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PE3IOME

AkTyanbHicTb. AnbBeonsipHa OyxTa BepxHbOLLENenHoi nasyxu € aHaTOMiYHO Bapia-
6enbHO0 CTPYKTYPOHD, OCOBNUBOCTI AKOI MalTb BaXMBE 3HAYEHHSI AN NAaHyBaHHS
CTOMATONOriYHNX Ta LenenHo-NMLEeBUX BTpyYaHb.

MeTta po6oTu — oxapakTepusyBaTu pPeHTreHOMOPOMETPUYHi BapiaHTn OyaoBu
anbBeonsipHoi OyxTW BepxXHbOLLENenHoi nasyxy 3a AaHWUMU  MYNbTUCHIpanbHOT
KOMM'IOTEpHOI ToMorpaddii, BM3HAYMTM iX MOLUMPEHICTb Ta OLUIHUTM B3AEMO3B’SI30K
Mi>X OCHOBHVMMMW MOP(OMETPUHHUMW NapamMeTpamu.

Matepianu Tta metogm. lNpoBegeHo aHania 500 MynbTMCRipanbHUX KOMIMT IOTEPHUX
ToMorpam oci6 Bikom 20-45 pokiB 6e3 03Hak naTosforii BepXHbOLLENenHux nasyx.
[ocnigXeHHs  BUKOHyBanu i3 3aCTOCYBaHHsIM  NpOrpaMHoro  3abesneqeHHsi
RadiAnt DICOM Viewer ta 3D Slicer. OuiHioBanu ¢opMy anbBeonsipHoi ByxTu, rmu-
OMHY Ta WKpuHy ii NHeBMaTM3auii, TOBLUMHY KICTKOBOI TKaHWHW AHA nasdyxu, ocobnu-
BOCTi B3aEMOBIQHOLLEHHS 3 KOPEHSAMW NpeMofsipiB i MomspiB, HasBHICTb cenT
Ta acumertpii. [poBegeHO MOPPOMETPUYHNIA | CTATUCTUYHUI aHani3 OTPUMaHMX JaHMWX.
Pe3ynbratn. BcTaHoBneHoO 3HavHy iHAMBIQyanbHy aHaTOMiYHy BapiabenbHiCcTb
OygooBu anbBeonsipHoi OyxTn BepxHboLlenenHoi nadyxu. Hambinbl nowupeHum
MOpPQOOriYHM TnoMm ByB MOMIPHO BUpaxeHun (47,6%), piawe susasnanucs rmmbo-
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Knii (24,2%), cnabo BupaxeHuii (14,8%), centoBaHuii (8,2%) Ta acumetpuynuii (5,2%)
Tunu. CepegHsi rmubuHa anbBeonsipHoi 6yxTu ctaHosuna 7,90 + 3,00 MM, WwupuHa —
18,31 + 4,12 MM, TOBLUMHA KICTKOBOI TKaHWHM AHa nasyxu — 2,12 + 1,06 mm. HanbinbLwi
3HaYeHHs MUBWMHM Ta WKPKMHK BynKn XapakTepHi Ans rMubokoro TuMy anbBeonspHoOi
GyxTn. BcTaHOBNEHO MO3UTUBHUIA KOPENSILINHUIA 3B’I30K MK FMUMOMHOI Ta LLUMPUHOK
anbBeonsipHoi ByxTu, Lo CBiAYMTL NPO B3aEMOMOB’A3aHICTb npoLleciB i (hopMyBaHHS
Ta MHeBMaTu3aLii BepxHboLlenenHoi nasyxu. TpuBMMipHa PeKOHCTPYKLUis Ao3Bonuna
fAeTanisyBaTM MPOCTOPOBY OpraHizauito anbBeonsipHoi OyxTu Ta Bidyanisysatu ii
OCHOBHi peHTreHOMOP(OMETPUYHI BapiaHTW.

BucHoBku. AnbBeonsipHa GyxTa BEpPXHbOLLENENHOT Na3yxu XapakTepuayeTbCs 3Hau-
HOI peHTreHoMopdOMETpUYHOK BapiabenbHicTio. BuaineHo n’sitb 0OCHOBHUX MoOpdo-
METPUYHMX BapiaHTiB il OygoBWU, MK SIKUMW BCTAHOBIMEHO CTATUCTUYHO 3HaYyLLi
BIOMIHHOCTI OCHOBHWX MOPMOMETPUYHUX MOKA3HWKIB Ta CUIbHUA MNO3UTUBHUN
KOPEensiLinHWiA 3B’130K MiXK TMUOUHOK | LUMPUHOK anbBeonsipHoi ByxTu. OTpuMaHi
pe3ynbTati MOXYyTb OyTW BMKOPWUCTaHi ANs YOOCKOHANeHHs NMPOMEHEBOI AiarHoc-
TUKW, NepefonepauinHoro niaHyBaHHA Ta OUIHKM PU3WMKYy CTOMAaTOMOrMYHMX | Le-
NenHo-NULEeBnxX BTPyYaHsb.
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ABSTRACT

Background. The alveolar recess of the maxillary sinus is an anatomically variable
structure with important implications for dental and maxillofacial surgical planning.
Purpose — to characterize the radiographic morphometric variants of the maxillary
sinus alveolar recess using multislice computed tomography, determine their distribu-
tion, and evaluate the relationships among the main morphometric parameters.
Material and Methods. The study was based on the analysis of 500 multislice com-
puted tomography scans obtained from individuals aged 20-45 years without signs
of maxillary sinus pathology. Image analysis was performed using RadiAnt DICOM
Viewer and 3D Slicer software. The shape of the alveolar recess, depth and width
of pneumatization, thickness of the sinus floor bone, relationships with premolar
and molar roots, presence of septa, and asymmetry were evaluated. Morphometric
measurements and statistical analyses were performed.

Results. Considerable individual anatomical variability of the maxillary sinus alveolar
recess was identified. The moderate type was the most common morphological
variant (47.6%), followed by the deep (24.2%), weakly expressed (14.8%), sep-
tated (8.2%), and asymmetrical (5.2%) types. The mean alveolar recess depth
was 7.90 + 3.00 mm, the mean width was 18.31 + 4.12 mm, and the mean thickness
of the sinus floor bone was 2.12 + 1.06 mm. The greatest depth and width values
were observed in the deep morphological type. A positive correlation between alveolar
recess depth and width was found, indicating an interrelationship between the pro-
cesses of recess development and maxillary sinus pneumatization. Three-dimensional
reconstruction provided detailed visualization of the spatial organization and
morphological variants of the alveolar recess.

Conclusions. The maxillary sinus alveolar recess demonstrates substantial radio-
graphic morphometric variability. Five major morphometric variants were identified,
with statistically significant differences in the main morphometric parameters and
a strong positive correlation between alveolar recess depth and width. These findings
may contribute to improved radiological assessment, preoperative planning, and
risk evaluation in dental and maxillofacial surgery.

Davydov OO, Poberezhnik GA, Sukhina IS, Trach OO, Alieksieieva VV, Gargin VV. Radiographic morphometric
variants of the alveolar recess of the maxillary sinus based on multislice computed tomography. Kharkiv Dental
Journal. 2026;3(3(9)):586—604. DOI: https://doi.org/10.26565/3083-5607-2026-9-05
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BCTYN

AnbBeonsipHa OyxTa BepPXHbOLLENEnHoi nasyxu €
OfHie 3 HaMbIinNblW aHaTOMiIYHO BapiabenbHUX AOiNsIHOK
BEPXHbOLLENENHOrO CUHYCa Ta Mae BaXMMBE 3HAYEHHS
ans  ctomartonorii, OTOPMHOMAPWHIONOorii, LenenHo-
nuuesoi xipyprii Ta npomeHeBoi giarHocTuku [1]. Came
B Ui ginaHui dpopmyeTbea HanbinbL TicHUA Tonorpado-
aHaTOMIYHUI B3aEMO3B’SI30K MK BEPXHbOLLENEMHO
nasyxow Ta KOpeHsMu 3ybiB BepxHbOi LWenenu [2].
MmubuHa nHeBmaTu3auii nasyxu, dopma anbBeonsipHol
OyxTn, 0cobnMBOCTI Ti KICTKOBUX CTIHOK Ta B3aEMOBIAHO-
LWIEHHs i3 KOPEeHsAMU nNpemonspiB i MONSApPIB MOXYTb
BM3Ha4aTM sik 0cobnuBocTi i3ionoriyHoro yHKLIOHY-
BaHHS BEPXHbOLLENENHOT Masyxu, TakK i pusnK po3BUTKY
natonoriyHmx npovecis [3].

Ha cborogHi 3HauyHa KinbKiCTb HaykoBMX npaub npwu-
CBAYEeHa 3aranbHii  MopdomeTpii  BepxHboLenenHol
nasyxu, ocobnueocTtam ii nHeBmaTtu3sauii, 6yaosi ocrio-
MeaTanbHOro KOMMeKCy Ta B3aEMOBIOHOLLEHHAM Masy-
Xn i3 3ybamu BepxHboi wenenu [4]. BogHoyac Mopdo-
noriyHi 0cobnMBOCTI came anbBeOnsPHOI OyXTN BEPXHBO-
LenenHoi Nasyxu 3anuiialoTbCs HEAOCTaTHbLO cucTema-
TnsoBaHUMU. Y BiNbLUOCTI AOCNiAKeHb AaHa aHaToMiYHa
CTPYKTYpa pO3MMsAaeTbCsl NULLE SK YacTvHa 3aranbHoi
nHeBMaTm3aLii cuHyca 6e3 getanbHoro aHaniay i doopmu,
NpPOCTOPOBOI OpraHi3aLii Ta BapiaHTis 6ynosu [5].

OcobnmBoro 3Ha4YeHHs AOCNIMKEeHHsT anbBeonsipHol
OyxTn HabyBae y 3B'A3Ky i3 LUMPOKMM BrpPOBaLKEHHSM
OeHTanbHOI iMnnaHTauii, CUHYC-NiPTUHIY Ta eHOOCKO-
NiYHMX BTPYyYaHb Yy AinNsHUi BepXHboLenenHoi nasyxu [6].
BapiaHTn OygoBu anbBeonsipHOi OyXTW MOXYTb BNW-
BaTU Ha pu3nk nepdopadii membpann LHangepa, no-
LUIMPEHHS OQOHTOrEHHOI IH(pEKLiT, PO3BMTOK OAOHTOrEHHNX
PUHOCUMHYCUTIB  Ta  BUHUKHEHHs  nicnisionepauinHnx
ycknagHeHb [7]. HesBaxatoum Ha ue, gotenep BiACYTHA
€OuHa peHTreHoMopdomeTpmyHa Knacudikalis BapiaH-
TiB OyooBu anbBeonsipHOi OyxTu, a TakoX HegoCcTaTHbO
BU3Ha4eHi i MOpdOMETpUYHi XapakTepucTuku B OCIO
pisHoro Biky Ta cTari [8].

OcTaHHi MiXHapogHi pekoMmeHgauii 3 nepepgonepa-
LifMHOrO nnaHyBaHHS OeHTanbHOI iMnAnaHTauii Harono-
WyoTb, WO iHAMBIgyanbHi 0cobnvBOCTI NHeBMaTMU3auil
BEPXHbOLLENENHOI Nasyxu, HasiBHICTb CenT, TOBLUMHA
KICTKOBMX CTIHOK Ta B3aEMOBIQHOLUEHHSI OHA nNasyxu
i3 3ybamn GesnocepenHbO BMMUBAOTb Ha PU3UK nep-
dopauii Membpanu LLHaaepa, NporHo3 cUHyC-NiTUHTY
Ta BUBIp xipypriyHoi TakTkmn [9]. Came TOMy Mopdo-
METPUYHWI  aHani3 anbBeonsipHoi OyxTn Habysae
nepani 6inbLlUoro KniHiYHOro 3Ha4YeHHs.

Cy4dacHi mMeTogu NpoMeHeBOi AiarHOCTUKW, 30Kpema
MynbTUCTipanbHa Ta KOHYCHO-MPOMEHEBa KOMM'HOTEpPHA
Tomorpadis (KMNKT), [o3BonsaTs NpoBOAUTU MPUKUT-
TEBE BWCOKOTOYHE AOCINIMKEHHS aHATOMIYHWUX CTPYKTYp
BEPXHbOLLENENHoi nasyxu, BW3Ha4aTM ocobnueocTi ii
nHeBMaTuM3aLii Ta 3gilcHIoBaTU MOPOMETPUYHUIN aHani3
i3 BMCOKMM piBHeM pgocTtoBipHocTi [10]. BukopuctaHHsa
TPUBUMIPHOI PEKOHCTPYKLIi BigKpMBaE HOBI MOXIUBOCTI
ansa gertanisauii iHAMBigyanbHMX aHaTOMIYHMX BapiaHTiB
OynoBu anbBeonsipHoi ByxTu Ta ix cucremartusadii [11].

Y 3B’a3ky 3 UMM OOCRIAXEHHA MOopdOnoriYHNX
BapiaHTiB OynoBM anbBeonsipHOi OyxTW BepxHbOLLe-
nenHoi nasyxu € akTyarnbHUM SK 3 TEOPETUYHOI, TakK i 3
NPaKTUYHOI TOYKM 30py, Ta MOXE CMpPUSTU YOOCKOHa-

INTRODUCTION

The alveolar recess of the maxillary sinus is one of
the most anatomically variable regions of the maxillary
sinus and is of considerable importance in dentistry,
otorhinolaryngology, maxillofacial surgery, and diag-
nostic imaging [1]. This region represents the site of
the closest topographic and anatomical relationship
between the maxillary sinus and the roots of the maxilla-
ry teeth [2]. The degree of sinus pneumatization, the
shape of the alveolar recess, the characteristics of its
bony walls, and its relationship with the roots of premo-
lars and molars may influence both the physiological
functioning of the maxillary sinus and the risk of patho-
logical processes [3].

To date, numerous studies have focused on the
general morphometry of the maxillary sinus, its pneuma-
tization patterns, the anatomy of the ostiomeatal
complex, and the relationships between the sinus and
the maxillary dentition [4]. However, the morphological
characteristics of the alveolar recess itself remain
insufficiently systematized. In most investigations, this
anatomical structure has been considered merely as part
of the overall sinus pneumatization process without
detailed analysis of its shape, spatial organization, and
anatomical variations [5].

The study of the alveolar recess has gained parti-
cular importance with the widespread implementation
of dental implantation, sinus floor elevation procedures,
and endoscopic interventions involving the maxillary
sinus [6]. Variations in the morphology of the alveolar
recess may affect the risk of Schneiderian membrane
perforation, the spread of odontogenic infection, the
development of odontogenic rhinosinusitis, and the
occurrence of postoperative complications [7]. Despite
its clinical relevance, a unified radiographic morpho-
metric classification of alveolar recess variants is still
lacking, and its morphometric characteristics in indi-
viduals of different ages and sexes remain insuffi-
ciently investigated [8].

Recent international recommendations on preope-
rative planning for dental implant placement emphasize
that individual variations in maxillary sinus pneuma-
tization, the presence of sinus septa, the thickness
of the bony sinus walls, and the anatomical relationship
between the sinus floor and the maxillary teeth directly
influence the risk of Schneiderian membrane perforation,
the outcome of sinus floor elevation procedures, and
the selection of the optimal surgical approach [9].
Consequently, morphometric assessment of the maxillary
sinus alveolar recess has become increasingly impor-
tant in contemporary clinical practice.

Modern imaging techniques, particularly multislice
computed tomography (CT) and cone-beam computed
tomography (CBCT), enable highly accurate in vivo
assessment of the anatomical structures of the maxillary
sinus, allowing detailed evaluation of pneumatization
patterns and morphometric parameters with a high
degree of reliability [10]. Furthermore, three-dimensional
reconstruction provides new opportunities for the detailed
characterization and systematization of individual
anatomical variations of the alveolar recess [11].

Therefore, the investigation of radiographic morpho-
metric variants of the maxillary sinus alveolar recess is
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MNEHHI0 Cy4acHUX ysiBNeHb Mpo Tonorpado-aHaTOMIYHY
opraHisaLito BepxHbOLLEenenHoi nasyxu.

MeTta po6GoTu — oxapakTepusyBaTu pPEeHTreHOMOop-
domeTpuyHi  BapiaHTM 6ynoBM  anbBeonspHOi  ByxTu
BEPXHbOLLENENHOI MNasyxu 3a AaHuMK MyrnbsTuchipanbs-
HOT KOMM'IOTEPHOI TOoMorpadii, BW3HAYMTU iX MNOLIK-
peHiCTb Ta OUIHUTM B3aEMO3B’SI30K MiXX OCHOBHUMU
MOP(OMETPUHHUMYU NapaMeTPaMM.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Oo pocnigpxeHHa ©6yno  BknodeHo 500 mynbtu-
chnipanbHMx Komm'toTepHux Tomorpacpin 500 nauieHTis,
ceped akux 259 xiHok (51,8%) Ta 241 yonosik (48,2%).
[o p[ocnigxeHHa BKMYanu TomorpamMu  nauieHTiB
Bikom Big 20 oo 45 pokiB. O6paHuii BikoBWUIA Aianas3oH
XapaKkTepuayeTbCsl 3aBepLleHNM (OPMYyBaHHSAM BepX-
HboLLenenHoi nasyxu Ta 3yboanbBeonsipHOro anapary,
cTabinbHUMN  MOPOMETPUYHUMM MapaMeTpaMmn  KicT-
KOBUX CTPYKTYP i BIACYTHICTIO BUP@XEHUX iHBONMIOTUBHUX
3MiH. BukopucTaHHs came Uil BikoBOI rpynun JO3BOMSANO
MiHiMi3yBaTX BNNUB BIKOBOI aTpodii anbBeonspHOro
BipOCTKa, BTOPMHHOI NHEBMAaTM3aLlii BEPXHbOLLENENHOI
nasyxu, OCTEOMOPOTUYHMUX 3MiH Ta 4acTKOBOI afeHTil
Ha MOpPdOMOrivHi XapaKTepUCTUKM anbBeonspHOi OyxTu
BEPXHbOLLENENHOI Nasyxu.

KpumepisimMu eKrYeHHs1 cTanu BIiACYTHICTb BuUpa-
KEHUX [OECTPYKTUBHWUX 3MiH BEPXHbOLLENENHOI nasyxu,
BiACYTHICTb OO’€MHMX yYTBOpEHb Ta TpaBMaTUYHUX
YLWKOOXKEHb TNULEBOro Yepena, HanexHa sKicTb TOMO-
rpadiyHmMx 306paxeHb.

13 0ocnidxeHHs1 8uUK/oYaucss ToMorpaMmm nauieHTiB
i3 NoBHO abo 4acTKkoBOK afeHTiel y BivHMX Bigainax
BEPXHbOI LUenenu, OCKiNbKA BIACYTHICTb MNpemMornspis
Ta MONSApiB  MOXe CYNPOBOMKYBAaTUCS BTOPUHHOIO
nHeBMaTM3aLielo BEPXHbOLLENENHOI Nasyxu Ta Bupaxe-
HOl aTpodpieto anbBEONSAPHOro BiAPOCTKA, LUO BNNMBaeE
Ha MOPGOMETPUYHI  XapaKTEPUCTUKM  arbBEONSIPHOI
OyxTn. TakoX He BKMYaANUCS BUNALKM HASIBHOCTI
OeHTanbHUX IMNNaHTIB Ta CUHYC-NIPTUHIY B aHamHesi
yepes MOXMMBI nicnsionepavuiviHi 3MiHM KICTKOBOI TKa-
HAHW Ta PpEMOAENOBaHHA [OHa BepXHbOLLENenHoi
nasyxu. 3 OOCNiQKEHHs1 BMKIOYanNM nauieHTiB i3 Bupa-
XEHUMW OJOHTOrEHHUMKM abo PUHOTEHHVMMU MAaTONOoriy-
HAMM  Mpouecamu, TPaBMaTUYHUMW  YLUKOIXKEHHAMMN
cepefHbOi 30HM NMULEBOIO Yepena, a Takox 00’ €MHMMM
YTBOPEHHSAIMW  BEPXHbOLLENENHOI nasyxu, $Ki  Mormnm
3MiHIOBaTM MNpUpOAHY aHaTomiyHy OyaoBy Ta MpOCTO-
pOBY OpraHisayito OCHiAXyBaHUX CTPYKTYp.

[ocnigxeHHss nNpoBOAMNOCA i3 BUMKOPWUCTaAHHAM
METOAIB KOMM'IOTEPHOT MopdoMeTpii Ta TpuBUMIp-
HOT PEKOHCTPYKLUI.

[Ons Bidyanisauii Ta aHanidy TomorpadiyHux 306pa-
XKEHb  BMKOPUCTOBYBanuM nporpaMHe 3abe3nevyeHHst
RadiAnt DICOM Viewer (Medixant, Poland) [12], ske
[O03BONANO 34iNCHIOBATU OLiHKY 300paxeHb y akcianb-
Hi, KOpPOHapHIM Ta cariTanbHin NPOEKLisX, MPOBOAUTU
NiHIMHI  MOPOMETPUYHI  BUMIpIOBaHHA Ta  aHanis
Tonorpad)o-aHaTOMIYHUX  B3AaEMOBIOHOLLEHb  CTPYKTYP
BEPXHbOLLENENHOI Nasyxu.

TpuBMMIpHY PEKOHCTPYKLiO Ta CermeHTauilo aHaTto-
MIYHMX CTPYKTYP BWKOHYBanu i3 BUKOPWUCTAHHAM Mpor-

of both theoretical and practical importance and may
contribute to improving current understanding of the
topographic and anatomical organization of the
maxillary sinus.

Objective — to characterize the radiographic morpho-
metric variants of the maxillary sinus alveolar recess
using multislice computed tomography, determine their
distribution, and evaluate the relationships among the
main morphometric parameters.

MATERIALS AND METHODS

The study included 500 multislice computed tomo-
graphy examinations obtained from 500 individuals,
including 259 females (51.8%) and 241 males (48.2%).
The study included CT scans of patients aged
20-45 years. This age range is characterized by comp-
lete development of the maxillary sinus and dento-
alveolar apparatus, stable morphometric parameters
of bone structures, and the absence of pronounced
involutional changes. The use of this age group minimized
the influence of age-related alveolar bone resorption,
secondary maxillary sinus pneumatization, osteoporotic
changes, and partial edentulism on the morphological
characteristics of the maxillary sinus alveolar recess.

Inclusion criteria were the absence of significant
destructive changes of the maxillary sinus, absence
of space-occupying lesions and traumatic injuries
of the facial skeleton, and adequate quality of tomo-
graphic images.

CT scans of patients with complete or partial eden-
tulism in the posterior maxilla were excluded because
the absence of premolars and molars may be asso-
ciated with secondary maxillary sinus pneumatization
and pronounced alveolar ridge atrophy, which can
affect the morphometric characteristics of the alveolar
recess. Cases with a history of dental implantation
or sinus floor elevation procedures were also excluded
because of possible postoperative bone remodeling
and alterations of the maxillary sinus floor. Furthermore,
patients with pronounced odontogenic or rhinogenic
pathological processes, traumatic injuries of the midface,
and maxillary sinus tumors or other space-occupying
lesions that could alter the natural anatomy and spatial
organization of the studied structures were excluded.

The study was conducted using computed morpho-
metry and three-dimensional reconstruction techniques.

RadiAnt DICOM Viewer software (Medixant,
Poland) [12] was used for visualization and analysis
of tomographic images. The software enabled image
evaluation in axial, coronal, and sagittal planes, linear
morphometric measurements, and assessment of
topographic and anatomical relationships of maxillary
sinus structures.

Three-dimensional reconstruction and segmentation
of anatomical structures were performed using 3D Slicer
software [13] (The Slicer Community) (Fig. 1). The soft-
ware was used to generate three-dimensional models
of the maxillary sinus and alveolar recess, assess
their spatial organization, and perform additional morpho-
metric analyses.
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pamHoro 3abe3neveHHs 3D Slicer [13] (The Slicer
Community) (puc. 1). MNporpama 3actocoByBanacs Ans
nobynoBM TPUBUMIPHUX MOAENeNn BepXHbOLLENEnHOT
nasyxu Ta anbBeonsipHOi OyXTW, OUIHKM MNPOCTOPOBOI
opraHisauii  gocnimxyBaHUX CTPYKTYp | npoBegeHHs

[04aTKOBOro MOPOMETPUYHOIO aHaniay.

Ha puc. 1 npegcraBneHo npuknagn TPUBUMIPHOT
PEKOHCTPYKLUii BepxHbOLenenHoi nasyxv Ta anbBeo-
nspHoi 6yxtu. BukopuctaHHs 3D-mopentoBaHHS [03BO-
nmno 6inbL AeTanbHO OUHUTU MPOCTOPOBY OpraHisaLio

nHeBmMartmasauii
i3 3yboanbBeo-

anbBeonsipHoi  OyxTW, cCTynmiHb i
Ta 0cobnuMBOCTi B3aEMOBIAHOLLIEHHS
NAPHUMU CTPYKTypamu.

Figure 1 presents examples of three-dimensional
reconstructions of the maxillary sinus and alveolar
recess. The use of 3D modeling allowed a more detailed
assessment of the spatial organization of the alveolar
recess, the degree of its pneumatization, and its relation-
ship with dentoalveolar structures.

Puc. 1. MynsTunnaHapHa Ta TpUBUMIpHa PEKOHCTPYKLiS BEPXHBbOLLENENHOT Nasyxu 1 anbBeonspHoi byxTu 3a gaHuMmn
MynbTUCNIPanbHOI KOMITOTEPHOI ToMorpadii (kopoHapHa (A), caritanbHa (B) akcianbHa (C) npoekuii,Ta 3D-pekoHcTpykuis (D))
Fig. 1. Multiplanar and three-dimensional reconstruction of the maxillary sinus and alveolar recess based on multislice computed
tomography (coronal (A), sagittal (B), axial (C) views and 3D reconstruction (D))

MopdomMeTpuyHi  BUMipIOBaHHS BMKOHyBanu 6es-
nocepegHbo Ha DICOM-306paxeHHsix y nporpami
RadiAnt DICOM Viewer i3 BMKOpUCTaHHsIM BOYOOBaHWUX
UMPPOBUX IHCTPYMEHTIB NiHIHUX BUMIpIOBaHb. TpuBK-
MipHi Mogeni, nobyaoBsaHi y nporpami 3D Slicer, Buko-
pucTOBYBanu BUKIIOYHO AN NPOCTOPOBOI Bidyanisauii,
OUiHKW MOPCONOriYHMX BapiaHTIB Ta YTOYHEHHSI aHaTo-
MiYHNX B3AEMOBIQHOLLEHb.

TomorpadiyHi gocnigXeHHs BUKOHYBanu Ha MynbTu-
cnipanbHOMy Komm'toTepHoMy Tomorpadi Aquilion 64
(Toshiba Medical Systems, Japan). [daHa cuctema €
64-3pi30BMM KOMM'IOTEPHUM TOoMoOrpadom, sSkuin 3abes-
neyvye BUCOKY NPOCTOPOBY PO34iNbHY 3AaTHICTb Ta MOXIKW-
BiCTb OTPMMaHHSI TOHKOLLAPOBMX 3pi3iB ANa AeTarnbHOro
OOCNiQKEHHS1 aHaTOMIYHMX CTPYKTYp NWLEBOro vepena.
[ocnigxeHHs npoBoAMAN 3 TOBLUMHOLO 3pisiB 0,5-1,0 mm,
MaTpuLelo pekoHCTPyKUii 512 x 512 Ta BMKOPUCTaHHAM
BMCOKOPO34iNbHOIO KiCTKOBOTO anroputMy PeKOHCTPYK-
uii. Hanpyra peHTreHiBcbkoi Tpybku ctaHoBuna 120 kV,
cuna ctpymy — 100-300 mA 3anexHo Big MpoToKony
pocnigpkeHHst. OTpuMmaHi gaHi 36epiranucsa y dopmari
DICOM i3 noganbumm MopoMeTpruyHUM aHarnizom [14].

Morphometric measurements were performed direct-
ly on DICOM images using the built-in linear measure-
ment tools available in RadiAnt DICOM Viewer.
The three-dimensional models generated in 3D Slicer
were used exclusively for spatial visualization, evaluation
of radiographic morphometric variants, and clarification
of the anatomical relationships of the studied structures.

Tomographic examinations were performed using
an Aquilion 64 multislice computed tomography scanner
(Toshiba Medical Systems, Japan). This 64-slice CT sys-
tem provides high spatial resolution and allows acqui-
sition of thin-section images for detailed assessment
of craniofacial anatomical structures. Examinations
were performed with a slice thickness of 0.5-1.0 mm,
a reconstruction matrix of 512 x 512, and a high-reso-
lution bone reconstruction algorithm. The tube voltage
was 120 kV, and the tube current ranged from 100
to 300 mA depending on the examination protocol.
The acquired data were stored in DICOM format for
subsequent morphometric analysis [14].

The following parameters were evaluated:

— morphology of the alveolar recess;
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Y xoni oocnigkeHHs ouiHoBanu:

— hopMy anbBeonsipHoi ByxTu;

— mMubuHy il NHeBMaTM3aLii;

— LUMPWUHY anbBeOoNsipHOi OyxTu;

— HasABHICTb acUMeTpIi;

— 0COGNMBOCTI B3AEMOBIAHOLLEHHS i3 KOpeHsIMU npe-
MOISIPIB Ta MOMSAPIB BEPXHLOI LLEenenu;

— HasIBHICTb BHYTpILUHbONA3YLIHUX CenT Yy AinsaHui
anbBeonsipHoi ByxTu;

— TOBLUMHY KiCTKOBOI TKaHWHW AHa BepxHbollenen-
HOI nasyxu.

MubuHy anbBeonsipHoi OyxTn BM3Ha4anuM Ha Kopo-
HapHUX 3pi3ax $K BiACTaHb Big YMOBHOI niHil AHa
BEPXHbOLLENENHOI Nasyxu A0 HanbinbLl HUXHLOI TOYKK
il anbBeonsipHoro BunNuHaHHA. LUnpuHy anbBeonsipHol
OyxTn BuMIpIOBanu y MedionatepanbHOMy HanpsiMKy
B OiNSHUI MakcMManbHOro po3wupeHHs. BigctaHb Big
BEPXiBOK KOpPeHiB 3yb6iB [0 [OHA nasyxu BuU3Ha4anu
y MinimeTpax Ha TomorpadiyHux 3pi3ax i3 Hankpallolo
Bidyani3aui€to BigNOBIAHUX CTPYKTYP.

[ns ouiHkM MopdponoriyHMx BapiaHTiB OyaoBw anb-
BEONAPHOi ByxTW npoBoaunu Ti TUNOMOriYHUIA po3noain
3anexHo Big rmMmnbuHu nHeBmaTtm3auii, dopMmn Ta B3ae-
MOBIZIHOLLEHHS i3 3y60anbBeoNnspHUMU CTPYKTYpamu.

Ona MiHimisauii noxmbkn BCi MOPGOMETPUYHI BU-
MiplOBaHHS BMKOHYBanucsl Tpudi OgHWMM [OCHiOHMKOM,
nicns 4oro Anst CTaTUCTUYHOTO aHarnisy BUKOPWUCTOBY-
Banu cepefiHe 3Ha4YeHHs!.

CTATUCTUYHUIA QHAAI3

BesnepepBHi 3MiHHI HaBedeHi K cepeqHE 3HaYEeHHS
+ crtaHgaptHe BigxuneHHs (SD) i3 95% posipunm
iHTepsanom (95% [l). KateropianbHi 3miHHI npeacTas-
neHi abconTHO KiNbKICTIO Ta BiACOTKaMW.

HopmanbHicTb  po3noginy  KifbKiCHUX  NOKa3HWKIB
OuiHIOBanNn 3a gonomorow Kputepito Lanipo—Yinka.
Ockinbku po3nogin rmubuHu anbBeonspHoi ByxTu, il Wwn-
PVHU Ta TOBLUMHU KiCTKOBOI TKaHMHU [HA BEPXHbO-
WenenHo! na3yxu CTaTUCTUYHO 3Hauylle Bigpi3HABCA
Big HopmaneHoro (yci p < 0,001), gna noganbLIOro
aHanisy 3actocoByBanu HenapameTpu4Hi METOAMN.

[MopiBHAHHA  MOPMOMETPUYHUX  MNOKA3HUKIB  MiX
n'saTbMa MopdonoriYHMMKU Tnamy NPOBOAUNM 3a [OMO-
Moroto kputepito Kpackena—Yonnica. [Ona nonapHux
nopiBHAHbL BUKOpuUcToByBanu post hoc Tect [aHHa
3 nonpaeko BoOHGEepPPOHi HA MHOXMHHI MOPIBHAHHSA.

B3aemM03B’30K MiXK [MMOUHOK Ta LUMPWUHOK arb-
BEONAPHOi OyXTW OUiHIOBanu 3a A0MOMOrol PaHroBoro
KoediuieHTa kopensuii CnipmeHa (p).

Yci cratuctnyHi Tectu 6ynu aBobivyHumMu. Crtatuc-
TMYHO 3HaAYYLLUMMK BBaXanu BigMiHHocTi npu p < 0,05.

Ons ouiHkn B3aeEMO3B’A3KY MiX rMMOUHOI Ta LUK-
PVHOK anbBeonspHOi OyXTW BUKOPWUCTOBYBanu kKoedgi-
uieHT kopensadii [lipcoHa panga Bidyanisauii niHINHOT
3anexHoCTi Ta paHroBuin KoediuieHT kopensuii CnipmeHa
SIK OCHOBHWI HENapaMeTPUYHNA METOL, OLLIHKM Kopensiuii.

PE3YABTATU

Y pesynbrati NpoBeAeHoro MopdOMETPUYHOIO aHa-
nidy BCTAHOBMEHO 3HAYHYy iHAUBIAyarnbHY aHaTOMiYHY
BapiabenbHicTb 6ynoBM anbBeonsApHOi ByXTU BEPXHLO-
wenenHoi nadyxu. AnbeeonsapHa OyxTa Bidyanisysanacs
y OinblWIOCTi JocnigXeHMX BUNAdKiB Ta Xapakrtepusy-

— depth of pneumatization

— width of the alveolar recess;

— presence of asymmetry;

— relationships with the roots of maxillary premolars
and molars;

— presence of intrasinus septa in the region of the
alveolar recess;

— thickness of the maxillary sinus floor bone.

The depth of the alveolar recess was measured
on coronal sections as the distance from an imaginary
line representing the maxillary sinus floor to the most
inferior point of the alveolar protrusion. The width of the
alveolar recess was measured in the mediolateral
direction at the point of maximum expansion. The dis-
tance between tooth root apices and the sinus floor
was measured in millimeters on tomographic sec-
tions providing optimal visualization of the corres-
ponding structures.

To evaluate radiographic morphometric variants
of the alveolar recess, a typological classification was
performed according to the degree of pneumatization,
shape, and relationships with dentoalveolar structures.

To minimize measurement error, all morphometric
measurements were performed in triplicate by a single
researcher, and the mean of the three measurements
was used for statistical analysis.

Statistical Analysis

Continuous variables were expressed as mean *
standard deviation (SD) together with 95% confidence
intervals (95% CI), whereas categorical variables were
summarized as frequencies and percentages.

The normality of continuous variables was asse-
ssed using the Shapiro-Wilk test. Since the distribu-
tions of alveolar recess depth, width, and sinus floor
bone thickness significantly deviated from normality
(all p < 0.001), non-parametric statistical methods
were applied.

Comparisons of morphometric parameters among
the five morphological groups were performed using
the Kruskal-Wallis test, followed by Dunn’s post hoc test
with Bonferroni correction for multiple comparisons.

The relationship between alveolar recess depth and
width was evaluated using Spearman’s rank corre-
lation coefficient (p).

All statistical tests were two-sided. Differences
were considered statistically significant at p < 0.05.

The association between alveolar recess depth
and width was evaluated using both Pearson’s corre-
lation (for visualization of the linear relationship) and
Spearman’s rank correlation (as the primary non-
parametric correlation analysis).

RESULTS

As a result of the morphometric analysis, con-
siderable individual anatomical variability of the maxillary
sinus alveolar recess was identified. The alveolar recess
was visualized in the majority of examined cases and
demonstrated varying degrees of pneumatization,
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Banacs pi3HMM CTyneHeM BUpPaXeHOCTi MHeBMaTu3aauii,

spatial organization, and relationships with the dento-

ocobnmBocTAMM MpPOCTOPOBOI opraHisauii Ta BapiaH-  alveolar structures of the maxilla.
Tamy B3aEMOBIOHOLLEHHS i3 3y60oanbBeoNnspHUMU CTPYK-

Typamu BepXHbOI Lwenenu (tabn. 1).

Tabnuua 1. Po3nogin MopdponoriYHnx TUniB anbBeonspHOi ByXTu BEPXHbLOLLENENHOI Nasyxu
Table 1. Distribution of morphological types of the maxillary sinus alveolar recess

MopchonoriuHMiA TUN Kinbkictb / Number Bincotok / Percent

Morphological Type n %
Cnabko BupaxeHuit / Weak 74 14,8
[MNomipHo BupaxeHun Moderate 238 47,6
munbokuii / Deep 121 24,2
CenTtoBaHuii / Septated 41 8,2
AcumeTpuynnin / Asymmetric 26 5,2
Ycboro / Total 500 100,0

lMpumimka:

[oCTOBIpHICTb BiAMIHHOCTEN MiXX rpynamMm oLuiHIOBanu npu KPUTUHHOMY piBHI 3HavyLocTi p < 0,05.
Note:

Differences were considered statistically significant at p < 0.05.

Y T1abn. 1 BigobpaxeHo posnogin MopdOonoriYHnx
TUNIB anbBeonsaApHoi OyxTW BEepXHbOLLENenHoi nasyxu
cepeg pocnigkeHux ocib. Hahuacrtiwe BusiBngascs
MOMIPHO BUPaXeHWn TuM, SKuiA cTtaHoBuB 47,6% YycCix
cnoctepexeHb. Piglwe syctpivanucsa rnmbokun (24,2%),
cnabo Bupaxenun (14,8%), centoBaHu (8,2%) Ta acu-
MeTpunyHUn (5,2%) Tvnu, WO CBIAYNTL MPO 3HAYHY MOp-
donoriyHy BapiabenbHicTe 6yaoBu anbBeonsapHoi ByxTu.

Ha puc. 2 rpadiyHo npeacTtaeneHo posnogin mop-
donoriyHnux TuniB anbBeonspHoi Oyxtu. BisyanbHui
aHani3 niaTeepaXye AOMiHYBaHHS MOMIPHO BUPaXXEHOro
TMNY Ta 3HAYHO MEHLLY MNOLWMPEHICTb CEenToBaHOro
" acMMEeTPUYHOro BapiaHTiB 6ygosu.

The distribution of morphological types of the maxil-
lary sinus alveolar recess among the examined indivi-
duals is presented in Table 1. The moderate type was the
most common, accounting for 47.6% of all observations.
The deep (24.2%), weakly expressed (14.8%), septa-
ted (8.2%), and asymmetrical (5.2%) types were
observed less frequently, indicating substantial radio-
graphic morphometric variability of the alveolar recess.

Figure 2 graphically illustrates the distribution of
morphological types of the alveolar recess. Visual
analysis confirms the predominance of the moderate
type and the considerably lower prevalence of sep-
tated and asymmetrical variants.

Poxnogin Mopponori4HiE THRIE 30bBeONAPHOI EY:-:‘I'I-'I
Distribution of morphological types of the maxillary sinus alveolar recess
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Puc. 2. YacTtoTa BusiBNeHHs MopdponoriyHmnx TUMiB anbBeossipHOi ByXTU BEPXHBbOLLENENHOT Nasyxu cepes 06cTexeHux ocid
Fig. 2. Frequency distribution of morphological types of the maxillary sinus alveolar recess in the study population

3a pesynsratamm MopdonoriyHoro aHanisy 6yno
BMAINEHO AeKinbka OCHOBHMX BapiaHTiB OyaoBu anbBeo-
nsipHoi ByxTn BepxHboLLenenHoi nadyxu (puc. 3)

Based on the morphological analysis, several prin-
cipal variants of the maxillary sinus alveolar recess
were identified (Fig. 3).
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Puc. 3. PeHTreHoMopdomMeTpuryHi BapiaHT 6y[oBM anbBeonspHoi 6yxTy BepXHbOLLENenHoi nasyxu 3a 4aHUMU KOMIT IoTEPHOI
Tomorpadii: A — cnabo BupaxxeHuin TUN anbBeonsipHoi ByxTu; B — NOMipHO BUpaXkeHW TUN anbBeonspHOi ByxTu;

C — munbokuii TMn anbBeonsapHoi ByxTu; D — acumeTpuyHmin TMN anbBeonsipHoi 6yxTu; E — centanbHuin Tun (KT-3pi3n BUKOHaHO
y NPOEKLIii NPeMONSPHO-MONAPHOT AiNSHKN BEPXHBOI Leneny, Wwo 3abesneyye onTumarbHy Bidyani3auito anbBeonspHoi OyxTu
BEpPXHbOLLEeNnenHoi nasyxu Ta il B3aEMOBiAHOLLUEHHS i3 3y60anbBeonspHNUMMN CTPYKTypamu)

Fig. 3. Radiographic morphometric variants of the maxillary sinus alveolar recess based on computed tomography data: A — Weak
alveolar recess type; B — Moderate alveolar recess type; C — Deep alveolar recess type; D — Asymmetrical alveolar recess type;
E — Septated type (CT sections were obtained in the premolar—-molar region of the maxilla, providing optimal visualization
of the maxillary sinus alveolar recess and its anatomical relationship with the dentoalveolar structures_

Y vacTtnHu gocnigxkeHux ocib crnoctepiranacs cnato
BMpaXeHa anbBeornsipHa byxTa i3 BigHOCHO PiBHUM OHOM
nasyxv Ta He3HaYyHUM MOLIMPEHHSAM MHeBMaTusadil
y HanpsiMKy anbBeOofsipHOro BigpocTka. Y GinbLliocTi BuU-
nagkiB BM3HA4YaBCA MOMIPHO BUMPaXEHWUIN TUM, Npu SKOMY
OHO nasyxu oopMyBarno YiTKe 3arnmMbrneHHst Mk KOpeHsi-
MW NpemonsipiB Ta Monsapis. [MUOoKMA TMN anbBeONSIPHOT
OyXTW XapaKTepu3yBaBCS 3HAYHWM HWDKHIM MOLUMPEH-
HAM NHeBMaTu3auii Ta TICHUM NPURSraHHAM gHa nasyxu
[0 BEPXiBOK KOpeHiB 3ybiB. Y HU3Li BUNagkiB BUABNANM-
Csl BHYTPILUHbONA3YLLUHI KiCTKOBI CenTW, SKi 3MiHOBanu
dopMy Ta KoHdpirypauito ansBeonsipHoi 6yxTu.

MopdoMeTpuyHMIA aHani3 nokasas, WO HanbinbL
BMpaxxeHa MHeBMaTu3alia cnocTepiranaca B AinNsHui
nepLmnx Ta Apyrux mMonspis BepxHboi wenenu. Mpu upo-
My B OKpEMWX BuMagkax BEPXiBKM KOpPEeHiB Monsipi 6es-
nocepefHbO Mpunsrany 4o AHa nasyxu abo 4acTKOBO
BMUCTYNanu y ii NPOCBIT, L0 CYNPOBOAKYBanocs 3Ha4YHNM
CTOHLLUEHHSIM KICTKOBOI TKaHWHW AHa BepXHbOLLENnenHoi
nasyxu. Y p[insHUi npemonspis anbBeonspHa OyxTa,
SIK npaBuno, 6yna MeHLW rnMboKo Ta xapakTepu3yBa-
nacsi GinbLLUOK TOBLLMHOKW KiCTKOBOT MNAACTUHKM MiX KO-
peHsimMu 3y6iB i MOPOXHUHOK Nasyxu.

Ak BMOgHO i3 Tabn. 2, cepegHst rmMubuHa anbBeo-
nspHoi 6yxtu craHoeuna 7,90 + 3,00 mm, wupuHa —

In some individuals, a weakly expressed alveolar
recess with a relatively flat sinus floor and minimal
extension of pneumatization toward the alveolar process
was observed. In most cases, a moderate type was
identified, characterized by a distinct depression of the
sinus floor between the roots of premolars and molars.
The deep type was characterized by marked inferior
extension of pneumatization and close approximation
of the sinus floor to the apices of the tooth roots. In se-
veral cases, intrasinus bony septa were identified, resul-
ting in alterations of the shape and configuration of
the alveolar recess.

Morphometric analysis demonstrated that the most
pronounced pneumatization occurred in the region
of the first and second maxillary molars. In some cases,
the root apices of molars were in direct contact with the
sinus floor or partially protruded into the sinus cavity,
accompanied by significant thinning of the bony sinus
floor. In the premolar region, the alveolar recess was
generally less deep and characterized by a greater
thickness of the bony plate separating the tooth roots
from the sinus cauvity.

As shown in Table 2, the mean depth of the alveo-
lar recess was 7.90 + 3.00 mm, the mean width was
18.31 £+ 412 mm, and the mean thickness of the
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18,31 + 4,12 MM, a TOBLUMHA KICTKOBOI TKaHWHW OHa
BepXxHboLlenenHoi nasyxum — 2,12 + 1,06 mm. OTpumaHi
pesynbTati ceig4aTb NPO 3HA4Hy iHAMBIQYyanbHY MiH-
NMBICTb JOCNIAXYyBaHNUX MOPPOMETPUYHMX NapameTpiB.

sinus floor bone was 2.12 + 1.06 mm. These findings
indicate substantial individual variability in the evalu-
ated morphometric parameters.

Tabnuusa 2. OCHOBHI MOPdOMETPUYHI XapaKTEPUCTUKN anbBeONAPHOI ByXTN BEPXHbOLLENENHOI Nasyxu
Table 2. Main morphometric characteristics of the maxillary sinus alveolar recess

Mokasnuk / Indicator M £ SD M.iH.iMyM Maxqwmym
Minimum | Maximum
munbuHa anbBeonspHoi 6yxtn, mm / Alveolar recess depth, mm 7,90 + 3,00 2,1 14,6
LLinprHa anbBeonsipHoi 6yxtu, Mm / Alveolar recess width, mm 18,31 £4,12 10,0 28,6
ToBLUMHa KICTKOBOI TKaHVHK AHa na3yxu, MM / Bone thickness of the maxillary sinus floor, mm| 2,12 + 1,06 0,3 51

Ha puc. 4 HaBegeHo cepefgHi 3Ha4YeHHs1 MUOUHK
anbBeonsipHoi OyxTW 3anexHo Big MopdonoriyHoro
Tuny. Hambinblwa rmubuHa xapakTepHa Ans rnmMbokoro
TMNY, ToAdi $K HaWMeHLWi 3HayeHHs crocTepiranucs
npu cnabo BupaxeHomy Tuni. Lle nigTBepmkye gouinb-
HICTb 3anponoHOBaHOrO0 MOPONOriYHOro NoAiny Ta Moro
BignoBiaHicTb MopdoMeTprMYHMM ocobnMBOCTAM Aochia-
XKYBaHOI CTPYKTYpMW.

Figure 4 presents the mean depth values of the
alveolar recess according to morphological type.
The greatest depth was observed in the deep type,
whereas the lowest values were recorded in the weakly
expressed type. These findings support the validity of
the proposed Radiographic morphometric classifi-
cation and its correspondence to the morphometric
characteristics of the studied structure.

CepefHs FUBAHA ANLELONAPHOT BYXTI JANEMHO BIO MORDONGrIMHOND Ty
Mean alveolar recess depth according to morphological type
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Puc. 4. CepegHi 3HaueHHsi MUBUHM anbBeoNspHOi ByXTN BEPXHBbOLLENENHOT Nasyxu 3anexHo Big MmopdonoriyHoro Tuny (M + SD)
Fig. 4. Mean values of maxillary sinus alveolar recess depth according to morphological type (M + SD)

Mig yac aHanisy cumeTpuyHocTi 6ynoBM BCTaHOB-
NEHO, WO Y 3HAYHOI KiNbKOCTI gocnigkeHux ocib dopma
Ta rmubuHa anbBeonsdpHoi OyxTu npaBoi Ta niBoi
BEPXHbOLUENenHUxX nasyx BigpisHAnucsa. AcumeTpisa npo-
ABNSAnacs pisHMM CTyneHeMm nHeBmaTtu3adii, HeogHako-
BOK MMMNOMHOIO anbBeONSIPHOrO BUMWHAHHA Ta Bapia-
6enbHICTI0 B3aEMOBIAHOLLEHD i3 KOpeHAMU 3y6iB.

MpoBegeHe TpuBMMIpHE  MoOAEmNOBaHHS  O03BO-
nuno petanisyBaTtu MNpOCTOPOBY OpraHisauilo anbBeo-
nspHoi ByxTn Ta BidyanidyBaTu iHAMBIOyanbHi peHTreHo-

MOpPGOMETPUYHI  BapiaHTu i 6ypoBu. BukopucTaHHA
3D-peKoHCTPYKUii  Aano  MOXNuMBICTb  Ginbly  TOYHO
OUiHNTM  0CcOONMBOCTI  MHEBMAaTM3aLii  BepXHbOLLe-

NenHoi nasyxu, HasiBHICTb CEenT Ta XxapaKTep B3aEMO-
BiOHOWEHHSA anbBeonsipHoi OyxTn i3 3yboanbBeonsp-
HUMW CTPYKTYpamm.

Analysis of bilateral symmetry demonstrated that,
in a considerable proportion of individuals, the shape
and depth of the alveolar recess differed between the
right and left maxillary sinuses. The observed asymmetry
was manifested by differences in the degree of pneuma-
tization, the depth of alveolar extension, and the anato-
mical relationships with the roots of the maxillary teeth.

Three-dimensional modeling enabled detailed
assessment of the spatial organization of the alveolar
recess and visualization of individual morphological
variants. The use of 3D reconstruction provided more
accurate evaluation of maxillary sinus pneumatization,
the presence of septa, and the relationships between
the alveolar recess and dentoalveolar structures.

The obtained results demonstrate considerable
individual variability in the morphology of the maxillary
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OTpumaHi pesynbTaTi cBig4aTb MNPO 3HaYHy iHAW-
BigyanbHy MiHMUBICTb OyaoBM anbBeonsipHOi  ByxTu
BepXHbOLlenenHoi nasyxv Ta MNiATBEpAXYKTb 1i Bax-
nuMBe 3HayeHHs1 y popMyBaHHi Tonorpado-aHaToMi4YHNX
B32EMOBIAHOLEHb MK BEPXHbOLLENENHOK Ma3yxoH
Ta 3yboLLenenHMmM anapaToM BEPXHLOI LLenenu.

Y T1abn. 3 HaBegeHo MopdOMETPUYUHI XapakTepuc-
TUKM anbBeonspHoi OyxTu 3anexHo Bia Mopdonoriy-
Horo Tuny. Hambinbli 3Ha4YeHHs MUOUHKM Ta LWIMPUHU
Oynu xapakTepHi Anst mMubokoro Tuny anbBeonsipHOl
oyxm (11,74 mm T1a 23,35 MM BignoBigHo), Todi sk
MiHIManbHi  NOKasHWKM cnocTepiranucsa npu  crnabo
BUpaxeHomy Tuni (3,44 mm Ta 12,76 MM BignoBsigHO).
BoaHouac ToBLUMHA KiCTKOBOI TKAHWHM AHa Na3yxu mana
3BOPOTHY TeHAeHLUilo Ta Gyna HawbGinbwotw npu cnabo
BUpaxeHoMmy Tuni (3,79 MM) i HanmeHLWwow npu rmubo-
komy T1ni (0,92 mm).

sinus alveolar recess and confirm its important role in the
formation of topographic and anatomical relationships
between the maxillary sinus and the dentoalveolar
complex of the maxilla.

Table 3 presents the morphometric characteristics
of the alveolar recess according to morphological type.
The greatest depth and width values were observed
in the deep type (11.74 mm and 23.35 mm, respec-
tively), whereas the lowest values were recorded
in the weakly expressed type (3.44 mm and 12.76 mm,
respectively). Conversely, the thickness of the sinus
floor bone demonstrated the opposite trend, being
greatest in the weakly expressed type (3.79 mm) and
lowest in the deep type (0.92 mm).

Ta6nuusa 3. MopdoMeTpuyHi xapaKTepUCTUKN anbBeonspHoi ByxTu 3anexHo Bia MopdonoriYHoro Tuny
Table 3. Morphometric parameters of the maxillary sinus alveolar recess according to morphological type

mubuna / Depth | LupuHa / Width | ToBwimHa kicTkoBoi TkaHuHK / Bone thickness

Mopdonoriynnin Tmn / Morphological type

MM / mm MM / mm MM / mm
Cna6o Bupaxenuii / Weak 3,44 +0,55 12,76 3,2 3,79 +0,33
MomipHo BupaxeHun / Moderate 7,06 +1,91 17,24 £2.8 2,27 +0,64
mubokuii / Deep 11,74 £2.3 23,35 4,3 0,92 +0.12
CenTtoBaHuit / Septated 9,09 +1.1 19,76 5,1 1,73 £0.35
AcumeTpuyHun / Asymmetric 8,47 £2,11 18,21 £3,1 2,24 £11

lNMpumimku:

po3noAdin ycix KinbKiCHMX MOKa3HWKIB Bigpi3HABCS BiA HopmanbHoro (kputepin Lanipo—Yinka, p < 0,001). Ans nopiBHAHHS

MopdhororiYyHnX TuniB 3actocoBaHo kputepin Kpackena—Yonmica

(H = 398,32; p < 0,001). KopensiuiiHuii aHani3

NPOAEMOHCTPYBaB CUMbHUWA MO3UTUBHUIA 3B’A30K MK MMMOMHOK Ta LUMPUHOI anbBeonspHoi Oyxtu (Pearson: r = 0,744,

R?=0,501; p < 0,001; Spearman: p = 0,752; p < 0,001).
Notes:

the distribution of all continuous variables significantly deviated from normality according to the Shapiro-Wilk test (all p < 0.001).
Differences among morphological types were assessed using the Kruskal-Wallis test (H = 398.32, p < 0.001). Correlation

analysis demonstrated a strong positive association between alveolar recess depth and width (Pearson: r =

R?=0.501, p < 0.001; Spearman: p = 0.752, p < 0.001).

KopensauiiHun aHania 3a [lipcoHOM nNpogeMOoHCT-
pyBaB CUNbHWIA MiHIMHWA B3aEMO3B’A30K MiXK rMMOUHOI
Ta WWpuHOW anbBeonspHoi OGyxtn (r = 0,744,
Rz = 0,501; p < 0,001). OTtpumaHi pesynsratn Gynu
nigTBepaXeHi kopensuiiHuM aHanidom 3a CnipmeHoM
(p = 0,752; p < 0,001), wWo cBigYMTb NPO CUNBHUN
NO3UTUBHUA MOHOTOHHUA 3B'SI30K MK  JOCRigXyBa-
H/MW MOPHOMETPUYHUMY NapameTpamm (puc. 5).

BusaBneHo CTaTUCTMYHO 3Haudylli BiOAMIHHOCTI rnn-
OuHM anbBeonapHOi ByxTn MK M’ATbMa MOPOMOoriy-
HuMm Tunamu (kputepi Kpackena—Yonnica: H = 398,3;
p < 0,001). MNMonapHuit post hoc aHania NPoAEeMOHCT-
pyBaB CTaTUCTUYHO 3HauyLli BIiOMIHHOCTI Mavxe Mk
ycima rpynamu, Togi K MiXX CentoBaHWM Ta acumeTpuy-
HAM MOPAONOriYHUMN TUMAMU CTATUCTUYHO 3HaYYLLMX
BigMiHHOCTeN He BusaBneHo (p = 0,378).

0.744,

Pearson correlation analysis demonstrated a strong
linear relationship between alveolar recess depth
and width (r = 0.744, R? = 0.501, p < 0.001). This relation-
ship was confirmed by Spearman rank correlation
analysis (p = 0.752, p < 0.001), indicating a strong
positive monotonic association between the two morpho-
metric parameters.

A statistically significant difference in alveolar recess
depth among the five morphological types was obser-
ved (Kruskal-Wallis H = 398.3, p < 0.001). Pairwise
post hoc analysis demonstrated significant differen-
ces between almost all groups, whereas no statistically
significant difference was found between the septated
and asymmetric types (p = 0.378)
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Fig. 5. Correlation between the depth and width of the maxillary sinus alveolar recess

OBrOBOPEHHSA

Pesynbtatv OocCnigXeHHs NiaTBepAXyloTb 3HAYHY
MopdoonoriyHy  BapiabenbHiCTb  anbBeonsipHoi  ByxTu
BepXHbOLLENenHoi nasyxm Ta csigyaTb Npo i BaXnuBy
pornb y dopMyBaHHi Tonorpado-aHaTOMi4HMX B3aeMO-
BiJHOLWEHb MiX BEpPXHbOLLENEenHow nasyxot Ta 3ybo-
anbBeONSAPHMM anapaToM BEPXHbOI wenenn. OTpumaHi
PEHTreHOMOPOMETPUYHI BapiaHTM MaloTb Pi3HE NOTEH-
UiiHe KniHiYyHe 3HayeHHs. Mubokuin TN anbBeonsipHOl
OyxT! xapakTepusyBaBCsi MiHIMarnbHOK TOBLLMHOK KiCT-
KOBOI TKaHWHW Ta HaWbinbl TiCHUM pO3TallyBaHHAM
KOpeHiB 3y6iB, LIO MOTEHUINHO MOXe YyCKnagHBaTu
BMKOHAHHSA iMANaHTauii Ta CuHyC-nidTUHry. HasBHIiCTb
CENTOBaHOrO TUMY TaKOX CIif BpaxoByBaTW Npu nna-
HyBaHHi ONepaTUBHWUX BTPYy4aHb Y 3B'SI3KY 3 MOXIMBUMU
TEXHIYHUMM TpyOHOLLAMM.

BctaHoBneHo, wWo Hanbinbw nowmnpeHumMm Mopdo-
NOriYHUM BapiaHTOM € MOMIPHO BUPaXEHUI TUN anbBeo-
nsipHOi OyxTW, Todi SIK CEenToBaHWNA Ta acMMETPUYHUIA
TMNKU 3ycTpivaloTbCs 3HayHo pigwe. OTpuMmaHi  gaHi
cBigyaTb MNpo nepeBaxaHHs i3ionoriyHMx BapiaHTiB
nHeBMaTm3alii BepxHbOLLEeNnenHoi nasyxvu npu 36epe-
XEHHI 3HayHoro piBHA iHOMBIQyanbHOI aHaTOMIu-
HOI MiHNNBOCTI.

lMpoBegeHe [OCNIAXEHHS € MOrMYHMM MNPOAOBXKEH-
HSM Halux nonepegHix pobiT, NpUCBAYEHMX aHanisy
B32EMOBIHOLLEHb MiXX BEPXHbOLLENENHO Na3syxoto
Ta 3ybamu BepxHboi wenenu [15, 16]. Akwo paHiwe
OCHOBHa yBara npuainsanacs ouiHui BigcTaHen Mix
BepxiBkamMW KopeHiB 3ybiB i AHOM Masyxu Ta BUBYEHHIO
X KNiHIYHOro 3HaYeHHs, TO B AaHOMY JOCigXKeHHi 6yno
CyTTEBO 36inblUeHO BMBIpKY CNOCTEPEXEHb, PO3LLUMPEHO
nepenik MOP(OMETPUYHUX NapameTpiB Ta Bheplle

DISCUSSION

The obtained results confirm the considerable
morphological variability of the maxillary sinus alveolar
recess and demonstrate its important role in the forma-
tion of topographic and anatomical relationships
between the maxillary sinus and the dentoalveolar
structures of the upper jaw. The identified radiographic
morphometric variants may have different clinical
implications. The deep alveolar recess type was charac-
terized by the smallest thickness of the sinus floor bone
and the closest anatomical relationship to the roots
of the maxillary teeth, which may increase the technical
complexity of dental implantation and maxillary sinus
floor elevation procedures. Likewise, the septated
type should be taken into account during surgical
planning because the presence of intrasinus septa may
complicate surgical access and increase the risk of
intraoperative complications.

The moderate type of alveolar recess was found
to be the most common morphological variant,
whereas the septated and asymmetrical types were
observed considerably less frequently. These findings
indicate the predominance of physiological patterns
of maxillary sinus pneumatization while maintaining
a substantial degree of individual anatomical variability.

The present study represents a logical continuation
of our previous investigations focused on the relation-
ships between the maxillary sinus and the maxillary
dentition [15, 16]. While earlier studies primarily assessed
the distances between tooth root apices and the sinus
floor and evaluated their clinical significance, the current
investigation substantially increased the sample size,
expanded the range of morphometric parameters, and,
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NpoBedEeHO  KOMMMEKCHYy  Tumi3auilo  anbBeonsipHol
OyxTn BepxHbowlenenHoi nasyxu. Lle pgossonuno
po3rnagatn anbBeonsipHy OyxTy He nulle sik YacTUHY
OHa nas3yxu, a $SK OKPEMY aHaTOMiYHy CTPYKTypy
3i cneundiyHMMn MopdOoNoriYHMMKM Ta MopdoMeTpUY-
HUMMK 0COBNMNBOCTAMM.

BusasneHe gomiHyBaHHS MOMIPHO BUpaXKeHOro Tuny
anbBeOnsipHOi OyXTW Y3romKyeTbCa 3 pe3ynbratamu
pocnigxeHb Shahidi Ta cniBaBT.,, ki NPOAEMOHCTPY-
BanuM 3Ha4yHy pPI3HOMaHITHICTb aHaTOMIYHMX BapiaHTiB
BEPXHbOLLENENHOI  Masyxv 3a [JaHUMWU  KOHYCHO-
NPoOMeHeBOI KOMM'tOTEPHOI Tomorpadii Ta nigkpecnunm
HeoOXxigHiCTb iHAMBIQyanbHOI ouiHkM OGyaoBKM CUHYyca
nepeq CTomMaTtomnoriyHMMu BTpyyYaHHsMu [17]. MoaibHi
BMCHOBKM Oynu oTpumaHi Takox Lin Ta cniBaBTt., ski
3anpornoHyBanu Knacudikauilo KOHTYpPIiB BepXHbOLLe-
nenHoi nas3yxu Ta nokasanu, LWo MopdonoriYHi ocob-
NMBOCTI CUHyca MatoTb 6e3nocepegHe KriHiYHe 3Ha-
YeHHs nig Yac nnaHyBaHHSA XipypriyuHux npoueayp [18].

3 KnMiHIYHOT TOYKM 30py 3anpornoHoBaHa Mopdoro-
riyHa Knacudikauis MoXe BUKOPUCTOBYBATUCA — SIK
OOMOMDKHUI  IHCTPYMEHT  CTaHAapTM30BaHOMo  onucy
aHaTOMiYHMX OCOBNUBOCTEN BEPXHLOLLENENHOI MNasyxu
nig 4Yac aHanisy KT. Lle moxe nonerwmnTtn KOMyHikaLito
MK nikapsiMu-peHTreHornoramu, cromartosnioramu, Lue-
NEenHO-NMLEBUMM XipypraMu Ta OTOPUHONAaPUHIONOramu.

Ocob6nuBuiA iHTEPEC CTaHOBMSATL pe3ynsratv Mopgo-
METPUYHOrO aHanisy. BcTaHoBneHo, wWwo HanbinbLi
3HaYEeHHs1 MUOMHN Ta LWMPUHM XapakTepHi Ans rnmbo-
KOro Tuny anbBeonsipHoi OyxTu, Toai sk npu cnabo
BMpaXXeHOMY TuNi CrnocTepiraloTbCA MiHiManbHi Nokas-
HUKM 3a3HadyeHux napameTpiB. [logibHi BUCHOBKK
HaBedeHi i B cyyacHomy ornsgi Tashkandi Ta cnisasr.,
SIKi MigKpPecnoTb, WO iHAMBIAyanbHI aHaTOMIYHI 0Co6-
NMBOCTI BEPXHbOLLENENHOT Na3yxu NOBMHHI 0OOB’'sI3KOBO
BpaxoByBaTUCSA MNpu BUOOPi METOOAUKU CUHYC-MICOTUHTY
Ta nnaHyBaHHi imnnaHTauii [19]. BogHoyac TOBLWMHA
KICTKOBOI TKaHWHW [HA Na3yxu LOEeMOHCTPYe MpoTu-
NexHy TeHAeHUilo Ta 3MeHWyeTbes 3i 36inbLUeHHs M
rmmbuHn Byxtn. OTpuMMaHi pesynsTaTh  Y3romKylTbCs
i3 Cy4acHMMW YSIBNEHHSMWM MNP0 Mpouecu MnHeBMaTu-
3auii BepxHboLlenenHoi nasyxu Ta nigTBEpPOXYHTb,
WO CTyniHb PO3BUTKY anbBeEONsIpHOro pelecycy 6es-
nocepegHbO BMIMBAE Ha aHATOMIYHI  B3aEMOBIQHO-
LWEeHHS i3 3yboanbBeonsipHuMu cTpyktypamu [20].

Takum 4YMHOM, Hainbinblue 3HaAYeHHs 3 MpaKTUYHOT
TOYKM 30pYy CTAHOBUTL MMMOOKMIA MOPAONOrivYHUA TUM,
OCKiMbKM caMe BiH XapakTepu3yBaBCs MiHiMarnbHO
TOBLUMHOK KICTKOBOI TKaHMHM AHa nasyxu. [logiGHi
aHaTOMiYHi 0COGNMBOCTI MOXYTb MiABULLYBATU PU3NK
nepdopadii mem6panu LLHangepa npu cUHYC-MidOTUHTY,
a Takox 36inbLuyBaTV NMOBIPHICTb OLOHTONEHHOrO NOLUK-
PEeHHs iHeKLii.

Pesynbtat  gocnifjkeHHss TakoX NigTBEPOXKYIOTb
paHi Estrela ta cnisaet. [21] i lliescu Ta cniBaBT. [22],
SKi BCTQHOBWUMW TICHUA B3aEMO3B’A30K MDK CTyrneHem
nHeBMaTM3alii BepxHboLLenenHoi na3yxu Tta O6nu3b-
KiICTIO BEpXiBOK KOPEHIiB npemonsapis i monspis go ii
OHa. Y HawoMmy [OoChiMKEHHI HaWBINbLL BUPaXeHi 3MiHN
cnocrtepiranuca came npu MubokoMy Tuni anbBeo-
nspHOT ByxTu, KON Big3Ha4anocsi MakcumarnbHe Habnu-
XKEHHs1 nasyxu [o 3yboanbBeonsipHOro  KOMIMIEKCY.
Taki aHaToMmi4Hi 0CcOGNMMBOCTI MOXYTb CTBOpPHOBATU
nepegymMoBu AMsi MOLUMPEHHS OO4OHTOreHHUX iHGEKLUIN,
hopMyBaHHs OOOHTOrEHHUX PUHOCUHYCUTIB Ta pO3-
BUTKY nicrnsionepauinHnx ycknagHeHb.

for the first time, performed a comprehensive classi-
fication of the maxillary sinus alveolar recess.
This approach allowed the alveolar recess to be
considered not merely as a component of the sinus
floor but as a distinct anatomical structure with specific
morphological and morphometric characteristics.

The predominance of the moderate alveolar recess
type is consistent with the findings of Shahidi et al.,,
who demonstrated considerable diversity in the anato-
mical variations of the maxillary sinus using cone-beam
computed tomography and emphasized the importance
of individualized assessment of sinus anatomy before
dental procedures [17]. Similar conclusions were repor-
ted by Lin et al., who proposed a classification of
maxillary sinus contours and demonstrated the
clinical significance of sinus morphological variations
in surgical planning [18].

From a clinical perspective, the proposed adiographic
morphometric classification may serve as an auxiliary
tool for the standardized description of maxillary sinus
anatomy on computed tomography. Its implementation
may facilitate communication among radiologists,
dentists, maxillofacial surgeons, and otorhinolaryn-
gologists during diagnostic evaluation and treat-
ment planning.

Particular interest is associated with the morpho-
metric findings. The greatest depth and width values
were observed in the deep alveolar recess type,
whereas the lowest values were recorded in the weakly
expressed type. These findings are consistent with
the recent review by Tashkandi et al., who emphasized
that individual anatomical characteristics of the maxil-
lary sinus should always be considered when selecting
the appropriate sinus floor elevation technique and
planning dental implantation [19]. In contrast, the
thickness of the sinus floor bone showed an opposite
tendency, decreasing with increasing recess depth.
These findings are consistent with current concepts
of maxillary sinus pneumatization and confirm that
the degree of alveolar recess development directly
influences its anatomical relationships with dento-
alveolar structures [20].

From a practical standpoint, the deep morphological
type appears to be the most clinically relevant because
it is associated with the smallest thickness of the
maxillary sinus floor bone. Such anatomical charac-
teristics may increase the risk of Schneiderian
membrane perforation during sinus floor elevation
procedures and facilitate the spread of odontogenic
infections into the maxillary sinus.

The results of the present study also support the
observations of Estrela et al. [21] and lliescu et al. [22],
who demonstrated a close relationship between the
degree of maxillary sinus pneumatization and the proxi-
mity of premolar and molar root apices to the sinus
floor. In our study, the most pronounced anatomical
changes were observed in the deep alveolar recess
type, where the sinus showed the closest approxi-
mation to the dentoalveolar complex. Such anatomical
characteristics may facilitate the spread of odonto-
genic infections, contribute to the development of
odontogenic rhinosinusitis, and increase the risk of
postoperative complications.

The positive correlation identified between alveolar
recess depth and width indicates the interdepen-
dence of the processes responsible for its spatial
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BusiBneHa no3auTuMBHaA KOpensuis MK rmMuouHoo
Ta LMPWMHOK anbBeonsipHoi OyxTW cBigYMTL Npo
B32EMOINOB’A3aHICTb MNpoLeciB opMyBaHHA ii NpocTo-
poOBOi opraHisauii. 36inblIeHHss ogHOro napameTpa cy-
NPOBOAXKYETLCS 3POCTAHHSAM (HLIOMO, WO Moxe OyTn
HacnigkoM CniNbHUX MeXaHi3MiB pO3BUTKY Ta NHeBMa-
TM3auii BepxHboLlenenHoi nasyxu. Hackinbkn Ham
BioomMo, nogibHa KinbkiCHA OUiHKA B3aEMO3B’'sI3KY
MK OCHOBHMMW MapamMeTpamy anbBeonsipHoi OyxTu
paHille npakTUYHO He BUCBITMOBanaca y crneuianiso-
BaHii niTepatypi. BcTaHoBneHe 3MEHLIEHHS TOBLUUHU
KICTKOBOI TKaHWHW Npu rMMGOKOMY TuMi anbBeonsipHol
OyXTM Ma€e BaXnUBE MpaKTUYHE 3HAYEHHS, OCKIMbKU
TOBLLMHA KICTKOBUX CTIHOK BEpXHbOLLEnenHoi nasyxu €
O[HUM i3 YMHHUKIB, LLO BPaxOBYKTbCA MiA4 4ac nnaHy-
BaHHS naTepanbHOro [AOCTYNy MpU  CUHYC-MiCOTUHTY.
Xova y paHoMy [OCrigXeHHi He aHanisyBanucsa pe-
3ynesTaTM OnepaTtMBHUX BTpyYaHb, OTpuMMaHi Mopdo-
METPUYHI aaHi MoxXyTb OyTu BMKOpUCTaHi nig 4Yac
nepegonepauiiHoi OuiHKM aHaTOMi4YHMX ocoGnMBOCTEN
BEPXHbOLLENENHOI Nasyxu.

Okpemoi yBaru 3acryroBytoTb BUMAOKM CENTOBAHOIO
TNy anbBeonspHoi OyxTn. HasiBHICTb BHYTPILLHBO-
nasylHUX CenT po3rMsSAaeTbCa SK OAMH i3 HanbinbLu
3HaYyLWmMX aKTopiB, WO YCKNAAHIOWTb BUKOHAHHS
CUHYC-MIPTMHIY Ta iHWMWX PEKOHCTPYKTUBHWUX BTPy4YaHb
y AinsHui BepxHbowlenenHoi nasyxu [23]. MogibHi Bu-
CHOBKM HaBoasTbecst y poboTax Bernardi Ta cniBaBrT. [24],
a Takox Aldahlawi Ta cniBaBT. [25], dki Big3Hauanu
CYyTTEBMWN BMMAMB CENT Ha CKMagHIiCTb XipypriyHoro
Joctyny Ta puauk nepdopadii mem6paHu LHaigepa.
AHanoriyHi BWCHOBKM HaBegeHi Vinci Ta cniBaBT.,
AKi Yy CydacHOMYy oOrnsagi nokasanu, WO HasBHICTb
BHYTPILLUHBOMA3YLUHMX CEeNT, BMpaxeHa NHeBMaTu3alis
Ta iHWi aHaToMiYyHi 0cobnuBOCTI BepXHbOLLENenHoi
nasyxv HamnexaTb [0 OCHOBHUX YMHHUKIB, SKi MiaBK-
WYTb PU3MK iHTpaonepauiHux ycknagHeHb, Hacam-
nepen nepdopauii membpann LWHanpepa [26]. Busie-
NEHHs1 Takux BapiaHTiB OydoBM Ha JgoonepauinHomy
eTani Mae BaxNMBe MpPaKTUYHE 3HaYeHHs Ans Bubopy
ONTUMAanbHOI XipypriYHOT TaKTUKK.

BogHoyac xovemo 3a3HauuTh, WO nNpeacTaBneHa
y Xxodi [ocnifjkeHHs Knacudikauis He npeTteHaye
Ha 3aMiHy iCHYKOUMX KMiHIYHWX anropuTMIB NraHyBaHHA
iMnnaHTauii, ogHaK MOXe BWKOPUCTOBYBAaTUCH SK [O0O-
OaTKoBMI MOPEOSOriYHUI KPUTEPIA OLIHKM aHATOMIYHMX
0Cco6nMBOCTEN BEPXHLOLLENENHOT Nasyxu.

KniHiuHa 3HauyLlicTb OTpMMaHuX pesynbraTiB nia-
TBEPOXKYETLCA TaKOX AaHWUMW CUCTEMATUYHWUX OrmMsiais
Shah T1a cnigaeT. i Kim Ta cnieaBT. [27, 28], ki noka-
3anu, WO aHaToMiYHi 0coGNMBOCTI BEepPXHbOLLENEenHoi
nasyxvu € OAHUM i3 KIHOYOBUX UMHHUKIB YCMILLUHOCTI
JeHTanbHOI iMNnaHTauii Ta po3BMTKY nicnsionepawiiHux
ycknagHeHb. PeHTreHOMOpdOMeTpuYHi BapiaHTU arnb-
BEONAPHOi OYXTW, BCTAHOBMNEHI Y AAHOMY AOCHiIXEHHI,
MOXyTb OyTW BUKOpWUCTaHi AK [oAaTKoBi  KpuTepil
nig yac nepepgonepauinHoro nnaHyBaHHS iMnnaHTawii,
CUHYC-NIPTUHIY Ta €eHOOCKOMiYHMX BTpydaHb. [aHi,
OoTpUMaHi  IHCTpyMeHTaneHUMK  MeTodamu  gocnig-
KEHHS, CYyTTEBO BNNMBAIOTb Ha ycnix nikyBaHHs [29, 30],
0cobnMBo MaTomnoriYyHMX MNpoLeciB POTOBOI MOPOXHUHM
3 iX LWMpOKUM pisHosugom [31].

Takum 4mHOM, pesynbTaTv AOCNIMKEHHS CBigyaThb,
Wo anbBeonsipHa OyxTa BEepXHbOLLENenHoi nasyxu €
CaMOCTIHOIO aHaTOMIYHOK CTPYKTYpPOK 3i 3Ha4HOW

development. An increase in one parameter was
accompanied by an increase in the other, which may
reflect common developmental and pneumatization
mechanisms of the maxillary sinus. To the best of our
knowledge, a quantitative assessment of the relation-
ship between the principal morphometric parameters
of the alveolar recess has rarely been addressed in the
available literature. The observed reduction in sinus
floor bone thickness in the deep morphological type
is also clinically relevant because the thickness of
the bony sinus walls represents one of the anatomical
factors considered during planning of the lateral
window approach for sinus floor elevation. Although
surgical outcomes were not evaluated in the present
study, the obtained morphometric data may contribute
to more accurate preoperative assessment of indivi-
dual anatomical characteristics.

Special attention should be paid to cases of the
septated alveolar recess type. The presence of intra-
sinus septa is considered one of the most significant
factors complicating sinus floor elevation procedures
and other reconstructive interventions involving the
maxillary sinus [23]. Similar conclusions were reported
by Bernardi et al. [24] and Aldahlawi et al. [25], who
emphasized the substantial influence of septa on
surgical complexity and the risk of Schneiderian
membrane perforation [26]. Identification of such
anatomical variants during preoperative assessment
is of considerable practical importance for selecting
the optimal surgical strategy.

Comparable conclusions were reported by Vinci et al.,
who demonstrated that intrasinus septa, extensive
sinus pneumatization, and other anatomical charac-
teristics of the maxillary sinus are among the principal
factors associated with an increased risk of intraope-
rative complications, particularly Schneiderian mem-
brane perforation. Therefore, identification of these
anatomical variants during preoperative imaging is
of considerable practical importance for selecting
the optimal surgical approach.

It should be emphasized that the proposed classi-
fication is not intended to replace existing clinical
algorithms for implant treatment planning. Rather,
it should be considered an additional morphological
criterion that may complement radiological assessment
of the maxillary sinus and improve individualized
preoperative planning.

The clinical significance of the present findings is
further supported by the systematic reviews of Shah
et al. and Kim et al. [27, 28], which demonstrated that
anatomical characteristics of the maxillary sinus repre-
sent one of the key determinants of successful den-
tal implantation and the occurrence of postoperative
complications. The radiographic morphometric variants
of the alveolar recess identified in this study may
therefore serve as additional criteria during preoperative
planning of dental implantation, sinus floor augmen-
tation, and endoscopic procedures. Data obtained
by instrumental research methods significantly affect
the success of treatment [29, 30], especially pathological
processes of the oral cavity with their wide variety [31].

Thus, the results of this study indicate that the
maxillary sinus alveolar recess represents an indepen-
dent anatomical structure characterized by consi-
derable morphological and morphometric variability.
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MOPQOSOriYHOK Ta MOPCOMETPUYHOK  MIHAMBICTIO.
3anponoHoBaHa knacudikauis Ta OTpMMaHi  KinbKiCHi
XapakTepUCTUKN NOrnmMbniolTe Cy4vacHi YsIBNEHHS Npo
aHaToMIil0 HWXHIX BigAiNiB BepXHbOLLEnenHoi nasyxu
Ta MOXyTb OyTM BMKOpPUCTaHi [ANs YOOCKOHASIEHHS
JiarHocTukn, nepegonepauinHoro nnaHyBaHHs | npo-
hinakTUKN OQOHTOrEHHUX YCKNagHEHb.

BUCHOBKMU

MynbetucnipanbHa Komm'loTepHa Tomorpadisi npo-
OEMOHCTpyBarna 3HayHy PeHTreHOMOP(OMETPUYHY Ba-
piabenbHIiCTb  anbBeONsIPHOI BYXTU BEPXHLOLLENENHOI
nasyxu. Haibinblw nowupeHMM BUABMBCA MOMIPHO
BUpaxeHui Ttun (47,6%), Tomi Ak rmmnbokui, cnabko
BUPaXEHWA, CenToBaHWW Ta acCUMETPUYHUW  TUNK
3ycTpivanucs pigLue.

CepenHi MOPOMETPUYHI NMOKA3HWKU anbBeEONSAPHOI
OyxTn ctaHoBunu: munbuHa — 7,90 £ 3,00 MM, WwnpuHa —
18,31 + 4,12 MM, TOBWMHA KICTKOBOI TKaHWUHM [Ha
BepxHboLenenHoi nasyxu — 2,12 + 1,06 mm. OTpumaHi
OaHi csigyaTe MpPO 3HayHy iHAMBIQYyanbHY MIHNUBICTb
JocnigpKyBaHUX napameTpiB.

Hanbinbwi 3Ha4YeHHA rMMOMHM Ta LUMPUHM Xapak-
TepHi ana rmubokoro MOopEONOoriyHOro TUMNy anbBeo-
napHoi ByxTn, Todi gk crnabo BMpaXeHWI TUM XxapakTte-
pU3YETLCS HaWMEHWNMU MOPOMETPUYHUMU MOKa3HU-
kamu. MNpn 36inblEHHI MMBMHM ByxTN crnocTepiraeTbes
TEHAEHUA 00 3MEHLUEHHS TOBLUMHM KiCTKOBOI TKaHWHW
OHa nasyxw.

BcTaHOBNEHO MO3WMTUBHUI  KOPENSUiNHWIA  3B’A30K
MK FMMOMHOK Ta LUMPUMHOKO arbBeONSAPHOI OyxTu, Lo
CBigUMTb MpPO B3AEMONMOB’SI3aHICTb npoueciB  opmy-
BaHHA 1i NPOCTOPOBOI oOpraHizauii Ta nHeBmartu3auii
BEPXHbOLLENENHOT Nasyxu.

BukopuctaHHa MynbTUChipanbHOi KOMM'HOTEPHOI TO-
Morpadii y noegHaHHi 3 TPMBUMIPHOI PEKOHCTPYKLIEH
OO3BOMsiE [OeTanbHO OuiHBaTM MoOpdonoriYHi  0cob-
NIMBOCTI anbBeonsipHOi OyxTu, BUSBNSATU iHOUBIOQyanbHi
aHaToMiYHi BapiaHTK ii OygoBu Ta nigBullyBatn edbek-
TUMBHICTb MepeonepauiiHoro nnaHyBaHHS CTOMaro-
NOriYHMX, OTOPUHOMAPWHIOMNONYHMX |  LUienenHo-nuue-
BVX BTPYYaHb.

3anponoHoBaHa peHTreHoOMOopOMETpMYHa Kracudi-
Kauis anbBeonspHoi OyxTn BepXHbOLLENenHoi nasyxu
Moxe OyTu BMKOpMCTaHa ANs CTaHgapTusauii onucy i
aHaTOMiYHUX BapiaHTiB Ta noganblmx MopgomeTpuy-
HUX | KNiHIYHWX OOCNiOKEHb.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Ciftci R., Tasdemir R., Cihan O.F. Anatomical Evaluation of the
Alveolar Antral Artery in the Turkish Population: A Cone-Beam
Computed Tomography Study. Cureus. 2023. Vol. 15, Ne 8. P. e44163.
DOI: https://doi.org/10.7759/cureus.44163

2. lwanaga J., Wilson C., Lachkar S., Tomaszewski K.A., Walocha J.A.,
Tubbs R.S. Clinical anatomy of the maxillary sinus: application to
sinus floor augmentation. Anatomy & Cell Biology. 2019. Vol. 52, Ne 1.
P. 17-24. DOI: https://doi.org/10.5115/acb.2019.52.1.17

3. Sarilita E., Muhammad R.M., Nugraha H.G., Murniati N., Yusuf H.Y.,
Takeshita Y., et al. Anatomical relationship between maxillary
posterior teeth and the maxillary sinus in an Indonesian population:
a CT scan study. BMC Oral Health. 2024. Vol. 24, Ne 1. P. 1014.
DOI: https://doi.org/10.1186/s12903-024-04783-9

4. Madi M. Maxillary sinus morphometry and root-sinus proximity in the
posterior maxilla: a CBCT study. The Saudi Dental Journal. 2026.
Vol. 38, Ne 6. P. 81. DOI: https://doi.org/10.1007/s44445-026-00198-0

The proposed classification and the obtained quan-
titative data contribute to a more comprehensive under-
standing of the anatomy of the inferior portions
of the maxillary sinus and may be useful for improving
diagnostic procedures, preoperative planning, and
the prevention of odontogenic complications.

CONCLUSIONS

Multislice computed tomography demonstrated
substantial radiographic morphometric variability of the
maxillary sinus alveolar recess. The moderate type
was the most prevalent (47.6%), whereas the deep,
weakly expressed, septated, and asymmetrical types
were less frequent.

The mean morphometric parameters of the alveolar
recess were as follows: depth — 7.90 + 3.00 mm, width —
18.31 £ 4.12 mm, and maxillary sinus floor bone thick-
ness — 2.12 = 1.06 mm. These findings indicate sub-
stantial individual variability of the studied parameters.

The greatest depth and width values were observed
in the deep morphological type, whereas the weakly
expressed type demonstrated the smallest morpho-
metric measurements. Increasing alveolar recess depth
was associated with a tendency toward reduced sinus
floor bone thickness.

A positive correlation was identified between alveolar
recess depth and width, indicating an interrelationship
between the processes of spatial development of the
alveolar recess and maxillary sinus pneumatization.

The use of multislice computed tomography combined
with three-dimensional reconstruction enables detailed
assessment of alveolar recess morphology, identifi-
cation of individual anatomical variants, and improve-
ment of preoperative planning in dentistry, otorhinolaryn-
gology, and maxillofacial surgery.

The proposed radiographic morphometric classifica-
tion of the maxillary sinus alveolar recess may be useful
for standardizing the description of its anatomical variants
and for future morphometric and clinical investigations.
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OBMeXEHHA AOCAIAXKEHHS

MpenctaBneHe [oOCnigXEHHS Mae MNeBHi OOMEeXeHHsl, ki
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nonynsuii. Kpim Toro, y po6oTi He npoBoAMBCSH OKpeMui
aHani3 BikoBUX Ta cTaTeBux ocobnuneocTeint mopdororii anbBeo-
napHoi ByxTn, Wo Moxe OyTW NepcneKkTUBHWM HanpsiMKoM
noganbLUMX JOCHimKEeHb.

BukopuctaHHa  MynsTUCHipanbHOi  KOMM'toTepHOi Tomorpadii
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ofHaK He [03BOISiE MOBHOK MipOK OLIHUTMK TCTOMNOrYHI 0Cco6-
NMBOCTI KICTKOBOI TKaHWHW Ta Crnm3oBOi OBGOMOHKU BEpPXHbO-
wienenHoi nasyxu. Y [OCNIMKEHHI TakoX He aHanidyBanucs
yHKUIOHanNbHUA CcTaH cnuM3oBOi 0BOMOHKM Mna3yxu, ocobnu-
BOCTi MyKOLMNiapHOro TPaHCMOPTY Ta HasiBHICTb CyOKMiHiY-
HUX 3ananbHUX 3MiH, $SKi MNOTEHUINHO MOXYTb BMNUBATK
Ha npouecu nHeBmaTu3saLii.

Kpim TOro, pgocnimkeHHs Mano BWKIIOYHO MOPEOMOriYHUIA
Xxapaktep i He nepepbayano NpPoBEOEHHsI KNiHIYHOTO 06cCTe-
XKEHHS1 MauieHTIB, OUiIHKM pe3ynbTaTiB XipypriYHOro nikyBaHHS
4n KNiHiYHOI Banigauii 3anpornoHoBaHOI MOPEONOrivyHOI Knacu-
dikauii. OTpumaHi pesynstatv cnig posrmnsgatv sk mopdo-
NOriYyHy OCHOBY AMsi NoganbLlUNX KMiHIYHUX OCNIMKEHb, CNPSIMO-
BaHUX Ha OUIHKY MOXINMBOCTEN BUKOPUCTAHHS 3arnporoHo-
BaHOi  knacudikauii nig 4ac nnaHyBaHHSA  OeHTanbHOI
iMAnaHTauii, CMHYC-NiPTUHIY Ta IHWKX ONepaTUBHUX BTPyYaHb
y AiNSHUi BepXHbOLLENenHoi nasyxu.
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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.

The present study has several limitations that should be consi-
dered when interpreting the obtained results. First, the study
has a retrospective design and is based on the analysis of
archived multislice computed tomography (MSCT) data, which
does not allow assessment of temporal changes in the morpho-
logical characteristics of the maxillary sinus alveolar recess.
Although the study included a relatively large sample size of
500 CT scans, all examinations were obtained from a single
population group, which may limit the generalizability of the
findings to other ethnic and geographic populations. In addition,
age- and sex-related differences in the morphology of the
alveolar recess were not analyzed separately and therefore
remain a subject for future investigation.

Multislice computed tomography provides highly accurate
morphometric measurements; however, it does not allow
comprehensive evaluation of the histological characteristics
of the bone tissue and maxillary sinus mucosa. Furthermore,
the present study did not assess the functional status of the
sinus mucosa, mucociliary clearance, or subclinical inflamma-
tory changes, all of which may potentially influence the pneuma-
tization process and the morphology of the alveolar recess.
Future studies should focus on age-, sex-, and ethnicity-related
anatomical variations of the maxillary sinus alveolar recess
and integrate morphometric findings with clinical, dental, and
functional characteristics of the maxillary sinus. The application
of cone-beam computed tomography (CBCT), automated
segmentation techniques, and advanced three-dimensional
modeling may facilitate the development of predictive models
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Mopanbli AocnigXeHHs1 AOUiNbHO CNpsiMyBaTU Ha BUBYEHHS
BiKOBUMX, CTaTEBUX Ta ETHIYHMX ocobrnmeocTen BynoBu anbBeo-
napHoi ByxTu, iHTErpauito MOpOMETPUYHMX NMOKA3HWMKIB i3 Kli-
HIYHUMK, CTOMATOMOMYHUMKU Ta (YHKLIOHANbHUMKN XapakTe-
pucTvkamn BepXHbOLLENEenHOi nasyxu, a TakoX KhiHiYHy
Banigauilo 3anponoHoBaHoi MopdonorivyHoi knacudikauii y naui-
€HTIB, SIKUM NNaHyeTbCA NPOBEAEHHS AeHTanbHOI iMnnaHTauii,
CUHYC-NipTUHIY abo PEKOHCTPYKTUBHUX BTpyyaHb. [lepcnek-
TUBHUM € TaKOX BWKOPUCTAHHSI KOHYCHO-MPOMEHEBOI KOMM'to-
TepHOi ToMmorpadii, MeToAiB aBTOMaTW30BaHOI cermeHTauii
Ta TPMBUMIPHOrO MOZEMIOBAHHS A1 CTBOPEHHS MPOrHOCTUYHUX
Mozenen iHauBiAyanbHOi aHaToMiYHOI BapiabenbHOCTI anbBeo-
NAPHOI BYXTU BEPXHBLOLLENENHOT Nasyxu.

nepCI'IeKTMBM NOAGABbLUMX AOCAIAXEHD

MepcnekTMBHUM HaNPSIMKOM nofdanblunx OOCHiMKEHb € Nornub-
nieHe BUBYEHHS1 BiKOBMX, CTaTeBUX Ta ETHIYHUX ocobnueocTein
Mopdonorii  anbBeonsipHoi ByxTn BepXHbOLLENENHoi nasyxu.
OouinbHMM € NpoBEeAEHHs]  MYNbTULEHTPOBUX  AOCHIOAXEHb
i3 3any4yeHHsIM GinNbLUOT KiMbKOCTI CMNOCTEpPEXEHb AN YTOuY-
HEHHs1 MOLUMPEHOCTI Pi3HMX MOPMONOriYHMX TUNiB Ta iX
MOPOMETPUYHMX XapaKTepPUCTUK.

OkpeMo cnig 3a3HauYuTU HeoOXigHIiCTb  KMiHiYHOT  Banigauii
3anponoHoBaHoOi MopdonoriyHoi  Knacudikauii 3 ouiHKow i
NPaKkTUYHOTO 3HaYeHHs Mnig 4Yac nepegonepauiiHOro nnaHy-
BaHHS AeHTanbHOI iMnnaHTauii, CUHyC-NiTUHry Ta iHLWKX onepa-
TUBHUX BTPYYaHb Y AiNSHLUi BepXHbOLLENEenHol nasyxu.
Ocobnueuin iHTepec CTaHOBWUTb AOCHIAKEHHS B3aEMO3B’'sI3KY
MiXX MOpPEOMOriYHNMM 0COBNMBOCTAMM anbBeONsipHOi ByxTw,
CTyneHeM nNHeBMaTu3auii BepxHbOLUernenHoi nasyxv Ta pusu-
KOM PpO3BUTKY OAOHTOFEHHWX 3axBOPKOBaHb i nicrsionepauin-
HWUX YycknagHeHb. [lepCneKkTUBHUM € TaKoX BUKOPUCTaHHSI
MeTOAiB aBTOMaTN30BaHOI cerMeHTaLii, TPMBUMIPHOro Mogento-
BaHHS Ta LUTYYHOrO iHTENEeKTy Ans CTBOPEeHHs iHAuBigyaniso-
BaHUX MPOrHOCTMYHMX MoAernel aHaToMiYHOI BapiabGernbHOCTi
BepxHbollenenHoi nasyxu. OTpumaHi pesynbratu  MOXYTb
OyTM BMKOpWUCTaHI Ans YOOCKOHANeHHs nepegonepawiiHoro
nnaHyBaHHs CTOMAaTONOriYHMX, OTOPUHONAPUHIONOFYHUX
Ta LWenenHo-nuuUeBNX BTPYYaHb.
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PO3KPUTTS KOH(NIKTY iHTEepeciB MixxHapoaHOro KOMITETY pefak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors), ska AocTynHa 3a nocunaHHAM:
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ABTOpU pyKOMMCY CBiAOMO 3acBiAYYlOTb BiACYTHICTb (haKTU4-
Horo abo MOTEHLINHOrO KOHAMIKTY iHTepeciB Woao pesynbraTis
uiei pobotn 3 dapmaLeBTUYHUMM KOMMNaHIAMK, BMPOGHMKaMu
6iomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisMu, Yni NPoAyKTK,
nocnyrn abo diHaHcoBa MiATPMMKa MOXYTb OyTW MOB’A3aHi
3 MNpeaMeToM HagaHux Matepianie abo ski cnoHcopysBanu
npoBefeHe AocnigXeHHA. ABTOpM He oOTpuMyBanun diHaH-
COBOI NigTPMMKM abo iHWMX BWUrod, WO Mormu 6 BAMAMHYTM
Ha 06’eKTUBHICTb AaHoi poboTu.

AOTpMMOHHﬂ €TUYHUX HOPM

[ocnigpkeHHss npoBedeHO BIiAMOBIOHO OO €TUYHMX CTaH4apTiB
lenbciHCcbkoi  geknapadii  BcecBiTHbOI  MeguyHOi  acouiauii
(1964 p., 3 noganbwuMMK 3MiHamu) Ta NpuHUMNIB HanexHoi
KniHiyHoi  npaktukn (GCP). BukopucTaHo pPeTPOCNEKTUBHI
KT-paHi 6e3 ineHtudikauii ocobu nauienTis. MNpoTtokon gocnia-
KeHHsi cxBaneHo Kowmicieto 3 nuTaHb eTukn Ta BioeTuku
MeanyHoro dpakynsteTy XapKiBCbKOro HauioHanbHOro Meamud-
HOro yHiBepcuTeTy (BuTAr i3 npotokony Ne 5 Big 8.11. 2018 p.).

of individual anatomical variability of the alveolar recess
and improve preoperative planning in dental and maxillo-
facial surgery.

Prospects for further research

Future studies should focus on the detailed investigation
of age-, sex-, and ethnicity-related variations in the morpho-
logy of the maxillary sinus alveolar recess. Multicenter studies
involving larger sample sizes are required to further clarify
the prevalence of different morphological types and their
morphometric characteristics.

Particular attention should be paid to the relationship bet-
ween alveolar recess morphology, the degree of maxillary
sinus pneumatization, and the risk of odontogenic diseases
and postoperative complications. The application of automated
segmentation techniques, three-dimensional modeling, and
artificial intelligence represents a promising approach for
developing individualized predictive models of anatomical
variability of the maxillary sinus. Such investigations may con-
tribute to improving preoperative planning and optimizing
outcomes of dental, otorhinolaryngological, and maxillofacial
surgical procedures.
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BUKOPUCTAHHSA LUTY4HOTO iHTEAEKTY

ABTOpPW pyKoONuCy CBIJQOMO 3acBigyyloTb, WO Y Mpoueci
NpoBefEeHHA [AOCHIMKEHHS Ta MiAroTOBKM LbOro  PyKomnucy
He BMWKOPWCTOBYBanM >XOAHWX iHCTPyMeHTIB abo cepsiciB
reHepaT1BHOIO LUTYYHOTO IHTEMNEKTY AN BUKOHAHHSA Oyab-skux
3aBAaHb, nepeniyeHnx y TakCOHOMIi AeneryBaHHs 3aBAaHb
reHepaTMBHOMY LITY4HOMY iHTenekTy «GAIDeT» (Generative
Artificial Intelligence Delegation Taxonomy, 2025 p.).

Yci etanu pobotu — Big KoHuUenTyanisauii Ao diHanbHoro
peparyBaHHs — BUKOHaHi 6e3 3any4yeHHs reHepaTUBHOrO
LUTYYHOTO iHTEMNEeKTY, BUKMIOYHO aBTOpaMu.

MepBuHHI AaHi Ta MaTepiaAn

Y po6oTi BMKOPWCTaHO pe3ymnbTaTh BRACHOrO PeTPOCMEKTUB-
Horo aHanisdy cnipansHux KT-gocnigxeHb nauieHTiB. [NepBUHHI
OaHi 36epiratoTbCa B apxiBi JOCMIAHULBKOI TPynuM Ta MOXYTb
6yTM HapgaHi 3a O06rpyHTOBaHMM 3anuTtoM OO aBTopa-
KopecrnoHAeHTa 3 ypaxyBaHHSAM €TUYHUX | NPaBOBUX HOPM.
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