.03
% (puc. 6). MNpn NOpiBHAHHI 3 GOHOBUMM 3Ha-
yeHHAMM RE y npuwwniikoBux ainaHkax AI,
BCT@HOBJIEHMX Y KYTOBOMY pO3TallyBaHHi, BU-
ABUAN AOCTOBIpHY pi3Huuio (p<0.0006).

Original research: Basic sciences

Mpu BW3Ha4deHHi noka3HukiB RE iHTepden-
Cy y npuBepxiBKOBUX pingHkax [AI, po3Ta-
LWOoBaHMX napaakciasibHO, BUABUU, LLO TXHI
3HayeHHsa CcTaHoBNATb 23.67+29.1% (puc.
6) i BiporiaHO BiApi3HAOTLCSA Big DOHOBUX
nokasHukie RE y npuBepxiBKOBUX AiNgHKaX
[I, BCTaHOBMIEHNX Y KYTOBOMY pO3TallyBaHHI
(p<0.0001).

AHanis BigMiHHOCTen 3HauyeHb RE iHTepden-
Cy Yy npuBepxiBkoBUX AingHkax AI, po3Ta-
LIOBaHMX MNapaakciasibHO, MpPU MOPIBHAHHI 3i
3HayeHHAMKM napameTpie RE KII npuwuminko-
BUX Ta CepeavHHUX NoKauii [OCHiAXKEHHS,
Wo crtaHoBNATb BianosiaHo 81.88+28.84%
Ta 65.68+31.37% (puc. 7), BUABUAN TaKOX
BipoOriAHY BIAMIHHICTb, fIKa KOMMAEMeHTapHO
ctaHoBuTb (p<0.008), (p<0.05).

Mpwn pocnigxeHHi nokasHukie RE iHTepdericy
[I, BcTaHOBNEHUX Y KYTOBOMY pO3TallyBaHHi,
BUSIBMIM, WO IXHi 3HAYEeHHS HaMBULI y npu-
LWMNKOBUX NOKaLiAX i BU3HAUYEHi B Aiana3oHi
BiA 49.92+26.4% pno 81.88+28.84%, (pwuc.
8), AeLL0 3HNXKYIOTLCA Y CEPEANHHUX AiNAHKAaX
KII AI - Bin 56.84+27.52% o 65.68+31.37%
(puc. 8) Ta € HAMMEHLWWMN Y NPUBEPXIBKOBUX
AinaHkax A - 52.32+43.41% (puc. 8). Mpwu
BHYTPIWHbOrPYNOBOMY MOPIBHAHHI CyMapHO-
ro 3HadeHHa RE I, BCTaHOB/IEHUX Y KYTOBO-
My po3TallyBaHHi, ake cara€ 252.02+69.29%
BUABWIW BIipOriAHY BIiAMIHHICTb MOPIBHAHO 3
nokasHmkamu RE iHTepdelicy y npuBepxiBKo-
BUX AinsHkax (p<0.0006) i y npuwmMnkoBumx
AinaHkax (p<0.0001), wo BapTo BpaxoByBa-
TV Npu BUOOPI AOBXUHU i peryitoBaHHI KyTo-
BOro postawysaHHa AI.
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PucyHok 7. MopiBHSAHHS rpadiyHo 306paxeHnX NoKasHu-

KiB RE KicTKOBO-iMM/aHTATHOMO iHTepdency AeHTanbHNX

iMnaaHTaTiB, BCTAHOB/IEHMX Y NapaakcialbHOMY Ta KyTO-
BOMY poO3TallyBaHHi
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Line Plot of multiple variables
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Figure 7. Graphical comparison of RE values of BII in DIs
positioned para-axially and at angular positions

For DIs in angled positions, the highest RE
values were found in the cervical regions,
ranging from 49.92+26.4% to 81.88+28.84%
(Fig. 8), slightly lower in the middle re-

Original research: Basic sciences

gions—56.84+27.52% to 65.68+31.37%
(Fig. 8), and the lowest in the apical re-
gions—52.32+43.41% (Fig. 8).

Intragroup comparison of the total RE values of
DIsplacedinangled positions(252.02+69.29%)
revealed statistically significant differences
when compared with RE values of the apical
(p<0.0006) and cervical (p<0.0001) regions of
the interface. These findings should be taken
into account when selecting implant length and
adjusting angular positioning.

Comparison with total RE values for DIs placed
in a para-axial position, which showed an op-
timum of 156.44+46.25% (Fig. 9), revealed
statistically significant differences—ranging
from p<0.006 to p<0.0004 in cervical regions,
from p<0.002 to p<0.0008 in the middle re-
gions, and p<0.003 in apical BII locations.
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PucyHok 8. Mpenapatwn 1lil1; 1rem11, 2 red13, 4rel2 ans ricTOMOpP@OMETPUYHOIrO AOCNIAKEHHS AEHTANbHUX
iMNaHTaTiB 3 KyTOBMM MO3ULIIOHYBaHHAM (NiBOpyY) Ta rpadivHi pe3ynbTaTv 40CNiAXKEHHS IXHIX Noka3HukKiB RE KicTko-
BO-iMMI@HTATHOIO iHTepdency (npasopy4)

Mpyn NOpiBHAHHI 3 CyMapHWUMU MOKa3HUKaAMU
RE iHTepdency [I, BCcTaHOBNEHUX Yy napa-
aKciaslbHOMY po3TallyBaHHi, AKi CTAaHOBNATb
onTuMyM 156.44+46.25% (puc. 9), BuaBneHi
BipoOrigHi BiAMiHHOCTI, BianosigHo Big p<0.006
0o p<0.0004 - y npuwumnkosux, Big p<0.002
no p<0.0008 - y cepeanHHux ta p<0.003 -y
npueepxiBkoBux nokauiax KII.

106

lMpn NOpiBHAHHI CyMapHUX 3Ha4yeHb NOKa3HU-
ka RE [1I, BCTaHOBNEHUX Y KYyTOBOMY po3Tally-
BaHHi, WO cTaHoBuTb 252.02+£69.29% (pwuc.
10) 3i cymapHuM noka3sHukoM RE [I BCTaHOB-
NeHnx y napaakciasibHOMY poO3TallyBaHHi, KO-
Tpi MicTaTbCca y Mexax 156.44+46.25% (pwc.
11) BusiBNeHa TakKoX BiporigHa BiAMIHHICTb
(p<0.033).
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Figure 8. Specimens 1lil1, 1rem11, 2red13, 4rel2 for histomorphometric analysis of DIs
with angled positioning (left) and graphical representation of their RE values (right)
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Figure 9. Graphical comparison of RE values of BII in DIs
placed at an angle and in para-axial position

When comparing total RE values of DIs in-
serted at an angle (252.02+69.29%, Fig.
10) with those placed in a para-axial posi-
tion (156.44+46.25%, Fig. 11), a statisti-
cally significant difference was also observed
(p<0.033).

Discussion of Study Results. In the early
stages of practical implantology, only verti-
cal positioning of dental implants (DIs) was
used [10; 11]. However, in limited alveolar
bone volume cases, the classical technique
of placing DIs parallel to each other is often
unfeasible. Therefore, in modern dental im-
plantology, implants are frequently placed
not only para-axially (with a slight angular in-
clination) but also at pronounced angulations
as an alternative to additional surgical proce-

Location of BII S1 || 1. 2.
3redll 1 100,004
3red2 024
Ired13 100,00

Figure 11. Cumulative RE values of BII in DIs placed para-axially under prolonged functional loading
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PucyHok 9. MNopiBHAHHA rpadiyHO 306paXKeHnxX NoKasHm-

KiB RE KiCTKOBO-iMNNaHTATHOrO iHTepdency AeHTanbHNX

iMN1aHTaTiB, BCTAHOBJIEHUX Y KYTOBOMY Ta napaakciasb-
HOMY pO3TallyBaHHi

O6roBopeHHs pe3ynbTaTiB AOC/IAXKEHHSNA

Ha nodaTKkoBMX eTamnax PpO3BUTKY MNPaKTUYHOI
iMmnnaHTonorii npu yeseaeHHi I 3acTtocoByBanu
Nvwe BepTUKasibHe po3TallyBaHHA iMMfaHTa-
TiB [10; 11]. 3@ HasABHOCTI He3Ha4HOI Ki/IbKO-
CTi KICTKOBOI TKaHMHWN anbBeosiipHOro rpebeHs
Lenen Taka KfacuyHa TexHika no3muioHyBaHHSA
[I, opieHTOBaHUX napanesibHoO OAMH 40 O4HOro,
6yBae HemMOXMBa. TOMY B Cy4yacHil AeHTanbHiIN
imnnanTonorii I yacto BCTaHOBMOKTL 4K Ma-

Joxania KIT 11 | 1.
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paakcianbHO (3 HEe3HAYHMM KYTOBUM HaxusoMm),
TaK i3 03HAYEHNMU KYTOBUMU PO3TaLLyBaAHHAMMU,
AK anbTepHaTUBY [OAAaTKOBUM OMepaTUBHUM
BTPYYaHHSM, MOB’A3aHMM 3i CKNagHUMKU Xipyp-
FMYHUMM TEXHOSOMAMU HApPOLLYBaHHSA KiCTKOBOI
TKaHuHm (HKT) [12, 13, 14, 15]. MNauieHTam
3a3Buyan 6inbll 3po3yMina MeToamka KyTOBOro
yBeAeHHs iMnnaHTaTiB 3amicTb HKT i, oTXe, 3po-
CTaE iXHA rOTOBHICTb A0 NPOBEAEHHS OCTEOIHTe-
rpoBaHoi iMnnanTauii [17].

MepLwi nporHo3u wono sutpusanocti I, yseae-
HMX Nig KyToMm, 6ynun pgocnigxeHi noHaa Asaa-
LUATb N'ATb POKIiB TOMY i BXe ToAi BUSIBUIN BU-
COKi MOKa3HMKU TXHbOI MiLHOCTI. Kremanov L. et
al. [30] BMBYanM KinbKiCTb OCTEOIHTErPOBaHMX
A1, yBegeHux nig KyTOM Ta BepTUKasnbHO, y 47
nauieHTiB. 25 nauieHTam 6ynn BCTaHoBNeHi 36
iMNaHTaTIB Ha HWXKHIA Wweneni, a 22 nauieH-
Tam — 30 iMNnaHTaTiB Ha BEPXHIN weneni. Kytu
ONS yBeleHHS iMMaHTaTiB 3MiHIOBaIM B Mexax
Bia 25° po 35°. Yepes n'aTb pokiB CyMapHUi
NMOKa3HWK BUTPUBANoOCTi ctaHoBmB 98% ana A1,
yBeaeHux nig kyTtoMm, i 93 - ana AOI, yBeaeHux
BepTukanebHo. Aparicio C. et al. [31] ony6bniky-
Ba/IM CXOXi pe3ynbTaTth yepes pik nicnsa unx Ao-
cnig>xeHb. ABTOPY BCTAHOBUAMN, LLO Yepes N'saTb
pOKiB CyMapHWi nokasHuk BuTpueanocti A1 nig
KyToM cTaHoBumB 95.2%, a napaakciasbHUX -
91.3%. [Mogjanblwi [OCNiIopKEHHS nNigTBEPAUIN

1
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PucyHok 10. CyMapHi noka3HuKM 3HauyeHb RE KicTKkoBO-iMnnaHTaTHOro iHTepdency AeHTalbHUX iMONaHTaTIB,
BCTAHOB/IEHUX Y KYTOBOMY pO3TallyBaHHi Npu TpMBanoMy dyHKLIOHa/IbHOMY HaBaHTaXeHHi
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PucyHok 11. CyMapHi noka3HMKM 3HayeHb RE KicTKOBO-iMnnaHTaTHOro iHTepdencyaeHTanbHMX iMNIaHTaTIB,
BCTAHOBJ/IEHUX Y NapaakciaNbHOMy po3TallyBaHHi Npu TpuBanoMy dyHKLiOHabHOMY HaBaHTaXeHHI
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dures involving complex bone augmentation
techniques (BAT) [12-15]. Patients generally
perceive the angulated placement technique
more favorably than BAT, which increases
their willingness to undergo osseointegrated
implantation [17].

The first prognoses regarding the survival
of angulated implants were made over 25
years ago and have already demonstrated
high survival rates. Kremanov L. et al. [30]
studied 47 patients who received either an-
gulated or vertically placed osseointegrated
DIs. In 25 patients, 36 implants were placed
in the mandible, and in 22 patients, 30 im-
plants were placed in the maxilla. The in-
sertion angles varied from 25° to 35°. After
five years, the overall survival rate was 98%
for angulated implants and 93% for vertical-
ly placed ones. Aparicio C. et al. [31] pub-
lished similar results a year later, reporting
a five-year survival rate of 95.2% for an-
gulated implants and 91.3% for para-axial-
ly placed ones. Subsequent studies further
confirmed the success of prosthetics sup-
ported by angulated DIs. For instance, Fortin
T. et al. [32] studied 15 patients with partial
tooth loss, placing a total of 42 DIs, 17 of
which were angled between 20° and 35°. No
implant loss or complications were reported
during the four-year follow-up period. Rosen
A. et al. [33] observed 19 patients over ten
years who received 103 implants at various
angles, reporting a functional success rate
of 97%.

Despite these studies’ strong scientific and
practical evidence, some specialists remain
skeptical about the clinical effectiveness of
angulated DIs under long-term functional
loading. However, various experimental and
clinical studies have shown that successful
osseointegration does not necessarily re-
quire strictly para-axial loading [23; 25; 29]
and that bone resorption around angulat-
ed, functioning DIs after one to two years
may be even less than around para-axially
placed implants. Moreover, angulated place-
ment allows for longer implants, providing
significantly greater and more durable sta-
bility in both cortical and cancellous bone
[16; 24; 26; 34]. Today, three-dimensional
implant placement is increasingly performed
using both para-osseous and angulated ori-
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entations [9; 21; 27]. DIs can be inserted
into bone with compromised volume without
needing prior bone expansion [31]. General-
ly, when using an angulated implant place-
ment technique with angles of 15° or more,
it is essential to conduct not only morpho-
logical assessments of the quantitative and
qualitative parameters of the alveolar ridge
bone but also functional evaluations of the
stomatognathic system. This requires a
specialized functional protocol to refine the
placement technique and subsequent pros-
thetic procedures [1; 35; 36].

Our experimental studies using advanced dig-
ital histomorphometric analysis of bone-im-
plant interface (BII) locations demonstrate
that after prolonged functional loading (1-1.5
years) of DIs placed in para-osseous and an-
gulated positions, the regeneration efficacy
(RE) index significantly differs in the cervical,
middle, and apical regions. The histomorpho-
metric analysis was based on the hypothesis
that fluorescence intensity at a given wave-
length is proportional to the accumulation of
the fluorescent tetracycline marker, which
integrates into the mineralized bone matrix.
Considering potential differences in section
thickness, comparisons were made only with-
in different regions of the same specimen,
with background signal areas used for signal
normalization.

The total RE index for DIs placed at an angle
was 252.02 £ 69.29%, which is significantly
higher (p < 0.033) than the total RE index of
DIs placed para-axially (156.44 + 46.25%).
These values are 1.6-1.7 times greater than
the regeneration activity indicators of bone
tissue around para-osseously placed im-
plants. This confirms the basic hypothesis
of our study and highlights the importance
of considering these values when selecting,
planning, and adjusting angulated implant
positioning.

Adaptation of alveolar bone to para-osseous
and angulated DIs, along with their long-term
performance under prosthetic loads, is deter-
mined by the multidirectional functional forces
generated by neuromuscular engrams of the
tongue, lips, perioral mimetic muscles, and
masticatory-occlusal factors of the stomato-
gnathic system. This area warrants further
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yCrix npoTe3yBaHHA i3 BCTaHoBneHHaM [AI nig
KyTOoM. 30KkpemMa, Fortin T. et al. [32] gocnigxy-
BaB 15 nauieHTiB 3 4YacTkoBO BTpaToto 3ybiB.
Bynu BctaHoBneHi 42 A1, 3 akux 17 — 3 KyTOBUM
po3TalyBaHHAM y Mexax 20° i 35°. poTsrom
YOTUPBLOX POKIB CMNOCTEPEXEHHSA He 6yno Bu-
asneHo BTpat Al i He BUMHMKANO iHWKX yCKNaa-
HeHb. Rosen A. et al. [33] ynponoBx aecsitu
pOKiB BiB COCTEPEXEHHS 3a 19-Ma nauieHTamu,
wo iM 6ynu BcTaHoBneHi 103 Al 3 pi3HUM Ky-
TOBMM pO3TallyBaHHAM i BCTAHOBUB YCMILLHICTb
yHKUIOHYBaHHS y 97% BMNaaKis.

OpHak, nornpu BaroMi HaykKoBO-MpPaKTU4YHI ap-
rYMEHTU npoBeAeHUX AO0CNiAXeHb, 4YacTuHAa
daxiBuiB goTenep CKenTUYHO CTaBNATbCHA A0
KNiHiYHOT edekTmBHOCTI [I, BCTaHOBNEHUX Y
KYTOBMX pO3TallyBaHHAX MNpu AOBroTpuBasioMy
dYHKLiIOHaNbHOMY HaBaHTaXeHHi. MNpu LboMy,
HasBHi PI3HOCTOPOHHI €eKCrnepuMeHTallbHi Ta
KMIHIYHI goCNig)XeHHS nokasasnu, Wo A5 ocre-
oiHTerpauii ]I He ob6oB’s3koBO MOTpibHE CyTO
napaakciasbHe HaBaHTaxkeHHsa [23; 25; 29],
a pe3opbuis KicTKoBOI TKaHWHW HasBkono A,
yBeAeHUX i PyHKUIioOHaNbHMUX Ni4 KYTOM, yepe3
OOMH-ABA POKM HaBIiTb MeHLUa, HiX nicng na-
paakciasibHOro BCTaHOBJIEHHA. OKpiM UbOro,
nig 4yac KyToBOoro po3TawysaHHA Al € nepe-
Bara y MOX/IMBOCTAX KNiHIYHOrMO BUKOPUCTAH-
HA goBwwnx AOI, wWo ga€e 3Mory AOCArTM 3HayHO
Kpalioi Ta TpuBaniwoi iXHbOi CcTabinbHOCTI B
KOpTUKanbHiM Ta rybyacTili KiCTKOBIN TKaHWHI
wenen [16; 24; 26; 34]. Ha cborogHi TpuBu-
MipHe BCTaHoB/IeHHA I nnaHyoTb | BUKOHYOTb
Aefani yacriwe 9K y napaocbOBOMY, TakK iy
KyTOBOMY po3TallyBaHHi [9; 21; 27]. AI MoxHa
YyBOAUTU B KiCTKOBY TKaHMHY 3 KOMMNPOMICHUMU
KiNbKICHUMM MNOKa3HMKaMu 6e3 nonepeaHbo-
ro po3LlmMpeHHs KicTkm [31]. Ak npaBwuno, npu
3aCTOCYBaHHi TEXHIKM KYTOBOIro po3TallyBaHHSA
Al 3 kyTamn yBeaeHHs Big 15° noTpibHo nopsa
i3 MOP@ONOriYHMMUM AOCAIAKEHHAMU KiNbKic-
HUX Ta AKICHUX NapaMeTpiB KiCTKOBOI TKAHWHMK
anbBeoNnspHOro rpebeHsa uenen, NpoBOAUTU
dyHKLUiOHanbHi 0b6CTeXeHHS CTOMaTOrHaTU4-
HOI cucTtemmn, Wo notpebyBaTmme cneuiasbHOro
YHKLiOHaNbHOr0 MNPOTOKO/ly 3 METOK YTOou-
HEHHS MeToAMKM BCTaHoBneHHA [I Ta nopanb-
LWOro Ha HMX npoTesyBaHHSA [1; 35; 36].

Hawi ekcnepuMeHTanbHi A0CNIOXEHHA 3 BU-
KOPUCTaHHSAM Cy4YacHOi LUndpoBoi ricTomop-
(dOMeTpMYHOI MeToauKM aHanisy nokauin KII
[oBOAATb, WO npu Tpueanomy (1-1.5 poky)

110

Original research: Basic sciences

(pyHKLUIOHaNbHOMY HaBaHTaxkeHHi [I, BCTaHOB-
JIEHUX Yy NapaoCbOBOMY Ta KyTOBOMY pO3Tally-
BaHHi, nokasHuK RE BiporiaHo Biapi3HAETLCH Y
NPULLNIAKOBIN, CepeanHHIN Ta MNpuBepXiBKOBIl
dingHkax. Y rictoMopdOMETPUYHOMY  aHani-
3i MM BUXOAWWN 3 rinoTe3n, WO iHTEHCUBHICTb
dnyopecueHLii 3a L€l A0BXMHM NponopLuinHa Ao
Hakonu4yeHHs ayopecLeHTHOro 6apBHuKa Te-
TPaUMKAiHY, KU MICTATb CTPYKTYpW MiHepasnb-
HOro MaTpUKCY KIiCTKOBOI TKaHWHW. 3Baxarouu
Ha MOXJIMBY Pi3HY TOBLUWHY 3pi3iB, NOPIBHAHHSA
BMKOHYBaNu nmwe MK pisHUMWU AiNAHKaMW o4-
HOro npenaparty, cepe sikux 060B’a3koBo 6yna
AinsHka OHOBOr0 CUrHasny, WO BUKOPWUCTOBY-
Banacb ANg HopManisauii curHany.

CyMmapHe 3HayeHHsA nokasHukie RE [AI, ski
BCTQHOBJ/IEHI Y KYTOBOMY pO3TallyBaHHi, CTa-
HOBUTb 252.02+69.29% i npun NOPIBHAHHI 3i
CyMapHuM nokasHukom RE [I, BCcTaHOBNEHUX
y rnapaakciasibHOMY po3TallyBaHHi, 3HAYEHH4
SIKOro CTaHoBUTb 156.44+46.25% € Biporia-
HO BiAMiHHMM, p<0.033. IXxHi 3HauyeHHs B 1.6-
1.7 pasiB BULi 32 NOKA3HMKN pereHepauinHoi
AKTUBHOCTI KiCTKOBOTKAHUHHKUX ocepeakis AI,
BCTAHOBJIEHNX Yy MapaoCbOBOMY pO3TallyBaH-
Hi, WO niagTBepAXXye 6a30By rinoTesy Halworo
AOCNIoKEHHS | AEMOHCTPYE HeobXigHICTb Bpa-
XYBaHHS LMX 3Ha4YeHb Npu BU6OPI, NaHyBaHHI
Ta peryaoBaHHi KyTOBOro posTawlyBaHHa [l.

AfanTtauig KiCTKOBOI TKaHWHM anbBeOoJIAPHOro
BiApPOCTKa LWesien rnpu napaocboBOMYy Ta Ha-
XUneHomy po3TtawysaHHi I, AOBrosiyHICTb iX
(YHKLIOHYBaHHSA 3 MPOTE3HUMU KOHCTPYKLis-
MW BU3HA4Ya€ETbCA 6araToBEKTOPHMM (YyHKLIO-
Ha/IbHUM CUI0BMM BMJIMBOM, WO FEeHEepyeTbCH
HEMpPOMYCKYNSpHUMKU eHrpamamMun s3suka, ryb,
AOBKO/IOPOTOBMMU MIMIYHUMW M'A3aMWU Ta XKy-
Ba/IbHO-OKJIO3IMHMMK haKTopamMmn CToMaTorHa-
TUYHOT cUCTEMU | NOTpebye OKpeMUX peTenbHNX
JOCNifAXeHb., 3 Oorfisgay Ha ue, MM BBaXaeMo,
wo € notpeba y nogjanbnx UMPOBUX iHHO-
BaLiMHUX OOCIAXEHHSX TPUBMUMIPHOIO NO3MLi-
oHyBaHHS [AI ansa 3anobiraHHA pO3BUTKY AMC-
dYHKUIT CTOMaTOrHaTUYHOI CUCTEMWN MALLIEHTIB 3
MOX/IMBICTIO OTPUMaTK AOKA30Bi BiATBOPIOBaHI
NMOKa3HWKM, a BigTaK HaAilHI MporHo3u wono
AosrosivyHocTi A1 Ta NpoTe3HMX KOHCTPYKLIN Y
npoweci ix Tpueanoro MyHKLIOHYBaHHS.

BUCHOBKMU
1.I"pyHTOBHM17| aHaniz oTpuMaHuX pesynbTa-
TiB eKCnepuMeHTasibHOro AOCNIAXEeHHS nig-
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thorough investigation. In this regard, we be-
lieve that further innovative digital studies on
three-dimensional DI positioning are needed
to prevent the development of stomatognathic
system dysfunctions and to obtain reproduc-
ible, evidence-based indicators and, conse-
quently, reliable long-term prognoses for DIs
and prosthetic constructions under extended
functional loading.

Conclusions.
1.Based on the analysis of the results obtained

in the experimental study, the basic hypoth-
esis regarding the differences in histomor-
phometric parameters of the bone-implant
interface (BII) of dental implants (DIs)
placed in para-axial and angular positions in
the mandibular bone of test animals under
prolonged (1-1.5 years) functional loading
was confirmed.

.In the histomorphological analysis of DIs

positioned at an angle compared to those
placed in a para-axial orientation, RE val-
ues in apical locations were 2.2 times
higher and in middle locations 1.11 times
higher for angularly positioned implants.
Meanwhile, in the cervical locations, the
histomorphological indicators for para-ax-
ial and angular positions of the DIs were
practically identical. These differences

Original research: Basic sciences

should be considered when selecting the
DI positioning when planning functional
load distribution for prosthetic construc-
tions.

.For angularly positioned DIs under pro-

longed functional loading, the cumulative
RE intensity values of the BII ranged from
312.96% to 374.78%, which is, on aver-
age, 1.6 times higher than the total RE
values of the BII (156.44%) in the pa-
ra-axial placement group. This is likely
associated with the spatial organization
features of the BII in the studied locations
and is driven by both static and dynamic
functional loads.

.The identified differences in RE indicators

of the BII in para-axial and angular im-
plant positions under long-term loading
highlight the need to consider these fac-
tors during clinical and instrumental mon-
itoring of the spatial osseointegration of
implants.

5.The results obtained from this study re-

quire further in-depth investigation using
advanced innovative technologies, both ex-
perimentally and clinically, to refine the pro-
tocols for morpho-functionally guided sur-
gical DI placement and prosthetic design,
ultimately improving the health status of
the patients’ stomatognathic system.
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TBepaMB 6a30By rinoTe3y npo HasiBHICTb
BiAMIHHOCTEeN rictToMopdoMeTpnYHUX napa-
MeTpiB NepPMiMMNIaHTHOrO TKAHUHHOIO iHTEep-
dency I, BCTaHOBNEHMX Yy NapaakcianbHO-
My Ta KYyTOBOMY pO3TallyBaHHAX Y KiCTKOBIl
TKAHUHI  HWXHBOI Wenennu niaaocnigHnx
TBapuH npu TpmBanomy (1-1.5 poky) dyHk-
LiOHaNIbHOMY HaBaAHTAXEHHI.

.Mpwu rictomopdonoriuHomy gocnigxeHHi A1,

pO3TallOBaHMX 3 KYTOBMM HaxunoM, Nopis-
HSHO 3 MapaakcianbHKUM po3TawyBaHHaM AT,
rnokasHunkn RE y npunBepxiBKOBUX NoKaLisgx
y 2.2 pa3a i y cepeanHHMX nokauiax y 1.11
pa3a 6ynu BULi Npy KyTOBOMY pO3TallyBaH-
Hi OI. Mpu uboMy, Y NPULLMAKOBUX STOKaLLiSX
ricToMoponoriyHi NOKasHMKN Npu napaak-
CiaflbHOMY Ta KyTOBOMY po3TawyBaHHAX Al
MPaKTUYHO TOTOXHi. BusasBneHi BiAMIHHOCTI
BapTO BpaxoByBaTuM npu BUOOpPI Mno3uuio-
HyBaHHa AI mig yac nnaHyBaHHA po3noainy
(PyHKLIOHaNbHOr0 HaBaHTaXXeHHS npoTe3-
HUX KOHCTPYKLIN.

[Mpn kyTOoBOMY po3TawysBaHHi Al y npoueci
TpUBanoro yHKLUiOHAa/IbHOrO HaBaHTaXeH-
HA CyMapHi 3Ha4yeHHS TMOKA3HWKIB I[HTEH-

. BuasneHi
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312.96%-374.78% i y cepegHboMy € B 1.6
pas3iB BULLI MOPIBHAHO 3 CyMapHWUMKW Mo-
kKasHnmkamMmn RE KII - 156.44% npwu napa-
OCbOBOMY po3TawyBaHHi AI, wo MMoBipHO
nos’szaHe 3 0CO6/MBOCTAMM MPOCTOPOBOI
opraHisauil KII y pgocnigXyBaHnx nokauisax
i CMPpUYMHEHE TX CTAaTUYHUM Ta AUHAMIYHUM
PyHKUIOHaNbHUMUM HaBaHTAXEHHSMU.
BiAMIHHOCTI noka3HukiB RE KII
AOCNiAXKyBaHUX NoKauihi y napaoCbOBOMY
i KyToBOMY po3TalwyBaHHAX Al npu gosro-
TpMBaA/IOMy HaBaHTaXeHHi CBiA4YaTb NpPoO He-
06XigHICTb iX ypaxyBaHHS Npu KNIHIYHO-IH-
CTPYMEHTa/IbHOMY MOHITOPUHIY NPOCTOPOBOI
oCTeoiHTerpadii imnaaHTaTiB.

.OTpuMaHi pesynbTaT¥ NpoBeAeHOro AO0Chi-

OXXeHHs noTpebyloTb NoAanbLIoro peTesb-
HOro BMBYEHHA 3 BUKOPUCTAHHAM CyYaCHUX
iHHOBAUIMHNX TEXHOJOriN K eKCnepuMeH-
TasbHO, TaK i KNiHIYHO, 3 METOI YTOUHEHHS
NnpoTokoniB Mopdo-PyHKUiOHAaNbHO cnps-
MOBaHOro XipypriyHoro sctaHosneHHsa Al ta
KOHCTPYKTUBHOIO NpoTe3yBaHHA AN14 NOAin-
LWEeHHS CTaHy 340poB’S CTOMATOrHaTWU4HOI
CUCTEMM NaLi€EHTIB.

cuBHocTi pereHepauii RE KII ctaHoBnATb

Cnucok nitepatypm

Vovk VY, Rezultaty eksperimental’no-klinichnogo doslidzhennya stanu tkanynnogo interfejsu endoosal’nykh
implantativ pry aksial'nomu ta paraaksial’'nomu funktsional’'nomu navantazhenni (ohlyad suchasnoho
stanu problemy). Via Stomatologiae. 2024;1(1):8-17.

Vovk YV, Vovk VY. Eksperimental’ne doslidzhennya stanu kistkovoyi tkanyny pry vplyvi tryvalogo
funktsional’nogo navantazhenya na dental’ni implantaty, uvedeni z riznostoronnim nakylom. Novyny
stomatolohiyi. 2017;2(37):28-36.

Vovk VY, Vovk YV, Oliynyk AH. Rezultaty klinichno-instrumental’'noho vyznachennya stabil’nosti implantativ
u kistkoviy tkanyni alveolyarnykh vidrostkiv shchelep. Novyny stomatolohiyi. 2014;1(78):66-72.

Vovk YV. Zubnyy implantat [patent]. Patent Ukrayiny N2 UA 11001 C1. Ony6nikoBaHo 25 rpyaHs 1996.
Chrcanovic BR, Albrektsson T, Wennerberg A. Tilted versus axially placed dental implants: a meta-analysis.
J Dent. 2015;43(2):149-70. https://doi.org/10.1016/j.jdent.2014.09.002

Koutouzis T, Wennstréom JL. Bone level changes at axial- and non-axial-positioned implants supporting
fixed partial dentures: a 5-year retrospective longitudinal study. Clin Oral Implants Res. 2007;18(5):585-
90. https://doi.org/10.1111/j.1600-0501.2007.01386.x

Pautke Ch, Vogt S, Kreutzer K, Haczek C, Wexel G, Kolk A, et al. Characterization of eight different
tetracyclines: advances in fluorescence bone labeling. J Anat. 2010;217:76-82. https://doi.org/10.1111/
j.1469-7580.2010.01237.x

Chen ST, Buser D, Sculean A, Belser UC. Complications and treatment errors in implant positioning in the
aesthetic zone: diagnosis and possible solutions. Periodontol 2000. 2023;92(1):220-34.

Hermann ]S, Schoolfield JD, Nummikoski PV, et al. Crestal bone changes around titanium implants: a
methodologic study comparing linear radiographic with histometric measurements. Int J Oral Maxillofac
Implants. 2001;16(4):475-85.

Spyropoulou PE, Razzoog M, Sierraalta M. Restoring implants in the esthetic zone after sculpting and
capturing the peri-implant tissues in rest position: a clinical report. J Prosthet Dent. 2009;102(6):345-7.
Ferrus J, Cecchinato D, Pjetursson EB, et al. Factors influencing ridge alterations following immediate
implant placement into extraction sockets. Clin Oral Implants Res. 2010;21(1):22-9.

Barros RRM, Novaes AB Jr, Papalexiou V. Buccal bone remodeling after immediate implantation with a
lap or lapless approach: a pilot study in dogs. Int J Dent Implants Biomater Titanium. 2009;1(1):45-51.

112



Mpaui HTLL. MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2025, Tom 77, N2 1 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2025, Vol. 77, 1
OpuriHanbHi gocniagXeHHs: dyHAAMEHTaNbHi HayKu Original research: Basic sciences
10. Spyropoulou PE, Razzoog M, Sierraalta M. Restoring implants in the esthetic zone after sculpting

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

and capturing the peri-implant tissues in rest position: a clinical report. J Prosthet Dent.
2009;102(6):345-7.

Ferrus J, Cecchinato D, Pjetursson EB, etal. Factors influencing ridge alterations following immediate
implant placement into extraction sockets. Clin Oral Implants Res. 2010;21(1):22-9.

Barros RRM, Novaes AB Jr, Papalexiou V. Buccal bone remodeling after immediate implantation with a
lap or lapless approach: a pilot study in dogs. Int J Dent Implants Biomater Titanium. 2009;1(1):45-51.
Monje A, Roccuzzo A, Buser D, Wang HL. Influence of buccal bone wall thickness on the peri-implant hard
and soft tissue dimensional changes: a systematic review. Clin Oral Implants Res. 2023;34(3):157-76.
Clelland NL, Gilat A, McGlumphy EA, Brantley WA. A photoelastic and strain gauge analysis of angled
abutments for an implant system. Int J Oral Maxillofac Implants. 1993;8(5):541-8.

Brosh T, Pilo R, Sudai D. The influence of abutment angulation on strains and stresses along the implant/
bone interface: comparison between two experimental techniques. J Prosthet Dent. 1998;79(3):328-34.
Agliardi E, Clerico M, Ciancio P, Massironi D. Immediate loading of full-arch fixed prostheses supported
by axial and tilted implants for the treatment of edentulous atrophic mandibles. Quintessence Int.
2010;41(4):285-93.

Carpentieri J, Greenstein G, Cavallaro J. Hierarchy of restorative space required for different types of
dental implant prostheses. J Am Dent Assoc. 2019;150(8):695-706.

Linkevicius T, Apse P, Grybauskas S, Puisys A. The influence of soft tissue thickness on crestal bone
changes around implants: a 1-year prospective controlled clinical trial. Int J Oral Maxillofac Implants.
2009;24(4):712-19.

Caneva M, Salata LA, de SouzaSS, etal. Influence of implant positioning in extraction sockets on
osseointegration: histomorphometric analyses in dogs. Clin Oral Implants Res. 2010;21(1):43-9.
Cooper LF. Prosthodontic complications related to non-optimal dental implant placement. In: Froum SJ,
ed. Dental Implant Complications: Etiology, Prevention, and Treatment. 2nd ed. Hoboken, NJ:
Wiley-Blackwell; 2016. p.539-557.

Farideh G, Sadighpour L. Estimation of the Safe Distance Between the Implant and an Adjacent Tilted
Implant Using Trigonometry. J Oral Implantol. 2010;38(3):289-90.

Prasad DK, Shetty M, Mehra DR. Anatomical consideration in implant selection and positioning. Int J Oral
Clin Res. 2013;4(1):24-9.

D’Amico C, Bocchieri S, Sambataro S, Surace G, Stumpo Ch, Fiorillo L. Occlusal Load Considerations in
Implant-Supported Fixed Restorations. Prosthesis. 2020;2(4):252-65.

Watzek G, Mailath-Pokorny G. Zahnartliche implantate. In: Schwencer N, Ehrenfeld N, eds. Zahnarztliche
Chirurgie. Stuttgart: Georg Thieme Verlag; 2000. p.127-67.

Calandriello R, Tomatis M. Simplified treatment of the atrophic posterior maxilla via immediate/
early function and tilted implants: a prospective 1-year clinical study. Clin Implant Dent Relat Res.
2005;7(Suppl 1):S1-12. https://doi.org/10.1111/j.1708-8208.2005.tb00069.

Malé P, Rangert B, Nobre M. “All-on-Four” immediate-function concept with Br&nemark System implants
for completely edentulous mandibles: a retrospective clinical study. Clin Implant Dent Relat Res.
2003;5(Suppl 1):2-9. https://doi.org/10.1111/j.1708-8208.2003.tb00010.x

Sethi A, KausT, SochorP. The use of angulated abutments in implant dentistry: five-year clinical
results of an ongoing prospective study. Int J Oral Maxillofac Implants. 2000 Nov-Dec;15(6):801-10.
PMID:11151578.

Degidi M, Piattelli A, Gehrke P, Felice P, Carinci F. Five-year outcome of 111 immediate nonfunctional
single restorations. J Oral Implantol. 2006;32(6):277-85. PMID:17193929.

Ré JP, etal. Optimal placement of the two anterior implants for the mandibular All-on-4 concept. J
Prosthet Dent. 2015;114:17-21.

Krekmanov L, Kahn M, Rangert B, Lindstrém H. Tilting of posterior mandibular and maxillary implants
for improved prosthesis support. Int J Oral Maxillofac Implants. 2000;15(3):405-14.

Aparicio C, Perales P, RangertB. Tilted implants as an alternative to maxillary sinus grafting: a
clinical, radiologic, and periotest study. Clin Implant Dent Relat Res. 2001;3(1):39-49. https://doi.
org/10.1111/j.1708-8208.2001.tb00127.x

Fortin T, Isidori M, Bouchet H. Placement of posterior maxillary implants in partially edentulous patients
with severe bone deficiency using CAD/CAM guidance to avoid sinus grafting: a clinical report of
procedure. Int J Oral Maxillofac Implants. 2009;24(1):96-102.

Rosén A, Gynther G. Implant treatment without bone grafting in edentulous severely resorbed maxillas:
a long-term follow-up study. J Oral Maxillofac Surg. 2007;65(5):1010-6. https://doi.org/10.1016/]j.
joms.2006.11.023

Chelpanova I, Masna Z, Ambarova N. Dynamics of mineral element content in mandibular bone tissue
of experimental animals during the healing of an artificial defect filled with octacalcium phosphate. Proc

113



Mpaui HTLW. MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
2025, Tom 77, N2 1 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2025, Vol. 77, 1

OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKWu Original research: Basic sciences

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Monje A, Roccuzzo A, Buser D, Wang HL. Influence of buccal bone wall thickness on the peri-implant hard
and soft tissue dimensional changes: a systematic review. Clin Oral Implants Res. 2023;34(3):157-76.
Clelland NL, Gilat A, McGlumphy EA, Brantley WA. A photoelastic and strain gauge analysis of angled
abutments for an implant system. Int J Oral Maxillofac Implants. 1993;8(5):541-8.

Brosh T, Pilo R, Sudai D. The influence of abutment angulation on strains and stresses along the implant/
bone interface: comparison between two experimental techniques. J Prosthet Dent. 1998;79(3):328-34.
Agliardi E, Clericd M, Ciancio P, Massironi D. Immediate loading of full-arch fixed prostheses supported
by axial and tilted implants for the treatment of edentulous atrophic mandibles. Quintessence Int.
2010;41(4):285-93.

Carpentieri J, Greenstein G, Cavallaro J. Hierarchy of restorative space required for different types of
dental implant prostheses. J Am Dent Assoc. 2019;150(8):695-706.

Linkevicius T, Apse P, Grybauskas S, Puisys A. The influence of soft tissue thickness on crestal bone
changes around implants: a 1-year prospective controlled clinical trial. Int J Oral Maxillofac Implants.
2009;24(4):712-19.

Caneva M, Salata LA, de Souza SS, et al. Influence of implant positioning in extraction sockets on
osseointegration: histomorphometric analyses in dogs. Clin Oral Implants Res. 2010;21(1):43-9.
Cooper LF. Prosthodontic complications related to non-optimal dental implant placement. In: Froum SJ, ed.
Dental Implant Complications: Etiology, Prevention, and Treatment. 2nd ed. Hoboken, NJ: Wiley-Blackwell;
2016. p.539-557.

Farideh G, Sadighpour L. Estimation of the Safe Distance Between the Implant and an Adjacent Tilted
Implant Using Trigonometry. J Oral Implantol. 2010;38(3):289-90.

Prasad DK, Shetty M, Mehra DR. Anatomical consideration in implant selection and positioning. Int J Oral
Clin Res. 2013;4(1):24-9.

D’Amico C, Bocchieri S, Sambataro S, Surace G, Stumpo Ch, Fiorillo L. Occlusal Load Considerations in
Implant-Supported Fixed Restorations. Prosthesis. 2020;2(4):252-65.

Watzek G, Mailath-Pokorny G. Zahnartliche implantate. In: Schwencer N, Ehrenfeld N, eds. Zahnarztliche
Chirurgie. Stuttgart: Georg Thieme Verlag; 2000. p.127-67.

Calandriello R, Tomatis M. Simplified treatment of the atrophic posterior maxilla via immediate/
early function and tilted implants: a prospective 1-year clinical study. Clin Implant Dent Relat Res.
2005;7(Suppl 1):S1-12. https://doi.org/10.1111/j.1708-8208.2005.tb00069.

Malé P, Rangert B, Nobre M. “All-on-Four” immediate-function concept with Brdnemark System implants
for completely edentulous mandibles: a retrospective clinical study. Clin Implant Dent Relat Res.
2003;5(Suppl 1):2-9. https://doi.org/10.1111/j.1708-8208.2003.tb00010.x

Sethi A, Kaus T, Sochor P. The use of angulated abutments in implant dentistry: five-year clinical results of an
ongoing prospective study. Int J Oral Maxillofac Implants. 2000 Nov-Dec;15(6):801-10. PMID:11151578.
Degidi M, Piattelli A, Gehrke P, Felice P, Carinci F. Five-year outcome of 111 immediate nonfunctional
single restorations. J Oral Implantol. 2006;32(6):277-85. PMID:17193929.

Ré JP, et al. Optimal placement of the two anterior implants for the mandibular All-on-4 concept. J Prosthet
Dent. 2015;114:17-21.

Krekmanov L, Kahn M, Rangert B, Lindstrém H. Tilting of posterior mandibular and maxillary implants for
improved prosthesis support. Int J Oral Maxillofac Implants. 2000;15(3):405-14.

Aparicio C, Perales P, Rangert B. Tilted implants as an alternative to maxillary sinus grafting: a
clinical, radiologic, and periotest study. Clin Implant Dent Relat Res. 2001;3(1):39-49. https://doi.
org/10.1111/j.1708-8208.2001.tb00127.x

Fortin T, Isidori M, Bouchet H. Placement of posterior maxillary implants in partially edentulous patients
with severe bone deficiency using CAD/CAM guidance to avoid sinus grafting: a clinical report of procedure.
Int J Oral Maxillofac Implants. 2009;24(1):96-102.

Rosén A, Gynther G. Implant treatment without bone grafting in edentulous severely resorbed maxillas:
a long-term follow-up study. J Oral Maxillofac Surg. 2007;65(5):1010-6. https://doi.org/10.1016/j.
joms.2006.11.023

Chelpanova I, Masna Z, Ambarova N. Dynamics of mineral element content in mandibular bone tissue
of experimental animals during the healing of an artificial defect filled with octacalcium phosphate. Proc
Shevchenko Sci Soc Med Sci [Internet]. 2024Dec.27; 76(2). Available from: https://mspsss.org.ua/index.
php/journal/article/view/1041. https://doi.org/10.25040/ntsh2024.02.06

Cavallaro ], Greenstein G. Position, Angulation, and Sink Depth: Aspects of Therapy Used to Avoid and
Modify Suboptimal Implant Placement. Compend Contin Educ Dent. 2024;45(9):el1-e4.

Chen ST, Buser D, Sculean A, Belser UC. Complications and treatment errors in implant positioning in
the aesthetic zone: diagnosis and possible solutions. Periodontol 2000. 2023;92(1):220-34. https://doi.
org/10.1111/prd.12461

114



Mpaui HTLL. MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
2025, Tom 77, N2 1 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2025, Vol. 77, 1
OpuriHanbHi gocniagXeHHs: dyHAAMEHTaNbHi HayKu Original research: Basic sciences

Shevchenko Sci Soc Med Sci [Internet]. 2024Dec.27; 76(2). Available from: https://mspsss.org.ua/
index.php/journal/article/view/1041. https://doi.org/10.25040/ntsh2024.02.06

35. Cavallaro J, Greenstein G. Position, Angulation, and Sink Depth: Aspects of Therapy Used to Avoid and
Modify Suboptimal Implant Placement. Compend Contin Educ Dent. 2024;45(9):el-e4.

36. Chen ST, Buser D, Sculean A, Belser UC. Complications and treatment errors in implant positioning in

the aesthetic zone: diagnosis and possible solutions. Periodontol 2000. 2023;92(1):220-34. https://
doi.org/10.1111/prd.12461

115



