DOI: 10.7860/JCDR/2018/35023.11615

Classification of Root Canal Configurations: A
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ABSTRACT

Pulp space is complex, root canals may divide and rejoin. In the simplest form each root with one canal and single apical foramen
is not observed always, other canal configurations are present which exit the root with two, three or more foramen. Several
classifications have been proposed to describe root canal configurations for communication. With the advent of three dimensional
imaging technique researchers are reporting newer configurations which cannot be classified using current system. Hence, newer
classifications are proposed by each researcher. It is difficult to retain all classifications. Secondly, these newer classification are
not the continuation of previous ones. Also, similar terminology has been used by different researchers for different configurations.
Hence, in this paper instead of grouping root canal configurations into types, nomenclature system is proposed to identify each
configuration individually.
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INTRODUCTION

Root canal morphology varies from tooth to tooth. The dental pulp
is the soft tissue component of the root canal system. It occupies
the internal cavities of the tooth [1]. The external boundary of pulp
space resembles the shape of a root of the tooth [2].

Recent studies have demonstrated that root canal system is not a
single canal running uniformly from orifice to apex infact it is very
complex due to splitting and union of canals during its course to
apex [3-6]. A root canal starts from orifice in the pulp chamber and
opens apically into periodontium through apical foramen. During its
course root canal presents a variety of configurations from teeth to
teeth in different as well as in same individual [7].

As the configuration varies root canal classification is required to set
terms for communication, diagnosis and treatment planning. Ideal
requirement of a classification for root canal configuration is that it
must define the tooth in terms of number of root, number of canal in
each root and the course of canal from orifice to apex. At the same
time it must be simple, accurate, reliable, easy to communicate and
can be used in research, clinical practice and training. It can be
applied in all types of root and root canal configuration in all groups
of teeth.

Over the years, numerous root canal configurations have been
identified resulting in the proposal of numerous classifications and
their modifications. Clinical classification was given for the first
time by studying root canal configuration in mesiobuccal root of
maxillary first molar by Weine FS et al., [8]. It was further elaborated
by Vertucci FJ in 1984 by including configurations for three canals
also [9]. It is one of the most commonly used classifications in most
of the studies [10]. Depending upon the configuration, root canal
may exit apically through one or more than one apical foramen [8,9].
Advancement in non-destructive three dimensional imaging like
cone beam computed tomography, micro-computed tomography
as well as use of magnification have increased the number of
reports on complex root canal anatomy [10,11]. Many root canal
configurations reported now, using these techniques cannot be
classified by Vertucci classification. Hence, various researchers also
proposed newer classification [12-17]. Each classification is having
its own advantages and limitations. In fact it is difficult to classify
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them into groups as number of groups represented by various types
is increasing in each new study. Aim of this review was to overview
various classification proposed till date according to the criteria, their
applicability and limitations and to suggest a simple nomenclature
system to identify each configuration individually.

Various morphological features on which root canal configu-
rations are classified:

1. On the basis of number of canals from orifice to apex.

2. On the basis of number of roots and number of canals in each
root.

3. On the basis of number of isthmus.
I. On the basis of number of canals from orifice to apex

a. Weine FS et al., was the first to categorize root canal configu-
rations within a single root into four basic types [Table/Fig-1A]
as [8]:
e Type | (1-1): Single canal runs from orifice to apex.

e Type Il (2-1): Two canals arise from pulp chamber and
during its course unite into one.

e Type lll (2-2): Two canals run separately from orifice to apex.

e Type IV (1-2): One canal arises from floor of pulp chamber
and during its course divides into two.

b. VertucciFJ after studying the root canal morphology of maxillary
first premolars by clearing technique [9], further elaborated
Weine’s classification. He classified root canal systems into
eight types [Table/Fig-1B] as:

e Type | (1-1): Single canal runs from orifice to apex.

e Type Il (2-1): Two canals arises from pulp chamber which
unite in its course into one.

e Type lll (1-2-1): One canal arises from pulp chamber and
during its course splits into two. These two canals again
unite into one before exiting from apex.

e Type IV (2-2): Two canals run separately from orifice to
apex.

e Type V (1-2): One canal arises from floor of pulp chamber
and during its course divides into two.



Rashmi Bansal et al., Root Canal Configurations

e Type VI (2-1-2): Two canals start from pulp chamber, during
its course; they unite into one and then again divide into
two before exiting from root apex.

e Type VIl (1-2-1-2): One canal leave the pulp chamber which
divide and again unite into in its course and finally divide
into two before exiting from apex.

e Type VIII (3-3): Three canals leave the pulp chamber and
run independently towards the apex.

c. Kartal N et al.,
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[Table/Fig-1]: The root canal configurations from the pulp chamber to the root

apex according to Weine FS et al., (A) and Vertucci FJ (B).

reported two new root canal configurations
[Table/Fig-2A] in mandibular anterior teeth [10]:

e Root canal configuration (1-2-1-3): One canal starts from
pulp chamber, divides into two in the middle third. These
two canals join again into one canal and divides into three
canals before exiting from root apex.

e Root canal configuration (2-3-1): Two separate canals
which extended from the pulp chamber to mid-root where
the lingual canal divides into two; all three canals then joins
in the apical third and exits as one canal.

d. Kartal N et al., divided Vertucci’s Type Il into two subgroups [11]:

e. GulabivalaKet al.,

e Type lla: Two separate canals merge into one canal before
reaching the apex.

e Type llb: Two separate canals joining within the apical
foramen and then exited one apical foramen.

examined mandibular molars in a Burmese
population and added seven additional configurations [Table/
Fig-2B] to Vertucci’s classification as [12]: Type | to Type
VIl. These configurations classified 4 or 5 canals extending
from the orifice also. These additional configurations were as
follows:

e Type | (3-1): The pulp space separates into three and joins
in its course into one.

e Type Il (3-2): The pulp space separates into three and two of
them join into one during its course to exit as two root canals.
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e Type lll (2-3): The pulp space separates into two canals in
the coronal portion and then one canal further divides into
two and exit as three canals from the apex.

e TypelV (2-1-2-1): The pulp space separates into two canals
and joins into one during its course and then further divides
into two canals and at the apex join into one and exit as
one canal.

e TypeV (4-2): The pulp space in the coronal portion separates
into four then during its course two canals joins together
and exit as two canals at the apex.

e Type VI (4-4): The pulp chamber near the coronal portion
divides into four separate root canal extending till the apex
of the root.

e Type VIl (5-4): The pulp chamber near the coronal portion

divides into five separate canals and during its course one
canal joins with other canal and exit as four canal.

A.Kartal et al, 1992 . B Gulablvalu et al 2001
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[Table/Fig-2]: The root canal configurations from the pulp chamber to the root

apex according to Kartal N et al., (A) and Gulabivwala K et al., (B).

Sert S and Bayirli GS evaluated root canal configurations in
2800 mandibular and maxillary permanent teeth in a Turkish
population by clearing technique [13]. They also added fourteen
new root canal configurations [Table/Fig-3] to Vertucci’s
classification. They numbered them from Type X to Type XXIlI.
These types were summarized as follows:

e Type IX (1-3): The pulp space starts as a single canal and
during its course divides into three canals.

e Type X (1-2-3-2): The pulp space starts as a one canal
divides into two out of which one canal further divides into
two and later exit as two canals.

e Type Xl (1-2-3-4): The pulp space starts as a one canal
divides into two out of which one canal further divides into
two and run as three canals and later on other canals also
divides and exit as four canals from the apex.

e Type Xl (2-3-1): Two canals leave the pulp chamber one

canals gives off another branch, these three canals merge
at the apex and exit as one canals.

[Table/Fig-3]: The root canal configurations from the pulp chamber to the root
apex according to Sert S and Bayirli GS.
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e Type Xl (1-2-1-3): One canal leaves the pulp chamber
diverge into two canals then again merge into one canal
and then divides into three canals to exit from the apex.

e Type XIV (4-2): Four canals leaves the pulp chamber, two
of each canal unites into one and exit as two canals from
the apex.

e Type XV (3-2): Three canals leave the pulp chamber and
two canals unite into one and run as two canals and exit
from the apex.

e Type XVI (2-3): Two canals leave the pulp chamber, one
canal gives off another branch and exit as three canals from
the apex.

e Type XVII (1-3-1): A wide canal leave the chamber and
separates into three canals and then these three canals
merge into one and exit as one canal from the apex.

e Type XVIII (3-1): Three canals leave the pulp chamber and
all of them join into one and exit from the pulp chamber.

e Type XIX (2-1-2-1): Two canals leave the pulp chamber and
then join into one then again divides into two and again
unite into one.

e Type XX (4): Four canals start from the pulp chamber and
continue throughout the canal to exit as four canals.

e Type XXl (4-1): Four canals leave the pulp chamber and
later join into one.

e Type XXII (5-4): Five canals leave the pulp chamber and one
of them joins with other canals and exit as four canals from
the apex.

e Type XXIlI (3-4): Three canals leave the pulp chamber one
of them further divides into two and exit as four canal from
the apex.

g. PeirisHetal., observed two additional root canal configurations
(1-2-3) and (8-1-2) in their study [Table/Fig-4A] on permanent
mandibular first molar of a Srilankan population [14].

h.  Al-Qudah AA observed four new types of configurations in their
study [Table/Fig-4B] on root canal morphology of mandibular
molars in a Jordanian population and assigned them as [15]:

e Type XX (2-3-1): Two canal divides into three and then
during its course unite into one,

e Type XXl (2-3-2): Two canals divide into three and then
during its course one canal unite into other resulting into
two canal running towards the apex

e Type XXl (3-2-1): Three canals originate from pulp chamber
and unite first into two and then into one towards the apex

e Type XXl (3-2-3): Three canals divides into two running
towards the apex and again divide into three.

A.Peiris et al, 2008

(3-12)

B.Al-Qudah and Awawdeh, 2009

TYPE XX
(2-3-1) 2-3-2) (3-2-1) (3-2-3)

(1-2-3)

[Table/Fig-4]: The root canal configurations from the pulp chamber to the root

apex according to Peiris H et al., (A) and Al-Qudah AA (B).

Il. On the Basis of Number of Roots and Number of Canals in
Each Root:

a. Zhang R et al., gave classification for mandibular molars only
according to the number of roots and the number of canals
[Table/Fig-5A] in each root [16].
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e Variant 1: Two separate roots, a mesial and a distal root,
with one canal in each root.

e \Variant 2: Two separate roots, a mesial and a distal root,
with one canal in the mesial root and two canals in the distal
root.

e Variant 3: Two separate roots, a mesial and a distal root,
with two canals in the mesial root and one canal in the distal
root.

e Variant 4. Two separate roots, a mesial and a distal root,
with two canals in each root.

e Variant 5: Three separate roots, mesial, distobuccal and
distolingual, with one canal in each root.

e Variant 6: Three separate roots, with two canals in the
mesial root and one canal each in the distobuccal and
distolingual roots.

e Variant 7: Four separate roots, mesiobuccal, mesiolingual,
distobuccal and distolingual, with one canal in each root.

e Silva EJNL et al., added three more variants for mandibular
molars [Table/Fig-5B] which were [17]:

e Variant 8: One root with one canal,
e \Variant 9: One root with two canals
e Variant 10: One root with three canals

AZhangetal., (2011)

[Table/Fig-5]: The root canal configurations from the pulp chamber to the root
apex according to (A) Zhang R et al., (B) Silva EJNL et al.,.

lll. On the Basis of Number of Isthmus: Kim SY Divided Apex
Into Five Types [Table/Fig-6] [18]:

* Type I: Two canals at root tip without any connection.

e Type Il: Two canals with incomplete connection between
them.
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e Type lll: Three canals at root tip without any connection.

e Type IV: Extension of main canal resulting in a shape of
tear.

e Type V: Two canals with complete connection between
them.

LIMITATION
e (Classification proposed by Weine FS et al., [8] Vertucci FJ
et al.,, [9] were the most commonly used classification by
various researchers in their studies [19], Apart from eight
types of root canal configurations suggested by Vertucci
FJ et al., additional types were reported in various studies
[12-15,19,20].

e Advanced 3D imaging technology has revealed that the
morphological characteristics of root canal system are
highly complex and many canal configuration cannot be
described even by Gulabivala K classification [21-24].

e Another limitation of these classifications is that it did
not explain in which root of multi-rooted teeth canals are
encased [25].

e Division or union of canals is taking place in which part of
rootcanal. Division of canal in the coronal, middle or apical
third will be coded same e.g., 1-2-1 can be coded for all
canals in which bifurcation is taking place at coronal third,
middle third or apical third. In Weine FS [8] Type II/Vertucci
FJ [9] Type Il (2-1), Vertucci FJ [9] Type Il (1-2-1), AlQudah
AA [15] Type XXII (3-2-1) two canals are uniting into one,
but in which part of root canal space two canals are uniting
is not clear [26].

e These classifications do not consider the position of apical
foramen through which root canal exit [27].

e The assessment of apical canal configurations may vary
e.g., some apical bifurcations could either be classified as
an apical delta/ramification or a division from the main canal
(Type 1-2) [28].

e |t is difficult to memorize all classifications and hence
Vertucci FJ [9] classification and additional configuration
given by Gulabivala K [12] are the main classification used
for communication purposes [29,30].

e Further there was difference in nomenclature in other
classification also for e.g., A—~Qudah AA [15] classified
Type XX, Type XXI, Type XXl as (2-3-1),(2-3-2), (3-2-1)
respectively; while Sert S [13] coined Type XX, Type XX,
Type XXl as (4-4), (4-1), (5-4) respectively [Table/Fig-7]

Type Sert S Al-Qudah AA
Type XX (4-4) (2-3-1)
Type XX 4-1) (2-3-2)
Type XXl (5-4) (3-2-1)

[Table/Fig-7]: Different configuration assigned for same category

e Different types were assigned by different classification
system to a same configuration e.g., 3-1 configuration was
assigned Type | by Gulabivala K [12] and Type XVIII by Sert
S [13] classification system [Table/Fig-8].

IV. Four digit formula according to course of canal in coronal,
middle and apical third:

Briseno-Marroquin B et al., divided root canal into thirds and gave
a digit to each third [31]. Fourth digit was given to number of
foramina. But this classification was not clinically applicable, as it
is not possible to divide root canal clinically into thirds on intraoral
radiographs. Secondly number of foramen cannot be evaluated
accurately by intraoral periapical radiographs.
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Configuration Gulabivala K et al Sert S

3-1 Type | Type XVIII
3-2 Type Il Type XV
2-3 Type lll Type XVI
2-1-2-1 Type IV Type XIX
4-2 Type V Type XIV
4-4 Type VI Type XX
5-4 Type VII Type XXII

[Table/Fig-8]: Different category assigned to same configuration

As newer and newer configurations are reported in studies, it is
difficult to classify them into groups by classifying them; instead
they should be named individually by a simple nomenclature system
which can define a particular configuration.

V. Morphological Features to be Considered while Giving a
Nomenclature System:

e Tooth type

e Root in which configuration is encased

e Root canal configuration from orifice to apex

e |ocation at which root canal exit from root apex.

e Anatomic variations like radix molar, C shaped canal etc
VI. New Proposal: [Table/Fig-9]

e Tooth number: The tooth number can be written using FDI
system of nomenclature.

e Nomenclature of root written on the right side of the tooth
number.

e The course of the canal in each root mentioned in round
brackets written on right side of the nomenclature of each
root.

e Number of foramen through which canal is exiting at the
apex is mentioned after putting slash to course of canal.

e Proposal for anatomic variations:

e (- Shape canal can be mentioned by letter “C” added to
the left of the tooth number. The fusion between canals
can be depicted (-) between canals

e Taurodontism can be mentioned by adding letter “T”
added to the left of the tooth number.

e Single root can be mentioned by adding letter “R” added
to the right of the tooth number.

e |ndividualnameslikeRadixparamolaris, Radixentomolaris,
middle mesial canal etc., are not required. Additional

root of Radix paramolaris can be written Mesiobuccal
(MB) or Distobuccal (DB) and similarly additional root of

W
o

a.47 M(1-2-1-2/2) D(1-1-1/1)
b. 24 M(1/1) D(1/1) P(1/1)
€.24B(1-2/2) P(1/2)
d.34B(1-2/2) P(2-1/1)

i. 46M(3-2/2)D(1/1)
j-46M(3/3)D(1/1)
k. C 47(ML-MB-D)

e.34R(1-2-1/1)
f.36MB(2/2)ML(1/1)DB(1/1)DL(1/1)
g. 36M(1-2-1-3/3)DL(1-3/3)DB(1/1)
h.16MB(1-2-1-2-3/3)DB(1/1)P(1/1)

1.T 47 M(1/2)D(1/1)

[Table/Fig-9]: The proposed root canal configurations from the pulp chamber to the

root apex.
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Radix entomolaris as Mesiolingual (ML) or Distolingual
(DL) depending on its anatomical position. Similarly
middle mesial canal i.e., canal in between MB and
ML canal can be written as 3-3, 3-2 or 3-1 depending
on the course of middle canal from orifice to apex.
e For example: 47M(1-2-1-2/2)D(1-1-1/1) can be
represented as Right mandibular second molar with
mesial root having configuration —one canal arise from
pulp chamber, during its course divides into two and
then again unite into one and then divide into two which
exits through two foramen. In the distal root one canal
continues from orifice to apex and exit by one foramen.

CONCLUSION

All classification reported till date has their advantages and limit-
ations. The proposed nomenclature system takes into account
the tooth type, number of roots and course of canal in each
root. This classification is a simple, reliable, accurate and easy
for communication as it is guided by course of canal. Further the
proposed system can define any new configuration. Hence it can
be used both for clinical and research work.
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