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Abstract: The root canal system is considering the most important factor in endodontic treatment,
due to the complexity of its anatomy and morphology. The aim of this study was to evaluate
the cross-sectional root canal shape in three thirds (coronal, middle, apical) in different age groups
using cone-beam computed tomography scanning (CBCT) and to present a new classification for
root canal shape changes. This cross-sectional study included 300 CBCT scans for patient aged
20-70, and these scans were evaluated to study the morphology of the cross-sectional root canal
shape in coronal, middle, and apical thirds among three age groups, namely the young (20—44),
middle (45-59), and elderly (60-70). The root canal shape was classified as round, oval, long oval,
and ribbon (with or without isthmus). The cross-sectional root canal shape was identified in two
groups: canals with an unchanging (constant) shape and canals with changing shape. In turn,
in canals with changing shape, the change could be identified in the region of the middle or apical
thirds of the canal. The results showed that root canal shape changes in two cases: (1) the presence
of one or more canals in the root (with or without isthmus between them), and (2) with age, as it
was observed that the cross-sectional shape of the root canal becomes round in the apical third with
age. A new classification of the changes of root canal shape in three thirds (coronal, middle, apical)
was presented in this study.

Keywords: classification; cone-beam computed tomography; cross-sectional shape; endodontic
treatment; root canal anatomy

1. Introduction

Successful endodontic treatment depends on major factors, such as the anatomy and morphology
of the root canal system, the disinfection of the root canal, and a good sealing. Among these factors,
the root canal system is considered the first issue which should be known precisely due to the complexity
of its anatomy and morphology. This system varies among populations even in individuals in the same
population, the variations in root canal morphology are still a major issue for endodontists [1-3].
Knowledge of root canal morphology is important for clinicians to master therapeutic techniques
and clinical outcomes will be improved. Knowing the root canal system means to know the number of
roots and canals, the canals configuration and cross-sectional shape.

The root canals could have various cross-sectional shapes, including round, oval, long oval, ribbon
ones C-shaped, conical-pyramidal, eight-shaped, trapezoidal, or drop-shaped [4,5]. In the literature,
the authors have defined the canal shapes in the coronal third of the root canal, as round, oval, round oval,
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ribbon, irregular and C-shaped canals [6-8]. Ribbon canals (that contain isthmus between the canals)
were classified by many authors such as Kim and Hsu [9], Kim and Pécora [10], and Teixeira [11].
Several studies analyzed the presence of isthmus between canals especially in the molar region [12-15].
Some authors have defined the ribbon shapes (with or without isthmus) in the apical third and it
was observed that the root canal shape in the apical third could differ from the other thirds. The root
canal changes its shape during its course to apex, and this affects the canal instrumentation. In addition,
the variations in the geometry of the cross-sectional root canal shape before forming and cleaning have a
great influence on the changes that occur during root canal preparation and depend on the preparation
methods. The preparation and treatment of the apical third of the root canal and apical foramen
has been the subject of numerous studies [16-18].

In most of the studies, authors have used micro- computed tomography to study the morphology
of the root canal system, this method is effective and helpful especially when studying anatomical
structures [19]. Also, another technique is used to study the anatomical and morphological structures
of the root canal system is cone-beam computed tomography (CBCT) which induces high-resolution,
three-dimensional scans [20].

Till now, the root canal shape was studied in one third, coronal or apical, but this shape changes
and this change is so significant in endodontic treatment, that is why the aim of this research was to study
the cross sectional root canal shape and its changes in three thirds (coronal, middle, apical) in different
age groups using cone-beam computed tomography scanning and present a new classification of root
canal shape changes.

2. Materials and Methods

This cross-sectional study was conducted to evaluate the cross-sectional root canal shape among
different age groups in the period between November 2018 and March 2020.

Sample size was determined according to other publishing studies, namely those of Hu et al. [21,22],
and taking into account the three age groups, three hundred CBCT scans for 300 subjects, aged (20-70)
years, were included in this study. The study was conducted in accordance with the Helsinki Declaration
of 1975, as revised in 2000, and was approved by the ethical committee of the Peoples” Friendship
University of Russia University (Protocol 6 at 21.02.2019). The study was conducted in university
clinical clinics and radiologic diagnostic centers for three-dimensional radiological scanning in Moscow.
Subjects attending the university clinics for endodontic therapeutic purposes were asked to participate
in this study and to do a CBCT scan. After collecting the sample, subjects were divided into three age
groups by 100 subjects for each: young age (20-44) years, middle age (45-59) years, and elderly (60-70).
Written consent was obtained from the subjects participating in the study.

The CBCT scans were taken using a 3D eXam (KaVo, Biberach, Germany) with standard exposure
settings (23 cm X 17 cm field of view, 0.3 mm voxel size, 110 kv, 1.6-20 s) and were viewed by three
examiners in a semi-dark room using I-CAT viewer software (version 10, Hatfield, UK).

The morphology of the cross-sectional root canal shape was studied on healthy teeth in axial slices
in three thirds of the root canal, coronal at 2 mm level down the root canal orifice, middle of the root
canal, and apical at 2 mm level of the apex in each age group.

The root canal shape was recorded according to this classification: round, oval, long oval,
and ribbon.

The criteria for root canal shape classification were as follows: the round canal was defined when
the mesio-distal diameter of the root canal was equal to the bucco-lingual/palatal diameter. The oval
and long oval canals were determined when the bucco-lingual/palatal diameter was two to four time
greater than the mesio-distal diameter of the root canal. The ribbon canal shape (that contain isthmus)
was studied according to Kim'’s Classification [10] as follow:

e  Type I: Incomplete isthmus between two canals.
e TypeIl: A complete isthmus between two canals.
e  Type III: A short, complete isthmus between two canals.



Appl. Sci. 2020, 10, 4495 30f9

e TypeIV: A complete or incomplete isthmus between three or more canals.
e  Type V: two or three canals without obvious connection between them.

The changes in root canal shape recorded in coronal, middle and apical thirds of the root
canal system.

Statistical analysis: IBM SPSS Statistics v 22.0 licensed package (IBM, Chicago, IL, USA) was used
for statistical processing of the study data. The method of descriptive statistics used for statistical
processing of the received data. To compare the new classification of root canal shape among age
groups, the Kruskal-Wallis test and Mann-Whitney U test were used. Statistical significance was set
at 0.05.

3. Results

Three hundred CBCT scans were analyzed for three age groups. In total: for maxillary teeth,
378 central incisors, 392 lateral incisors, 357 canines, 310 first premolars, 300 second premolars, 261
first molars, and 250 second molars were studied. Meanwhile, for mandibular teeth, 481 central
incisors, 475 lateral incisors, 456 canines, 347 first premolars, 300 second premolars, 250 first molars,
and 248 second molars were studied.

The cross-sectional root canal shape was identified in two groups: canals with an unchanging
(constant) shape and canals with changing shape. In turn, in canals with changing shape, the change
could be identified in the region of the middle or apical thirds of the canal (Table 1).

Table 1. Classification of cross-sectional root canal shape according to teeth.

Cross-Sectional Root Canal Shape

No Change Change
In The Middle Third In the Apical Third In the Middle and Apical Thirds
Anterior teeth Mandibular incisors Mandibular premolars Mandibular premolars

and one-rooted maxillary premolars  and one-rooted maxillary premolars

Two-rooted maxillary One-rooted maxillary . . Mesio-buccal canals maxillary
Mesio-buccal canals maxillary molars
premolars premolars molars
Distal and palatal canals . Mesial and distal canals mandibular ~ Mesial and distal canals mandibular
Mandibular premolars
molars molars

maxillary molars

According to the obtained results, this study suggested a new classification of the changes
in cross-sectional root canal shape depending on the third, where the shape changes,
and this classification was defined in Table 2.

Table 2. Classification of changes of cross-sectional root canal shape.

Types Description

Typel Un-changed cross-sectional root canal shape from coronal to apical third
Type Il Changed cross-sectional root canal shape in the middle third

Type III Changed cross-sectional root canal shape in the middle and apical thirds
Type IV Changed cross-sectional root canal shape in the apical third

3.1. Anterior Teeth

For maxillary anterior teeth: the cross-sectional root canal shape was defined to be round for
incisors and oval for canines in the three thirds in each age group. No statistical differences were
observed for this group of teeth (Figure 1). The significant difference was observed in the diameter of
the root canal in elderly group which was observed to be smaller than other age groups (P < 0.05).
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Figure 1. Unchanged cross-sectional root canal shape for maxillary anterior teeth (A) Coronal;
(B) Middle; (C) Apical.

For mandibular anterior teeth, the cross-sectional root canal shape was defined to be oval or long
oval for incisors in the three thirds in 95% at the young age. In 5%, the cross-sectional root canal shape
was changed in the middle third to ribbon type I and in the apex re-changed to long-oval. For canines,
the shape of the root canal was defined to be oval in three thirds in 96%. In 4%, the root canal shape
changed in the middle third (Figure 2).

Figure 2. Changed cross-sectional root canal shape for mandibular anterior teeth in the middle third.
(A) Coronal; (B) Middle; (C) Apical.

3.2. Premolars Teeth

For two-rooted maxillary premolars, the root canal shape was round in the three thirds in each
root in each age group. For one-rooted maxillary and mandibular premolars, it was observed changes
in root canal shape in coronal, middle and apical layers. In some cases, the shape changed from oval or
round to ribbon or from oval to round in the apical third (Figure 3). The changes were observed more
in the middle and apical third of the premolars in each age groups.

(A)

Figure 3. Changed cross-sectional root canal shape for maxillary second premolar from oval
in the coronal third to ribbon in the middle and apical third ((A): refers to coronal third, (B): middle
third, (C): apical third of root canal).
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3.3. Molars Teeth

For maxillary molars, the following regularity of root canals shape was established as follow:
the palatal and distobuccal canals usually have a round or oval shape that did not change in the three
thirds in most cases. The mesiobuccal canals had a variable structure: the cross-sectional shape could
change from oval in the coronal third to ribbon especially in the apical third (Figure 4).

Figure 4. Changed cross-sectional root canal shape for maxillary first molar from ribbon shape
in the coronal third to oval in the middle and apical thirds for MB root. ((A): refers to coronal third,
(B): middle third, (C): apical third of root canal).

For mandibular molars, it was observed a variability in the cross-sectional root canals shape for
both the distal and mesial roots.

More often the shape changed in the young and middle age group. For the elderly age group,
the unchanging shape of the canals in the mesial and distal roots was most characteristic (Figure 5).

Figure 5. Changed cross-sectional root canal shape for mandibular first molar from ribbon shape type
Iin the coronal third to ribbon type 5 in the apical third for mesial root. ((A): refers to coronal third,
(B): middle third, (C): apical third of root canal).

Tables 3-5 represent the new classification of cross-sectional root canal shape changes among
age groups.

Table 3. Changes of cross-sectional root canal shape in young age group.

Young Group Root Type I Type II Type 111 Type IV

Maxillary anterior teeth One-rooted 100% 0 0 0
Maxillary premolars Two-rooted 100% 0 0 0

One-rooted 60% 13% 17% 10%

MB 5% 6% 49% 40%

Maxillary molars DB 75% 0 15% 10%

P 88% 0 4% 8%
Mandibular anterior teeth One-rooted 95% 5% 0 0

Mandibular premolars One-rooted 36% 8% 40% 16%

M 68% 0 12% 20%

Mandibular molars D 46% 0 28% 26%
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Table 4. Changes of cross-sectional root canal shape in middle age group.

Middle Group Root Type I Type II Type III Type IV

Maxillary anterior teeth One-rooted 100% 0 0 0
Maxillary premolars Two-rooted 100% 0 0 0

One-rooted 49% 4% 34% 13%

MB 3% 10% 46% 41%

Maxillary molars DB 71% 0 11% 18%

P 77% 0 13% 10%
Mandibular anterior teeth One-rooted 96% 3% 1% 0

Mandibular premolars One-rooted 53% 2% 31% 14%
0, 0, O,

Mandibular molars I\];[ ZSO;Z 8 i;lojz ;ZO;Z

Table 5. Changes of cross-sectional root canal shape in elderly age group.

Elderly Group Root Type I Type II Type III Type IV

Maxillary anterior teeth One-rooted 100% 0 0 0
Maxillary premolars Two-rooted 100% 0 0 0

One-rooted 56% 9% 24% 11%

MB 6% 7% 39% 48%

Maxillary molars DB 76% 0 9% 15%

P 84% 0 9% 7%
Mandibular anterior teeth One-rooted 93% 5% 2% 0

Mandibular premolars One-rooted 43% 5% 24% 28%
0, 0, O,

Mandibular molars I\]SI gg"z 8 ioﬁ }g(;z

When comparing the cross-sectional root canal shape changes among the study age groups,
it was observed a significant difference in premolar and molar teeth in middle and elderly group
(P < 0.05). Type III of the new classification was higher in maxillary premolars in the middle age group
and Type IV was higher in mesio-buccal canals in elderly group.

4. Discussion

The cross-sectional root canal shape varies, it could be round, oval, long oval or ribbon.
This was the first study to analyze the cross-sectional root canal shape and its changes during
its course to apex among different age groups. This study has demonstrated the changes in the root
canal cross-sectional shape between the coronal, middle, and apical thirds among different age groups.
The results of this study showed that root canal shape changes in two cases: (1) the presence of one
or more canals in the root (with or without isthmus between them), (2) with age, as it was observed
that the cross-sectional shape of the root canal becomes round with age in the apical third. This study
described four types of root canal shape changes as follows: type I: un-changed cross-sectional root
canal shape from coronal to apical third; type II: changed cross-sectional root canal shape in the middle
third; type I1I: changed cross-sectional root canal shape in the middle and apical thirds; type IV: changed
cross-sectional root canal shape in the apical third. This is the main difference of our classification from
other classifications, which described the canal shape just in coronal third. This study revealed that
that the most common change in cross-sectional root canal shape was among premolars, in which
the shape changes from oval in the coronal third to round in the apical third. The second common
change was observed in mesial roots in mandibular molars, in which the shape changed from ribbon
type Lin the coronal third to ribbon type V in the middle and apical third, in some cases the it turned to
oval in the apical third.

The important aspects of root canal shape can be explained as follow: (1) the presence of
different variants of root canal morphology require different methods of preparation and obturation,
(2) non-round canals can’t be enlarged to round without perforation which weakens the root,
(3) the preparation of oval or ribbon canals cannot be prepared to a round shape, which created by
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rotating tools, and therefore, parts of them remain unprepared, which could potentially lead to failure
of endodontic treatment, (4) the taper of endodontic instruments should match the root canal taper,
because if the taper does not match, the purpose of the mechanical preparation will not be achieved.
While the instrument has excessive taper, this will lead to excessive removal of the dentin and weakening
of the tooth structure, and at that time, the instrument will not be able to effectively clean the apical
third of the canal [18]. While recently, new rotary instruments such as (SAF, XP-endo Shaper, and TRU
Shape) were used in the preparation oval root canals and presented a higher percent of touched walls
without excessive removing of dentine, which is so effective in endodontic treatment [17,23,24].

Mechanical preparation of root canals can be performed using hand tools or rotary instrument.
Cleaning and shaping the entire wall of the main canal depends on a number of factors, such as canal
morphology, canal wall thickness, canal taper, type of tool used and its size. Among all factors, the root
canal morphology can be considered the most important since all other factors, like the choice of
preparation technique and the choice of instrument depend on and are determined by the shape of
the canal. It is also very difficult to adequately clean the canals only with tools, because most often
tools create a round canal shape, leaving isthmuses, narrowing unprepared and filled with debris,
which increases the importance of choosing the right solution for irrigation with a sufficient volume
and method of irrigation [18,25].

A few studies have evaluated the root canal shape, as Mehrvarzfar et al. studied the ribbon shape
in the apical third according to Kim and Pécora classification in the mesial roots of mandibular molars,
it was observed at 6 mm of the apex type I in 8.3%, type 11 40%, type III 8.3%, type IV 18.3%, and type
V 25%. At4 mm of the apex the prevalence of types I, II, III, IV, and V was 11.7%, 16.7%, 15%, 10%,
and 46.8%, respectively, and at 2 mm of the apex the prevalence of types I, II, III, IV and V was as follow
30%, 10%, 5%, 3.3%, and 51.7%, respectively [7]. This study demonstrates the change of root canal
shape in the apical third, which coincide with the results of our study:.

In Brazil, a micro-CT study of Fumes et al. was conducted to study the shape of the canals
of the first and second molars in the apical area. For mandibular first molars, a rounded shape
was detected in the mesial root in 30%, oval in 10%, ribbon in 50%, and irregular in 10% of cases,
and in the distal root a round shape in 30%, oval in 20%, ribbon in 40%, and irregular in 10% of
cases. For the mandibular second molars in the mesial root revealed a round shape in 30%, ribbon
in 60%, and irregular in 10% of cases, and in the distal root, a round shape in 40%, oval in 20%
and ribbon in 40% of cases. For maxillary first molar, a round shape in 10%, oval in 30%, ribbon in 50%
and irregular in 10% of cases were revealed in the mesio-buccal root, for the disto-buccal root, an oval
shape was observed in 100% of cases, and in the palatal root round shape was found in 20% and oval
in 80% of cases. For the maxillary second molars in the mesio-buccal root revealed a rounded shape
in 20%, oval in 30%, ribbon in 40% and irregular in 10% of cases, in the disto-buccal root revealed an
oval shape in 100% of cases, and in the palatal root a rounded shape in 30%, oval in 70% of cases [26].

In 2016 (China), Hu et al. [21] studied morphological changes in the root canals of the maxillary
first premolar using CBCT in different age groups and found that the morphology of the sections in most
age groups was ribbon (48.5%) and oval (28.2%). In 2019, the researchers [22] studied the anatomy
and morphology of the second maxillary premolar using CBCT and differences with age, and found that
in most groups, the ribbon shape was higher in 57.8% of cases and the oval form in 31.3%. Researchers
concluded that with age, the percentage of the round shape gradually increased, while the ribbon
and oval shapes decreased, these results are expected, as it is known that the physiological deposition
of tertiary dentin along the life of human beings will change the morphology of root canals, resulting
in narrowing and rounding.

Kacharaju et al. studied the morphology of the root canals of mandibular premolars
in the Malaysian population. The study revealed that in the coronal third, an oval shape was detected
in 52%, round in 1% and irregular in 46%. In the middle third of the canal, the oval shape was detected
in 36% of cases, round in 21% of cases, irregular in 30% of cases, ribbon with isthmus in 7% of cases,
and ribbon without isthmus in 6% of cases. In the apical third, the canal shape changed. In 22%,
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an oval shape was detected, in 37% it was round, in 25% it was irregular, in 8% it was ribbon with an
isthmus, and in 8% it was ribbon without an isthmus [6].

This variability of the root canal shape is important to understand in order to complete
the endodontic treatment stage, namely mechanical treatment (preparation of the root canal). The choice
of instrument and technique for preparing the canal will determine the effectiveness and correctness of
this stage, and therefore a favorable prognosis of treatment.

According to the presented classification, the most changes were observed in the middle and apical
thirds of the root canal in each age group, and using this classification help the clinicians chose the proper
instrument for endodontic treatment as using these instruments (SAF, XP-endo Shaper, and TRU
Shape) for preparing oval canals.

5. Conclusions

Within the limits of this study, the results showed that the cross-sectional root canal shape varies
in different thirds of the root canal and among age groups, these variations was presented in a new
classification explained the changes in root canal shape in the three thirds. These variations should
be taken into consideration while performing endodontic treatment to choose the right technique for
cleaning and shaping.
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