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Single and Double Fused Roots with C-shaped
Canal Configuration in the Posterior Teeth
of a Patient: A Rare Case Report
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ABSTRACT

Cone Beam Computed Tomography (CBCT) allows three-dimensional evaluation of external root morphology and internal canal
configuration of teeth thus allowing accurate diagnosis of rare complexities in the root canal system. This case study presented
root canal re-treatment of a maxillary first molar #16 of a 29 years old female patient, wherein, thorough radiographic examination
revealed single root morphology in all the teeth. CBCT analysis confirmed the root form and root canal configuration. Endodontic
retreatment of the #16 was performed. The maxillary first molars had double fused roots with C-shaped canal configuration
while maxillary second and third molars had O-shaped canals with single roots bilaterally. The mandibular first molars had two
completely fused roots with C-shaped canal configuration. While the mandibular second and third molars also had C-shaped canal
configuration with single roots. The canal configuration of maxillary and mandibular molars was classified according to Martin’s
and Fan’s classification respectively. This unique finding of single and double fused roots with C-shaped canal configuration in the
posterior teeth in a single patient has rarely been reported in literature.
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(#26, #27 and #28) were taken due to carious involvement of
tooth #26, which revealed similar root morphology. Due to the
unusual root morphology of all maxillary posterior teeth, periapical
radiographic imaging was performed for the mandibular molar
[1]. These radiographs were also suggestive of single root
morphologies of mandibular molars except for first molars (#36,
#46). Due to the atypical root anatomy of all the molars, CBCT
imaging was performed with the informed patient consent,
following the guidelines suggested by the American Association
of Endodontists and the European society of Endodontology [2,3].
A CBCT full scan was obtained (Carestream 9300; Carestream
Health, Rochester, NY, USA) at 84 kV, 6 mA, 250 pm voxel size
with 12 seconds exposure [Table/Fig-2a-d].

CASE REPORT

A 29-year-old Indian female patient presented to the Department
of Endodontics, with intermittent pain in relation to the upper right
back tooth for one year. Medical history was non contributory. There
was no congenital tooth deficiency or a familial presentation. Past
dental history revealed that patient underwent root canal treatment
of the maxillary right first molar two years ago.

Intraoral examination revealed a pit and fissure carious lesion related
to the maxillary left first molar #26. The maxillary right first molar #16
was tender on percussion. The root canal obturation material was
visible as there was no post-endodontic restoration in #16 [Table/Fig-
1a). Intraoral periapical radiographic image revealed the presence of
single root with non satisfactory obturation and periodontal widening in
tooth #16 [Table/Fig-1b]. The tooth #16 was diagnosed as previously
treated with chronic apical periodontitis. Root canal re-treatment was
scheduled for tooth #16. A panoramic re-construction from CBCT
images was obtained [Table/Fig-1c] to assess the number of roots or
any gross anatomic variations in all the teeth.

[Table/Fig-2]: lllustrations representing preoperative periapical radiographic view
of maxillary a) #16, #17, #18; b) #26, #27, #28; c) and mandibular #36, #37, #38
(d); #46, #47, #48 molars.
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The assessment of axial, sagittal and coronal section of CBCT
images of maxillary molars confirmed the presence of single-root form
in all the teeth [Table/Fig-3a-j]. The sagittal sections of maxillary molars

[Table/Fig-1]: a) llustrations representing pre-operative clinical view; b) Pre-operative
radiographic view; c) Panoramic reconstruction from CBCT Scan.

The periapical radiographic image revealed all maxillary right molars
with single root and single canal configuration (#16, 17 and #18)
[Table/Fig-2a-d]. Radiographs of the contralateral maxillary molars
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also confirm the same. The coronal section of #16 tooth confirms
single root, single canal form with the non-satisfactory obturation.

In the present reported case, the maxillary first molars had unusual
radiographic appearance. There was impression of superimposed
buccal and palatal roots and absence of two divergent mesiobuccal
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[Table/Fig-3]: CBCT images representing (a-c) Axial section; (d) sagittal view;
(e) coronal section of #16 Tooth; (f-h) axial sections; () sagittal view; () coronal sections
of tooth #26. C shaped root cross-section for upper first molars of #16 (c) and #26 (h).

and distobuccal roots. CBCT revealed root fusion between single
buccal and palatal root with semilunar cross-section and C-shaped
root canal bilaterally.

Similarly, the CBCT assessment of mandibular molars was performed
in coronal, sagittal and axial sections. These teeth also showed
single root, single canal form except the mandibular first molars
(#36 and #46) which had two fused roots and C-shaped canal
configurations [Table/Fig-4a-fl. The mandibular second and third
molars also had C-shaped canal configurations with single roots,
bilaterally. Likewise, bilateral maxillary first molars (#16 and #26) had
C-shaped canal with fused buccal and palatal roots, while maxillary
second and third molars were found to have O-shaped canals with
single roots. All the maxillary and mandibular premolars had single
roots. For better understanding of external surface characteristics,
external morphologic images were obtained from Dicom data and
stereolithographic files [Table/Fig-5a-I]. Longitudinal groove was
observed over the root surface in maxillary and mandibular molars.
Shallow longitudinal groove was present at the distal root surface of
#26, while deep longitudinal groove was present at the distal root
surface of #16. Fused root can be appreciated for the mandibular
first molars (#36, #46), while single root form can be appreciated
with the maxillary and mandibular second and third molars [Table/
Fig-5]. All the teeth including first molars had a single apical foramen
[Table/Fig-5a-].
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[Table/Fig-4]: CBCT images representing (a-c) axial section of mandibular molars;
(d) sagittal section 36, 37 and 38; (e) sagittal section 46, 47 and 48; (f) coronal view
36 and 46 Tooth.

Root canal retreatment for 16 was planned. The informed valid
consent was obtained before the treatment. Local anaesthesia
was administered through buccal infiltrations using (1.8 ml) of 2%
lidocaine with 1:100,000 epinephrine (Lidocaine HCI, Huons Co.,
Seoul, Korea). After rubber dam isolation, the previous root canal
obturation material was removed with Hedstrom files (Dentsply
Maillefer, Ballaigues, Switzerland) and core build up was done
[Table/Fig-6a].

The working length of the root canal (18 mm) was estimated with an
electronic apex locator (Propex pixi, Dentsply Maillefer, Ballaigues,
Switzerland) and verified by a periapical radiograph [Table/Fig-6b].
The large single root canal of tooth #16 was prepared up to size
#60 K-file files (Dentsply Maillefer, Ballaigues, Switzerland). The
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CBCT data of (a) #16 tooth; (b) #17 tooth; (c) # 18 tooth; (d) #26 tooth;
(e) #27 tooth; (f) #28 tooth; (g) #36 tooth; (h) #37 tooth; (i) #38 tooth; () #46 tooth;
(K) #47 tooth; () #48 tooth.

master cone was verified radiographically [Table/Fig-6¢]. A 3%
sodium hypochlorite (Novo Dental Product Pvt., Ltd., Mumbai, MH,
India) was used intermittently during canal shaping along with sonic
activation (EDDY; VDW, Munich, Germany). The root canal was
irrigated for one minute with 17% EDTA and distilled water, then
dried with paper points. Calcium hydroxide (CleaniCal, Maruchi;
Wonju, Korea) was placed as an intracanal medicament for five days.
At the next appointment, the intracanal medicament was removed
by copious irrigation with 3% sodium hypochlorite and distilled
water. Root canal obturation was completed with size 60/0.02
taper master gutta-percha cone (Dentsply Maillefer, Ballaigues,
Switzerland) and EndoSeal MTA sealer (Maruchi; Wonju, Korea)
with the combination of cold lateral and warm vertical compaction
techniques [Table/Fig-6d]. The access cavity was cleaned using
an alcohol-moistened cotton pellet. Coronal access was built with
Filtek-Z350 resin composite (3M ESPE Dental Product) [Table/Fig-
Be]. Tooth #16 was asymptomatic clinically and radiographically in
the follow-up visit [Table/Fig-6f].

[Table/Fig-6]: lllustrations representing (a) Clinical view after GP removal and core
build-up (b); Radiograph showing working length (c); Master cone (d); immediate
postobturation clinical view (e); Radiograph after post-endodontic restoration and;
(f) one year follow-up radiograph of tooth #16.

DISCUSSION

The purpose of this case study was to present the atypical
morphologic root formation as single root and single canal in all
posterior teeth (except #36 and #46) in a patient diagnosed with 3D
imaging technique (CBCT).

A root with a conical canal and a single apical foramen is regarded
as an exception in general [4]. The development of Hertwig’s
Epithelial Root Sheath (HERS) differs in single and multi-rooted
teeth. Differential growth along with the proliferation of epithelial
diaphragm causes division of roots and determines single or
multiple roots [5]. The most common explanation for the formation
of the C-shaped canal configuration is the failure of HERS to fuse
during the formation of multiple roots. Failure of HERS to fuse on
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the buccal side results in a lingual groove, and failure to fuse on the
lingual side results in a buccal groove. When the sheath fails to fuse
on both the sides it leads to the formation of a conical or prism-
shaped root. Fusion of roots is most likely to occur if the distance
between the root canals is small [6]. Teeth with fused roots present
with a wide variety of internal morphologies across the length of the
root, including merged and C-shaped canal configurations [7].

It has been reported that genetic changes of candidate genes
such as Bone Morphogenetic Proteins (BMP), Fibroblast Growth
Factor (FGF), Sonic Hedgehog Gene (SHH), which play a role in
differential growth of the epithelial diaphragm, are effective in the
root and canal model. These genes affect molar morphogenesis by
influencing homeobox genes 1, 2, 6, and 7 [8].

In the present case, all the teeth including first molars had a single
apical foramen. Single canal (Vertucci Type | configuration) was
present for all teeth except first molars (#26, #36 and #46). There
was bilateral symmetry for all the teeth. However, the 2-canal
configuration could not be appreciated in tooth #16 during the re-
treatment procedure possibly due to over preparation of root canal
during primary endodontic treatment. The presence of bilateral
C-shaped canal configuration has been speculated in over 70% of
individuals [9].

From a clinical perspective, when the initial radiograph reveals an
atypical anatomic form, it is recommended to take a radiograph of
the contralateral tooth. Additional radiographs with mesial or distal
projections are also indicated for further information [1]. The same
procedure was performed to identify the anomalous behaviour in
the present case.

Root fusion in mandibular molars commonly appears as C-shaped
root, however in maxillary molars fused roots present a variety of
shapes due to the possibility of partial or entire fusion of two or
more roots [7]. C-shaped root canals can arise either as a result of
complete fusion of all roots into one root canal system or as a result
of partial fusion of root canals joined by an isthmus. Mandibular
molars with a C-shaped canal can have a single fused root or two
juxtaposed roots with communications, the latter of which is difficult
to distinguish on radiographs [10].

In the present case, the C-shaped mandibular first molars had
radiographic appearance of two roots. While other mandibular
molars had single conical roots with C-shaped cross-section. Fan
B et al., observed three characteristics in mandibular teeth with a
C-shaped canal system: fused roots, a longitudinal groove on the
root’s lingual or buccal surfaces, and at least one cross-section of
the canal with the C1, C2, or C3 form [11]. In the present case all
the mandibular molars exhibited fused roots/longitudinal groove on
the root surface.

Martin JN et al., in a CBCT study, identified the maxillary C shape
with two criteria’s: root fusion and three consecutive axial cross-
sections with an upper-C (UC) 1 or UC2 configuration in the fused
root [7]. The UC configuration system is a modification for the upper
molars based on Fan et al study regarding the lower molars. The
UC system has five axial root canal system configurations (UC1-
UCH). Maxillary first molars (#16 and #26) were categorised as
C-shaped according to Martin’s criteria for maxillary molars [7]. While
mandibular C-shaped molars were classified according to Fan’s
modification of Melton’s classification [Table/Fig-7] [11]. All other
posterior teeth were classified according to Vertucci FJ and Ahmed
HMA and Dummer PMH, classification and are summarised in [Table/
Fig-8] [12,13]. Both classification were able to classify the root and
canal configurations. However, Ahmed HMA and Dummer PMH
classification [13] provided additional information for teeth with fused
roots (with separate or connected canals) as shown in [Table/Fig-8].

The anatomical abnormalities of teeth may vary not only according
to the sex, but also geographic regions and ethnicity. This may
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C- shape canal | Coronal root axial | Middle root axial Apical root axial
configurations section section section

16 uc1 ucC1 uc4

26 uc1 uc2 uc1

36 C1 C3 Ct

46 C1 C3 CHt

37 C1 C4 C4

47 C1 c2 C4

38 C1 c4 C4

48 C1 C4 C4

[Table/Fig-7]: Occurrence of C shape canal configuration in different tooth.
The root canal system of maxillary molars was classified according to Martins JN et al., classification as

maxillary Upper-C (UC). UC1: Continuous large C-shaped canal system; UC2: Continuous C-shaped
canal with 2 main canal lumen in the extremities connected by a large isthmus; UC3: 2 separated root
canals; UC4: A single round or oval root canal; UC5: No canal lumen [7]

Vertucci New Vertucci New
Root classifi- classifi- Root classifi- classifi-
Tooth* | number cation' cation* | Tooth* | number cation' cation*
iR 1 Type | 117 21 1 Type | 21
12 1 Type | 2! 22 1 Type | 22"
13 1 Type | 13! 23 1 Type | 23!
14 1 Typelll 142 24 1 Type | 24"
15 1 Type | 15! 25 1 Type | 125!
16 1 el | TEBT | 56 . Typell | 126721
17 1 Type | " 27 1 Type | 27
18 1 Type | 8! 28 1 Type | 28!
31 1 Type | 317 41 1 Type | 417
32 1 Type | 132! 42 1 Type | 142!
33 1 Type | 33! 43 1 Type |l 43!
34 1 Type | 1341 44 1 Type | 1441
35 1 Type | 35" 45 1 Type | 45!
AR EE
37 1 Type | 37! 47 1 Type | 47
38 1 Type | 138! 48 1 Type i 148121

[Table/Fig-8]: Number of roots and canal morphologies.
*FDI World Dental Federation System for tooth classification
Vertucci FJ classification system-Type I- 1 canal; Type II-2-1 canal [12]; *Ahmed HMA et al.,

classification system- Details of classification in multi-rooted teeth are "TN R19-6-F R20-C-F Rn©-C-F

[13]. Here ‘n” number of roots, TN tooth number, R root, the orifice(s) (O), through the canal (C)
to the foramen (foramina) (F). “/” is placed for fused roots with separate canals. “//” is placed for
fused roots with connected canals

explain the different results observed between the different regions
of the world. For example, the prevalence rate of single root and
one canal anatomy in the mandibular second molar was 1.3%
in the American population, 2.1% Turkish, and 2.2% in Burmese
population. in the literature the frequency rate of single-rooted tooth
with conical or C-shaped configuration is about 21.8%. However,
the prevalence rate is quite low for maxillary and mandibular molars
[14]. In a staining and clearing study, Singh S et al., reported single
rooted morphology in 5% of the second molars and 15 % in the
third molars, however, this anatomy was in a rare occasion in the
maxillary molars [15].

Two reports documented the incidence as 0.5% and 0.6%,
respectively, in maxillary second molars by radiographic evaluation
[16,17]. While Pérez-Heredia M et al., observed single root and
canal configuration rate was in 2.1% and 17% in maxillary first
and second molars, respectively [18]. Additionally, the frequency
was 1.6% and 16% for mandibular first and second molars. The
studies and case reports regarding the reported rarity of single-
rooted and canal morphology of molars are summarised in [Table/
Fig-9,10] [15-36].

The main anatomical feature of C-shaped canals is the presence of
a fin or web connecting the individual root canals. Roots containing
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Investigators-years | Detection method | Population Details
Newton CW and . . )
McDonald S [25], Pe_raplcal Caucasian 1 Case (maxillary first
radiograph molar)
1984
Dankner E et al., Periapical Caucasian 1 case (maxillary first
[26], 1990 radiograph molar)
De Moor R [27], Periapical Caucasian 4 cases (maxillary first
2002 radiographs molar)
Yilmaz Z et al., [28], Periapical Caucasian
2006 radiographs
Gopikrishna V et al., Pantomograph, Asian 1 case (maxillary first
[29], 2006 Intraoral Periapical (Indian) molar)
! Radiographs, CBCT
Cobankara FK et al., Spiral Computed Caucasian | 1 case ( maxillary. first
[30], 2008 Tomography (Turkish) molar)
delaTorre Fetal, Periapical Caucasian | 1 case ( maxillary first
[31], 2008 Radiograph (Spanish) molar)
7 cases (4 maxillary
loannidis K et al Caucasian first and second
v Radiographs, CBCT molars bilaterally-3
[32], 2011 (Greek) )
mandibulary first and
second molars)
Jaikrishnan S et al., CBCT Asian 6 cases ( maxillary first
[33], 2015 (Indian) and second molars)
Kharouf N et al., Periapical Caucasian 2 cases (maxillary first
[34], 2019 radiograph molar)
Shin Y etal., [35], Periapical Korean 1‘1irsC’[a rsT?ofamraI:t”ean?/ional
2013 Radiographs, CBCT .
replantation)

[Table/Fig-9]: Clinical case reports of single rooted molars [25-35].

s Prevalence
No Author(s) Year | Population Maxillary Mandibular
Hartwell G and nd
1. Bollizzi R [17] 1982 | European | 2" molar (0.6%) -
Libfeld H and . nd i
2. Rotstein | [16] 1989 Palestine | 2" molar (0.5%)
18t molar (0.9%),
3. Neelakantan P 2010 Indian ond molar )
etal., [19] (0.9%), single
rooted
2" Molar (25%)
Zh t al. . ’
4. [Sﬁa]ng Qetal | 5014 | Chinese single root, one -
canal
Maxillary and
5. [22%?”9 Wetal, | 2018 | Chinese mandibular third
Molar
6. zta;f'%g 1'\]" 2016 | Indian | 3 molar (16%) -
3 molar
S d )
7. P‘;T:fu[”ﬂ?ram 2017 | Indian | (9.4%), single -
' root, C-shape
15t molar (2.1%),
. ) st
g, | Perez-Heredia | .- Spanish 2" molar (17%), | 1 Molar (1.6%),
Metal, [18] single root, one | 2™ molar (16%)
canal
1% molar (1.1%), | .« 0
Martins J et al., C-sh ond 17 molar (1.7%),
9. 2019 | Portugese shape, ond o (3.5
[23] 5 molar (3.
molar (3.4%), 44%) C-shape
C-shape
I 18" molar (0.2%)
Kantilieraki E ’
10. etagl I I?zri]l 2019 Greek - single root, one
h canal
. znd | 0,
11 Singh S et al., 2020 Indian ) molar (5%),
(18] 39 molar (15%)

[Table/Fig-10]: Prevalence rate of single root and one canal anatomy in similar

studies [15-24,36].

a C-shaped canal often have a conical or square configuration [11].
According to De Moor R, the probability of observing a C-shaped
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canalin amaxillary first molar was as low as 0.091% [27]. Gopikrishna
V et al., presented a case of bilateral maxillary first molar with single
root and single oval canal [29]. Kharouf N et al., presented a case
of female patient with bilateral C-shaped maxillary first molars and
quadrilateral C-shaped second molars [34].

C-shaped canals in maxillary first molars have been accounted rarely
in a small number of case reports and studies. A micro-CT study on
mandibular second molars with fused roots by Amoroso-Silva P et
al., stated that the cross-sectional canal shape is determined by
the extension and depth of the radicular grooves, and the lower
depth of the groove or its absence allowed for an oval- or round-
shaped canal [37]. This could account for the occurrence of C- and
O-shaped canals in the single patient with all fused rooted teeth.

Several authors have used the terminology O-shape apart from
C-shaped canal. Kantilieraki E et al., categorised single rooted
mandibular molars on the basis of root cross-section outline into O
shape and C shape [24]. The O-shaped molars presented a round
or oval cross-section along the entire root length, while C-shaped
molars displayed a C-shaped cross-section at least at one point
along the root. Shin Y et al., first reported a case of maxillary first
molar with an O-shaped root and considered it as an extension of
C-shaped root which occurs when there is complete fusion of the
three roots [35].

In a CBCT study of maxillary molars Kim JW et al., have classified
8 types of C-shaped roots depending upon the fusion of roots [38].
The eighth type of this classification includes O- shaped root canal
i.e., when all the three roots fuse together and present a circular
or oval cross-section with single oval canal. They found 0.3%
prevalence of O-shaped root canal in maxillary molars.

In the present reported case, the maxillary first molars had unusual
radiographic appearance. There was impression of superimposed
buccal and palatal roots and absence of two divergent mesiobuccal
and distobuccal roots. CBCT revealed root fusion between single
buccal and palatal root with semilunar cross-section and C-shaped
root canal bilaterally.

The prevalence of root fusion in maxillary second molars has been
reported to be 5.9%-40.1%. The maxillary second and third molars
had O-shaped canals with single conical completely fused roots.
Zhang Q et al., classified root fusion into 6 types and Martins JN
et al., added type 7 which includes single conical root as another
variant of root fusion [7,36]. In the present case, the second and
third maxillary molars represented type 7 root fusion according to
Martin’s modification of Zhang i.e., single conical root with complete
canal merging.

The single rooted maxillary molars represent a trend of root
reduction or fusion. In a CBCT study of Indian population
Neelankantan P et al., reported the prevalence of single rooted
maxillary first and second molars as 0.9% each [19]. The type
of root fusion could be classified as type 6 according to Zhang’s
classification [36] of root fusion. The root canal in a maxillary molar
with the fused root can be either merging or C-shape. Shallow
longitudinal groove was present at the distal root surface of #26,
while deep longitudinal groove was present at the distal root surface
of #16. The C-shape canal configuration for both the maxillary first
molars (#16 and #26) were found to be similar to type Il subtype
A classified by Jo HH et al., because of the fusion of all three root
canals [39].

According to Jo HH et al.,, maxillary second and third molars
(#17,#18, #27 and #28) could also be classified as ‘All root’ type
root fusion, due to the oval cross-section image of coronal root and
circular cross-section image of the apical root and complete fusion
of three roots [39]. Martin J et al., in their systematic review and
meta-analysis reported the prevalence of maxillary and mandibular
first molars, mandibular second molars with C-shaped canal
morphology [23]. Zhang W et al., in their micro-CT study reported
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single root, single canal configuration in maxillary third molars [20].
CBCT analysis of Indian population also reported single root single
canal configuration of maxillary and mandibular third molars.

CONCLUSION(S)

Root canal morphology can demonstrate variations. Besides
the ethnic origin, C-shaped canal configuration can be seen in
systematically healthy people as well as syndromic patients. The
present rare case of an Indian female patient reported the single
root, single canal form in premolars as well as molars. Although it is
rare, the recognition with periapical radiographs and CBCT should
not be underestimated by the clinicians.
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