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Abstract

INTRODUCTION. Balance between the floor of the maxillary sinus (MS) and the maxillary molars roots is of
clinical significance. In cases where the root ends are located inside the sinuses, or very close to the bottom
of the maxillary sinus, tooth extraction, apical surgery and some conservative endodontic manipulations can
lead to a number of complications: perforation of the maxillary sinus floor, formation of an oroantral fistula,
extrusion of a tooth root fragment into the maxillary sinus.

AIM. To conduct a systematic review of original research studies on the anatomical variations of maxillary
molar roots and their spatial relationship to the maxillary sinus.

MATERIALS AND METHODS. A systematic review of scientific articles and original studies included in
international and domestic databases was conducted using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta Analyses) checklist.

RESULTS. 46 articles containing data from randomized controlled clinical trials, longitudinal, and cohort
studies were selected for screening. 28 references were submitted, of which 5 were excluded due to high risk
of bias. As aresult, 23 studies were included in the systematic review.

RESULTS. There are three main categories of interactions between the maxillary molars and the maxillary
sinus floor: type 1 — the root apices do not reach the maxillary sinus; type 2 — the maxillary sinus floor contacts
the root apex; type 3 — the root apex enters the maxillary sinus cavity. The most common type of relationship
between the upper molar roots and the maxillary sinus is type 1. The smallest distance was determined from
the buccal root apices of the second molars to the maxillary sinus floor (0.8+2.5 mm). The volume of the
maxillary sinus depended on age and increased until the age of 20, and then gradually decreased.
CONCLUSIONS. The data contained in the analyzed studies can be of significant help to dentists in planning
surgical and endodontic interventions on the molars of the upper jaw, which will prevent serious complica-
tions associated with the anatomical features of correlation of root apices of the lateral teeth group and the
maxillary sinus.
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Pe3lome

BBEAEHWME. CooTHOLWeEHNE Mexay AHOM BEPXHEYentoCTHoM nadyxu (BYI) n BepxyLuKkaMn KOpHen Monapos
BEPXHEN YENIOCTU MEET KIIMHNYECKYIO 3HAYMMOCTb. B cryyasx pacnonoxeHus BepXyLUeK KOPHE BHYTPU CH-
HYCOB, W11 NPY O4€Hb BNIM3KOM MX pacnonoxeHuu k aHy BYM, ynaneHue 3y60B, anvkanbHas XMpyprust u Heko-
TOpblE KOHCEPBATVBHbIE HAOO0HTUYECKME MAHUMYASLUM MOTYT NPUBECTU K PSAY OCIOXHEHUR: nepdopaumm
[Ha raiMopoBoli Nasyxu, 06pa3oBaHe OPOAHTPANLHOIO CBULLLA, BbITANKMBAHME OTIOMKA KOPHS 3y6a B BYIM.
LLEJTb UCCNEOOBAHUA. CuctemaTtmyeckmnii 0630p AaHHbIX OpUrMHabHbIX MCCeQ0BaHU O BapUaHTHOMN
aHaTOMMN KOPHEN MONSIPOB BEPXHEN YENIOCTU 1 UX PACMONOXEHNSI OTHOCUTENBHO BEPXHEYEIOCTHOWN Nasyxu.
MATEPWAJIbl N METObI. B xone paboTbl 6611 NPOBEAEH CMCTEMATUYECKMIA 0630P HAaYYHbIX CTaTel n opu-
rMHaNbHbIX UCCNEeA0BaHWIA, BKJIKOYEHHbIX B MEXAYHAPOAHbLIE N OTEYECTBEHHbIE Ba3bl AaHHbIX C MPUMEHEHNEM
yek-nucta PRISMA (The Preferred Reporting ltems for Systematic Reviews and Meta Analyses).
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PE3YJIbTATbI. [ina ckpuHuHra 6ui10 0To6paHo 46 ctatei, coaepXallimx AaHHble PaHOAOMU3UPOBAHHbBIX KOH-
TPONMPYEMBbIX KIIMHUYECKUX NCCEO0BAHUIN, NPOOOSbHbBIX, KOFOPTHBLIX UCCNEeaoBaHui. JNsa oueHKn aKkcnep-
TaMm ObI1I0 NPEANIOXEHO 28 MCTOYHMKOB, N3 KOTOPbIX 5 6bINIM OTCESHbI MO NPUYMHE BBICOKOrO pUcka cucTemMa-
Tudeckon owmndbkun. B ntore, B cuctematnyeckumin 063op 6b110 BKIOHEHO 23 UccrenoBaHus.

PE3YNbTATbI. CyLiecTBYIOT TPU OCHOBHbIE KATErOPUN B3aMMOOTHOLLEHUI MEXAY MONSipaMn BEPXHEN Yento-
CTW 1 IHOM FraiiMOpPOBOI Na3dyxu: TMN 1 — BepXyLUKM KOPHel He gocturatoT BYIM; Tmn 2 — aHo BYI koHTakTUpy-
€T C BEPXYLUKOW KOPHS; TN 3 — BepxyLLKa KOPHSA BXOAUT B nonocTb BYIM. Hanbonee pacnpocTpaHeHHbIM Tu-
MOM B3aMMOOTHOLLEHUI MEXOY KOPHAMN BEPXHUX MonsipoB 1 BYI aenseTtca tmn 1. HaumeHbLluee paccTosHne
Onpeaensinioch OT BEPXYLUEK LLLEYHbIX KOPHEN BTOPbIX MOASPOB A0 AHa BYIM (0,8 £2,5 mm). O6bem ranMopoBoi
nasyxu 3aBMCceN OT BO3pacTa 1 yBennymnsasncs oo 20-neTHero Bo3pacTa, a 3aTem NOCTENEHHO yMEHbLUAJICS.
BbIBObl. laHHble, coaepxalimecs B NpoaHann3npoBaHHbIX HAaMN UCCNeA0BaHNSAX, MOT'YT OKa3aTb 3HAYNUTESb-
HYIO MOMOLLb Bpa4YaM-CTOMATOJI0ram npu niaaHMpOBaHUN XUPYPrMYECKNX N QHOOAOHTUYECKUX BMELLATENLCTB
Ha MOfIApax BepPXHEen YenCTr, YTO NO3BONNT NPEAOTBPATUTL CEPbE3HbIE OCIOXHEHNS, CBA3aHHbIE C aHAaTOMU-
4eCKMMM 0COOEHHOCTAMN COOTHOLLIEHWS arnekCoB KOPHEel 60KOBOW rpynbl 3y60B 1 raiiMOPOBOM Na3yxu.

KnioueBbie cnoBa: KOMNbOTEPHAs TOMorpadus, BepxHeyeniocTHasa nadyxa (BYI), ranmoposa nasyxa, Mo-
NSpbl, KOPHN MONSIPOB.

UHdopmauuna o ctaTbe: noctynuna — 18.02.2025; ucnpasneHa — 01.04.2025; npunata — 14.04.2025
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: GHAHCUPOBAHME U HANBMOYaANbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtnposanua: OnpasuH A.C., 3bikoBa A.C., Kyapssues T.A., KyabmuHa J1.H., fanuesa A.C. BapunaHThl
aHaTOMMYECKOro CTPOEHUSI MONISIPOB BEPXHEN YENOCTN OTHOCUTENIbHO BEPXHEYENIOCTHOM nadyxu. CucTe-
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INTRODUCTION

The relationship between the floor of the maxil-
lary sinus (MS) and the apices of maxillary molar roots
has significant clinical relevance in the diagnosis and
planning of endodontic treatment, implant place-
ment, tooth extraction, and other dental procedures.
In cases of infection of the periodontal ligament and
periapical tissues of the maxillary molars, bacteria
and their toxins can spread to the maxillary sinus, lea-
ding to inflammation of the sinus [1; 2]. This outcome
is often associated not only with the infectious pro-
cess but also with the anatomical structure of the si-
nus floor in relation to the roots of the posterior maxil-
lary teeth [3].

When the root apices are located within the sinus or
are in very close proximity to the sinus floor, tooth ex-
traction, apical surgery, and certain conservative endo-
dontic procedures can result in various complications,
including perforation of the sinus floor, formation of an
oroantral fistula, displacement of root fragments into
the sinus cavity, and extrusion of infected debris or fill-
ing material during root canal treatment.

Therefore, accurate assessment of the anatomical
relationship between the maxillary sinus and the roots
of the posterior maxillary teeth is of critical importance
in clinical practice, particularly for the planning of endo-
dontic and surgical dental interventions in this anatomi-
cal region [4].

Panoramic radiography is the most commonly used
diagnostic method for evaluating the proximity of maxil-
lary molar roots to the sinus; however, it does not pro-
vide precise information about topographic relation-
ships [5; 6]. The most accurate data regarding the posi-
tion of the maxillary molar root apices in relation to the
sinus floor can be obtained only through the analysis
of multiplanar sections from cone-beam computed to-
mography (CBCT) scans [7; 8].

AIM

A systematic review of original research data on the
variant anatomy of maxillary molar roots and their spa-
tial relationship to the maxillary sinus.

MATERIALS AND METHODS

A systematic review of scientific articles and original
studies indexed in international and national databases
was conducted using the PRISMA (Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses)
checklist for systematic reviews and meta-analyses.

Search Strategy

Open-access sources from databases such as
Medline, Embase, PubMed, Cochrane Library, Google
Scholar, and eLIBRARY.RU were used as the metho-
dological basis for this review, focusing on studies
addressing the anatomical variations of maxillary mo-
lar roots in relation to the maxillary sinus. The search
was conducted using combinations of the following
keywords and their synonyms, alongside controlled
vocabulary terms: computed tomography, maxillary
sinus (MS), genyantrum, molars, molar roots. Only stu-
dies with full-text availability published since 2014
were included.

The primary research question was: Are there sci-
entifically validated data on the anatomical patterns of
maxillary molar root structure in relation to the maxil-
lary sinus?

Inclusion Criteria

The systematic review included published ran-
domized controlled trials (RCTs), longitudinal, and co-
hort studies. All selected studies were required to be
based on data obtained from the analysis of multipla-
nar sections using cone-beam computed tomography
(CBCT) (Table 1).
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Table 1. Criteria for inclusion of studies
in the systematic review

Ta6nuua 1. Kputepun BKJIOYEHUSA NCCIea0BaHUIN
B cucTemaTun4eckmii o63op

0630pbl / Reviews

Evaluation criteria Selection criteria

Publication type Original research

Research topic Classification of the anatomical posi-
tioning of maxillary molar roots in rela-

tion to the sinus floor

Randomized controlled clinical trials
(RCTs)

Nature of the study

Specifics of the study | Only studies based on cone-beam com-
puted tomography (CBCT) data analysis
and those with representative samples
were included

Publication language |Russian or English

Table 2. Assessment of the risk of systematic error
in studies investigating variations in the anatomical
structure of maxillary molars in relation to the
maxillary sinus

Tabnuua 2. OugHka pycka cucTemaTnyeckomn
OLWNBKWN B UCCJIeA0BAHMAX, N3YYaIOLLNX BAPUAHTbI
aHaTOMUYECKOr0 CTPOEHUSA MOJIAPOB BEPXHEWN
4eJIICTM OTHOCUTENIbHO BEPXHEYENIOCTHOM Nnasyxu

Assessment of the risk of bias
in the study

Author, year Selection Systematic

bias during | Detection | bias in the

sample bias preparation

inclusion of results
Talo Yildirim T., 2021 low low low
Peid., 2020 low low low
Goyal S.N., 2020 low low low
GuY., 2018 low low low
Zhang v.Q., 2019 low low low
Abdulghani E.A., 2022 low low low
Regnstrand T., 2021 low low low
Aldahlawi S., 2023 low low low
Deporter D., 2021 low low low
Zhang X., 2019 low low low
EstrelaC., 2016 low low low
LopesL.J., 2016 low low low
Atallah H.N., 2023 low low low
Elsayed S.A., 2023 low low low
Yoshimine S., 2012 low low low
Ragab M.H., 2022 low low low
Abdulwahed A., 2023 low low low
Goller-Bulut D., 2015 low low low
AmaniR., 2023 low low low
Jung Y.H., 2020 low low low
RS.S.S., 2024 low low low
Razumova S.N., 2019 low low low
Vilkitskaya K.V., 2015 low low low

dHdodoHmus
————TLT

Exclusion Criteria
Studies that did not use CBCT analysis or had non-
representative samples were excluded.

Data Collection and Analysis

Due to the heterogeneity in the measures used for
qualitative and quantitative evaluation across studies,
a meta-analysis was not feasible. For cohort studies,
weighted mean differences, relative risks, or odds ratios
were compared where available.

Study Assessment

All selected articles were anonymized and assigned
individual identification numbers. Two independent ex-
perts assessed whether each study met the inclusion
criteria, followed by a third expert who validated the
findings. Studies that met the criteria according to all re-
viewers were included in the final analysis, and the data
were systematized accordingly.

Risk of Bias Assessment

Risk of bias was evaluated based on several criteria,
including calibration of methods and materials, sam-
pling principles, presence of randomization, and re-
porting of specific results. The Cochrane Risk of Bias
Tool was applied, and each risk was classified as “low”,
“high”, or “unclear” (Table 2).

RESULTS

During the keyword-based search process, a total of
5,674 articles were initially identified. After the removal
of duplicates across the databases, the number of ar-
ticles was reduced to 2,147. Of these, 46 articles were
selected for screening, as they included data from ran-
domized controlled trials (RCTs), longitudinal, and co-
hort studies.

A total of 18 articles were excluded due to failure to
meet the inclusion criteria. 28 sources were submitted
for expert evaluation, of which 5 were excluded due to a
high risk of bias.

As aresult, 23 studies were included in the final sys-
tematic review (Fig. 1).

DISCUSSION

A number of studies describe three main types of re-
lationships between the maxillary molars and the floor
of the maxillary sinus:

Type 1 - the root apices do not reach the sinus floor;

Type 2 - the sinus floor is in contact with the root
apex;

Type 3 — the root apex protrudes into the sinus
cavity [9].

The most common anatomical relationship between
the maxillary molar roots and the sinus floor is Type 1
[10-12].

The frequency of Type 3 positioning was observed in
41.0% of first molars and between 38.1% and 44.7% of
second molars.

Type 2 relationships were found in 46.3% of maxil-
lary second molars and in 34.8% of first molars [13].
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5,674 studies identified that met the search
criteria in the databases

v

2,147 records after duplicates removal

v

46 sources selected for screening according
to the inclusion criteria

v

46 publications passed screening

v

18 publications excluded for not meeting
the criteria

v

Identification '—P

Screening H

Eligibility —® 28 full-text articles assessed for eligibility
by experts
5 full-text articles excluded due to high risk
of systematic error
Inclusion ¥ 23 full-text articles assessed for eligibility

and included in the systematic review

Fig. 1. PRISMA flow chart — articles included in the review

Puc. 1. bnok cxema PRISMA — cTtaTtby, BKIIOYEHHbIE
B 0630p

Type 3 positioning was most frequently observed in
the palatalroots of maxillary first molars (24.8%) and in the
mesiobuccal roots of maxillary second molars (21.6%).
The frequency of Type 3 relationships decreased with
age, except for the palatal roots of the second molars.

Age was a significant factor influencing the average
distances from root apices to the sinus floor, while sex
had a minimal effect [14].

Tooth loss, number and position of roots were found
to influence makxillary sinus pneumatization; in particu-
lar, the distance between the apices of the second mo-
lars and the sinus floor decreased in the absence of
adjacent teeth [13].

These findings highlight the importance of care-
ful preoperative planning using cone-beam computed
tomography (CBCT) prior to endodontic or surgical in-
terventions in the posterior maxilla [16]. Such planning
helps prevent complications like sinus floor perforation
or the creation of oroantral communications.

The absolute distance between the molar root api-
ces and the sinus floor is of great clinical significance.
According to research, the mean distances from all root
apices to the sinus floor were less than 3 mm [17].

The shortest distance was observed between the
mesiobuccal root of the second maxillary molar and
the sinus floor (0.8 £2.5 mm), followed by the distobuc-
cal roots of the second molars (1.3£2.7 mm) and the
palatal roots of the first molars (1.4+3.4 mm) [18]. The
highest rate of sinus penetration and root intrusion was
seen in the mesiobuccal root of the second molar, with
a penetration rate of 37.65% [19].

Next in proximity to the sinus floor was the palatal
root of the first molar.
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No significant differences were found between the
right and left sides regarding the distance from the dis-
tal molar roots to the sinus floor [20].

According to a study by Elsayed S.A. et al., hyper-
pneumatization of the maxillary sinus was associated
with significant reductions in alveolar height and den-
sity. However, sinus pneumatization did not vary sig-
nificantly by sex. The most pronounced thinning of the
sinus floor was observed at the level of the root apices
of the first maxillary molars [21].

The prevalence of mucosal thickening in the sinus was:

- 21.4% in adolescents (<18 years);

—31.4% in young adults (19-25 years);

- 31.2% in adults (26-40 years);

—51.2% in middle-aged adults (41-60 years);

—33% in geriatric patients (>60 years), indicating
a positive correlation between mucosal thickness and
patient age [22].

In a study by AmaniR. et al., the normal volume of the
maxillary sinus was measured on axial multiplanar CT
sections. It was found that in individuals over 20 years
of age, the sinus volume ranged from 4.56 to 35.21 cm?.
The sinus volume increased up to the age of 20 and
gradually declined thereafter. No statistically significant
differences in sinus volume were found between pa-
tients with and without maxillary molars in the age group
of 50-79 years, indicating that secondary edentulism
does not significantly affect sinus volume [23].

0O630pbl / Reviews |

CONCLUSION

Thus, this systematic review confirms the hypothesis
of a scientifically validated pattern in the anatomical rela-
tionship between maxillary molars and the maxillary sinus.
Researchers distinguish three main types of relationships
between the sinus floor and the posterior tooth roots:

— Type 1 - the root apex lies below and beyond the
sinus floor;

— Type 2 - the sinus floor is in contact with the root
apex;

— Type 3 - the root apex protrudes into the sinus
cavity.

It is important to note that Type 3 is more frequently
associated with the relationship between the sinus floor
and the roots of first maxillary molars, whereas Type 2 is
more common for second molars. Several studies report
that the mean distance from root apices to the sinus floor
is less than 3 mm. An increased risk of sinus-related pa-
thology is associated with hyperpneumatized sinus types
and Type 3 root — sinus relationships. Age has a signifi-
cantimpact on the anatomical proximity of molar roots to
the sinus floor, while sex has only a minor influence.

The most accurate assessment of the position of
maxillary molar root apices relative to the sinus floor can
be obtained exclusively through the analysis of multipla-
nar cone-beam computed tomography (CBCT) scans.
The data compiled and analyzed in this review may be of
considerable clinical value to dental practitioners, aiding
in the planning of surgical and endodontic procedures on
maxillary molars and helping to prevent serious compli-
cations associated with the anatomical relationship be-
tween posterior tooth apices and the maxillary sinus.
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