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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 χ² 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 is round, 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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Резюме
ЦЕЛЬ. Оценить частоту встречаемости фуркационных порталов в молярах человека с использованием 
сканирующей электронной микроскопии (СЭМ), а также проанализировать их морфологические ха-
рактеристики и возможные зависимости от пола, возраста и анатомической локализации.
МАТЕРИАЛЫ И МЕТОДЫ. В исследование включены 230 моляров, извлеченных у пациентов обоих по-
лов по не связанным с исследованием показаниям. Образцы были подготовлены по стандартному 
протоколу: фиксация, обезвоживание, нанесение проводящего слоя платины и визуализация с помо-
щью СЭМ-микроскопа Vega3 TESCAN. Оценивались следующие параметры: наличие фуркационного 
портала, его форма, локализация, а также пол и возраст пациента. Статистический анализ включал: 
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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 
maxillary 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].

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: H₀₁ – the preva-
lence of furcal portals is not associated with patient sex; 
H₀₂ – 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-

χ²-критерий Пирсона, t-критерий Стьюдента и однофакторный дисперсионный анализ (ANOVA); уро-
вень значимости – p < 0,05.
РЕЗУЛЬТАТЫ. Фуркационные порталы были выявлены в 34 случаях (14,8%). Установлена статистически 
значимая зависимость между возрастом пациента и наличием портала (p = 0,000043); связь с полом не 
достигла статистической значимости, однако отмечена тенденция к более высокой частоте у мужчин. 
Наиболее часто встречалась круглая форма портала (44,1%), за ней следовала овальная (41,2%) и ще-
левидная (14,7%). В большинстве случаев порталы были локализованы в центре бифуркации (76,5%), 
реже – в центре трифуркации (23,5%). Зависимости формы и локализации от возраста не выявлено 
(p = 0,704 и p = 0,681 соответственно). По анатомическим группам: наибольшая частота порталов за-
фиксирована в первых молярах нижней челюсти (47,1%), затем – во вторых молярах нижней челюсти 
и первых молярах верхней челюсти.
ВЫВОДЫ. Фуркационные порталы представляют собой стабильную морфологическую структуру, 
чаще встречающуюся у пациентов старшей возрастной группы. Наиболее распространенная форма – 
круглая, преобладающая локализация – центр бифуркации. Частота встречаемости варьирует в зави-
симости от анатомической группы, особенно высока у первых моляров нижней челюсти. Полученные 
данные имеют прикладное значение в планировании пародонтологического и эндодонтического ле-
чения, подчеркивая необходимость учета морфологических особенностей фуркационной зоны.

Ключевые слова: фуркационные порталы, моляры человека, сканирующая электронная микро-
скопия, анатомия зубов, морфология корней, бифуркация, микроструктура цемента, эндодонтия, 
пародонтология, анатомические вариации

Информация о статье: поступила – 02.07.2025; исправлена – 17.08.2025; принята – 22.08.2025

Конфликт интересов: Авторы сообщают об отсутствии конфликта интересов

Благодарности: Финансирование и индивидуальные благодарности для декларирования отсутствуют.

Для цитирования: Хабадзе З.С., Гасбанов М.А., Ивина А.А., Вехби А., Глущенко Н.Н., Должиков Н.А. Мор-
фологическая оценка фуркационных порталов в молярах человека методом сканирующей электронной 
микроскопии. Эндодонтия Today. 2025;23(3):487–492. https://doi.org/10.36377/ET-0122

https://doi.org/10.36377/ET-0122


489

Том 23, № 3 / 2025

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 χ² 
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 χ² test on an adjusted sample is required (Table 1).

Table 1. Statistical analysis of furcation portals
Таблица 1. Статистический анализ фуркационных 
порталов

Comparison 
of groups p-value Comment

Sex and presence 
of the portal (Chi²) 1.0072817679726312e-28 The association 

is significant

Age: portal vs 
absence (t-test) 4.335666634669491e-05 The difference 

is significant

Age by portal 
shape (ANOVA) 0.7042896821511652 The association 

is not significant

Age by portal 
localization 
(ANOVA)

0.6817615512893738 The association 
is not significant

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%).

Round
44.10%

Oval
41.20%

Slit-like
14.70%

Fig. 1. Distribution of furcation portal shapes, %
Рис. 1. Распределение форм фуркационных 
порталов, %

Center
of bifurcation

76.50%

Center
of trifurcation

23.50%

Fig. 2. Localization of furcation portals, %
Рис. 2. Локализация фуркационных порталов, %
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Thus, the highest frequency of furcation portal de-
tection was recorded in mandibular first molars, in con-
trast to the previously assumed predominance in maxil-
lary molars. Visualization is presented in Fig. 3, and nu-
merical data are summarized in Table 2.

Patient age according to portal localization
The analysis of patient age distribution depending on 

the localization of the furcation portal did not reveal statisti-
cally significant differences (p = 0.68, ANOVA; see Table 1). 
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 
whose portals were located in the center of the bifurcation.

Age of patients with furcation portals
The diagram in Fig. 5 demonstrates that the age of 

patients with furcation portals is, on average, higher 
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
The analysis of age differences depending on the 

shape of the furcation portal did not reveal statistical-
ly significant differences (p = 0.704, ANOVA), which is 
consistent with the visual observations in Fig. 6. Never-
theless, as illustrated in Fig. 6, oval and slit-like shapes 
demonstrated wider age ranges compared with the 
round shape, which may indicate greater variability in 
the conditions of their formation.

Table 2. Frequency of portal occurrence according 
to tooth group
Таблица 2. Частота встречаемости порталов 
в зависимости от группы зубов

Tooth groups Number 
of cases

Proportion 
of total (%)

Maxillary first molar (16/26) 6 17.6

Maxillary second molar (17/27) 4 11.8

Mandibular first molar (36/46) 16 47.1

Mandibular second molar (37/47) 8 23.5

Maxillary
first molar

(16/26)

Maxillary 
second molar 

(17/27)

Mandibular 
first molar 

(36/46)

Mandibular 
second molar 

(37/47)

Tooth groups

N
um

be
r o

f c
as

es

17.5
15.0
12.5
10.0

7.5
5.0
2.5

0

Fig. 3. Frequency of furcation portal detection by tooth 
groups
Рис. 3. Частота выявления фуркационных порталов 
по группам зубов

Center of bifurcation Center of trifurcation
Portal localization

Ag
e,

 y
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Patient age depending on portal localization 
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56
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Fig. 4. Patient age distribution according  
to the localization of the furcation portal
Рис. 4. Возраст пациентов в зависимости 
от локализации фуркационного портала
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Presence of furcation portal
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67.5

65.0

62.5

60.0

57.5

55.0

52.5

50.0

Fig. 5. Age differences between patients  
with and without furcation portals
Рис. 5. Различия в возрасте пациентов 
с фуркационными порталами и без
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Fig. 6. Distribution of patient age according  
to the shape of the furcation portal
Рис. 6. Распределение возраста пациентов 
в зависимости от формы фуркационного портала
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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 significant relationship 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].

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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