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Abstract

Abella F, Mercadé M, Duran-Sindreu F, Roig M. Managing severe curvature of radix

entomolaris: three-dimensional analysis with cone beam computed tomography. International Endodontic

Journal, 44, 876–885, 2011.

Aim To present a case of a mandibular first molar with an additional distolingual root

[radix entomolaris (RE)] and to discuss the use of cone beam computed tomography

(CBCT) for its identification and management during root canal treatment.

Summary A 52-year-old Caucasian woman was referred for root canal treatment of the

right mandibular first molar (tooth 46). After clinical and radiographic examination, a

symptomatic irreversible pulpitis was diagnosed. Three periapical radiographs with

different horizontal angulations revealed the presence of an additional distolingual root.

This extra root, termed RE, has an incidence of <5% in the Caucasian population. A CBCT

examination was also taken, which revealed a severe root canal curvature, especially in

the middle third, of this supernumerary root. CBCT provided more accurate information in

terms of RE inclination and root canal curvature before commencing root canal treatment.

The conventional access opening was modified into a more trapezoidal cavity, and five

root canals were found. All canals were instrumented with new nickel–titanium (NiTi) files

to reduce the risk of fractured instruments. After preparation, the root canals were filled

using thermoplastified techniques. The 1-year follow-up periapical radiographs and CBCT

images revealed a continuous periodontal space with no signs of apical periodontitis.

Key learning points

• Cone beam computed tomography imaging is useful in identifying the root canal system

and the surrounding structures.

• An accurate detection of supernumerary roots, such as RE, can avoid complications

during and after root canal treatment.
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• The analysis of root canal curvature is important because instrument fracture has been

linked to angle and radius of curvature.

• The use of new instruments can reduce the incidence of instrument fracture.

Keywords: anatomical variations, cone beam computed tomography, radix ento-

molaris, root canal curvature.
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Introduction

A number of teeth do not respond to root canal treatment because of persistent infection

caused by a missing canal and to failure to remove all the pulp tissue and microorganisms

from the root canal system (Byström et al. 1987, Sjögren et al. 1997). In short, an

awareness and understanding of root canal anatomy will help to improve the outcome of

treatment.

Most mandibular first molars have two roots located mesially and distally and three root

canals (Barker et al. 1974, Vertucci 1984), but variations in the number of roots and in

canal morphology are not uncommon (Skidmore & Bjorndal 1971). The major variant is the

occurrence of an additional third root, a supernumerary root typically found lingually. This

was first reported by Carabelli (1884) and was termed radix entomolaris (RE) (Bolk 1915).

This extra root is typically smaller than the distobuccal root and is usually curved. The

relevant literature revealed an incidence of <5% in Caucasian, African, Eurasian and Indian

populations, whereas in those with Mongoloid traits, such as Chinese, Eskimo and Native

American populations, the RE occurs with a frequency of 5% and even up to 40%

(Gulabivala et al. 2001, De Moor et al. 2004, Tu et al. 2007, Chen et al. 2009, Huang et al.

2010).

The recent introduction of cone beam computed tomography (CBCT) scans provides

three-dimensional information and a number of useful applications in endodontics (Cotton

et al. 2007). One of CBCT’s major advantages over computed tomography (CT) scanners

is the reduction in radiation exposure (Cotton et al. 2007, Patel et al. 2007, Scarfe &

Farman 2008). CBCT imaging is useful in identifying the root canal system (Matherne et al.

2008) and can even determine the exact position of the distolingual root of the permanent

mandibular first molars (Tu et al. 2009).

The present report describes the clinical detection of a RE by using CBCT imaging and

root canal treatment in a right mandibular first molar with five canals, three of which are

located in two distal roots.

Report

A 52-year-old Caucasian woman was referred by her general dental practitioner for root

canal treatment of the right mandibular first molar (tooth 46). The medical history was non-

contributory. Clinical examination showed an occlusal restoration (Fig. 1a). The patient

complained of spontaneous toothache. The tooth was both cold and heat sensitive.

Radiographic examination showed no signs of apical periodontitis (Fig. 1b–d). The clinical

diagnosis of symptomatic irreversible pulpitis was made, and root canal treatment was

scheduled. Three radiographs with different horizontal angulations (Fig. 1b–d) were taken

with Kodak RVG 6100 digital radiography system (Carestream Health, Rochester, NY,

USA). Interpretation of off-angle radiographs revealed the presence of an additional lingual

root.
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A small volume CBCT was taken using Kodak 9000 3D (Carestream Health) to reveal

the exact location and direction of this supernumerary root. The morphology of the tooth

was obtained in coronal, axial and sagittal sections (Figs 2,3 and 4). The sagittal images

showed a pronounced curve in the middle part of the root canal of the RE (Fig. 2).

According to the classification of De Moor et al. (2004), this RE corresponds to type III.

This type suggests an initial curve in the coronal third of the root canal and a second curve

beginning in the middle and continuing to the apical third.

After anaesthesia and isolation with rubber dam (Hygenic Dental Dam, Colténe

Whaledent, Langenau, Germany), an endodontic access cavity was prepared. When the

floor of the pulp chamber was reached, four canal orifices were initially identified (Fig. 5a).

After extending the access cavity towards the lingual with an ultrasonic diamond-coated

tip (ET 18D; Satelec Acteon Group, Merignac, France), a third distal canal was found with a

size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) (Fig. 5b,c). Figure 5(d) shows

the final access cavity form.

(a)

(b) (c) (d)

Figure 1 (a) Tooth 46 with coronal restoration. Preoperative periapical radiographs (parallax technique)

of tooth 46 with different horizontal angulations. (b) ortho-, (c) mesioradial and (d) distoradial.

Figure 2 Sagittal views reveal the presence of radix entomolaris in tooth 46.
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The root lengths were estimated using an apex locator (Root ZX; Morita, Tokyo, Japan)

and then confirmed with a periapical radiograph (Fig. 6a). Coronal flaring of the root canals

was carried out using S1 and SX ProTaper rotary instruments (Dentsply Maillefer,

Figure 4 Different coronal views of tooth 46.

Figure 3 Axial views allow the relationship between the supernumerary root and the other roots to be

assessed.

(a) (b)

(c) (d)

Figure 5 (a) Occlusal view of the pulp chamber with four canal orifices. (b) Enlargement of the access

cavity. (c) Location of a third distal canal orifice. (d) Final access cavity.
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Ballaigues, Switzerland). All canals were instrumented with a size 10 and 15 K-file

(Dentsply Maillefer, Ballaigues, Switzerland) to obtain a manual glide path. Instrumentation

was completed using Mtwo (VDW GmbH, Munich, Germany) nickel–titanium (NiTi) rotary

instruments with X-Smart endodontic motor (Dentsply Maillefer, Ballaigues, Switzerland).

The instrumentation sequence for the RE was size 10, 0.04; 15, 0.05; and 20, 0.06, and for

the other roots canals, 10, 0.04; 15, 0.05; 20, 0.06; 25, 0.06; 30, 0.05 and 35, 0.04.

During instrumentation, the root canals were flushed with copious amounts of 4.2%

sodium hypochlorite (NaOCl) solution using a plastic syringe with a closed-end needle

(Hawe Max-I-probe; Kerr-Hawe, Bioggio, Switzerland). After root canal preparation, a final

irrigation was performed alternating 17% ethylenediaminetetraacetic acid and 4.2% NaOCl

solution. The last NaOCl solution was activated with a size 15 K-file (Satelec Acteon Group)

under passive ultrasonic activation for 1 min (Fig. 6b). The root canals were then washed

with sterile saline and dried with sterile paper points. After preparation, gutta-percha cones

(Autofit; Analytic, Glendora, CA, USA) and a size 20 Thermafil verifier (Dentsply Maillefer,

Ballaigues, Switzerland) were used to reconfirm working lengths (Fig. 6c).

The additional lingual root canal was filled with a size 20 Thermafil obturator (Dentsply

Maillefer, Ballaigues, Switzerland) and AH-Plus cement (Dentsply DeTrey GmbH,

Konstanz, Germany). The other root canals were filled using the System B heat source

(EIE/Analytic Technology, Richmond, WA, USA) (Fig. 7a,b). The access cavity was

restored with a resin composite flow (Tetric Flow; Ivoclar Vivadent AG, Schaan

Furstentum, Liechtenstein) to ensure an adequate seal between appointments, and a

temporary restorative material (Cavit; 3M ESPE AG, Seefeld, Germany) (Fig. 7c).

The final restoration was an indirect composite resin (in:joy; DeguDent GmbH, Hanau-

Wolfgang, Germany). The 1-year follow-up periapical radiographs showed a continuous

periodontal space with no signs of apical periodontitis (Fig. 8).

Thereafter, another small-volume CBCT was taken (Kodak 9000 3D; Carestream Health)

to determine the success of treatment. A healthy periapex was confirmed according to

the axial (Fig. 9a,b), sagittal (Fig. 9c,d) and coronal slices (Fig. 10a,b) and the three-

dimensional reconstruction (Fig. 10c).

Discussion

The RE is located distolingually, with its coronal third completely or partially fixed to the

distal root. In general, the RE is smaller than the distobuccal and mesial roots and can be

separated from, or partially fused with, the other roots. According to the classification of

De Moor et al. (2004), the RE could be classified into three groups on the basis of the root/

(a) (b) (c)

Figure 6 (a) Length determination radiograph. (b) Passive ultrasonic activation. (c) Gutta-percha cones

and 20 Thermafil verifier (Dentsply Maillefer) before root canal filling.
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root canal curve. Type I refers to a straight root canal, type II refers to an initially curved

entrance that continues as a straight canal and type III refers to an initial curve in the

coronal third of the root canal and a second curve beginning in the middle and continuing

(a)

(d)(c)

(b)

Figure 8 (a) Radiograph 1-year postoperatively. (b) Occlusal view of tooth 46 restoration. (c) A

mesioradial and (d) distoradial postoperative radiographs.

(a) (b) (c)

Figure 7 (a) Radiographic control following filling of the five root canals. (b) Clinical image of the

access cavity after root canal filling. (c) Postoperative radiograph.
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to the apical third. An accurate detection of these supernumerary roots can avoid

complications or a ‘missed canal’ during root canal treatment. Because the (separate) RE

is mostly situated in the same bucco-lingual plane as the distobuccal root, a superimpo-

sition of both roots can appear on the preoperative radiograph, resulting in an inaccurate

detection. Conventional images compress three-dimensional anatomy into a two-dimen-

sional image or shadowgraph. Important features of the tooth are visualized in the

mesiodistal plane only. However, similar features shown in the bucco-lingual plane (i.e.

the third dimension) may not be fully appreciated. In an attempt to overcome the

limitations of plain radiography, additional exposures with changes in horizontal tubehead

angulation (parallax principle) may be considered (Fava & Dummer 1997). To reveal the RE,

a second radiograph should be taken from a more distal or mesial angle (30�). However, it

should be noted that multiple intra-oral radiographs do not guarantee the identification of

all relevant anatomies. Three-dimensional imaging overcomes this major limitation by

allowing the visualization of the third dimension whilst at the same time eliminating

superimpositions (Cohenca et al. 2007b). However, at present, the images produced with

CBCT technology lack the resolution of conventional radiographs. To ascertain the exact

location and anatomy of the RE, a CBCT scanner was used to obtain a better analysis.

CBCT is a technique that produces three-dimensional digital imaging at reduced cost and

less radiation for the patient than traditional CT scans (Cohenca et al. 2007b). If an RE is

diagnosed before root canal treatment, one knows what to expect or where to look once

the pulp chamber has been opened.

The location of the orifice of the root canal of an RE has implications for the access

cavity. The orifice of the RE is located disto- to mesiolingually from the main canal or

canals in the distal root. Hence, the conventional access opening was modified into a

more trapezoidal cavity to locate the orifice of the distolingually located RE. A dark line on

the pulp chamber could indicate the precise location of the RE canal orifice. If the RE

orifice is not clearly visible after removal of the pulp chamber roof, a more meticulous

(d)(a) (b) (c)

Figure 9 (a, b) Cone beam computed tomography axial and (c, d) sagittal slices showed normal

periapical area of tooth 46.

(a) (b) (c)

Figure 10 (a, b) Coronal cone beam computed tomography views. (c) Three-dimensional reconstruc-

tion of tooth 46 after root canal filling.
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inspection in the distolingual region is necessary; visual aids with loupes or surgical

operating microscope could be useful (Yoshioka et al. 2002). RE canal orifice could be

occluded by secondary or calcified dentine. With every access preparation in a calcified

root, there is a risk of perforating the tooth. When searching for hidden canals, one should

remember that secondary dentine is generally whitish or opaque, whereas the floor

chamber is darker and grey in appearance. Therefore, the visual access and superior

control that ultrasonic cutting tips provide during access procedures make them a

convenient tool in such cases (Plotino et al. 2007).

The case presented was classified as type III RE, because a severe canal curvature

(great angle and small radius of curvature), especially in the middle and apical third, was

observed in the CBCT. In this case, NiTi rotary instruments were used, as several studies

have shown that these instruments are able to maintain original canal curvature even in

severely curved canals, to produce a well-tapered root canal shape sufficient for filling and

to complete preparation in an acceptable time (Sonntag et al. 2003, Moore et al. 2009,

Uroz-Torres et al. 2009). However, the advent of rotary NiTi files has been accompanied

by an unfortunate increase in the occurrence of broken instruments (Ruddle 2004). For

this reason, after relocation and enlargement of the orifice of the RE, a manual glide path

should be performed, because this procedure drastically reduces torsional stress as the

canal width becomes at least equal to the diameter of the tip of the instrument used

(Berutti et al. 2004). Knowing and analysing root canal curvature is important because

instrument fracture has been linked to angle and radius of curvature. The cyclic fatigue of

an instrument may be related to the degree of flexure it undergoes when placed in a

curved root canal. The more pronounced the curvature of a canal, the greater the cyclical

fatigue of the instrument and thus the lower its life expectancy. Instrument separation

significantly increased as the radius of curvature decreased (Pruett et al. 1997, Zelada

et al. 2002, Patiño et al. 2005, Grande et al. 2006, Inan et al. 2007). Different authors

observed that fatigue life of NiTi rotary instruments was significantly influenced by the

radius of curvature (Pruett et al. 1997, Grande et al. 2006). Zelada et al. (2002) reported

that radius of curvature was the most important factor in instrument fracture, and in canals

with small radius of curvature, the risk of instrument fracture was greater. It has been

observed that a reduction in the angle of curvature produced a significant decrease in the

incidence of instrument fracture. In this case, new instruments were used because

instrument fracture significantly increased with the number of uses (Patiño et al. 2005,

Vieira et al. 2008).

A CBCT was also taken 1-year postoperatively, because it has been reported that CBCT

scans detect periapical lesions in many cases in which periapical radiolucency was absent

in the periapical radiograph (Lofthag-Hansen et al. 2007, Jorge et al. 2008). In fact, recent

studies corroborate the use of CBCT as the standard radiographic control to guarantee the

successful outcome of root canal treatment (Estrela et al. 2008a, Vandenberghe et al.

2008, Paula-Silva et al. 2009a, Wu et al. 2009). In addition, one of the major advantages of

limited CBCT is the significantly lower effective radiation dose to which patients are

exposed (Cohenca et al. 2007b, Patel 2009).

Conclusions

Clinicians should be aware of the unusual anatomical features and variations in the

mandibular first molars in Caucasians. Root canal treatment in teeth with extra roots can

be challenging, but the inability to find root canals may cause failures. CBCT images can

result in a better understanding of root canal anatomy, which enables the clinician to

evaluate the root canal system and to clean, shape and fill it more efficiently.
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Disclaimer

Whilst this article has been subjected to Editorial review, the opinions expressed, unless

specifically indicated, are those of the author. The views expressed do not necessarily

represent best practice, or the views of the IEJ Editorial Board, or of its affiliated Specialist

Societies.
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