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Discipline-specific terminology is a central element of the vocabulary used by dentists and scientists in the
context of their professional activities and plays a critical role in the understanding of dentistry. A number of
controversial terms and non-standardized definitions exist in the field of endodontology. For example, in root
and canal anatomy, variations are evident in the definitions of root morphology (including apical bifurcation,
fusion and dilaceration), pulp chamber anatomy (including the outline of the floor, pulp horns and location
of the root canal orifice), apical root canal bifurcations, canal isthmuses, accessory canals and apical foramen.
This narrative review provides a critical analysis of a range of controversial terms currently used to describe
root and canal anatomy. It also addresses the consequences of using such controversial terms on the accuracy
and reliability of research findings and clinical practice.
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« This review provides a critical analysis of controversial terms used to describe root and
canal anatomy.

« A literature shows that a wide range of terms are used to describe the same anatomical
features of the roots and canals.

« A universal consensus is needed to provide accurate and consistent descriptions of key
anatomical landmarks in roots and canals.

INTRODUCTION ceptance of specific terms leads to confusion,
The scientific community uses terminology as  disagreement and even controversy among
a basic tool for communication and reporting stakeholders. In essence, a scientific contro-
between colleagues, patients and other stake-  versy involves a sustained debate within the
holders (1). Unfortunately, there are occasions  broader scientific community in which the ar-
when the lack of consensus and universal ac- guments are based on evidence (2).
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Although science is used to justify arguments within contro-
versies, a detailed analysis of the growing body of scientific
knowledge is essential (3). The study of controversies may
shed light on the dynamics of science, and focus attention on
different theories and assumptions evolved in a given subject
(4). A resolution in most cases comes when one argument is
widely accepted or the evidence in support of one side of the
controversy becomes convincing compared to others (2).

In medicine, the use of consistent agreed terminology for
defining diseases is essential in providing a platform for opti-
mal understanding, communication and treatment across mul-
tiple health care providers including kidney disease (5), liver
diseases (6) and urinary tract infections (7). One systematic re-
view demonstrated that different terminologies given for the
same condition influenced the patients’ management prefer-
ences and psychology, concluding that modifying the termi-
nology may be one approach to reduce patient’s preference for
aggressive treatment options to low-risk conditions (8). The use
of misleading, confusing terminology may also lead to a lack
of understanding among students and young practitioners (9).

In dentistry, the use of inconsistent terminology has been re-
ported in several conditions such as temporomandibular joint
disorders (10), developmental defects of enamel (11), dentine
hypersensitivity (12) and endo-perio lesions (13). In addition,
Hamilton et al. (14) concluded that inconsistent terminology
within oral surgery and oral medicine is likely to lead to con-
fusion and incorrect interpretation from patients resulting in
ill-informed decision-making or unnecessary concerns.

Terminology in human anatomy provides the basis for effec-
tive communication in all medical and healthcare fields (15).
The Federative International Programme for Anatomical Ter-
minology (FIPAT) [one programme of the International Feder-
ation of Associations of Anatomists (IFAA)] develops, publishes
and maintains the set of international standard terminologies
of human anatomical sciences as well as promotes the correct
use of terminology (16). Despite these efforts, several reports
have documented deficiencies in the adoption and use of con-
sistent terminology in several fields, for example, in the surface
anatomy of dermatology (17) as well as anatomical structures
in the jaw bones such as the inferior alveolar canal (18).

A detailed and comprehensive understanding of root and
canal anatomy is essential before undertaking endodon-
tic procedures (19, 20). Indeed, a lack of knowledge of tooth
anatomy is likely to have a negative impact on the outcome
of treatment (19). Knowledge of root and canal anatomy has
increased over the years as a consequence of the large num-
ber of laboratory and clinical studies. With the ever-increasing
body of knowledge on tooth anatomy and the high rate of
publications in this area (21), the use of consistently accepted
terminology for describing anatomical features of root and
canal systems is becoming increasingly important (22).

Not only does consistent use of terms increase accuracy and
understanding, but it is a key element for enhancing dental
education (23). It also allows accurate comparisons between
the results of research studies and ensures more accurate
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descriptions of a range of anatomical variations in clinical
practice such as root fusions, pulp chamber anatomy, level
of canal bifurcations and accessory canals (22). Despite con-
siderable efforts, there is no universal consensus for many
of the terms used to describe and define features of root
and canal anatomy (24). For a dental student, researcher
and clinician to interpret root canal configurations correctly
and consistently, the anatomical details of the root and pulp
canal space should be defined accurately using terminology
that is generally accepted and can be applied universally.
This paper aims to provide a critical analysis of the most con-
troversial terms currently used to describe root and canal
anatomy. It also addresses the consequences of using such
controversial terms on the accuracy and reliability of differ-
ent study findings and clinical practice.

Domain 1: Controversies Related to the Terminology Used
to Describe Roots

Apical Root Bifurcation

The term ‘bifurcation” has often been used to describe the di-
vision of a single root in the coronal region into two or more
roots more apically (24-26). Defining the number of roots in
a specific tooth is usually straightforward; however, it is more
challenging when a division/bifurcation occurs in the apical
third of the root, particularly when it is in close proximity to
the root apex (24, 25, 27, 28). Unfortunately, various terms
have been proposed to describe these divisions/bifurcations
without a global agreement on the most appropriate term(s).

Turner (25) classified bifurcations in the apical portion of the
root in two forms:

(i) asingle-rooted tooth with a bifid tipped root in which the
bifurcation is less than one-third to one-fourth of the total
root length, and

(i) a single-rooted tooth with a double apex that does not
have a very clear bifurcation but has two distinct and iden-
tifiable small root apices that can be seen and/or felt.

Others have provided alternative definitions. For example, a
micro-computed tomography (micro-CT) study on double-
rooted mandibular canines considered bifurcations in the
middle and apical thirds of the root as two separate roots
(29). Ahmed et al. (24) categorized roots with apical bifur-
cations with no ‘distinct double roots’ as either (a) a single-
rooted root with bifid tip [when the bifurcation is located in
the middle portion of the apical third of the root - Bifid Root
(BR)] or (b) a small double-apex root [when double root tips
are present- Double Apex (DA)].

Such anatomical variations of the root can be identified when
using 3D diagnostic tools [(e.g., micro-CT and cone beam com-
puted tomography (CBCT)] (Fig. 1). With proper shifting of the
X-ray beam, coronal and middle bifurcations of the root may
also be identified on intraoral periapical radiographs. Howev-
er, because of their inability to reveal the bucco-lingual dimen-
sion of the root apex and superimposition of anatomical struc-
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Figure 1. Interpretation of single (with double apex and bifid root) and double-rooted teeth using micro-CT,

CBCT and conventional radiographic imaging. (a) micro-CT, (b) CBCT, (c) 2D radiographic image (yellow circle:

identification of the double apex, red arrows: after root resection)

DA: Double apex, BR: Bifid root, CBCT: Cone beam computed tomography

tures, identifying bifid roots and double apices is challenging
using conventional radiographs.

The presence of a bifid root has important clinical implications
in terms of canal location and preparation during root canal
treatment, retreatment and endodontic surgery. A bifurcation
also indicates the increased possibility of accessory canals in
the apical third (28), which will require a specific approach to
canal preparation and filling.

From the discussion above, it is obvious that apical root bi-
furcations have important implications in research and clin-
ical practice, the outcomes of which can be compromised
by inconsistent use of terms. Reaching global agreement on
the terminology used to characterize the spectrum of apical
root bifurcations is essential to facilitate accurate compari-
sons between laboratory studies and clinical observational
CBCT studies as well as enhance the understanding of tech-
niques used in clinical practice.

Root Fusion

Anomaly or an anatomical variant

In simple terms, it is generally accepted that root fusion is the
union between two or more separate roots on a tooth. For
many years, the study of root fusion has been of interest to
researchers and clinicians (30-34) as it has important clinical
implications in several fields in dentistry such as progression
of periodontal diseases and a range of treatment procedures
such as root canal treatment and retreatment, root-end sur-
gery as well as prosthodontics (35-38).

By definition, an anomaly is an anatomic phenotype that
represents “a substantial deviation” from the appropriate ref-
erence population, while a variant is a mild anatomic pheno-
type that represents “a small deviation” from the appropriate
reference population (39). It should be noted that anomalies
can be classified as either a“major morphologic anomaly” that
has a significant consequence on health including function
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Figure 2. Cross-sectional images obtained by scanning and reconstructing micro-CT images of the same maxillary molar tooth using different pa-

rameters. Even if the images have the same pixel size (13.68 microns), their interpretation may differ

MB: Mesio-buccal, DB: Disto-buccal

and aesthetics, or a “minor morphologic anomaly” that has
minimal, or no consequence on health (39). This type of cate-
gorization is also applicable to dental anomalies. For instance,
Oehlers dens invaginatus type Il can be considered a major
morphologic anomaly when it impairs normal function and
aesthetics (40-42), while Oehlers dens invaginatus type | is a
minor morphologic anomaly that does not impair function or
aesthetics and can be managed using preventive or less inva-
sive treatment procedures (41).

Root fusion has been described as an “anomaly” affecting the
tooth root (31, 35, 43, 44), or as an “anatomical variation” (45,
46). Apart from differences in the anatomical landmarks used
to define root fusion in the literature, the use of various terms
to define fusion can also be attributed to the wide range of
tooth types with fused roots in the permanent dentition
which can have a different prevalence (rare to common) in
various populations (30, 33, 34, 47-50); this is also evident in
primary molar teeth (51, 52).

It should be noted that roots may fuse as a result of either
the failure of Hertwig's epithelial sheath to develop, fuse in
the furcation area or be the result of coalescence owing to
cementum deposition over time (53, 54). These various fac-
tors indicate that not all types of fusions are developmental.
High-resolution micro-CT imaging is a useful tool for iden-
tifying the types of fusion that can occur when extracted
teeth are being evaluated. On occasions, micro-CT is not
able to distinguish cementum and dentine with similar ra-
diopacities, which is a limitation of the technique (Fig. 2).

However, the layer of cementum is sometimes thick enough
to be segmented from the underlying root dentine (Fig. 3).
Nevertheless, the majority of variations in the anatomy of
root fusions (at a histological level) cannot be identified
clinically on conventional radiographs or the CBCT devices
that are currently available.

While there may be narrow gaps between roots united by
cementum fusion on micro-CT images, these gaps are not
encountered in real root fusion (Fig. 4). Indeed, the clinical
application of such categorizations of the minor fusion de-
tails is virtually impossible when analysing periapical radio-
graphs. High-resolution CBCT imaging is usually beneficial
when defining fusions, but not for all types, especially those
involving cementum.

Criteria to categorize a tooth with fused roots

In a tooth with fused roots, the root structure is composed of
root-like divisions called “root cones or radicals” demarcated
with developmental grooves (55, 56). Root fusion has been
defined in several ways which vary in different teeth (30-32);
however, it is currently unclear how fused roots should be
identified and classified.

Root fusion in premolars

There are wide variations in the categorization of maxillary
premolars with fused roots, especially for teeth with apical
root bifurcations, and roots without bifurcations but with
deep developmental proximal grooves (57). Indeed, compar-
ing the results of various studies is challenging when studies
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Figure 3. (a) Micro-CT images of a maxillary third molar with fused roots. (b, ) A segmentation was done for cementum (in red) (white x: cementum,
black x: dentine). Histological sectioning reveals dentine and cementum corresponding to the axial slice. (d) A micro-CT image of a mandibular molar
with root fusion in the apical third [dentine: black arrow (above), cementum: black arrow (below)]. 3D reconstruction (right) reveals that the fusion

involves only cementum (pseudo-fusion)

have defined single-rooted and fused double-rooted maxil- ‘fusion’ of roots is because of the interposition of cemen-
lary premolars in different ways as follows: tum between the roots in a way that either completely

veils the separate roots or renders them partially coales-
+Nelson (58) explained that, in several instances, the num- cent. The former has been termed ‘fused roots; and the lat-

ber of roots in multi-rooted teeth is reduced by fusion. This ter ‘partially fused roots’ (58).
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Figure 4. (a) A micro-CT image of a mandibular molar showing true fusion of the mesial and distal roots in

which the root canals communicate with each other forming C-shaped canals. (b) A micro-CT image of another

mandibular molar showing root fusion |oy cementum with separate root canals. Comp|ete|y separate root parts

and non-ca|cified narrow gaps (ye||ow arrows) can be seen at some root |eve|s in cementum FUSiOI"I

+ Others defined fusion in maxillary premolars with root bi-
furcation less than half of the root length (59-61) or within
the apical third of the root (62, 63).

+ Loh (47) defined fused double-rooted maxillary premo-
lars in which the roots are fused (with prominent proxi-
mal grooves) almost to the root apices having two sep-
arate root canals. The same identification was applied
to single-rooted teeth (with shallow proximal grooves)
with two root canal orifices and two canals exiting via
one foramen or remaining as separate canals and with
two foramina (47).

« Neelakantan et al. (64) defined maxillary premolar teeth
with two fused roots when a clear invagination (groove)
was identifiable between the roots. Bifurcation of the roots
at the apical third was considered a double-rooted variant.

Figure 5 shows different forms of maxillary premolars with
two canals in separate and fused double-rooted as well as
single-rooted variants.

The same variation in terminology and the associated confu-
sion also occurs in maxillary premolars with 2 canals in buccal
root(s) in which the buccal component has been considered as
fused MB and DB roots (65) or one buccal root with deep buc-
cal developmental grooves (24) (Fig. 6b, c). In some instances,
the buccal roots are separated in the middle and fused at the
apex (Fig. 6¢), or the separation is only limited to the apical third
(Fig. 6d). The presence of separation along the fused section
(or roots with deep grooves) may be associated with important
anatomical features related to dentine thickness (Fig. 7).

Ahmed et al. (24) suggested that the categorization of fused
roots should be based on the common number of roots for
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Figure 5. Micro-CT images of-maxillary premolars with two separate root canals in two roots (a) separate, (b)

fused, and in (c) a single-rooted variant with two canals

that given tooth. As an example, when a double-rooted
maxillary premolar has deep buccal and palatal grooves on
the buccal root, then it should be considered as a buccal
root with deep developmental grooves (not as two fused
buccal roots) since it is well-known that maxillary first pre-
molars are either single or double-rooted. In addition, the
furcation groove on the palatal aspect of the buccal root
in double-rooted maxillary first premolars is a normal ana-
tomical landmark (66). The same applies to other teeth with
deep developmental grooves (such as mandibular premo-
lars), which are considered as single-rooted, not fused dou-
ble roots (Fig. 8).

Root fusion in molars

Ross & Evanchik (30) defined maxillary or mandibular molars
with one root or whose roots were fused apical to the usual
furcal position as a molar with fused roots. This included mo-
lars with fusion of one-third or less of the roots, and molars
with fusion along the entire root surfaces (Fig. 9a, b). Molars
with roots fused only in the apical one-third and with a normal
furcation were included in the category of fused roots (Fig. 7c).

Carlsen (55) defined root fusion as a phenomenon whereby
two, or several, root structures are in contact apically, while the
same structures, more cervically, are separate.

Hou & Tsai (31) divided root fusion in maxillary and mandib-
ular molars into three categories (Grade I: fusion involving
the cervical half of roots; Grade Il: fusion involving the cer-
vical two-thirds of roots; Grade Ill: complete or true fusion
of roots). Root fusion by cementum in the apical region has
been considered pseudo-fusion (not true fusion) (31) (Fig.
9¢). Any combination of grades with 1, 2, or 3 affected sur-
faces in maxillary molars was recorded as one-, two-, and
three-surface fusions.

Zhang et al. (32) defined root fusion in maxillary second
molars when the ratio of the distance from the cementoe-
namel junction (CEJ) to the apical point of root furcation
or where the roots fused (CEJ-RF), and from the CEJ to the
apex of the root (CEJ-Apex) is not less than 70%. Defining
the type of fusion (involving cementum or dentine or both)
was not mentioned.
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Figure 6. Reconstructed micro-CT images of maxillary premolars with different forms of the buccal root(s) and
their respective root canals. (a) One buccal root with no buccal grooves. (b) Deep buccal groove on the buccal
root - there is a lack of clarity whether to consider this as one buccal root with deep buccal developmental groove
or fused MB and DB roots. (c) Another form in which there is an area of separation (red circle) of the MB and
DB fused roots. (d) A maxillary premolar with a bifurcation in the apical third of the buccal root

MB: Mesio-buccal, DB: Disto-buccal

Figure 7. Anatomical features of roots with (a) deep buccal grooves (fused roots), and (b) buccal roots with par-
tial/limited root separation in the middle third of the root
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Figure 8. Micro-CT images of single-rooted mandibular first premolars with deep proximal grooves

Figure 9. Various forms of root fusion in mandibular molars. (a) Fusion along the root length with a buccal groove.
(b) Fusion along the root length with both buccal and lingual grooves. (c) Fusion at the apical third of the root
(pseudo-fusion). Reproduced with permission from Ahmed (21)
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Figure 10. Micro-CT images of a maxillary second molar with fusion of
the palatal and mesiobuccal roots. A cementum fusion has formed in the
buccal roots of the tooth because they are close to each other; however,

they are separated at some points a|ong the root

The range of terms and definitions used to describe root fu-
sions creates confusion. Indeed, the controversy over the
definition of root fusions leads to incorrect conclusions in
research studies, especially given that cementum fusion may
occur along the entire root length, not only the apical third.
In addition, it is also possible to have true-fused and cemen-
tum-fused roots in the same tooth (Fig. 10).

Itisimportant to recognize that root fusion affects the internal
root canal anatomy. For example, fused roots with complex
internal anatomy with a higher frequency of merging canals,
isthmuses, C-shaped root canals, and extra canals have been
reported (34) (Fig. 11).

There is also a lack of clarity when attempting to identify
whether molar teeth have fused roots or are single-rooted. A
number of studies classified mandibular teeth with fusions as
single-rooted teeth but with certain features categorized us-
ing various types (types 8, 9 and 10 for teeth with one, two
and three canals, respectively) (67, 68). A similar concept was
followed to classify maxillary molars (69). Carlsen et al. (70)
classified maxillary second molars as single-rooted based on

Ahmed et al. Controversial Terms in Root and Canal Anatomy

the degree of separation of the roots (if the degree of separa-
tion is equal or more than 0 and less than one-third for all roots
in maxillary second molars or the degree of separation in two
of the three roots are less than one third and one is more than
one third). In clinical practice, single-rooted maxillary molars
usually encase only one canal (71) (Fig. 12).

Root Dilaceration

Several terms have been used to describe root dilacerations,
that is usually thought of as abnormal curvatures (72) (Fig.
13). Some have defined a dilaceration as a 90-degree angle or
greater along the axis of the tooth or root (73), whereas oth-
ers defined it as a deviation from the normal axis of the tooth
of 20 degrees or more in the apical part of the root (74). One
study classified root dilacerations into mild (20-40°), moderate
(41-60°), and severe (>61°) (75). This strategy was followed in
other studies that used periapical and panoramic radiographic
views (76), as well as CBCT scans (77), which also allowed the
detection of bucco-lingual root dilacerations.

In an Oral Biology textbook, dilaceration was defined as a
severe bend or angular distortion of a tooth root without re-
ferring to a specific angle (78). The American Association of
Endodontists (79) defines dilaceration as a deformity char-
acterized by displacement of the root of a tooth from its
normal alignment with the crown, but common usage has
extended the term to include sharply angular or deformed
roots. Recently, one study applied deep learning models
to develop an artificial intelligence-based computer-aided
detection system for root dilaceration on panoramic radio-
graphs (80). Currently, there is no universal consensus for
what constitutes “root dilaceration”

Domain 2: Controversies Related to the Terminology Used
to Describe Root Canal Systems

Pulp Chamber Anatomy

Components of the pulp chamber

The pulp chamber contains the coronal pulp tissue and its
shape generally reflects the anatomy of the crown (81, 82). It
is subject to morphological changes as a consequence of age
(through the deposition of secondary dentine) or as a defen-
sive mechanism (through tertiary reactionary and reparative
dentine formation) against microbial irritation or trauma (83).
The AAE, (79), and some oral biology textbooks (78, 84), define
the pulp chamber as the portion of the pulp space within the
anatomic crown of the tooth the lower border of which is de-
fined by the CEJ [or more accurately the dentino-enamel junc-
tion since the cementum may not meet with the enamel (82)].

The pulp chamber is generally surrounded coronally by what
is referred to as a ‘roof;, which varies in shape from tooth to
tooth, axial walls (which varies in number for each tooth type)
and a floor in posterior teeth (78, 84, 85). The term “ceiling”
has also been suggested which refers to the interior coronal
surface of a pulp chamber since “a roof” refers to the external
outer surface (86, 87).
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Figure 11. Management of a mandibular second molar with fused roots and complex canal anatomy. (a) Working length radiographic view. (b) C-shaped

canal in the distal root. (c-e) Root canal filling using a warm gutta-percha compaction technique. Reproduced with permission from Ahmed (21)

M: Mesial, D: Distal

Pulp horn anatomy

Pulp horns are projections of pulp tissue that lie within
matching protrusions within the ceiling of the pulp cham-
ber that normally correspond to the major cusps or lobes
of the crown (82). The pulp horns are usually more promi-
nent in young compared to older individuals (82). The height
and morphology of pulp horns vary in different teeth and in
different cusps of the same tooth type (such as the buccal
and palatal pulp horns in maxillary premolars), which could
be attributed to the amount of reactionary tertiary dentine
deposition in relation to the functional cusps (88), though
similar histological patterns and secondary/tertiary dentine
deposition have been reported in non-functioning/unerupt-
ed teeth (89-91). Cervical pulp horns have been reported in
the primary dentition (92). Categorization of the pulp horns
in dental anomalies such as dens evaginatus has been de-
scribed, for example, by Oehlers et al. (93) into wide, narrow,
constricted and isolated pulp horns.

Notably, pulp horns can vary in appearance when the tooth
is viewed from different positions. From a proximal view in a
maxillary incisor, the pulp horn appears as a pointed projec-

tion (Fig. 14a). However, from a labial view, the tooth does
not appear to have a horn/projection. Figure 14b shows
another maxillary incisor with a similar proximal chamber
morphology, but the pulp horn can only be identified from
the labial view (encircled). This demonstrates that proximal
views are not the best method to define the presence or
shape of pulp horns in the anterior dentition. Because of the
presence of occlusal cusps, pulp horn anatomy varies in the
posterior dentition, and there is no consensus for defining
the apical outline of pulp horns in the posterior dentition.
Considering the apical extension of the roof/ceiling of the
pulp chamber as a landmark for the apical border outline of
the pulp horns is inappropriate since this apical extension
may extend apical to the level of the CEJ (Fig.15).

Floor of the pulp chamber
Single-rooted teeth

The interpretation of where the pulp chamber ends (the floor)
and the canal(s) begins is often challenging because the tran-
sition from the pulp chamber to the root canal is not demar-
cated macroscopically nor microscopically and certainly not
radiographically (82, 94). The AAE, (79) and several Oral Biolo-
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Figure 12. (a) A maxillary third molar with roots fused with cementum. (b) A periapical radiograph of a sin-

gle-rooted maxillary third molar with one canal

Figure 13. Different forms of root dilacerations detected in (a) periapical radiographs, (b, ) clinical CBCT
images, and (d) micro-CT images

CBCT: Cone beam computed tomography
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Figure 14. Micro-CT reconstructed images showing the difference between the proximal and labio-palatal views
of the pulp chamber ceiling in maxillary incisors. Proximal views in (a) and (b) show similar morphology of the
ceiling. Accurate detection of the pulp horn is identified in the labio-palatal view (circle)

Figure 15. Micro-CT images of single-rooted maxillary premolars with mature roots (most apical point of the
roof - yellow line) in relation to the most apical level of CEJ (red line). The level of the roof is: (a, b) coronal to the

CEJ. (¢) at the level of CEJ. (d) apical to the CEJ

CEJ: Cementoenamel junction
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Figure 16. Micro-CT images showing the part of the pulp chamber related to the crown (at the level of CEJ), and

the other related to the root trunk in double-rooted maxi”ary premo|ar (al:)ove) and mandibular molar (be|ow).

Reproduced with permission from Ahmed et al. (24)

CEJ: Cementoenamel junction

Figure 17. Micro-CT images showing the part of the pulp chamber (yellow) at the most apical level of the roof (at

the level of CEJ) in a maxillary first molar. The 3D reconstructed image shows the two components of the pulp

chamber (ye"ow - at the most apica| level of the roof, purp|e - at the level of the pu|p chamber ﬂoor)

gy textbooks (78, 84) define the pulp chamber as the portion
of the pulp space within the anatomic crown of the tooth. This
could be a consistent definition for single-rooted teeth but it
needs further discussion and universal agreement.

Multi-rooted teeth

Defining the apical extent of the pulp chamber in multi-root-
ed teeth is controversial and not simple because the CEJ is not
usually at the level of the floor of the pulp chamber (45, 82, 88),
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Figure 18. Different forms of inter-canal communications. (a) Isthmus in the apical third of the root. (b) Canal

isthmus extending along the middle third of the canal. () Transverse canal anastomosis with communication to

the external root surface

which is more often located some distance apical to the CEJ
and thus corresponds to the root trunk (24, 82) (Fig. 16). Reports
have confirmed that in the majority of molar teeth, the pulp
chamber ceiling is at the level of the CEJ (86, 95) (Fig. 16, 17).

Most studies on root and canal anatomy did not define this
anatomical landmark. The lack of a standard definition for the
apical extent/floor of the pulp chamber can undermine the
validity of comparisons among different studies, which define
root canal configurations with unclear, confusing and subjec-
tive anatomical landmarks (24).

From the discussion above, it is obvious that a universal con-
sensus is needed for the terminology used to define and de-
scribe pulp chamber anatomy, which also has different ana-
tomical landmarks in teeth with anomalies (83).

Root Canal System

Transverse canal anastomosis (canal isthmus)

Transverse canal anastomosis and canal isthmus (as well as
intercanal communication, intercanal connection, intercanal
branch and anastomosis accessory canal) are terms that have
been used interchangeably and refer to a narrow communica-
tion between two or more canals in the same root or between
vascular elements in tissues (79, 96-98) (Fig. 18). However, a
wide range of morphological variations for such inter-canal
communications have been described, which have been cate-
gorized with/without communications with either the external
root apex (24), as well as complete/incomplete (partial) based
on certain morphological features (99) or measurements (100).
Several definitions of canal isthmus have been used as follows:

« For the 2D classification of canal isthmus introduced by
Hsu & Kim (101) (Table 1), some of the types do not have in-
ter-canal communications (type 1), which is not consistent
with the definition of an isthmus.

+ Gu et al. (102) introduced different types of isthmi (fin-
shaped, web-shaped and ribbon-shaped isthmi) in the me-

sial root of mandibular first molars scanned using micro-CT
(Table 2). The fin-shaped variant does not have a true con-
nection between the canals.

« Fan et al. (103) introduced another 3D classification system
based on micro-CT scanned mandibular molars. Type Il (sep-
arate) refers to a narrow but incomplete connection existing
between two canals from the top to bottom of the isthmus,
which is also rather subjective, and does not follow the defi-
nition of an isthmus. Similar concerns are also related to the
classification system introduced by Moe et al. (104).

For teeth with multiple canals and apical bifurcations, Keles &
Keskin (105) and Keles et al. (106) defined the borders of an
isthmus into a roof (or ceiling) (the most coronal level of the
isthmus, where the definite connection between two root
canals occurs) and floor (the most apical level of this definite
connection before bifurcation) (Fig. 19). In this way, it is possi-
ble to measure and compare the volume, length, and surface
areas of the isthmus. It is also possible to differentiate it from
a transverse canal anastomosis, which does not have these
anatomical features (boundaries) (Fig. 18c). Using the same
concept, Yin et al. (107) expanded the canal isthmus into other
types with/without floor and roof (Table 2).

These anatomical characteristics are consistent with a study
that defined an isthmus when the two canals appeared as
a single ribbon-shaped canal on the same cross-section for
several consecutive cross-sections, while a transverse canal
anastomosis (intercanal connection) between two canals was
identified as an accessory pulp space commencing from a
root canal in one cross-section that joins the other root canal
in other cross-sections (108). Notably, the pulp tissues in the
transverse canal anastomosis can undergo calcifications (be-
cause of age and irritation) changing the anastomosis to an
incomplete connection between the canals (Fig. 20).

Lack of clarity exists over the definition of intercanal commu-
nications (isthmus or transverse canal anastomosis), which
can be classified as a part of the root canals, or as a minor
landmark with no impact on its classification (Fig. 21). The
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TABLE 2. Classification for accessory canals in the furcation area proposed by Yoshida et al. (129) 1975

Type Definition

Type 1 Periodontium and pulpal chamber communicate through patent accessory canals.

Type 2 Accessory canals that originate from the pulp chamber and end in dentine.

Type 3 Accessory canals that originate from the periodontium and end in dentine.

Type 4 Accessory canals that originate from the pulp chamber go through dentine, and return to the pulp chamber.

Type 5 Accessory canals that originate from the periodontium, go through dentine and cementum, and return to the periodontium.
Type 6 Accessory canals found in dentine and/or cementum, but with no exit.

Figure 19. Defining the canal isthmus with a roof (ceiling) and floor facilitates 2D and 3D quantitative analysis

Figure 20. Comp|ete and incomp|ete transverse canal anastomosis in a mesial root of a mandibular molar

use of the Vertucci system to classify the root canals could
vary and become more complicated if inter-canal commu-
nications are considered as a part of the main canal config-
uration (109) (Fig. 21). The confusion is more obvious when
micro-CT studies report canal types as ‘Vertucci non-classifi-

able types’ (24), since the criteria for defining intercanal com-
munications were not mentioned by Vertucci (110). This may
well be the case for some “complicated” canal configurations
but it is misleading for other configurations because such
investigations included intercanal communications as a part
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Figure 21. The use of Vertucci classification to classify a mandibular first premolar with and without considering

the intercanal communication. Reproduced with permission from Ahmed et al. (24)

of the main canal (24). As a consequence, the comparison
amongst studies creates conflicts not only because of the
different methodology but also because the same system is
being used in a different manner. The inclusion of transverse
canal anastomosis as an integral part of the root canal con-
figuration has been considered in other systems (111, 112).

Apical canal bifurcation

Divisions of the main root canal in the apical third are challeng-
ing to categorize, and their assessment varies between differ-
ent observers. Some apical canal bifurcations are classified ei-
ther as an accessory canal or a division of the main canal (24,
113) (Fig. 22). According to the AAE (79), an accessory canal
is defined as ‘any branch’ of the main pulp canal or chamber
that communicates with the external surface of the root. This is
applicable to the main categories of accessory canals but does
not differentiate accessory canals from bifurcating main canals
in the apical third of the root. It is clear that a standard catego-
rization of such anatomy has not yet been achieved (24).

From a clinical point of view, such canals can either be detect-
ed during canal exploration if they are 2-3 mm from the root
apex (Fig. 23a), or can be identified on post-operative peri-
apical radiographs (Fig. 23 b, c). During working length, api-
cal bifurcations within T mm of the root apex are usually left
uninstrumented since the apical stop is usually adjusted short
of the radiographic apex. However, for apical bifurcations 2-3
mm from the root apex, a small size pre-curved size 8 or 10
K-file may be able to pass into one or both bifurcated canals

(114) (Fig. 23d). It is also assumed that apical bifurcations (at
any level from the root apex) related to teeth with single flat-
tened and multiple canals are normally the natural continu-
ation of wide bucco-lingual dimensions of such canals (114).
Therefore, such apical bifurcations usually are considered as
two separate canals during root canal preparation (Fig. 23d-f).

A recent report found that the mechanical preparation of mesi-
al root canals containing an apical band-shaped isthmus (with
apical canal bifurcations) caused transportation of the original
canal position and resulted in procedural errors (Fig. 24) (115).

Accessory canal morphology

The propagation of microbial irritants occurs not only within
the main root canal system but also in accessory canals that
communicate with periradicular tissues, resulting in periodon-
titis anywhere along the root including the apex or furcation
(13, 116, 117). The terminology and definitions applied to ac-
cessory canals is inconsistent, for instance, De-Deus (118) cat-
egorized accessory canal morphology into:

1) The lateral canal which extends from the main canal to the
periodontal ligament (mainly in the body of the root);

2) The secondary canal which extends from the main canal to
the periodontal ligament in the apical region;

3) The accessory canal which is derived from the secondary
canal branching off to the periodontal ligament in the api-
cal region.
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Figure 22. Micro-CT images of a range of apical canal bifurcations. Reproduced with permission from Ahmed (21)

Figure 23. Periapical radiographs showing (a) apical canal bifurcation of the buccal canal in a double-rooted max-
illary premolar. (b, c) Apical bifurcations (accessory canals) identified after root canal filling. (d) Micro-CT images

showing different levels of apical bifurcation in a mandibular premolar, and mesial roots in mandibular molars (e, f)
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Figure 24. The procedural errors are shown by comparing the preoperative (yellow) and postoperative (purple)

positions of the original canal (2). In (3), the instruments followed the main canal pathways but failed to enter

a third apical canal originating from the band-shaped isthmus. (b) The instruments cross-prepared the apical

canals through the isthmus (c) shows the creation of an artificial canal when the file failed to follow the apical

curvature (d) and (e) one apical canal was missed during preparation. Reproduced and modified with permission

from Keskin et al. (115)

Other terms, such as auxiliary, reticular and recurrent canals,
have also been used (118-120). Cheung et al. (121) defined
an accessory canal as “a fine branch of the pulp canal that
diverged at an oblique angle from the main canal to exit into
the periodontal ligament space”, whilst a lateral canal was
defined as “a branch diverging at almost right angles from
the main canal”. According to the AAE (79), ‘an accessory ca-

nal is a branch of the main pulp canal or chamber that com-
municates with the external root surface’ By this definition,
a lateral canal is also a type of accessory canal, located in the
coronal or middle third of the root, usually extending hori-
zontally from the main canal space. Others have defined lat-
eral canals as accessory canals located in the coronal, middle
as well as apical third of the root (122-124).
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Figure 25. An examp|e of patent and blind accessory canals in a buccal root of a maxi||ary premo|ar tooth - the

opening at the external root surface (rec| circ|e) shows that the blind canal was previous|y patent. Reproduced

with permission from Ahmed (21)

For accessory canals near the root apex, an apical delta has
been defined as follows:

« A complex ramification of branches of the pulp canal locat-
ed near the anatomical apex with the main canal not being
discernible (121).

- Adivision from the main canal into three or more branches
near the root apex with the main canal not being discern-
ible (125).

+ Theregion at or near the root apex where the main canal di-
vides into multiple accessory canals (more than two) (126).

+ A pulp canal morphology in which the main canal divides
into multiple accessory canals at or near the apex (79).

Ramification is a term that defines a small gap resulting froma lo-
calized fragmentation of the epithelial root sheath that includes
furcation canals, lateral canals, and apical accessory canals (79).
Apical ramification is another term that refers to any branch from
the main canal to the external root surface at the apex (127).

Recently, a new system for classifying accessory canals has
been proposed (126), which has considered the location (api-
cal, middle, coronal thirds and chamber canals), type (patent,
blind or loop) and configuration (branching) for classifying the
accessory canal morphology (Fig. 25). A similar approach has
been presented in another study (128), which has categorized
accessory canals into patent with/without branching and ob-
structed without branching.

For accessory canals in the furcation area, Yoshida et al. (129)
classified accessory canals into six types according to the or-
igin from the pulp chamber or periodontium (Table 2). Paras
et al. (130) re-categorized the six types into four categories
(true, blind, loop or sealed accessory canals). There is a con-
cern, however, when using the single term ‘accessory canals’

to define canals originating from either the pulp chamber or
periodontal tissues because the origin comes from two differ-
ent tissue types (126). Other terms have been used:

« Afurcation canal is an accessory canal located in the furca-
tion (79).

« A chamber canal has also been used to define a small canal
leaving thepulp chamber’that (usually) communicates with
the external surface of the root (including the furcation). It
can be of any type (patent, blind or loop) (126) (Fig. 26).

« Diverticulum is another term that defines blind accessory
canals originating from either the pulp chamber or furca-
tion (131, 132).

« Interradicular canal is a patent accessory canal (showing 2
portals of exit) connecting the pulp chamber floor with the
bifurcation area (131, 132).

For accessory canals related to the apical foramen, Green (133)
referred to ‘accessory apical foramina'for those within 3.5 mm
of the apex (more than three accessory foramina were con-
sidered as ‘multiple foramina’). Foramina located beyond this
limit were referred to as ‘lateral canal foramina’. Cheung et al.
(121) defined an auxiliary/accessory foramen as the exit of any
accessory and lateral canal, or of an apical delta.

Apical constriction (minor apical foramen, minor apical
diameter)

The apical extent of root canal treatment remains an import-
ant prognostic factor for successful outcomes (134). Consider-
able knowledge has been generated on the apical root canal
anatomy since the last century (135-138). The development
of non-invasive, high-resolution imaging systems has devel-
oped detailed qualitative and quantitative morphological
data presentations of the apical region of the root and root
canal including the apical constriction, apical foramen (major),
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Figure 26. MicroCT images showing an example of a loop chamber canal. Reproduced with permission from

Ahmed (21)

Figure 27. Micro-CT reconstructed images showing the location of the apical constriction (AC - yellow) in rela-

tion to the major apical foramen (MAF - white)
MAF: Major apical foramen, AC: Apical constriction

and anatomical root apex (139-142). Understanding the mor-
phological features of the root apex anatomy using accurate,
consistent terminology is important since such anatomy is in-
volved in (or in close relation to) every step of the root canal
treatment procedure starting from working length determina-
tion passing through root canal preparation steps (including
negotiation, glide path preparation, patency, and mechanical
instrumentation) ending with canal filling (143, 144).

Over the years, several terms have been used interchangeably
to define the narrowest apical canal opening which represents
the apical limit of root canal treatment procedures; this in-
cludes apical constriction (135-138, 145), minor (apical) fora-
men (138, 146), minor (apical) diameter (147) and physiologi-
cal foramen (138-141, 148) (Fig. 27). The AAE (79) defines the

apical constriction (minor apical diameter, minor diameter) as
the apical portion of the root canal having the narrowest di-
ameter; position may vary but is usually 0.5-1.0 mm short of
the center of the major apical foramen, sometimes also called
as the anatomical foramen (139-141, 148).

It has become obvious that the longitudinal sectioning meth-
od using high-resolution micro-CT images is challenging
due to the software settings that need to be adjusted in the
three-dimensional range to detect the “smallest diameter” of
the apical foramen (142, 149). The topography and the loca-
tion of the minor diameter may vary from one longitudinal
section to the other. Moreover, as root canals are not com-
pletely round, the smallest diameter displayed in the longitu-
dinal section does not necessarily correspond to the narrow-
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Figure 28. Axial root sections of micro-CT scanned teeth. The white lines show the proper position and direction

of the plane of longitudinal section to accurately measure the smallest diameter of canal in different levels of

the three roots. Ye||ow-|o|ac|< shade ShOWS the area O'F the cana|. The sma||est diameter O'F the inside Olc the root

canal (yellow-black area) does not necessarily correspond to the narrowest area of the diameter of the tooth root
(white line). Reproduced with permission from Ahmed et al. (142)

est area of the root canal (Fig. 28). The smallest cross-sectional
area of root canals can be measured easier in axial sections as
demonstrated in micro-CT studies (149, 150).

Anatomical foramen (major apical foramen, major apical
diameter)

The external opening of the root canal at the root surface has
also been defined in different terms such as the apical foramen
(137), major (apical) foramen (151), major (greater) apical diam-
eter (147) and anatomical foramen (139-141, 148). The AAE (79)
defines the apical foramen as the main apical opening of the root
canal. It also defines the major apical diameter as the area of the
apical foramen where the walls are farthest apart, usually located
in the cementum (79). Others defined the opening of the root
canal on the external root surface as the apical foramen and its
outermost diameter was termed the ‘major apical foramen’(152).

Directions for Resolving Controversial Terms in Root and
Canal Anatomy

This review sets out a number of currently controversial terms
related to the following:

+ Root anatomy (apical root bifurcation, fusion and root di-
laceration),

+ Pulp chamber anatomy (pulp horn and floor of the pulp
chamber),

+ Root canal system (transverse canal anastomosis, canal
isthmus, and apical canal bifurcations),

« Minor anatomical features of the root canal including ac-
cessory canals, apical constriction, and apical foramen.

A wide range of definitions has been presented from the avail-
able literature and textbooks of dental anatomy in different
tooth types. It is obvious that consensus is needed for defining
a range of anatomical structures in the root and canal system.
The following considerations can also be helpful in achieving
a universal agreement.

- As a result of the wide variations in anatomical structures, it
could be sensible to define them according to the method
used since some of the fine details identified in one method
(such as patent accessory canals identified by micro-CT) may
not be identified when using another diagnostic tool (such
as CBCT and conventional radiographs). Therefore, it may be
best to provide a general definition that can be applied to a
specific term with further supplementary details added ac-
cording to the details provided by the particular diagnostic
tool used. As an example, an accessory canal can be defined
as a branch of the main root canal or chamber which may or
may not communicate with the external root surface. High-
resolution diagnostic tools (such as micro-CT) may be able to
identify the type of accessory canal (patent, blind or loop) that
may not be identified on radiographic imaging and CBCT.
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+ Understanding root and canal anatomical features in dif-
ferent populations is important since some of the anatom-
ical landmarks can be defined as an anomaly in one popu-
lation (such as radix entomolaris), while a normal variation
in another. Such information can be added in the definition
of the term if relevant.

+  The use of proper English in terminology deserves attention.
An example, the term “ceiling” refers to the interior coronal
surface of a structure, compared with a“roof” which refers to
the external outer surface. The former is more accurate when
defining the interior coronal surface of the pulp chamber.

CONCLUSION

There are a wide range of terms used to describe the same
anatomical features of teeth, roots and root canal systems. A
universal consensus amongst stakeholders (researchers, cli-
nicians, educators and dental students) is needed for the ter-
minology used to define root and canal anatomy to provide
accurate and consistent descriptions of all key anatomical
landmarks in roots and canals for use in education, research
and clinical practice. Such a consensus and the use of common
terminology will reduce confusion, as well as avoid misleading
interpretations and inaccurate comparisons within and be-
tween laboratory and clinical studies; it will also be an invalu-
able development in dental education.
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