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The morphology of maxillary first and
second molars analyzed by cone-beam
computed tomography in a polish
population
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Abstract

Background: The success of endodontic treatment is greatly affected by the location of the root canals. The purpose
of this study was to evaluate the root and canal morphology of permanent maxillary first and second molars in a Polish
population using cone-beam computed tomography scanning.

Methods: Cone-beam computed tomography (CBCT) scans of maxillary first and second molars the maxilla were
examined. The number of roots and root canals, and the frequency of additional canals (MB2) in the mesiobuccal
root canals were determined. The results were subjected to statistical analysis using the chi-square test or the
chi-square test with Yates’ correction.

Results: A total of 112 CBCT images of maxillary first (n = 185) and second molars (n = 207) from 112 patients were
analyzed. All the maxillary first molars had three roots (100%). The majority of maxillary second molars had three roots
(91.8%), 5.8% had two roots and 2.4% had one root. A statistically significant difference was observed between the
numbers of roots in the maxillary first and second molars (p < 0.01). A statistically significant difference was also found
in the distribution of the number of canals in the maxillary first and second molars (p < 0.001). The majority of maxillary
first molars had four root canals (59.5%), while 40.5% had three root canals. Most maxillary second molars had three
root canals (70%). Additional canals (MB2) in the mesiobuccal roots were detected significantly more frequently in
the maxillary first molars than the second molars (p = 0.000) and more frequently in men than in women (p < 0.05).
A higher prevalence of two canals in the mesiobuccal roots in maxillary second molars occurred in patients aged
between 31 and 40 years than in patients aged between 21 and 30 years. In the maxillary first molars, the prevalence
of the MB2 canal in the mesiobuccal root was almost equally distributed in the two age groups (21–30 and 31–40 years).

Conclusion: Within the limitations of this study, it can be concluded that there are differences in the number and
configuration of roots and root canals between maxillary first and second molars in the studied patients of a
Polish population.
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Background
The success of endodontic treatment is greatly affected
by the location of the root canals. The root canal system
is surprisingly complex, as revealed by a number of stud-
ies of dental anatomy [1]. The internal morphology of
teeth is a labyrinthine challenge for the dentist, who is
required to make full use of any acquired knowledge and
skills to avoid making mistakes during root canal treat-
ment procedures. Root canals which are not identified
during treatment become a reservoir for bacteria, thus
preventing healing or allowing the formation of new in-
flammatory lesions in the periapical tissues [2]. The root
canals of maxillary molars are particularly difficult to
treat, being the most common examples of multiple
roots and multi-root canals; however, other, less com-
mon forms of anatomical maxillary molars, such as teeth
with only one root canal or teeth with C-shaped root ca-
nals, have also been described. Literature reports often
emphasize the need to identify an additional root canal
(MB2) in the mesiobuccal root; however, its incidence
varies [3–5]. This variation can be attributed to the dif-
ferent methods that were used by the researchers: study
protocols (in vivo or in vitro); sample size; and tech-
niques used to identify canal configuration [3, 6, 7]. This
variation could also be associated with age, sex, and eth-
nic differences of the study populations [8].
Since its introduction in 1990 to Endodontics, cone

beam computed tomography (CBCT) has increased the
potential for non-invasive analysis of internal and exter-
nal dental morphology. In vitro and in vivo studies of
computed tomography have significantly contributed to
the understanding of craniofacial anatomy [7, 9].

Aim
The purpose of this study was to evaluate the root and
canal morphology of permanent teeth in a Polish popu-
lation using cone-beam computed tomography scanning.

Methods
All experimental procedures in this study were approved
by the Ethics Committee of the Medical University of
Lodz (Protocol n° RNN/166/15/KE). Cone-beam com-
puted tomography (CBCT) scans of the maxilla of 112
Polish patients, taken as part of the diagnosis or planning
of dental treatment in the period May 2015-December
2016 in the Dental Hospital of the Medical University of
Lodz, were examined. The included CBCT scans
presented first or second molars in patients between 21
and 40 year old.
The inclusion criteria were to have at least one 1st or

2nd upper molar with fully-developed apices. Teeth
showing root resorption, root canal treatment, post or
other crown reconstruction that would make difficult to

assess their anatomy were excluded. Of the 300 CBCT
scans examined, 112 fulfilled the above criteria.
All images were taken using a Gendex GXCB-500 ®ma-

chine (Gendex®) with image capture parameters set at
120 kV and 5.0 mA, and an exposure time of 11 s. The
voxel size was 0.125 mm. The scans were analyzed using
iCATVision software, version 1.9.3.13. All scans were
evaluated separately by two endodontists and any dis-
agreement was discussed until a consensus was reached.
The CBCT images were analyzed as follows. Axial,

coronal, and sagittal two-dimensional sectional images
were displayed. The number of roots and root canals,
and the frequency of additional canals (MB2) in the
mesiobuccal root canals were determined. It was also ex-
amined whether any relationships were present between
the prevalence of the MB2 canal and the age and sex of
patients. The results were subjected to statistical analysis
using the chi-square test or the chi-square test with
Yates’ correction.

Results
A total of 112 CBCT images of maxillary first (n = 185)
and second molars (n = 207) from 112 patients were ana-
lyzed. There were 74 women and 38 men with a mean
age of 34,77 years (ranging from 21 years to 40 years).
All the maxillary first molars had three roots (100%).

The majority of maxillary second molars had three roots
(91.8%), 5.8% had two roots and 2.4% had one root. A
statistically significant difference was observed between
maxillary first and second molars regarding the number
of roots (p < 0.01): Table 1.
A statistically significant difference was also found in

the distribution of the number of canals in the maxillary
first and second canals (p < 0.001). The majority of max-
illary first molars had four root canals (59.5%), while
40.5% had three root canals. The presence of three root
canals was significantly more common in the second
than the first maxillary molars (p = 0.000). Most maxil-
lary second molars had three root canals (70%). In other
maxillary second molars, four canals (23.2%), two canals
(3.9%), and one canal (1%) or C-shaped canals (1.9%)
were observed (Figs. 1, 2, and 3 and Table 2). Additional
canals (MB2) in the mesiobuccal roots were detected

Table 1 Number of roots in the maxillary first and second molars

Number
of roots

Maxillary first molar Maxillary second molar

n Percent n Percent

1 – – 5 2,4

2 – – 12 5,8

3 185 100,0 190 91,8

Total 185 100,0 207 100,0

chi2 = 12,296; p = 0, 0021
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significantly more frequently in the maxillary first molars
(59,5%) than the second molars (23,2%) (p = 0.000).
The MB2 canal occurred significantly more frequently

(both in upper first and second molars) in men than in
women: 68.6% vs 53.9%, respectively, in the maxillary
first molars; and 34.7% vs 17.0% in the maxillary second
molars (Table 3, Table 4). A statistically significant differ-
ence in the prevalence of the MB2 canal in the first and
second molars was found between the groups of men
and women (p < 0.05).
Regarding age, no statistically significant difference in

the prevalence of the MB2 canal was found between the
two tested age groups for the maxillary first molars;
however, in the second molars, the MB2 canal was
observed significantly more frequently in the group of
patients aged 31–40 years than in those aged 21–30 years
(Table 5, Table 6).

Discussion
The development of technology has made it possible for
computed tomography to be used in the diagnosis and
evaluation of endodontic dental anatomy. Various
methods have been used for the analysis of internal den-
tal anatomy, such as sectioning, canal staining and tooth
clearing techniques, as well as radiographic techniques
such as conventional and contrast medium-enhanced

radiography. Although tooth-clearing techniques have
been generally considered the gold standard for the
evaluation of root canal morphology, these techniques
are in vitro methods that use only extracted teeth; the
clinical methods used for analyzing the internal anatomy
of teeth are X-rays and tomograms [10].
CBCT offers significant advantages over X-rays [11].

While X-rays are limited by only being able to form
two-dimensional images, computed tomography allows
anatomical structures such as teeth and their neighbor-
ing structures to be observed in three planes. This allows
for a very precise analysis of the construction of test
items [12]. Of course in every situation, the good of the
patient should be considered first and care must be
taken for his or her safety. According to the principle of
“primum no nocere” and “ALARA” (“As Low As
Reasonably Achievable”) CBCT should be performed
only when it is necessary and when it provides informa-
tion significantly improving the process of diagnosis or
treatment of the patient [13]. The CBCT scans used in
the present study had been intended for diagnostic
reasons, not only for performing scientific work.
The present study uses CBCT methods to make a

thorough and comprehensive in vivo analysis of the root
and canal morphology of the maxillary first and second
molars in a Polish population. It was found that all of

Fig. 1 Cross-sectional CBCT image of maxillary first and second molars showing three root canals and three roots

Fig. 2 Cross-sectional CBCT image of maxillary first and second molars showing four root canals and three roots
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the maxillary first molars had three roots. These findings
are consistent with those in Thai, Burmese and Kuwait
populations [14–16]. In addition, other studies have
shown that three-root form is found in over 90% of eval-
uated first molars [17, 18]. Zheng et al. [17] report that
97.29% of studied molars in a Chinese population had
three separate roots, while a similar study in a Korean
population found 97.91% of first maxillary molars to
have three separate roots [19]. A higher incidence of
variation in root morphology was found in maxillary sec-
ond molars than first molars. Although up to 91.8% of
the evaluated teeth have three roots, second maxillary
molars were also found with two roots or just one root.
Many studies have revealed more variation in the root
number within the second molar than the first molar
[17, 18]. Our results demonstrate a higher prevalence of
three roots in second maxillary molars than reported in
some earlier studies on Thai, Burmese and Indian popu-
lations [14, 15, 18]. These differences highlight the
influence of ethnic background on tooth root morph-
ology. The reason a high percentage of the second
molars had three roots could be the lack of separate
distinguishing fused roots.

In root canal treatment, the number and location of root
canals is of greater concern to the dentist than the number
of roots. The present study found that the majority of
maxillary first molars had four root canals (59.5%), while
40.5% had three root canals. Other studies have found a
high percentage of teeth to have four root canals [3, 19,
20]. In the present analysis, the first molars had three or
four root canals. In contrast, studies on Chinese, Korean
or Indian populations found a few cases of first molars
with one, two, five, or six root canals, in addition to those
with four or three root canals [21–23]. However these
numbers of root canals were in the considerable minority
and have usually represented no more than about
0.3–1.7% of inspected teeth [14, 15, 18, 21–23]. It is pos-
sible that these less common anatomical forms of molar
teeth will also be identified in the Polish population in fu-
ture studies based on greater numbers of teeth.
The second molar teeth presented greater diversity in

the number of root canals, which has been confirmed
elsewhere [19, 22, 23]. Amongst these teeth, it is possible
to observe single-root canals and two-canals, as well as
C-shaped root canals, which are very difficult to treat. In
a study of a Chinese population using a clearing method,
Yang et al. [23] report the presence of a C-shaped canal
in 4.9% of maxillary second molars. In a CBCT study of
a Korean population, C-shaped root canals were seen
more frequently in the maxillary second (2.7%) than in
the first (0.8%) molars [24]. In addition, a greater fre-
quency of three-root canals, but a lower frequency of
four root canals, was found in the second than the first
molars. In all cases in the present study, the fourth root

Fig. 3 Cross-sectional CBCT image showing C-shaped canal configuration
in maxillary second molar

Table 2 Number of root canals in the maxillary first and second
molars

Number of
root canals

Maxillary first molar Maxillary second molar

n Percent n Percent

C-shaped canal – – 4 1,9

1 – – 2 1,0

2 – 40,5 8 3,9

3 75 59,5 145 70,0

4 110 – 48 23,2

5 – 100,0 – –

Total 185 207 100,0

chi2 = 52,601; p = 0, 0000

Table 3 Distribution of MB2 canals in maxillary first molar teeth
according to patient’s sex

MB2 canal in
maxillary first
molar teeth

Sex Total

Female Male

n Percent n Percent

MB2 present 62 53,9 48 68,6 110

MB2 absent 53 46,1 22 31,4 75

Total 115 100,0 70 100,0 185

chi2 = 3,878; p = 0,0489

Table 4 Distribution of MB2 canals in maxillary second molar
teeth according to patient’s sex

MB2 canal in
maxillary second
molar teeth

Sex Total

Female Male

n Percent n Percent

MB2 present 23 17,0 25 34,7 48

MB2 absent 112 83,0 47 65,3 159

Total 135 100,0 72 100,0 207

chi2 = 8,239; p = 0,0041
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canal was found to be the mesiobuccal root second canal
(MB2 canal). Very similar results were presented by
Nikoloudaki et al. [25], who evaluated the morphology
of upper molar teeth in a Greek population and found
statistically significant differences in the distribution of
root canals between maxillary first and second molars.
In addition, the fourth root canal in the first upper
molar was always the MB2 root canal, as in our present
article. The MB2 canal was observed in 53.2% of maxil-
lary first molars in the Greek population [25]. Tanavi et
al. [20] report the percentage of MB2 to be 55.72% in
maxillary first molars and 17.39% in maxillary second
molars. Other studies have reported a higher frequency
of additional mesiobuccal root canal [6, 7, 26–29].
Abarca et al. [6] found the frequency of the MB2 canal
in a Chilean population to be 42.8% in the second mo-
lars and 73.44% in maxillary first molars. A similar high
frequency (70.6%) of the MB2 canal was detected in an-
other study based on scans of freshly extracted maxillary
molars [7]. In an in vitro study of a Turkish population
based on the clearing method, 93.5% of maxillary first
molars were found to have two or more canal systems in
the mesiobuccal root [27]. Laboratory studies by Kulid
[30] and Gilles et al. [28] also note a high prevalence of
the MB2 canal (96% and 90% respectively). A study on
an Irish population found a higher occurrence of the
MB2 canal both in first (78%), and in second (58%) max-
illary molars compared to the present study [29]; how-
ever, a clinical study on a Saudi Arabian population
found a low frequency of MB2 in second molars (19.7%)
[31]. CBCT examinations revealed the presence of MB2

in the maxillary second molar in about 22% to 48% of
teeth [4, 22, 32]. Generally speaking, laboratory-based
studies identify greater numbers of roots and root canals
than in vivo studies [33]. Despite this, a study by Pecora
et al. [34] of 120 investigated teeth based on clearing
identified the presence of a single root canal in the
mesial root of maxillary first molars in 75% of the
examined teeth. Two or more canal systems were
observed in only 30 teeth.
The need to identify and treat the MB2 canal has a

huge impact on the outcome of endodontic therapy [35,
36]. This root canal is often undetected and conse-
quently becomes a cause of inflammatory lesions in the
periapical tissues [36]. Shetty et al. [36] report the inci-
dence of the MB2 canal as over 80% in maxillary first
molars and almost 30% in maxillary second molars. The
majority of maxillary first molars (77.19%) and maxillary
second molars (90%) had an unfilled MB2 canal. Periapi-
cal radiolucencies were found in unfilled MB2 canals in
72.7% of maxillary first molars and 88.8% of maxillary
second molars [36].
A number analyses of the frequency of the MB2 root

canal depending on the age and sex of the patients based
on CBCT scans have returned different results [6, 8, 20].
Our present study shows a significant relationship be-
tween sex and the incidence of the MB2 canal in maxil-
lary first and second molars. However, it is worth
noticing that the probability of error in the case of max-
illary first molars was nearly equal 0.05 (p = 0.0489), thus
the difference was close to the border of statistical sig-
nificance. In maxillary second molars, the p-value was
equal to zero (p = 0,000). Jin-Hee Lee et al. [32] report
the prevalence of the MB2 canal in the mesiobuccal root
of maxillary first molars to be almost equally distributed
in groups of males and females, but also found statisti-
cally significant differences for the occurrence of second
molars: 48.7% of MB2 in males and 30.8% in females
[32]. Betancourt et al. [5] found that the MB2 canal in
maxillary second molars was significantly more frequent
in men that in women (p = 0.001). Sert and Bayirli con-
cluded that sex was an important factor affecting the
occurrence of the MB2 canal in a Turkish population: a
single canal in the mesiobuccal root occurred only in 3%
of males compared to 10% in females [27]. In contrast,
the incidence of additional MB2 in other studies did not
differ with regard to the sex of the patient [6, 8, 17].
The outcomes of studies on the correlation between

the occurrence of the MB2 canal and patient age also
vary; however, many articles suggest that the MB2 canal
is particularly common in humans around 25–35 years
of age [17, 37]. As the present study is a pilot, our first
analyses were performed in patients at this age and two
groups were formed of patients aged 21–30 years and
31–40 years.

Table 5 The presence of MB2 canals in first maxillary molars
according to patient’s age

MB2 canal in
maxillary first
molar teeth

Age (Y) Total

21–30 31–40

n Percent n Percent

MB2 present 28 58,3 82 59,9 110

MB2 absent 20 41,7 55 40,1 75

Total 48 100,0 137 100,0 185

chi2 = 0,34; p = 0,854

Table 6 The presence of MB2 canals in second maxillary molars
according to patient’s age

MB2 canal in
maxillary second
molar teeth

Age (Y) Total

20–30 31–40

n Percent n Percent

MB2 present 9 18,0 39 68,4 48

MB2 absent 41 82,0 18 31,6 59

Total 50 100,0 57 100,0 107

chi2 = 27,382; p = 0,0000
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Our present findings reveal no significant differences
in the distribution of the MB2 canal of the maxillary first
molars between the two age groups; age was found to
have an effect on the incidence of the MB2 canal of the
mesiobuccal root only in maxillary second molars. The
31–40 age group showed a greater number of MB2
canals in maxillary second molars than the 21–30 age
group. Similarly, in a study of a Chilean population,
Abarca et al. [6] observed a higher occurrence of the
MB2 canal in the maxillary first and second molars in
older patients. In contrast, a study by Zheng et al. [17]
showed a significantly greater number of additional MB2
canals among patients between 20 and 30 years of age
than among older patients (group aged 30–40 years,
40–50 years, 50–60 years, >60 years) or younger people
(group aged 10–20 years). This is in concordance with
the results of a study by Neaverth et al. [37].
These differences in study results may be due to the

small size of the our sample, and the range of other ana-
tomical forms observed among the second molar teeth
apart from only three or four canals.

Conclusions
Within the limitations of this study, it can be concluded
that differences exist in the number and configuration of
roots and root canals between maxillary second and first
molars in the studied patients. In the second molar
teeth, in addition to three-root or four-root canal forms,
a few cases of teeth with only one root canal or
C-shaped root canals were been found. Due to the ana-
tomical complexity of the mesiobuccal root and the fre-
quent occurrence of the MB2 canal, the endodontist
should consider the presence of two canals in this root
during treatment. More attention should be given to the
detection of additional canals during root canal treatment
in maxillary permanent molars, especially during the treat-
ment of the upper first molars or root canal treatment of
male patients. These anatomical differences should be
taken into account while treating root canals of maxillary
molars, as it could influence endodontic treatment.
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