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PE3IOME

AxTyanbHiCTb. AHaTOMIYHMI B3aEMO3B'A30K MiX Oi4HOMO rpynot 3ybiB BepXHbOI
Lienenn Ta BEPXHbOLLEMENHOI Mas3yxol Mae BupillanbHe 3HaYeHHA Ans cTomaro-
NOTiYHNX, OTOPMHOMAPUHIOMNONIYHMX Ta LENenHoO-NNLUEBNX BTPYYaHb.

MeTa po60oTn — BU3HAUUTM MOPOMETPUYHI (TOBLUMHA KICTKOBOI TKaHWUHW) Ta AeH-
CUTOMETPUYHI (LWiMbHICTE Y oaMHMLUAX ayHcdinaa) xapaKTepucTuKM KiCTKOBOI mrac-
TUHKM MK KOPEHAMM BEPXHIiX Bi4HMX 3y0iB i AHOM BEPXHbLOLLIENENHOI Nasyxu 3a AaHUMK
cnipanbHoOi KOMM'OTEPHOI Tomorpadii, a Takox npoaHanidyBatu ix BapiabenbHiCTb
3arnexHo Bif BiKy Ta rpynu 3ybis.

Matepiann Ta Metoamu. [lpoBefeHO PETPOCMEKTMBHE MOMNepeYHe AOCHiMKEHHS
i3 3anyyeHHam 120 gopocnux nauieHTiB (60 Yonogikie i 60 xiHOK, Bikom 20—75 pokiB),
SKMM BWMKOHAHO ChipanbHy KOMM'IOTEPHY TOMoOrpadilo BWCOKOi po3dinbHOi 34aT-
HOCTi. BumiptoBanu TOBLUMHY KiCTKM MiX BepXiBkamu KOpeHiB 3ybiB i AHOM nasyxu
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Ta WinbHiCTb KicTkM (B oauHuuax [ayHcdinga, HU). Ona ctatucTuyHOro adanisy
3actocoByBanu t-tect, ANOVA Ta kopensuito lMipcoHa (p < 0,05).

Pesynbratu. BusiBneHo cyTTeBy iHOMBIAyanbHy BapiabGenbHiCTb TOBLUMHM Ta Linb-
HOCTi KiCTKOBOI TKaHWHW. HalBuLli NOKa3HUKM LWiNbHOCTI 3ad)ikcoBaHO y nepeaHin
Ta narteparnbHii CTiHKax nasyxu, To4i SIK HWX4i 3HAYeHHs crnocTepiranuca B AinsHUi
MonisipiB, 0CcOBNMBO y MauieHTiB cTapLioro Biky. 3MEHLUEHHS LUiNbHOCTI KiCTKM cynpo-
BOZXXYBanocsi 36inbLUEHHSIM YacTOTU NPOPOCTaHHS KOPEHIB 3y6iB Y MOPOXHUHY Nasyxu.
BucHoBku. Ak TOBLMHA, TaK i LWiNbHICTb KICTKOBOI TKaHWHW, € BaXXNMBUMW napa-
MeTpamy, WO BU3HAYalOTb aHaTOMiYHI B32aEMOBIOHOLLEHHS MiX 3agHiMu 3ybamu
Ta BEPXHbOLLENEeNHOI Masyxol. IX KOMMMeKcHe BpaxyBaHHs Mif yac nepegonepa-
LifHOT OUiHKM [03BONSiE NIABULMTU TOYHICTb MPOrHO3yBaHHsI pU3uKiB Ta 3abeane-
4YnTK GesnevHille 1 edekTUBHILLE MiKyBaHHS B iMnnaHTomnorii Ta Xipyprii nasyx.
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ABSTRACT

Background. The anatomical relationship between the posterior teeth of the
maxilla and the maxillary sinus plays a crucial role in dental, otolaryngologic, and
maxillofacial procedures.

Purpose — to determine morphometric (bone thickness) and densitometric (Hounsfield
unit density) characteristics of the bone plate between the roots of maxillary
posterior teeth and the floor of the maxillary sinus using spiral computed tomo-
graphy, and to analyze their variability depending on age and tooth group.

Materials and Methods. A retrospective cross-sectional study was conducted on
120 adults (60 males and 60 females, aged 20-75 years) using high-resolution
spiral computed tomography (CT). Bone thickness between the tooth roots and sinus
floor, as well as bone density (in Hounsfield Units, HU), were measured at multiple sites.
Statistical analyses included t-tests, ANOVA, and Pearson'’s correlations (p < 0.05).
Results. The study revealed significant variations in both bone thickness and density
among individuals. The anterior and lateral sinus walls showed the highest density
values, while reduced density and thinner bone were observed near molar roots,
especially in older patients. Lower bone density correlated with an increased
incidence of root protrusion into the sinus cavity.

Conclusions. Both bone thickness and density are essential parameters influencing
the anatomical relationship between posterior teeth and the maxillary sinus. Incorpo-
rating both metrics into preoperative evaluation enhances risk assessment and
supports safer, more effective treatment planning in implantology and sinus surgery.

Burian OV, Kudriavtseva TO, Harbar KB, Ostapchuk KV, Alieksieieva VV, Tselukh VA. Anatomical characteristics
and biological significance of the relationships between posterior maxillary teeth and the maxillary sinus.
Kharkiv Dental Journal. 2025;2(4(6)):643-656. DOI: https://doi.org/10.26565/3083-5607-2025-6-10

BCTYN

INTRODUCTION

AHaTOMIiYHi B3aEMOBIQHOLLEHHS] MK KOpeHsMu bBiy-
HOI rpynu 3y6iB BEPXHLOI LLENenn Ta BEPXHLOLLENENHOK
na3yxow BXe TpMBanuiM 4Yac € npegMeToM KMiHiYHOro
iHTepecy u4epes3 iX 3HaYeHHsa Ans Pi3HUX MeandHUX
aucumniiH - — cTtomarosnorii, OTOpMHOMAapPUHIonorii  Ta
WwenenHo-nuueBoi xipyprii [1]. Lile B3aemopoaTaluyBaHHs
Mae 0cobnuBy BaXNMBICTb Y KOHTEKCTI PO3BUTKY OIOHTO-
reHHOro raMopuTy — NaTonoriYHOro CTaHy, Konu iHgek-
Ui, wo noxoaatb i3 3y6iB, NpU3BOAATbL [0 3ananeHHs
nasyxu [2]. BnusbkicTb kopeHiB 3ybiB OO AgHa nasyxu
CTBOPIOE K PYHKLiOHaNbHY B3aEMO3anexHicTb, Tak i no-
TEHUINHI WNAXM 4NS NOWNPEHHS NaTONOrMYHNX NPOLECIB,

The anatomical relationship between the posterior
teeth of the maxilla and the maxillary sinus have
long been a subject of clinical interest due to their
significance for various medical fields, such as dentistry,
otorhinolaryngology, and maxillofacial surgery [1].
This spatial relationship is particularly important in the
context of odontogenic sinusitis, a pathological condi-
tion in which infections originating from the teeth lead
to inflammation of the sinus [2]. The close proximity
of tooth roots to the sinus floor creates both functional
interdependence and potential pathways for the spread
of pathological processes, highlighting the need for
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WO niaKpecntoe HeobxigHICTb rMUBOKOro po3yMiHHSA
aHaToMi4HMX ocobnmBocTen uiel ainsHku [3, 4].

OkpiM TOro aHaToOMiYHi B3aEMOBIOHOLLEHHS MK 3Y-
6amu, KiCTKOBOK TKaHWMHOK Ta BEPXHbOLLENENHOK MNasy-
X0 (POPMYIOTh JIOKanbHe CepeaoBuLLE, B SKOMY CTPYK-
TYpHi 0COGNMMBOCTI MOXYTb BMAnMBaTM Ha nepebir Ta
nokanisauito 3ananbHUX NpoueciB y LienenHo-nuuesin
QinsHui. Y cyyacHin nitepatypi 3ananeHHsi posrnsga-
€TbCA SIK GaraToakTopHMIA MpOLEC, WO 3anexuTb Big
TKaHWHHOI MIKPOapXiTEKTOHIKW, Backynsipusauii Ta iHan-
BioyanbHMX ocobnuBocTel TKaHWMHHOI Bignosigi [5].
3 OGionoriyHOT TOYKM 30py, B3aemopis Mk 3ybamu Ta
BEPXHbLOLLIENENMHOK Ma3yxol XapakTepusyeTbCcs 3Hau-
HOK aHaTOMIYHOK BapiabenbHiCT0, sika MOXe CYTTEBO
Bigpi3HATMCA MiX iHOMBigamu [6]. Taka MIHNUBICTb
BMMAMBAE Ha KMiHIYHI pe3ynbTaTy  CTOMATOMNOrYHMUX
BTpy4YaHb — Bi €HOOOOHTUYHOIO JliKyBaHHS A0 CUHYC-
nipTUHrY B iMNNaHToNorii Ta XipypriyHOro nikyBaHHs
nartonorin nasyx [7]. Kpim Toro, Bik, cTaTb, KpaHiodalli-
anbHa Mopdonoria Ta iHWI YUHHWKKA CNpUsitoTb LK
BapiabenbHOCTi, BNIMBaK4M K HA CTPYKTYPHY LiMiCHICTb
KICTKM, WO Biodinse kopeHi 3y6iB Big nasyxu, Tak i Ha
MMOBIPHICTb PO3BUTKY YCKNaaHEHb.

Y mexax [aHoro AOChimKeHHsi TepMiH «bGionoridyHe
3HAYEHHsI» BUKOPUCTOBYETLCSA K MOPXOMYHKLiOHAMb-
Ha XapakTepucTuka KiCTKOBOI TKaHUHW. LLlinbHICTb KicTKN,
BMMipsiHa B oauHuusx MayHcginga, Bigobpaxae cTyniHb
il MiHepani3auii Ta MiKpOapXiTeKTOHiYHY opraHisadito,
L0 BM3HA4Ya€e MexaHiYHy pPe3nCTEHTHICTb KICTKOBOI nnac-
TUHKU. TakMM YMHOM, LEHCUTOMETPUYHI MOKA3HUKM MO-
XyTb po3rfisigatucs Sk HenpsiMuii mapkep GionorivyHoi
XKUTTE3AATHOCTI KICTKOBOI TKaHWHW B 30Hi KOHTaKTy
KopeHiB 3y6iB i3 BEpXHbOLLENENHOK Na3yXxok.

Cy4acHi gocarHeHHs B ranysi BidyanisauiitHux TexHo-
norin, ocobnueo cnipanbHOi KOMM'IOTEPHOI Tomorpadii
(CKT), po3sonsitoTe AeTanbHille Ta TOYHiWe OLuiHBaTH
aHaToMilo AinsiHkm B3aemogii 3y6iB i BEpXHbOLLENENHO
nasyxoto [8]. MoegHaHHa KT i3 3D-mogentoBaHHAM 3a-
Gesneyvye LiHHY iHhopMmaLito Npo CTPYKTYpHi Ta pyHK-
LioHarnbHi acnekTu uiei aHaTOMIYHOI 30HW, WO Chnpusie
Ginbll  TOYHIM AiarHoCTUWi, nNNaHyBaHHIO NiKyBaHHS
Ta 3anobiraHHI0 MOXIMBUM yCKragHeHHsM [9].

Y cyyacHin nitepatypi 3Ha4Hy yBary npuaineHo pos-
BUTKY METOAIB OLiHIOBaHHSA LLiNbHOCTI KICTKOBOT TKaHUHW,
30KpeMa OEeHCUTOMETPII Ta BUKOPUCTAHHIO KOMM'OTEPHOT
ToMorpaddii Ans BW3HaAYeHHs MnapameTpiB KicTku y Ai-
NSAHUI BEpXHbOI wenenun. [OocnigaXeHHs OCTaHHIX POoKiB
OEeMOHCTPYIOTb CYTTEBUI Nporpec y craHgapTu3adii Bu-
MipiB y oanHuusax MayHeoinga (HU) Ta sictaBneHHi AaHux,
OTPMMaHMX Ha pisHNX mogensax tomorpadis. lNosiea Bu-
COKOpO3ainbHNX MeToAiB Bidyanisauii, Taknx sk cnipanb-
Ha KT Ta koHycHo-npomeHeBa KT, no3Bonvna getanbHO
BMBYATM 3aKOHOMIPHOCTI MK MOPCOSIOried  KOpPEHiB
3y6iB, LLiNbHICTIO KICTKM Ta aHaTOMi€l0 BEPXHbOLLENENHOT
nasyxu, WO CTBOPOE NirpyHTS AN NOPIBHAHHSA pesyrb-
TaTiB MiXX PI3HUMW LOCNIAHMUBKUMUK LeHTpamu. Bknto-
YEHHS LUMX acnekTiB € BaXMMBMM Afsi pO3yMiHHS BMMUBY
BIKOBUX, CTaTeBMX Ta iHAMBIQyanbHWUX BigMiHHOCTEWN
Ha SIKICTb KiCTKW i NOTEHLiNHI pU3NKN YCKNaaHEeHb.

MeTta po6oTu — BM3HAYMTU MOPCOMETPUYHI (TOB-
LUMHA KiICTKOBOI TKAHUHW) Ta AEHCUTOMETPUYHI (LWiNbHICTb
y oavHuuax [ayHcoinga) XapakTepucTUKWM  KiCTKOBOI
NNacTUHKN MiXK KOPEHsIMU BEPXHiX Gi4HMX 3y6iB i gHOM
BEpXHbOLUENenHoi nasyxu 3a JaHuMmy  cnipanbHol
KoMM'toTepHOI ToMorpadpii, a Takox npoaHanisyBaTtu ix
BapiabenbHiCTb 3anexHo Big Biky Ta rpynu 3yo6iB.

a thorough understanding of the anatomical charac-
teristics of this region [3, 4]

From a biological perspective, the interaction bet-
ween the teeth and Maxillary sinus is characterized
by substantial anatomical variability, which can differ
significantly among individuals [5]. Besides that, the
anatomical relationships between teeth, bone tissue,
and the maxillary sinus create a local microenviron-
ment in which structural characteristics may influence
the development and localization of inflammatory pro-
cesses in the maxillofacial region. Contemporary
literature considers inflammation as a multifactorial
process determined by tissue microarchitecture, vas-
cularization, and individual characteristics of tissue
response [6]. Such variability affects the clinical
outcomes of dental procedures from endodontic
treatment to sinus lifting in implantology and surgi-
cal management of sinus pathologies [7]. Additionally,
factors such as age, sex, craniofacial morphology,
and others contribute to this variability, influencing
both the structural integrity of the bone separating
the tooth roots from the sinus and the likelihood
of complications.

In this study, the term «biological significance»
is used as a morphofunctional characteristic of bone
tissue. Bone density measured in Hounsfield units
reflects the degree of mineralization and microarchi-
tectural organization, which determines the mechanical
resistance of the bone plate. Therefore, densitometric
parameters may be considered indirect markers of
biological viability of bone tissue in the area of contact
between tooth roots and the maxillary sinus.

Modern advances in imaging technologies, parti-
cularly spiral computed tomography (CT), allow more
detailed and accurate assessment of the anatomy in the
region where teeth and Maxillary interact [8]. The com-
bination of CT with 3D modeling provides valuable
information about the structural and functional aspects
of this anatomical zone, helping to improve diagnostic
accuracy, treatment planning, and prevention of possible
complications [9].

In the contemporary literature, considerable attention
has been devoted to the development of methods for
assessing bone tissue density, particularly densitometry
and the use of computed tomography to determine
bone parameters in the maxillary region. Studies of
recent years demonstrate significant progress in the stan-
dardization of measurements expressed in Hounsfield
units (HU) and in the comparability of data obtained
using different CT scanner models. The emergence
of high-resolution imaging techniques, such as spiral CT
and cone-beam CT, has made it possible to examine in
detail the relationships between tooth root morphology,
bone density, and the anatomy of the maxillary sinus,
thereby providing a basis for comparing results across
different research centers. The inclusion of these aspects
is essential for understanding the influence of age-
related, sex-related, and individual differences on bone
quality and the potential risks of complications.

Objective — to determine morphometric (bone thick-
ness) and densitometric (Hounsfield unit density)
characteristics of the bone plate between the roots
of maxillary posterior teeth and the floor of the maxillary
sinus using spiral computed tomography, and to analyze
their variability depending on age and tooth group.
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OcTaHHi [0OCArHEHHS B KICTKOBIN OEeHCUTOMETPIi Ta
KINbKiCHIM ouiHUi MiHepani3auii TKaHWH CyTTEBO MiaBU-
LWNUNN TOYHICTb BU3HAYEHHS XapaKTEPUCTUK KiCTKOBOI
TKaHMHM BEPXHbOI Lienenn. YucneHHi [ocnigXeHHs
cBigyaTb MpO nporpec y cTaHAapTu3auii BMMiplOBaHb
y oauHuusix layHcdinga Ta nopiBHAHHI AaHuX, OTpwu-
MaHux 3a gonomoroto pisHux KT-cuctem. CyyacHi me-
TOOW BMCOKOPO3AiNbHOI Bidyanisauii, 3okpema cniparnb-
Ha komm'loTepHa Tomorpadis Ta KOHYCHO-NpPOMeHeBa
KoMm'toTepHa Tomorpadpisi, 3abesnevyoTb AeTanbHy
OLiHKY B3aEMOBIOHOLLEHb MiXK KOpeHsamu 3y6iB i Bepx-
HbOLLIENenHOoI MNa3yxok, SKOCTi KICTKOBOI TKaHWHM Ta
BIKOBO3aneXHWX aHaToOMiYHMX Bapiauiin. YpaxyBaHHSA
UMX MEeTodOoNOriYHMX HanpautoBaHb € BaXMBMM Ans
PO3MIiLLEHHS1 pe3ynbTaTiB 4aHOro AOCHIAXKEHHS B GinbLu
LUTPOKOMY HAyKOBOMY KOHTEKCTi BUBYEHHSI CTPYKTyp-
HUX OeTepMiHaHT CTOMAaTOMNoriYHUX YCKNagHeHb, MOB'si-
3aHUX i3 NaTomnorielo BepXHbOLLENenHo  Nasyxu.

Lls ctatTss npucBsiyueHa aHanisy aHaToOMiYHWX 0co6-
NMBOCTEN B3aEMO3B'sI3KY Mi>X KOpEeHsiMU 3y6iB i BEpXHbO-
LernenHow nasyxol Ta BUCBITNEHHIO iX Gionoriy-
HOro 3HaYeHHs.

MATEPIAAU TA METOAU AOCAIAXEHHS

Lle peTpocnekTMBHe nonepeyHe OOCNIMKEeHHs npu-
CBAYeHe aHarnisy aHaTOMiYHMX B3aEMOBIAHOLIEHb MK
6iyHOI rpynoto 3ybiB BEPXHBLOI Lienenu (mpemonspamu
Ta MonsipaMu) Ta BEpPXHbOLLENENHO Na3yxok, 3 0cob-
JIVBUM aKLEHTOM Ha LWiNbHICTb KICTKOBOI TKaHWHMW.
MeTtoto Oyno Bu3Ha4YMUTK, SIK Li NapameTpu 3MiHIOITbCS
3 BIKOM i siKi MaloTb KMiHIYHI HAcnigK1 Yy CTOMaToMNor4yHUX
Ta CUHYCHUX npoLeaypax.

MonyAduia AOCAIAXEHHS

Oo pocnigkeHHs ©Oyno BknodeHo 120 gopocnux
nauieHTis (60 yonosikiB i 60 xiHok) Bikom Big 20 go
75 pokiB, siki npoxogunu Komm'totepHy Tomorpadito (KT)
LenenHo-NMUEBOi  AINSHKM Yy 3B’A3KY 3 NpUYUHaMU,
He noB’aA3aHuMK 3 natonorieto JIOP-opraHis. Bubupanu
nuwe BucokosikicHi KT-3HiMKM 3 4iTKol Bisyanisauieto
BEpXHbOLLENenHoi nasyxu Ta 6iyHowo rpynoto  3y6iB
BepxHbOi wWenenu. [lauieHTiB i3 naTonorielo nasyx,
KpaHiodauianeHuMmM  gedopmMadismu, TpaBMaTUYHUMMU
YLWKOMKEHHsIMM ~ abo  nicnsionepauiiHuMyM ~ 3MiHaMm
y AiNsHUi BEpXHbOI LWenenu BUKNYanu 3 A0ChigKeHHS.
CepeqHin Bik naujieHTiB cTaHoBMB 42,6 + 12,4 poky.

MpoTOKOA Bizyaaizaui

Bci 306paxeHHs1 oTpMMaHO 3a OO0MOMOro criparb-
HOro Komn'toTepHoro Tomorpada Toshiba Aquilion 64
(AnoHis) i3 napametpamu: 120 kB, 100 MA, ToBLIMHa
3pisy — 1,0 MM. CkaHyBaHHsI BUKOHYBanu B akciarnbHil,
KOpOHanbHIW i caritanbHin nnowuHax npu npupogHoOMy
NornoXeHHi ronoBu nauieHta. lNone 3opy oxonmoBano
obuaBsi BepxHboLlenenHi nasyxu Ta OiyHy rpyny 3y6iB
BepxHbOi Wwenenu. [Oani KT ekcnoptyBanu y copmari
DICOM Ta aHanisyBanu 3a gonomoroto RadiAnt DICOM
Viewer (Bepcis 2021).

Ons 3abe3neveHHs BiATBOPHOBAHOCTI pe3ynbraTiB
JeTanbHO CTaHAapTU30BaHO anapaTHi napamMeTpu CKaHy-
BaHHs. [ocnigXeHHs BWKOHyBanuM Ha KOMMIOTEPHOMY
Tomorpadi Toshiba Aquilion 64 i3 dikcoBaHumu napa-
meTpamu Hanpyru (120 kB) ta cunm ctpymy (100 MA),
WO [O03BONSE MiHiMi3yBaTU BapiabenbHICTb MOKa3HMKIB

Recent advances in bone densitometry and quan-
titative assessment of mineralized tissues have signifi-
cantly enhanced the precision of evaluating maxillary
bone characteristics. Numerous studies highlight the
progress in standardizing HU measurements and
comparing datasets obtained from different CT systems.
High-resolution imaging modalities, including spiral CT
and cone-beam CT, now allow detailed assessment
of root — sinus relationships, bone quality, and age-
dependent anatomical variations. Incorporating these
methodological developments is important for contex-
tualizing the present research within the broader
scientific effort to understand the structural determinants
of sinus-related dental complications.

This article focuses on analyzing the anatomical
features of the relationship between tooth roots
and the Maxillary sinuses and highlighting their biolo-
gical significance.

MATERIALS AND METHODS

This retrospective cross-sectional study analyzes
the anatomical relationships between the posterior
teeth of the maxilla and the maxillary sinus, with par-
ticular emphasis on bone density. The goal was to
determine how these parameters change with age
and what clinical implications they have for dental and
sinus procedures.

Study Population

The study included 120 adult patients (60 men and
60 women) aged 20 to 75 years who underwent
maxillofacial computed tomography (CT) for reasons
unrelated to ENT pathology. Only high-quality CT scans
with clear visualization of the maxillary sinus and posterior
teeth were selected. Patients with sinus pathology,
craniofacial deformities, traumatic injuries, or postope-
rative changes in the upper jaw were excluded.
The mean age was 42.6 + 12.4 years.

Imaging Protocol

All scans were obtained using a Toshiba Aquilion 64
spiral CT scanner (Japan) with settings of 120 kV,
100 mA, and a slice thickness of 1.0 mm. Scanning
was performed in axial, coronal, and sagittal planes with
the head in a natural position. The field of view included
both maxillary sinuses and posterior teeth. CT data
were exported in DICOM format and analyzed using
RadiAnt DICOM Viewer (2021).

To ensure reproducibility, all scans were acquired
using a Toshiba Aquilion 64 CT scanner with fixed
parameters (120 kV, 100 mA), reducing variability in
density measurements associated with system-specific
calibration. DICOM datasets were analyzed using
RadiAnt DICOM Viewer 2021. Prior to inclusion, each
scan underwent quality control to identify artifacts
potentially caused by metallic restorations, prosthetic
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LWiNbHOCTI, NOB’A3aHy 3 anapaTHUMK HamnaluTyBaHHSMW.
Onsa Bisyanisauii Ta aHanidy gaHuWX BUKOPUCTOBYBanu
nporpamHe 3abesnevyeHHst RadiAnt DICOM Viewer 2021.
Mepen BkNOYEHHSIM 300paxeHb 4O aHarnisy nposogunu
iXHIO OUiHKY Ha HasiBHICTb apTedakTiB, CNPUYUHEHUX
OpTONEaUYHUMM KOHCTPYKLISIMW, MeTaneBumu nrnomoy-
BanbHUMK MaTepianamu, pyxamu nauieHTa abo crTo-
POHHIMM NpegMeTamMm B 4iNsHLi ronoBum Ta Wui. Yci ToMo-
rpamu 3 BUpaXeHUMU apTtedaktamu abo HEKOPEKTHUMM
napameTpamu pPeKOHCTPYKUil Oynu BukntouveHi. O6’'em
ckaHyBaHHs cTtaHoBuMB 100x80 MM, wo 3abe3nevyBano
TOBLUMHY 3pidy 0,16 MM Ta cTabinbHy AKicTb Bidyanisauii
TOHKUX KiCTKOBWX CTPYKTYP.

HocnigxkyBanaca  WinbHICTb  KICTKOBOI  TKaHWUHW.
Ti ouiHioBanM y ogmHunuax HU y cTaHaapTM3oBaHMX 30Hax
iHTepecy (ROI), posTtawoBaHux 6ins BepxiBOK KOpEHIB
i CTIHOK nasyxu (nepegHbOl, 3adHbOi, MedianbHOi Ta
natepanbHoi). [Ons 3MeHLEeHHsI MNOXMOKM ycepeaHto-
Banuv NoKasHWKN TpbOX NOCMigOBHMX 3pi3iB.

[ns OUiHKM LWiNbHOCTI KIiCTKOBOI TKaHWHW BUKOPWUC-
ToByBanacs cnipanbHa KOMM'lOTEpHa Tomorpadis,
ockinbku nuwe CKT 3abe3nevye BiaTBOptOBaHi Ta kanio-
poBaHi 3HayeHHs oauHuub [ayHcoinga. Ha BigMmiHy
Big KoHycHo-npomeHeBoi KT, nokasHukun HU npu CKT
€ CTaHOApTU30BaHWMM, WO [03BOMSE KOPEKTHO MOpiB-
HIOBATW AEHCUTOMETPUYHI AaHi MiX nauieHTamum.

Takox oujiHIoBanu po3mipy BepXHbOLLENENHOT Nasyxu.
BusHayanu BucoTy, WMpuHYy Ta ob’em nmasyxu 3a [ono-
MOFOI0 TPUBUMIPHUX PEKOHCTPYKLIN, CTBOPEHUX HA OCHOBI
Aanux KT. Lli napameTpy BUKOpPUCTOBYBanu Ans aHanisy
KOpensilin i3 WinbHICTIO KICTKN.

Mig Yac BMKOHaHHA [JoOCNiQKEHHs nauieHTiB Gyno
po3noaineHo Ha Tpu BiKOBI rpynu:

1) 20—40 pokis;

2) 41-60 pokis;

3) 61-75 pokiB.

HaailHicTb BUMipIOBOHDb

Yci BUMipIoBaHHSA BUKOHYBanu ABa He3anexHi nikapi-
peHTreHornorn. [Ona OUiHKM BiOTBOPIOBAHOCTI pe3yrb-
TaTiB BM3Ha4Yanu BHYTPIWHBO- Ta MiKCNOCTepirayeBy
HadinHICTb 3a KoedilieHTOM BHYTPILLUHLOKIACcoBOI Kope-
nauii (ICC). 3HadeHHs ICC > 0,90 BBaxanu BigMiHHUMW.

CTATUCTUYHUIA QHAAI3

O6pobky gaHux 3piicHoBanu 3a gonomoroto SPSS,
Bepcia 25.0 (IBM Corp., CLWA). BesnepepBHi 3MiHHi
npeacTaBnany y BUIMsAi CEPEAHbOro 3Ha4YeHHst + cTaH-
JapTHoro BigxuneHHs (SD).

[Ons NOpPIBHAHHA LWINbHOCTI KICTKM MK CcTaTsaMu
BMKopucToByBanu t-tect CTblogeHTa.

[Ona ouiHkn BiKOBUX BiAMIHHOCTEN 3acTOCOBYBanu
ofHodakTopHUn ancnepcinHum aHanisa (ANOVA).

[nsi BU3HA4YeHHS B3aEMO3B'SI3KIiB MiXK LLINTbHICTHO KiCTKM,
il TOBLUMHOW, po3mipamy nNasyxu Ta GrM3bKICTIO KOPEHIB
BMKOPUCTOBYBanu koediuieHT kopensuii [NipcoHa. PiBeHb
CTaTUCTMYHOI 3HaYYyLLOCTI BCTaHoBNoBanu Ha p < 0,05.

ETu4Hi acnekTu

MpoTokon pocnigXeHHss OyB CxBaneHWn ETUYHUM
KOMITETOM XapKiBCbKOro  HaLlioOHanbHOro Meau4yHoro
yHiBepcuTeTy MiHicTepcTBa OXOpOHM 340pOoB’A YkpaiHu
(MpoTtokon Ne 5 Big 8.11.2018). Yci nepcoHanbHi AaHi naui-
€HTIB Oynu aHoHiMi30BaHiI. MNepen No4YaTkom AOCHIMKEHHS
Big ycix y4acHukiB 6yno oTpMMaHo iHpopmoBaHy 3roay
Ha BMKOPUCTaHHS TXHiX 306paxeHb 3 HAYKOBOK METOH0.

structures, endodontic posts, patient motion, or external
objects in the head and neck region. Scans with promi-
nent artifacts or inappropriate reconstruction parameters
were excluded. The scanning volume was standardized
at 100x80 mm, producing a slice thickness of 0.16 mm,
which ensured consistent visualization of thin bony
structures relevant to the study.

Bone density was measured in HU in standardized
regions of interest (ROI) located near the root apices
and the sinus walls (anterior, posterior, medial, and
lateral). To reduce error, values from three consecutive
slices were averaged.

Multispiral computed tomography was used to
assess bone density, as only MSCT provides reprodu-
cible and calibrated Hounsfield unit values. Unlike cone
beam CT, MSCT HU values are standardized, allowing
for correct comparison of densitometric data bet-
ween patients.

The dimensions of the maxillary sinus were also
assessed. Height, width, and volume were determined
using 3D reconstructions based on CT data. These
parameters were used to analyze correlations with
bone density.

Patients were divided into three age groups:
1) 20—40 years;
2) 41-60 years;
3) 61-75 years.

Measurement Reliability
All measurements were performed by two indepen-
dent radiologists. Intra- and inter-observer reliability
was assessed using the intraclass correlation coeffi-
cient (ICC). ICC > 0.90 was considered excellent.

Statistical Analysis

Data were analyzed using SPSS version 25.0
(IBM Corp., USA). Continuous variables were presented
as mean * standard deviation (SD).

Student’s t-test was used to compare bone density
between sexes.

One-way ANOVA was used to assess age differences.

Pearson’s correlation coefficient was used to deter-
mine relationships between bone density, bone thickness,
sinus size, and proximity of tooth roots.

Statistical significance was set at p < 0.05.

Ethical Considerations
The study protocol was approved by the Ethics
Committee of Kharkiv National Medical University
(Protocol No. 5, dated 08.11.2018). All patient data
were anonymized. Informed consent for scientific use
of imaging data was obtained from all participants.
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PE3YABTATU

[ocnigpkeHo 120 nauieHTiB (60 YOrOoBIKiB,
60 xiHOK), cepegHin Bik 42,6 * 12,4 poky. llig yac
OLliHKM PO3MIpiB BEPXHbOLLENENHOI Na3yxm BUSIBMEHO,
WO 4YonoBikM Manu pJewo OinblWi nasyxu, HK KiHKK
(cepegnHii 0o6’em nasyxu: 16,8 + 3,4 cm® y 4ornogikiB NpoTu
14,9 £ 2,8 cm® y xiHOK, p < 0,05). CTaTUCTUYHO 3HAYYLLMX
BIOMIHHOCTEN Y LUMPWHI YX BUCOTI Nasyxm Mix cCTaTamu
He BUSBNEHO.

[Moka3HMKN LWINBHOCTI KICTKOBUX CTiHOK BEPXHbO-
LenenHol nasyxv NpoAeMOHCTPYBanu 3HadHy iHAMBIAY-
anbHy BapiabenbHicTb. HavBuy LWinbHICTL 3adikco-
BaHO B narteparnbHin Ta nepeHiv CTiHkax nasyxu, Toai aK
HWKYi 3HAYEHHs crocTepiranuca y AinaHui, npunernin
[0 MonspiB i npemonspis, Ae BEPXiBKM KOPEHIB po3TaLlo-
BaHi Hanbnwkve [0 AHa nasdyxu. 3i 36iNbLUEHHAM BiKy
nauieHTiB crnocTtepiranocs CTaTUCTUYHO 3Hayylle 3HK-
XEHHS LWiNbHOCTI KICTKWU B yCiX AinsHKax nasyxu (taén. 1).

RESULTS

A total of 120 patients (60 men, 60 women) with
a mean age of 426 * 12.4 years were analyzed.
Assessment of maxillary sinus size revealed that men
had slightly larger sinuses than women (mean sinus
volume: 16.8 + 3.4 cm® in men vs. 149 + 2.8 cm® in
women, p < 0.05). No statistically significant sex diffe-
rences were found in sinus height or width.

Bone density values of the maxillary sinus
walls demonstrated substantial individual variability.
The highest bone density was recorded in the lateral
and anterior walls, while lower values were observed
near the molars and premolars, where the root apices
are closest to the sinus floor. Increasing age was asso-
ciated with a statistically significant decrease in bone
density in all sinus regions (Table 1).

Ta6nuusa 1. CepeHs WiNbHICTb KICTKOBUX CTIHOK BepxHboLenenHoi nasyxu (HU)
Table 1. Mean Bone Density of Maxillary Sinus Walls (HU)

PerioH BepxHboLlenenHoi nasdyxu / Region of Maxillary Sinus CepepHs winbHictb / Mean density (HU) SD (HU)
MepepgHs cTiHka / Anterior wall 190,5 25,7
3apaHs ctiHka / Posterior wall 185,2 27,3
MegianbHa cTiHka / Medial wall 172,1 30,4
INaTtepanbHa cTiHka / Latera wall 188,3 22,5

Takum YMHOM, NepenHs Ta natepanbHa CTiHKM Manm
HaBULLLY LWiNbHICTb KICTKW, TOAiI SIK MedianbHa CTiHKa —
HanHwx4y (puc. 1).

Thus, the anterior and lateral walls had the highest
bone density, while the medial wall had the lowest (Fig. 1).
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Puc. 1. KicTkoBa LUiNbHICTb CTIHOK BEPXHBOLLENENHOI Nasyxu
Fig. 1. Bone density of sinus walls

BusiBneHo OOCTOBIpHY KOpensAuilo MK BIKOM i LUinb-
HICTIO KICTKM: 3 BiKOM MOKa3HWKWN LUiMbHOCTI 3MEHLLY-
I0TbCS Y BCiX AiNSHKax BEPXHbOLLENENHOI nasyxu.

Haibinbl BUpaXkeHe 3HWXKEHHA Big3HAYeHO y 3a4Hin
CTiHUI nasyxu.

BcTaHoOBNEHO, WO LWiNbHICTL KicTkM 6e3nocepeHbo
noB’A3aHa 3 BiACTaAHHIO MiX BepxiBKamu KOpeHiB 3ybiB
i AHOM nasyxu (Tabn. 2). Y gingHkax i3 HWKYOM LWinb-
HiCTI0 cnocTepirany GinbLly YacTOTy NPOPOCTaHHSA Kope-
HiB y nasyxy, ocobnmeo y 30Hi monsapis (puc. 2). Llewn
edpbekT ByB HAMMOMITHILLMM Y NaLEHTIB CTApLUOrO BiKY.

A significant correlation was found between age
and bone density: density decreased in all sinus regions
with increasing age, with the most pronounced decline
in the posterior wall (Table 2).

In regions with lower bone density, a higher fre-
quency of root protrusion into the sinus was observed,
particularly in the molar region (Fig. 2).

This effect was most pronounced in older patients.

OpuwuriHanbHi 4oCnigpKeHHSs

648

Original research



XapkiBcbkuin ctomatonoriynmii xxypHan. 2025. T. 2. Ne 4(6). C. 643—656

Kharkiv Dental Journal. 2025;2(4(6)):643-656

ISSN 3083-5607 (Online)

Ta6nuus 2. Po3nogin 3a BiKOM i LLiNbHICTHO KICTKOBUX CTIHOK BEPXHBbOLLENENHOT Nasyxu
Table 2. Distribution of Age and Bone Density of Maxillary Sinus Walls

Bikosa rpyna MepeaHs cTiHka 3agHs cTiHka MegianbHa cTiHka IatepanbHa cTiHka
Age group Anterior wall Posterior wall Medial wall Lateral wall
pokiB / years HU HU HU HU
20-40 196,4 190,3 179,2 194,8
41-60 188,3 180,2 170,6 182,5
61-75 177,2 167,8 160,3 171,1
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Puc. 2. LLinbHiCTb KICTOK y pi3HMX BIKOBMX rpynax
Fig. 2. Bone density vs age groups

Ak BMOHO 3 Tabn. 3, 30HW 3 HWMXYOW LLUiNbHICTIO
KICTKW HaBKOMNO MOMSPIB XapakTepusyBanvcs BULLOK
YacTOTOK MNPOPOCTaHHA KOPEeHiB y mnasyxy. Hanbinbw
CXUIIbHUM [0 YCKNagHeHb BWABMBCS NepLuMin Monsp,
WO Y3rOMKYETLCA 3  KMiHIYHMMU  CMOCTEPEXEHHAMMN
npo MiABULLEHUIA PU3MK PO3BUTKY OLOHTOrEHHOro ramMo-
puUTYy Yy MauieHTiB i3 TakoK aHaTOMIYHOK KOHiry-
pauieto (puc. 3).

16

——
N
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L=

Root Protrusion (%) / NpopocTanHA KoOpeHie mﬁ

As seen in Table 3, areas with lower bone density
around molars showed higher rates of root protrusion
into the sinus. The first molar was the most susceptible
to complications, consistent with clinical observations
of higher risk for odontogenic sinusitis in such anato-
mical configurations (Fig. 3).

requency of Root Protrusion / YacToTa NpopocTaHHA KOPeHiB y nazyxy

Tooth 7 3y6

Puc. 3. YacTtoTa npotpyasii
Fig. 3. Frequency of root protrusion by tooth
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Ta6nuus 3. LLinbHICTb KiCTKM Ta NPOPOCTaHHSI KOPEHIB Y BEPXHbLOLLIENENHY nasyxy
Table 3. Bone Density and Root Protrusion into the Maxillary Sinus

CepenHs WinbHicTb 6insg KopeHsi YacTtoTta npopoCTaHHs KOpPeHIB y nasyxy
3y6 / Tooth Mean Bone Density Near Root Frequency of Root Protrusion
(HU) (%)
Mepwwn npemonsp / First premolar 190,5 5
Opyruit npemonsp / Second premolar 180,3 6
Mepwwn monsap / First molar 170,1 17
Opyrun monsp / Second molar 160,4 11
TpeTii monsip / Third molar 164,2 15
OBlrOBOPEHHA DISCUSSION

OTpumaHi AaHi ceig4aTb NPO MOEQHAHE 3HWXKEHHSA
TOBLUMHWN Ta LLiNbHOCTI KICTKOBOI TKAHWHW B 30Hi Mons-
piB, LLO CTBOPIOE MOPAONOrivHi nepeaymMoBu Ans 3meH-
WeHHa 6ap’epHOi YHKLUIT MK KopeHsamu 3y6iB i nopox-
HVHOK BepxHboLllenenHoi nadyxu. Came aingHka nep-
LIOr0 MoMspa XapakTtepusyBanacs HalHWKYMMU Mo-
kasHukamm HU, wo moxe nosicHoBaTtK ii aHaTOMiyHy
BPAa3nMUBICTb MPW XipypriYHNX BTPYHAHHSIX.

AHaToMiyHe B3aeMOBIOHOLLEHHA MK Gi4HOK rpynoto
3y6iB BEPXHLOI LUenenn Ta BEPXHbOLLENENHOK Na3yXok
Mae KMIOYOBE 3HAYEHHA AN KMIHIYHOT  NpakTuKu
Ta XipypriYyHOro nnaHyBaHHSA Y PI3HUX MEOUYHUX Ouc-
uMnniHax, 3oKpema y ctoMaTtonorii, OTOPUHOMaPUHronorii
Ta wWenenHo-nuuesin xipyprii [10]. Hawe pocnigxeHHs
nigkpecnoe iCTOTHY BapiabenbHICTb TOBLUMHU Ta LWinb-
HOCTi KiCTKM y AinNsiHKax, WO NpunsraioTb 0 BEPXHbLO-
WenenHoi nasyxu, WO € BaXnMBMM ANA PO3YMiHHA
PU3UKIB YCKNaAHEHb, Takux ik OJOHTOTEHHUIN ranmMopuT,
NpOpPOCTaHHA KOPEHIB Yy na3yxy Ta iHWi nartonorii
npuHocoBux nasyx [11]. Xoya TpagwuuiiHo BBaxanocs,
LLIO OCHOBHY pOrb Bigirpae came TOBLUMHA KiCTKW, HaLui
pesynsTaT MNoKasylTb, LWO LWiNbHICTL KICTKOBOI TKa-
H/AHW € He MEeHLl BaXNMBUM MapaMeTpom npu OuiHLi
aHaTOMIYHMX PU3MKIB | NNaHyBaHHI NikyBaHHS [12].

Y pocnigxXyBaHuX AiNsgHKax MOMSPHOI rpynn LWinb-
HICTb KICTKOBOI TKaHWUHW MefianbHOI CTiHKM BEpPXHbOLLEe-
nenHoi nasyxuy NepeBaXHO BapiloBana B [AianasoHi
150-170 HU, ToAi 9K y 30Hi npemonspiB Len NokasHWUK
OyB BuwmM i ctaHoBuB 180—195 HU.

ToBLUMHA KICTKM MK BepXiBKamu KOpeHiB 3ybiB i AHOM
BEPXHbLOLLENENHoi nasyxv [aBHO pPoO3rMagaeTbCcsa  §K
KMO4OBUIN (DaKTOp Y CTOMAaTONONYHIN | CUHYCHIN Xipyp-
riit [13]. ToHka kicTka B Ui AinaHUi acouitoeTbca 3 nig-
BULLEHUM PU3UKOM YCKMadHeHb Mifg 4Yac eHOOOOHTUY-
HOro NikyBaHHSA, CUHYC-NIPTUHIY Ta BCTAHOBMNEHHA OeH-
TanbHWX iIMNNaHTaTIB.

Hawi nonepepgHi AocnimjkeHHs NiATBEPMXYOTb Ui
OaHi, Ta nokasylTb, L0 HaWTOHLUA KiCcTka cnocTepira-
€TbCA B AiNSHUi NepLioro Ta Apyroro Monspis, Npuyomy
came nepwui Monsp € Hanbinbl BpasnMBMM 4epe3
6nusbke posTallyBaHHA 40 AHa nasyxu [14].

LLlinbHICTb KICTKOBOT TKAHWHWU € BaXKNNBUM, ane 4acTo
HedoouiHEHNM hakTopoM. Xo4a TOBLUMHA KICTKU Tpagu-
uirHo Gyna ronoBHMM nNapamMeTpoM OLiHKM, Halle [o-
CRigKeHHs NIATBEpPOKYE, WO LWiNbHICTb KICTKOBOI TKa-
HVHW Bifirpae He MEeHLl KPUTUYHY ponb Yy BU3HaAYeHHI ii
CTPYKTYPHOI MILHOCTI. [OKa3HUK LLiNbHOCTI, BUPaXXeHWn
B oauHuuax HU, e iHgmMkaTtopom SIKOCTi KICTKM Ta ii Mil-
HOCTI, L0 NPAMO BMfVBAE Ha WMOBIPHICTb YCKNagHeHb
nig Yac cTomMaTtonoriyHuX i CUHycHMX npoueayp [15,16].

The obtained data demonstrate a combined decrease
in bone thickness and density in the molar region, which
creates morphological prerequisites for weakening
of the barrier between tooth roots and the maxillary sinus
cavity. The first molar region showed the lowest HU
values, which may explain its anatomical vulnerability
during surgical procedures.

The anatomical relationship between the posterior
teeth of the maxilla and the maxillary sinus is crucial for
clinical practice and surgical planning across various
medical fields, including dentistry, otorhinolaryngology,
and maxillofacial surgery [10]. Our study highlights
the significant variability in bone thickness and density
in regions adjacent to the maxillary sinus, which is
essential for understanding risks of complications such
as odontogenic sinusitis, root protrusion, and other
sinus pathologies [11]. Although bone thickness has
traditionally been considered the primary determinant,
our results indicate that bone tissue density is an equa-
lly important parameter in the assessment of anatomical
risks and treatment planning [12].

In the molar regions, bone density of the medial
sinus wall predominantly ranged between 150 and
170 HU, whereas in the premolar region higher values
were observed, ranging from 180 to 195 HU.

Although bone thickness has traditionally been
considered the primary factor, our findings demonstrate
that bone density is no less important in assessing
anatomical risks and planning treatment.

Bone thickness between tooth root apices and the
sinus floor has long been viewed as a key determinant
in dental and sinus surgery [13]. Thin bone in this area
is associated with increased risks during endodontic
treatment, sinus lifting, and dental implant placement.
Previous studies confirm that the thinnest bone is found
around the first and second molars, with the first molar
being the most vulnerable due to its close proximity to
the sinus floor [14].

Bone density is an important but often underesti-
mated factor. While bone thickness has ftraditionally
been the main parameter, our research confirms that
bone density plays an equally critical role in determining
structural integrity. The density value expressed
in HU is an indicator of bone quality and strength,
directly influencing the likelihood of complications
during dental and sinus procedures [15, 16].

Our results show that areas with lower bone den-
sity, particularly around the molars, more frequently
exhibit root protrusion into the sinus. This increa-
ses the risk of infection, membrane perforation, and
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OTpumaHi pe3ynbraTtu cBigyaTh, WO OiNSHKA 3 HKYO0
LWiNbHICTIO KiCTKM, 0cOoBnNMBO B AiNsHUI Monsapis, YacTiwe
XapaKkTepuayTbCs MPOPOCTaHHSIM KOPEHIB Y nasyxy.
Lle nigBuwye puank po3BUTKY iHdpekuin, MeMOpaHHMX
nepdgopauin  Ta iHWKX nicnsonepauiiHux ycknag-
HeHb [17]. 3MeHLIeHHs LWinNbHOCTI KICTKM Yy 3afdHix Big-
Jinax wenenu, ocobnveo y noaei NoxXunoro Biky, pobuTs
UMX nauieHTiB Oinbll BpasnMBUMMM SIK OO MEXaHiYHMX,
Tak i go GionoriyHnx Hacnigkie [18].

Hwkya WinbHICTb KiCTKM MOXe Npu3BoauTH J0:

— niaBuULLIEHOrO PU3MKY nepdopalii KopeHis nig yac
€HOOOOHTUYHUX YTPYYaHb;

— 3HWXKEHHS cTabinbHOCTI AeHTanbHUX iIMNNaHTaTIB;

— nigBULLEHOT NMOBIPHOCTI XPOHIYHUX CUHYCOBUX
ycknagHeHb [19].

Hawi pesynesrat y3rogxyloTbCcs 3 nonepegHiMu po-
6oTamu, siki NiATBEPOXYIOTb BIKOBE 3MEHLUEHHS LUinb-
HOCTi KicTkOBOI TkaHuWHUW. Lle ocobnueBo akTyanbHo
3 OrNgay Ha CTapiHHA nonynsuii Ta 3pocTaroyy KinbKiCTb
iIMAMaHTOMNOrYHMX BTPyYaHb Yy MauieHTIB  MOXMIIOro
Biky [20]. Takum 4YMHOM, BUMIPIOBAHHS LLUiNBLHOCTI KIiCTKM
MOBMHHO CTaTM HEBIA'EMHMM KOMMOHEHTOM nepen-
onepauinHoro nnaHyBaHHA, Nopsj i3 TpaauUiiHOK OLiH-
KO TOBLUMHMW KicTKu [21].

Mi>k TOBLUMHOIO i LUINBHICTIO KICTKOBOI TKAHWHW iCHY€E
TICHMM B3aEMO3B’A30K, SIKMM CRig po3rnggatv  Komn-
NeKkcHO npu ouiHUi nauieHTa nepeg BTPyYaHHAM.
Ao ToBWMHA Bigobpaxae KinbKiCTb KiCTKM, TO LWifb-
HIiCTb XapakTepu3ye ii AKiCTb.

Hawe pocnimkeHHA nokasano, WO AiNsHKW 3 Haw-
TOHLUOK KIiCTKOH (0COBNMMBO 30Ha MOMspiB) OAHOYACHO
MatTb HWXYY LLiIMbHICTb, O CTBOPKE MOABINHUA PU3UK
ONsl yCKNagHeHb, TaKMX $IK MNPOPOCTAHHS KOpPEHIB
y nasyxy, MOLIKOMKEHHS CNM30BOI OBOMOHKM, PO3BUTOK
OOOHTOrEHHOIo ranMopuTy.

Taka cuHepris MiX KifbKICHAMWU Ta SIKICHUMW Xapak-
TepUCTUKaMM KiCTKM NigKpecnioe HeobXigHICTb Komn-
NEKCHOT OLiHKM 060X NOKa3HMKIB Y KNiHIYHIN NpakTuLi.

[MauieHTn 3 noedHaHHAM TOHKOI Ta ManoLwlinbHOI
KICTkW  noTpebyloTb  peTenbHiWoro nepegonepawii-
HOro NnaHyBaHHsi, MOXIMBO 3 BUKOPUCTAHHSM ayrMeH-
Tauii abo CUHTETMYHMX MaTepianie Ans nNiaBULLEHHS
cTabinbHOCTI iMNNaHTaTiB i 3anobiraHHs ycknagHEeHHAM.
KoMbiHaLjisi 3HUXEeHHSA TOBLUMHW Ta LLUINbHOCTI KiCTKOBOT
TKaHWHW B AiNgHUi MONSpiB BKasye Ha opMyBaHHs
MOpdOroriYHo ocrnabneHoi 30HK, y sk 6ap’epHa yHKLIsA
MK KOpeHsIMK 3y6iB i MOPOXHWHOK BEPXHLOLLENENHOT
nasyxv € MiHimanbHol. Ha BigMmiHy Big i30nb0BaHOro
aHanisy TOBLUWMHM, iHTerpauis 4EHCUTOMETPUYHNX NOKa3-
HUKIB [O3BOMSIE OUIHUTM HE nue TreoMEeTpUYHi, a n
CTPYKTYPHi BNacTMBOCTI KIiCTKM, WO Bigobpaxae ii mexa-
HiYHY pEe3WCTeHTHICTb. Takui niaxig po3LMpoe aHaTo-
MiYHE TpPaKTyBaHHS PU3MKOTEHHWX 30H | MOSICHIOE
nepeBaXkHy BPa3nuBIiCTb AiNSHKM NepLUIOro Monspa.

[loegHaHe BUMIpPIOBaAHHA TOBLUMHM Ta  LWiNbHOCTI
KICTKM € KMo4YoBMM Anis OnTMMi3auii pesynbraTiB CTo-
MaTOMOriyYHMX i XipypriyHMxX BTpyYaHb Yy AiNAHUi Bepx-
HboLenenHoi nasyxu [21]. Hawi pesynstatu nigreBepa-
XKYHOTb OOUIMbHICTE BUKOPUCTaHHS BUCOKOPO3AinbHOI KT
Ons nonepeaHboi OUIHKM aHaTOMIYHMX ocoGnmMBocTel
i SIKOCTi KIiCTKOBOI TKaHWUHW Nepen NPOBEAEHHAM TaKux
npouenyp, SIK CUHYC-NIPTUHT YM BCTAHOBIEHHS iMMNNaH-
TaTiB [22, 23]. OTpumaHi MOPOMETPUYHI OaHi A03BO-
naTb 6inblW TOYHO onucaTU aHaToMidYHi 0coGNMBOCTI
B32aEMOBIHOLLEHb MiX KOpeHsiMM 3yb6iB Ta BEpPXHbO-

other postoperative complications [17]. Reduced bone
density in the posterior maxilla, especially among older
individuals, makes these patients more susceptible
to both mechanical and biological consequences [18].

Lower bone density may lead to:

— increased risk of root perforation during endodontic
procedures;

— reduced stability of dental implants;

— increased likelihood of chronic sinus complica-
tions [19].

Our findings align with previous studies documen-
ting age-related decline in bone density especially
relevant given the aging population and rising number
of implant procedures in elderly patients [20]. Therefore,
bone density assessment should become an integral
component of preoperative planning alongside con-
ventional evaluation of bone thickness [21].

There is a strong relationship between bone thick-
ness and density, and both should be considered
together. Bone thickness reflects quantity, while bone
density reflects quality.

Our study demonstrated that regions with the thinnest
bone (especially molar areas) also had lower density,
presenting a double risk for complications such as root
protrusion, mucosal damage, and odontogenic sinusitis.

This synergy underscores the need for a comprehen-
sive assessment of both parameters in clinical practice.
Patients with a combination of thin and low-density bone
require more careful preoperative planning, possibly
including grafting or synthetic augmentation materials
to improve implant stability and prevent complications.

The combined reduction in bone thickness and
density in the molar region indicates the formation of
a morphologically weakened zone in which the barrier
function between the tooth roots and the maxillary
sinus cavity is minimal. Unlike an isolated analysis
of bone thickness, the integration of densitometric
parameters allows assessment of not only the geo-
metric but also the structural properties of bone, reflecting
its mechanical resistance. This approach broadens
the anatomical interpretation of risk-prone zones and
explains the predominant vulnerability of the first molar
region. The combined assessment of bone thickness
and density is crucial for optimizing the outcomes of
dental and surgical interventions in the region of the
maxillary sinus [21]. Our findings support the appro-
priateness of using high-resolution CT for the preopera-
tive evaluation of anatomical features and bone qual-
ity prior to procedures such as sinus lifting or implant
placement [22, 23]. The obtained morphometric data
allow a more precise characterization of the anatomical
relationships between tooth roots and the maxillary
sinus, which is of practical importance for clinical inter-
vention planning [24].

However, some studies report inconsistent or weak
associations between posterior tooth root proximity
to the sinus floor and complication risk. These discre-
pancies may be attributed to the use of cone-beam
CT without calibrated HU values, population hetero-
geneity, and omission of qualitative bone characteristics.
This highlights the need for an integrated approach
combining morphometric and densitometric assess-
ment [25, 26].

In addition, consideration of bone density allows
prediction of postoperative complications, including
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LWenenHow nasyxok, WO Mae MpakTU4HEe 3HAYEHHS
Ons KNiHIYHOro NnaHyBaHHS BTpyYaHb [24].

BogHovac y niTepatypi HasiBHi OaHi, WO He nia-
TBEPOXKYIOTb YiTKY 3aNeXHIiCTb MK aHaToMi4YHO 6nun3sb-
KICTIO KOpeHiB BepxHix Oi4yHMx 3y6iB [0 AHa nasyxu
Ta PU3NKOM YCKNagHeHb. Taki po3biXHOCTI MOXYTb OyTH
3yMOBMEHi BUKOPUCTaHHAM KOHYCHO-npomMeHeBoi KT
6e3 kanibpoBaHux 3HaveHb HU, BiamiHHOCTSIMU y BUBIp-
Kax nauieHTiB, a TakoX irHOpyBaHHSM SKiCHUX Xapak-
TepPUCTUK KicTKOBOiI TkaHWHW. Lle nigkpecntoe HeobXxia-
HICTb KOMMMEKCHOro niaxopdy, sk noeaHye MopdomeT-
PUYHMIA Ta LEHCUTOMETPUYHUIA aHania [25, 26].

[opnaTtkoBo, ypaxyBaHHS LWiNbHOCTI KICTKM 0O3BONSAE
nporHo3yeaTtu mnicnsionepadinHi ycknagHeHHsl, 30Kkpema
nepcopadiio cnnsosoi abo peunamBykodi CUHYCUTH, LLO
nigsuwlye 6esnevHictb BTpyyYaHb. OTpumaHi pesynsraTtu
MOXYyTb OyTW BWMKOpPUCTaHi ANs BU3HAYEHHS MOKa3aHb
[o KicTkoBoi nnactukum abo BMOOPY anbTepHaTUBHMX
iMAnaHTauinHMx Matepianie y nauieHTiB 3 HU3bKOI
LWiNbHICTIO KICTKN.

BUCHOBKHU

[aHe pocnimkeHHs NiOKPecnoe KM4YoBy  porb
TOBLUMHU Ta LWINbHOCTI KICTKOBOI TKAHUHW Y (DOPMYBaHHi
aHaTOMIYHMX B3aEMOBIAHOWEHb MK 6i4HOO rpynoto
3y6iB BEpPxHbLOI Lienenn Ta BEpXHbOLUENenHow nasy-
xot0. TpaguuiiHO y KNiHIYHIA NpakTuLi OCHOBHY YyBary
NpUAINAny TOBLUMHI KiICTKW, OQHAK OTpUMaHi pesynsraTtu
nokasanu, WO LWiNbHICTb KICTKM € He MEHLU BaXXNUBUM
MOKa3HWKOM MPW OLHLi CTPYKTYPHOI LiMiCHOCTI GinsHKN
BEPXHbLOLLENENHOi Nasyxu.

BapiabenbHicTb 060x napameTpiB (SK TOBLUMHM, TaK
i LWiNbHOCTI) ICTOTHO BNMAMBaE Ha PW3UK YCKMNafHeHb,
TaKMX SIK MPOPOCTaHHS KOpeHiB 3y6iB y nmasyxy, OAOHTO-
FeHHUA ranMopWT, a TaKOX CTBOPHOE TEXHIYHI TpyaHOLLi
npu BCTAHOBMEHHI AeHTanbHUX iMnnaHTaTie abo npose-
OEHHi CMHYCOBMX onepaLii.

OTpumaHi pesynbtatv Mokasanu, Lo 3HWKEHHA
LLINBbHOCTI KICTKK, 0COBNMBO y Naui€HTiB CTapLUOro BiKY,
KOpenioe 3 BULLUOK WMOBIPHICTIO YyCKNagHeHb, Lo nig-
Kpecnioe HeoOXigHICTb KOMMNMEKCHOI nepeponepauiiHol
Bidyanisauii Ta OUiHKM puW3uKiB. IHTerpauis nokasHukiB
TOBLUMHU Ta LWINbHOCTI KICTKM Y KIiHIYHY giarHOCTUKY
[03BONSE nikapam BGinbLl TOYHO NPOrHO3yBaTW MOXIUBI
npobrnemn, CBOEYaCHO nnaHyeBaTn  nNpodinakTuyHi
3axoAM Ta iHguBigyanisyBaTM MiKyBaHHA 3 METOH
MOKpaLLeHHs1 pe3ynbTaTiB i 6e3neky nauieHTiB.

Y Mmipy normmbneHHs pO3yMiHHA LMX aHaTOMIYHUX
XapakTepucTnk MamnbyTHi OOCMiAXKEHHS 3 BMKOPUCTaH-
HM Cy4YacHWX METOAIB Bidyanisauii Ta 3 ypaxyBaHHAM
CUCTEMHUX CTaHIB i reHETUYHNX (haKTopiB AOMNOMOXYTb
we 6Ginblwe BOOCKOHANUTW Nigxig A0 NMAaHyBaHHSA CTO-
MaTomnoriYHMX i CMHYCOBUX BTpy4YaHb. 3peLuTolo, Komr-
NEeKCHUN nigxig, KM BPaxoBYE SIK KiMbKICHIi, TaK i SKICHI
XapaKTepUCTUKM KICTKOBOI TKaHUHW, 3abe3neumnTb 6e3ney-
Hile Ta edeKkTMBHILWE MNiKyBaHHA MaLUi€HTIB, SKMM NPOBO-
OSTbCA Npouenypy Y AinsHLUi BEpXHbOLLENEenHOoT Nasyxu.
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Vol. 16(1). P. 474-481. DOI: https://doi.org/10.1016/j.jds.2020.08.001

mucosal perforation or recurrent sinusitis, thereby
enhancing the safety of interventions. The obtained
results may be used to determine indications for bone
grafting or to guide the selection of alternative implant
materials in patients with low bone density.

CONCLUSIONS

This study emphasizes the critical role of bone thick-
ness and density in shaping the anatomical relation-
ships between posterior teeth of the maxilla and the
maxillary sinus. Although clinical attention has traditio-
nally focused on bone thickness, our results show
that bone density is equally important in assessing
structural integrity of the maxillary sinus region.

Variability in both parameters significantly influences
the risk of complications such as root protrusion into
the sinus and odontogenic sinusitis, and introduces
technical challenges during dental implant placement
and sinus surgery.

Our findings demonstrate that reduced bone den-
sity — especially in older patients—correlates with higher
complication rates, highlighting the need for compre-
hensive preoperative imaging and risk assessment.
Integrating bone thickness and density into clinical
diagnostics enables more accurate prediction of poten-
tial problems, improved preventive measures, and indi-
vidualized treatment planning.

As understanding of these anatomical characteristics
deepens, future studies using modern imaging techno-
logies and considering systemic and genetic influences
will further refine surgical and dental intervention
strategies. Ultimately, a combined assessment of bone
quantity and quality will ensure safer and more effective
treatment for patients undergoing procedures in the
maxillary sinus region.
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OBMEXEHHA AOCAIAXKEHHS

Xo4ya Uue [OCMigXKeHHs Hagano UiHHI BiZOMOCTI Mpo porb
TOBLUMHM Ta LWIMbHOCTI KICTKM Yy B3aEMO3B'AI3Ky MK 3ybamu
Ta Masyxow, BOHO Mae Kinbka obmexeHb. PerpocnekTvBHWUIA
An3aiiH MoXe 3yMOBIOBaTU CernekuiliHe 3MilLeHHs, a BUKOpUC-
TaHHa KT, xo4ya 1 BMCOKOIH()OpMaTMBHE, He 3aBXau Bigobpa-
Xae NOBHY TPVBMMIPHY CTPYKTYpPY KiCTKOBOI TkaHuHu. Mopanb-
Wi [JOCMMKEHHs i3 3acTOCyBaHHSAM  KOHYCHO-NPOMEHEBOI
KT (KIMKT) abo 3D-mopentoBaHHSA KiCTKM MOXYTb AaTtv rmubLue
YABINEHHA MPO B3aEMO3B'A30K MK KOpeHsamu 3ybiB, nasyxoro
Ta skKicTio KicTkM. OkpiM TOro, y MambyTHIX [OCRISKEHHAX
OOLINbHO BPaxoOBYBaTU CUCTEMHI Ta TEHETWUMHI YMHHWKMW, SKi
MOXYTb 3yMOBMIOBATV iHAMBIAyanbHy BapiabenbHICTb peakuii
TKaHWH LEenenHo-n1MueBoi AinsHkn. KoMmnnekcHuin nigxig Ao3so-
NUTb YAOCKOHANMUTW NPOTHOCTUYHI MOAEeni Ta 3MEHLLUUTU PU3UK
yCKNafHeHb Mif Yac XipypriyHmMx BTpyYaHb.

ABTOpM CBIZOMO 3acBifguytOThb, WO NpeacTaBneHe AOCiIKEeHHS
Ma€e MeBHi OOMEXEeHHsi, 3yMOBIEHi MOro Au3anHOM i BWKO-
HaHHAM. OOHOLEHTPOBUI PETPOCMEKTUBHUIA XapakTep BUOIpKu
(120 KT-gmocnimkeHb, MPOBEAEHWX B OfHIN yCTaHOBI) He Oae
nigcrtaB Ans NPUYUHHWX BUCHOBKIB i 30epirae puank cenekuin-
HOrO 3MilLEHHs, TMOMpU BUKOPWUCTaHHA CTaHAAPTM30BaHWX
npotokoniB. Poamip BUbipkM Ta ii cTpykTypa (BiKOBMI Aiana3oH
20-75 pokiB, 0buaBi cTaTi) 0OMeXyloTb y3aranbHEHHS pesyrb-
TaTiB. Y poboTi He ouiHioBanMca (yHKUiOHanbHi napamerpw,
30KpemMa CTaH Crnv30BOi ODOMOHKM Masyxu Ta nepianikanbHi
YPaXXeHHS, WO MOrMO BMMMHYTU Ha iHTepnpeTauilo aHaToMiy-
HUX cniBBigHoOWeHb. MNoganbLi 4OCNiMKeHHA MakTb OyTn npo-
CMEKTUBHUMMU, MYTBTULIEHTPOBUMM, i3 BiNbLUOIO KiNbKICTIO yvac-
HWKIB, OOI'PYHTOBaHMM PO3paxyHKOM MOTYXHOCTi Ta 30BHiLU-
HbOK Barnijauield pe3ynbTaTiB  BiAMNOBIAHO [0 MPUHLMMIB
HanexHoi kniHiuHoi npaktuku (Good Clinical Practice — GCP).

MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

MopanbLi gocnigXeHHs OOUINbHO CNpsIMyBaTh Ha PO3LUMPEHHS
BMOIpKM NaLieHTIB i3 Pi3HMX BIKOBMX, CTAaTEBUX Ta ETHIYHWUX rpyn
ans 6inblU TOYHOI XapakTepuCTUkM MOPGOMETPUYHUX Bapiauin
BepXHbOLLEenenHoi nasyxu. [lepCcnekTMBHUM HanpsiMKoM € Mo-
eaHaHHa KT-gaHux 3 KMAiHIYHMMKM NposiBaMM  OAOHTOrEHHOro
raiMopuTy Ansi CTBOPEHHS1 MPOrHO3HWMX Mogenemn pusuky. [o-
LiNbHO 3any4yuT METOAM MALUMHHOIO HaBYaHHsSI Ta LUTY4YHOro
iHTENEeKTy AN aBTOMAaTM30BaHOrO aHamnidy aHaTOMiYHUX CTPYK-
Typ i NigBMLLEHHSA TOYHOCTI NepeaonepaLiiHoro nraHyBaHHS.
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Limitations of the study

Despite providing valuable insights, this study has several
limitations. The retrospective design may introduce selection
bias, and although CT is highly informative, it may not fully
represent the 3D structure of bone. Future studies using cone-
beam CT (CBCT) or bone 3D modeling may offer deeper
understanding of root—sinus bone interactions.

Additionally, future research should examine the influence
of systemic diseases (e.g., osteoporosis), medications, and
genetic factors on bone thickness and density in this region.
A comprehensive approach may improve predictive models
and reduce complications during surgical interventions.

The authors acknowledge that this study has limitations related
to its design and implementation. The single-center retro-
spective design (120 CT scans obtained at one institution)
precludes causal inference and carries a risk of selection bias,
despite the use of standardized imaging protocols. The sample
size and structure (age range 20-75 years, both sexes) limit
generalizability. Functional parameters such as sinus mucosal
condition or periapical pathology were not systematically
assessed, which might influence anatomical interpretation.
Future studies should be prospective, multicenter, with larger
cohorts, justified power calculation, and external validation in
accordance with Good Clinical Practice (GCP) guidelines.

Prospects for further research

Future studies should aim to expand the cohort to include
patients of diverse age, sex, and ethnic backgrounds to refine
morphometric characterization of the maxillary sinus. A promi-
sing direction involves correlating CT-based metrics with
clinical manifestations of odontogenic sinusitis to develop
predictive risk models. The integration of artificial intelligence
and machine learning for automated anatomical analysis
may further enhance diagnostic precision and individualized
surgical planning.
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KoHdAiKT iHTepeciB

ABTOpU pyKOnNUcCy CBIAOMO 3acCBifvyOTh BiACYTHICTb (hakTUYHOro
abo noTeHUiMHOrO KOHMIKTY iHTepeciB LoAO0 pe3ynbraTiB
uiel pobotn 3 hapmaueBTUYHUMK KOMMNaHisMU, BUPOBHMKaMK
BioMeanyYHMX NPUCTPOIB, IHWIMMK OpraHi3aLisMu, Yni NPOayKTH,
nocnyru, dpiHaHcoBa niATPUMKa MOXyTb OyTW noOB’si3aHi
3 MNpeaMeToM HagaHux matepianiB abo ski cnoHcopyBanu
npoBeaeHi AOCNiAKEHHSs

AOTpMMOHHﬂ €TUYHUX HOPM

[ocnigpkeHHss npoBefeHO BIAMOBIAHO A0 €TUYHUX CTaHaapTis
lenbciHCbKOi  geknapadii  BcecBiTHbOI  MeamyHOi  acouiauii
(1964 p., 3 nojanbwuMK 3MiHamu) Ta npuHUMNIB HanexHoi
kniHiyHoi  npaktukn  (GCP). BukopucTaHo peTpoCcnekTUBHI
KT-paHi 6e3 igeHTudikauii ocobn nauieHTie. MNpoTokon gocnia-
XeHHs1 cxBaneHo Komicielo 3 nuTaHb eTuku Ta BioeTnkn meguny-
HOro hakynsTeTy XapKiBCbKOrO HaLiOHanbHOr0 MeAUYHOro YHi-
BepcuTeTy MiHicTepcTBa OXOpoHM 340poB’'S YKpaiHn (BUTAT
i3 npotokony Ne 5 Big 8.11.2018 p.).

BMKOPUCTAHHSA LUTY4HOTO IHTEAEKTY

ABTOpPV pyKOMUCy CBIAOMO 3acBiAuyloTb, WO Yy npoueci npo-
BE[EHHSA JOCMiAKEeHHS Ta NiAroTOBKM LibOro PYKOMWUCY He BUKO-
pPUCTOBYBanun >XOOHWX iHCTPYMeHTIB abo cepBiciB reHepaTus-
HOTO LUTYYHOrO iHTENeKTy ANS BMKOHaHHA Oyab-AKWX 3aBAaHb,
nepeniyeHux y TakcoHOMii AeneryBaHHA 3aBAaHb reHepaTtus-
HOMy LWTy4HoMy iHTenekTy «GAIDeT» (Generative Artificial
Intelligence Delegation Taxonomy, 2025 p.). Yci etanu po6otn —
Bi, KOHUenTyanisauii go diHanbHOro pegaryBaHHS — BUKOHaHI
6e3 3anyyeHHs1 reHepaTMBHOMO LUTYYHOrO iHTENEKTY, BUKIHOY-
HO aBTOpamu.

MepBuHHI AaHi Ta MaTepiaAn

Y po6oTi BMKOPWUCTaHO pe3ynbTaTh BRACHOrO PEeTPOCMEKTUB-
Horo aHanidy cnipanbHux KT-gocnigxeHb nauieHTiB. [NepBUHHI
OaHi 36epiratoTbCa B apxiBi OOCMIAHULBKOI TPynuM Ta MOXYTb
6yTV HagaHi 3a 06rpyHTOBaHMM 3anuTOM A0 aBTOpa-KOPECMOoH-
[OeHTa 3 ypaxyBaHHSIM €TUYHUX | NPaBOBUX HOPM.

IHdbopmalis Npo chiHAOHCYBAHHS

Y npoueci HanucaHHA Ui€i CcTaTTi He BWKOPUCTOBYBanucs
Oyab-5iKi CTOPOHHI Akepena ciHaHCyBaHHS.
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