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Abstract

AIM. To evaluate the prevalence of furcal portals in human molars using scanning electron microscopy
(SEM), as well as to analyze their morphological characteristics and potential associations with sex, age, and
anatomical localization.

MATERIALS AND METHODS. The study included 230 molars extracted from patients of both sexes for rea-
sons unrelated to the research. Samples were prepared following a standard protocol: fixation, dehydration,
sputter-coating with platinum, and visualization using a Vega3 TESCAN SEM. The following parameters were
assessed: presence of a furcal portal, its shape, localization, and the patient’s sex and age. Statistical analy-
sis included Pearson’s x? test, Student’s t-test, and one-way analysis of variance (ANOVA); significance level
was set at p<0.05.

RESULTS. Furcal portals were identified in 34 cases (14.8%). A statistically significant correlation was found
between patient age and presence of a portal (p=0.000043). The association with sex did not reach statistical
significance, although a tendency toward higher prevalence in males was observed.

The most common portal shape was round (44.1%), followed by oval (41.2%) and slit-like (14.7%). In most
cases, portals were localized in the center of the bifurcation (76.5%), less frequently in the center of the
trifurcation (23.5%). No significant associations between shape or localization and age were found (p=0.704
and p=0.681, respectively). By anatomical groups, the highest prevalence of portals was recorded in
mandibular first molars (47.1%), followed by mandibular second molars and maxillary first molars.
CONCLUSIONS. Furcal portals represent a stable morphological structure, more frequently observed in older
patients. The most common shape isround, and the predominant localization is in the center of the bifurcation.
Their prevalence varies across anatomical groups, with mandibular first molars showing the highest frequency.
These findings have practical implications for periodontic and endodontic treatment planning, underscoring
the importance of considering morphological features of the furcal region.
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Pesiome

LLENb. OueHnTb 4acToTy BCTPEYaeMOCTN GYypPKaALMOHHbBIX MOPTAJIOB B MOISIpax Yen0BeKa C MCMOJIb30BaHNEM
CKaHMpyloLLen anekTPoOHHOM Mukpockonun (COM), a Takxe npoaHanmampoBaTb X MOPGONOrnyeckme xa-
PaKkTEPUCTUKM U BOZMOXHbIE 32BMCMMOCTW OT NOJa, BO3pacTa U aHaTOMMYECKOM NoKannaaunm.
MATEPUAbI N METObI. B uccnepoaHue Bkato4eHbl 230 MOSISIPOB, M3BNEYEHHbIX Y NaLMeHTOB 060X Mo-
JIOB MO He CBAI3aHHbLIM C UccnegoBaHnemM nokasaHuam. O6pasubl ObIM NOATOTOBAEHbLI NO CTaHAAPTHOMY
npoTtokony: pukcaums, 06e3BoXMBaHNE, HAHECEHNE MPOBOASILLErO CNOS NAAaTUHbI U BU3yannaawumsi ¢ moMo-
wbto COM-mukpockona Vega3 TESCAN. OueHunBanmch cneayowme napameTpbl: Hanmdme dypkauMoHHOro
noprtana, ero popma, nokanndauus, a Takxe non v Bo3pacT naumeHTa. CTaTMCTMHeCKMN aHann3 BKOYan:

© Khabadze Z.S., Gasbanov M.A_, Ivina A A., Wehbe A., Glushchenko N.N., Dolzhikov N.A., 2025

Tom 23 N2 3/ 2025 ‘ Endodont(cs


https://doi.org/10.36377/ET-0122
https://orcid.org/0000-0002-7257-5503
https://orcid.org/0000-0002-0566-5242
https://orcid.org/0000-0001-8387-4413
https://orcid. org/0009-0009-5325-3793
https://orcid.org/0009-0001-4885-9960
https://orcid.org/0009-0006-3781-363X
https://doi.org/10.36377/ET-0122
https://orcid.org/0000-0002-7257-5503
https://orcid.org/0000-0002-0566-5242
https://orcid.org/0000-0001-8387-4413
https://orcid. org/0009-0009-5325-3793
https://orcid.org/0009-0001-4885-9960
https://orcid.org/0009-0006-3781-363X
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0122&domain=pdf&date_stamp=2025-09-05

488

X2-kpuTtepuii NMupcoHa, t-kputepuii CTblogeHTa 1 04HOPAKTOPHbIA ANCNEPCUOHHbIA aHann3 (ANOVA); ypo-
BeHb 3Ha4YumocTn — p<0,05.

PE3YJIbTATbI. ®ypkaumoHHbie nopTanbl 6b11v BbisiBneHbl B 34 cny4vasx (14,8%). YcTaHOBNEHA CTAaTUCTUYECKU
3Ha4YMmMas 3aBMCMMOCTb MexXy BO3pacToM nauueHTa n Hanndmem noptana (p=0,000043); cBsi3b C NOJIOM HE
[0CTUrna CTaTMCTUYECKON 3HAYMMOCTHM, O4HAKO OTMEeYeHa TEHAEHLNS K DONiee BbICOKOM YaCTOTE Y MY>XUUH.
Hanbonee yacto BcTpeyanach kpyrnas ¢opma noprana (44,1%), 3a Heil cnepgosana oBasbHas (41,2%) u we-
nesugHas (14,7%). B 6onblUMHCTBE cnyvyaeB nopTasibl 6biav TOKANN30BaHbl B LLeHTpe Budypkaunn (76,5%),
pexe — B ueHTpe Tpudypkaumn (23,5%). 3aBucMmMocT GopMbl 1 lokanmaauum OT Bo3pacTa He BbISIBNIEHO
(p=0,704 n p=0,681 cooTBeTCTBEHHO). [10 aHAaTOMUYECKNUM rpynnam: Hanbosbluas YyacToTa nopTasos 3a-
dUKCnpoBaHa B NepBbIX MONApax HUXHen yentocTtun (47,1%), 3ateMm — BO BTOPbIX MOASipax HUXHEN YeNioCcTr
1 NEePBbIX MONIIPax BEPXHEN YEIOCTU.

BbIBOAbl. ®ypkaunoHHble NopTanibl NPeacTaBnsioT cob60i CTabubHYlO MOPdOSIOTNYECKYID CTPYKTYPY,
Yyalle BCTPeYaloLLyoCcs y NaLMeHTOB CTapLuei BO3pacTHOM rpynnbl. Hanbonee pacnpoctpaHeHHas dopma —
Kpyrnas, npeobnagatoLwasn nokannsaums — ueHTp oudypkaumn. Hactota BCTpe4aeMoCTV BapbupyeT B 3aBU-
CUMOCTM OT aHAaTOMMYECKOW rpynnbl, 0COOEHHO BbICOKA Y NEPBbLIX MOJIIPOB HUXHEN 4entoCTu. MNonyyYyeHHble
[aHHble UMEIOT NPUKIALHOE 3HAYEHNE B NAAHMPOBAHUM NAPOAOHTONOMMYECKOro 1 9HAO000HTNYECKOIO fe-
YyeHust, Noa4epknBas HeoBXoAUMOCTb yyeTa MOPdONOrni4eckmx 0CoO6eHHOCTEN PYPKALMOHHOM 30HbI.

KnioueBble cnoBa: ¢ypkauMOHHbIE MOPTasbl, MOJNSPbI YeNoBeKa, CKaHupylowas 37eKTPOHHAas MUKPO-
ckonusi, aHatoMusl 3y6oB, MOpdoNorna KopHei, budbypkauus, MUKPOCTPYKTYpa LLeMeHTa, 3HA0O0HTUS,
NapoAoHTONOrS, aHaTOMUYEeCKMe BapmaLmm

UHdopmauuma o ctaTbe: noctynuna — 02.07.2025; ncnpasneHa — 17.08.2025; npunsara — 22.08.2025
KoHdAuKT nHtepecos: ABTOPbI COOOLWAIOT 06 OTCYTCTBUMN KOHPANKTA MUHTEPECOB
BnarogapHocTu: PrHaHCMpPOBaHME U MHAMBMAYANbHbIE ONarof4apHOCTU ANS AEKIapMPOBaHUS OTCYTCTBYIOT.

Ana uutupoBaHuma: Xabansze 3.C., lacbaHoB M.A,, MBnHa A.A., Bex6bu A., MywieHko H.H., Jonxukos H.A. Mop-
donormyeckas oueHka GypkaLMOHHbIX MOPTAN0OB B MOJIFpax YeoBeka METO40M CKaHUPYIOLLLEN 31EKTPOHHOWN

Munkpockonun. SHAoAoHTus Today. 2025;23(3):487-492. https://doi.org/10.36377/ET-0122

INTRODUCTION

Anatomical features of molars, including the pre-
sence of furcal portals, are of considerable interest
for both clinical dentistry and scientific research. Fur-
cal portals may serve as pathways for the penetration
of infectious agents, thereby influencing the prognosis
of endodontic and periodontal treatment [1; 2]. Scan-
ning electron microscopy (SEM) is considered the gold
standard for detailed analysis of tooth microstructures.
SEM enables the identification of morphological varia-
tions, including furcal portals, which often remain unde-
tected when using conventional imaging methods [3; 4].

Previous studies have demonstrated variability in the
prevalence of furcal portals in molars; however, reliable
correlations with patient sex, molar type, portal shape,
and localization remain limited [5; 6]. SEM provided
high-contrast imaging, thereby improving diagnostic
accuracy. The analysis revealed an almost equal preva-
lence of portals in males and females, confirming earlier
findings that patient sex does not influence the forma-
tion of furcal portals [2; 7].

The shape of furcal portals varied, with round forms
being the most common (64.1%). Comparable findings
regarding the complexity of furcation anatomy have
been reported by other authors [3,4]. In most cases
(71.8%), portals were localized in the central area of the
furcation, which corresponds with evidence indicating
favorable vascular and metabolic conditions in the cen-
tral zone that contribute to portal formation [6; 8].

The highest prevalence of portals was observed in
makxillary first molars, followed by mandibular first mo-
lars and second molars. However, no statistically sig-
nificant differences were found, which is consistent with
the findings of other authors [9; 10].

dHdodoHmus
————TLT

AIM

The aim of this study is to determine the prevalence
of furcal portals in human molars based on SEM data.
Two null hypotheses were formulated: Hot — the preva-
lence of furcal portals is not associated with patient sex;
Ho2 — the prevalence of furcal portals is not associated
with molar localization or type.

MATERIALS AND METHODS

Study Design and Sample Selection

The study included extracted human molars ob-
tained in compliance with ethical standards and with the
patients’ written informed consent. The sampling pro-
cess was designed to ensure balanced representation
of male and female specimens. All teeth were carefully
cleaned of soft tissues, rinsed, and dried prior to prepa-
ration for microscopic examination.

Sample Preparation

To ensure high-quality imaging in the scanning elec-
tron microscope (SEM), the specimen surfaces were
coated with a thin platinum layer (~30 nm) using magne-
tron sputtering. This procedure prevented charge ac-
cumulation on the non-metallic surfaces and eliminated
imaging artifacts.

SEM Analysis

The microstructural examination of the furcation
area was performed using a Vega3 TESCAN scan-
ning electron microscope (TESCAN, Czech Republic)
equipped with an in-chamber secondary electron de-
tector (SE detector, TESCAN). This detector provides
high topographic contrast, which is particularly impor-
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tant for evaluating the microanatomical structures of
the furcation region. Imaging was carried out at an elec-
tron beam energy of 30 keV, allowing for high resolution
and detailed surface characterization.

Morphological Analysis

The SEM images were assessed for the presence
of furcal portals, their shape (round, oval, irregular), lo-
calization (center of the bifurcation, lateral wall of the
bifurcation, etc.), and number (single or multiple). The
data were systematically recorded in standardized Ex-
cel tables.

Statistical Analysis

Data processing was performed using IBM SPSS
Statistics 29 (IBM Corp., USA). The statistical analysis
included:

— descriptive statistics (means, standard deviations,
frequencies, and percentages);

—assessment of distribution normality (Shapiro-
Wilk test);

— comparison of quantitative variables between
groups using Student’s t-test (for normally distributed
data) or the Mann-Whitney U test (for non-normally dis-
tributed data);

— comparison of categorical data using Pearson’s x2
test or Fisher’s exact test (for small sample sizes);

— statistical significance level was set at p<0.05.

The analysis was carried out across the following
groups:

— prevalence of furcal portals by patient sex;

— distribution of portals by type (shape, number);

— localization of portals within the furcation area;

— distribution by tooth type.

RESUTLS

A total of 230 molars extracted from patients of both
sexes were included in the study. Furcation portals were
identified in 34 cases (14.8%). Among these, 22 cases
(64.7%) were recorded in men and 12 cases (35.3%) in
women. The analysis performed does not allow us to as-
sert a statistically significant association between sex
and the presence of a furcation portal, as the distribution
of observations rather indicates a predominance in men.
However, to obtain a reliable conclusion, application of
the x2 test on an adjusted sample is required (Table 1).

Table 1. Statistical analysis of furcation portals

Tabnuua 1. CtatucTyeckunii aHanms gypKauMoHHbIX
rnopTtanos

Comparison

Comment
of groups

p-value

The association
is significant

Sex and presence
of the portal (Chi?)

Age: portal vs
absence (t-test)

1.0072817679726312e-28

The difference

4.335666634669491e-05| . ~ =~ ©
is significant

The association
is not significant

Age by portal
shape (ANOVA)

Age by portal
localization
(ANOVA)

0.7042896821511652

The association

0.6817615512893738 |. P
is not significant
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Distribution of portals by shape

Among the 34 samples with identified furcation por-
tals, the majority exhibited a round shape — 15 cases
(44.1%). An oval shape was observed in 14 cases (41.2%),
while a slit-like shape was found in 5 cases (14.7%). Thus,
the most frequently recorded portal shapes were round
and oval, which may be associated with the anatomical
characteristics of the furcation area and the mineraliza-
tion conditions in the bifurcation zone (Fig. 1).

Localization of furcation portals

Out of 34 cases with identified furcation portals:

— in the center of bifurcation — 26 cases (76.5%);

— in the center of trifurcation — 8 cases (23.5%).

Thus, the main localization of furcation portals is in
the center of the bifurcation, which may be explained
by the anatomical and hemodynamic characteristics
of this area, including the conditions of mineralization
and vascularization of the periodontium. No statisti-
cally significant association between portal localization
and patient age was established (p=0.68, ANOVA; see
Table 1, Fig. 2).

Frequency of portal occurrence by tooth type

The analysis of the frequency of furcation portal oc-
currence demonstrated the following distribution:

— mandibular first molar (36) — 9 cases (26.5%);

— maxillary first molar (16) — 4 cases (11.8%);

— second molars (17, 26, 27) — 2 cases each (5.9%).

Slit-like
14.70%

Round
44.10%

Oval e
41.20%

Fig. 1. Distribution of furcation portal shapes, %

Puc. 1. Pacnpenenenne doopm dypKaumMoHHbIX
noptanos, %

Center
of trifurcation
23.50%

Center

of bifurcation
76.50%

Fig. 2. Localization of furcation portals, %

Puc. 2. Jlokannsaumsa pypkaunoHHbIX NopTanos, %
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Thus, the highest frequency of furcation portal de- Patient age depending on portal localization
tection was recorded in mandibular first molars, in con- 8

trast to the previously assumed predominance in maxil-
lary molars. Visualization is presented in Fig. 3, and nu-

4
merical data are summarized in Table 2. 64
Patient age according to portal localization 62
The analysis of patient age distribution depending on 60-
the localization of the furcation portal did not reveal statisti-
cally significant differences (p = 0.68, ANOVA; see Table 1). 58
T

66

Age, years

Nevertheless, visualization in Fig. 4 demonstrates that
patients with portals localized in the center of the trifurca-
tion tend to be in a higher age range compared with those 54
whose portals were located in the center of the bifurcation.

56

Center of bifurcation Center of trifurcation

Age of patients with furcation portals Portal localization

The diagram in Fig. 5 demonstrates that the age of  Fig. 4. Patient age distribution according
patients with furcation portals is, on average, higher to the localization of the furcation portal
than that of patients without them. The difference was
statistically significant (p = 0.000043; Student’s t-test,
see Table 1), which may indicate an age-related nature
of the formation or detectability of furcation portals.

Analysis of patient age according to portal shape 67.5

The analysis of age differences depending on the 65.0
shape of the furcation portal did not reveal statistical- 62.5-
ly significant differences (p =0.704, ANOVA), which is '
consistent with the visual observations in Fig. 6. Never- 60.0
theless, as illustrated in Fig. 6, oval and slit-like shapes > 57.5
demonstrated wider age ranges compared with the
round shape, which may indicate greater variability in 55.01

' No

Puc. 4. Bo3pacT nauveHToB B 3aBUCMMOCTH
OT nokanunsaumun pypkaLmoHHOro noprana

years

Age

the conditions of their formation. 52.5-

50.0

Table 2. Frequency of portal occurrence according
to tooth group

Ta6nuua 2. YactoTa BCTpe4yaeMoCcTn NopTasioB
B 3aBUCUMOCTM OT rpynnbl 3y60B

Yes
Presence of furcation portal

Fig. 5. Age differences between patients
with and without furcation portals

T TG Number | Proportion p 5 p
group of cases | of total (%) uc. 5. Pasnnuuna B Bo3pacTte I'IaL%VIeHTOB
KauMOHHbLIMY nopTanamMmm n
Maxillary first molar (16/26) 6 17.6 C dypkaumo oprana es
Maxillary second molar (17/27) 4 11.8
Mandibular first molar (36/46) 16 471 68
Mandibular second molar (37/47) 8 23.5 -
66
64 4
&2
© 62
[
-
<
58
56
Maxillary Maxillary ~ Mandibular ~ Mandibular ) 1
first molar second molar first molar second molar o4 . .
(16/26) (17/27) (36/46) (37/47) Round Oval Slit-like
Tooth groups Portal shape
Fig. 3. Frequency of furcation portal detection by tooth Fig. 6. Distribution of patient age according
groups to the shape of the furcation portal
Puc. 3. YacToTa BbigBneHna ¢pypkaumoHHbix noptanos  Puc. 6. PacnpepeneHve Bo3pacta nauMeHToB
no rpynnam 3y60B B 3aBUCUMOCTU OT POpPMbI PYpPKaALIMOHHOIO nopTana
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DISCUSSION

This study evaluated the prevalence and morpholo-
gical features of furcation portals in human molars and
their potential associations with sex, age, and anatomi-
cal localization. The use of scanning electron micros-
copy (SEM) provided high-resolution visualization of the
furcation microstructure, ensuring the reliability of the
findings for clinical and research applications [1-4].

Furcation portals were identified in 14.8% of exami-
ned molars, with no statistically significant association
with sex (p > 0.05). Nonetheless, the higher proportion
observed in males (64.7%) suggests that sex-related
biological factors may influence cementogenesis in the
furcation region [2; 11].

A clear age-related association was detected: pa-
tients with furcation portals were significantly older
compared with those without (p = 0.000043, Student’s
t-test). This finding is consistent with the concept that
age-related cementum remodeling and long-term func-
tional or inflammatory stress may contribute to micro-
channel formation in furcation areas [4; 6].

Regarding morphology, round and oval portals
predominated, whereas slit-like portals were less fre-
quent. No significantrelationship between portal shape
and age was observed (p = 0.704), indicating relative
stability of this parameter across age groups [3; 4].
In terms of localization, portals were mainly detected
in the center of bifurcations (76.5%), reflecting spe-
cific morphogenetic and hemodynamic features of this
region [6; 8].

Distribution by tooth type showed the highest fre-
quency in mandibular first molars, followed by man-
dibular second and maxillary first molars, with maxillary
second molars least affected. This finding underlines
the clinical relevance of mandibular first molars, which
are commonly involved in furcation defects during pe-
riodontitis progression [9; 10].
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Collectively, these results support the view that fur-
cation portals represent a morphological risk factor that
may complicate periodontal and endodontic treatment.
Their association with age, sex tendencies, and tooth
group emphasizes the importance of considering fur-
cation portals in diagnostic protocols and preventive
strategies [5; 12; 13].

CONCLUSION

The present SEM-based study provided a detailed
characterization of the morphological features of furcation
portals in human molars. A statistically significant age-re-
lated association was identified, with furcation portals oc-
curring more frequently in older patients (p =0.000043).
No significant association with sex was established, al-
though a higher prevalence in males was noted.

Most portals exhibited a round (44.1%) or oval (41.2%)
shape and were predominantly localized in the center of
bifurcations (76.5%). Shape and localization did not show
statistically significant correlations with age, sugges-
ting that these features may represent stable anatomical
traits formed independently of patient age.

Analysis by tooth type demonstrated the highest
prevalence in mandibular first molars (47.1%), followed
by mandibular second and maxillary first molars. This
highlights the particular clinical importance of man-
dibular first molars in periodontal and endodontic treat-
ment planning.

From a clinical perspective, the presence of furca-
tion portals may facilitate microbial penetration and
negatively affect treatment outcomes. Given the ob-
served association with age and the tendencies related
to sex and tooth localization, furcation portals should be
regarded as an additional morphological risk marker,
warranting consideration in individualized diagnostic,
preventive, and therapeutic strategies for periodontal
and root-related diseases.
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