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introduction: The success of root canal treatment is deter-
mined by satisfying the basic principles of complete removal 
of the endodontic pathology through chemo-mechanical 
cleansing of the root canals followed by shaping and then 
by obturation to provide the ideal hermetic seal. To achieve 
such success a thorough knowledge of the root canal anat-
omy is a basic requirement. Several anatomic variations of 
the mandibular molars have been reported among which 
is the reportedly rare Radix Entomolaris (RE), a mandibular 
molar with an additional root located lingually.

Aims and objectives: To present five cases of RE diag-
nosed pre-operatively using radiographs and subsequently 
successfully endodontically treated.  We also aim to high-
light the considerations for the diagnosis and management 
of RE in general dental practice. 

Conclusion: Even though RE is rarely encountered in general 
dental practice, the possibility that it may occur warrants the 
need to have sufficient knowledge regarding diagnosis and the 
appropriate modifications in endodontic management of these 
teeth. Preparedness coupled with a carefully modified clinical 
approach aids in successful management of RE and ensures 
that these cases could be handled with ease.

Key words: Endodontic treatment, mandibular molar, ana-
tomical variations, radix entomolaris.

INTRoduCTIoN
The success of root canal treatment is determined by satis-
fying the basic principles of complete removal of the endo-
dontic pathology through chemo-mechanical cleansing of 

the root canals, followed by shaping and then by obturation 
to provide the ideal hermetic fluid-tight seal.1 The primary 
aim of endodontic treatment is the elimination of bacteria 
from the infected root canal and the prevention of subse-
quent reinfection.2 To achieve this, a thorough knowledge 
of the variations in root canal anatomy is absolutely impera-
tive as diversities such as extra roots, extra canals, webs, 
fins, and isthmuses may complicate the endodontic proce-
dure.2 The majority of mandibular first molars are two-rooted 
(97.8%) with three canals.3,4 The mesial root usually has two 
canals ending in two distinct apical foramina or they may 
merge  to end in a single foramen. The distal root most com-
monly has one large kidney-shaped canal, but if the orifice 
is narrow and round, a second canal may be present.1 The 
incidence of occurrence of two distal canals is reported to 
be 28%.5 Several anatomic variations of the mandibular mo-
lars have been reported among which are, notably, Radix 
Entomolaris(RE), a mandibular molar with an additional root 
located lingually, and Radix Paramolaris(RP) with the addi-
tional root located buccally.6 

RE was first reported by Carabelli in the year 1844.7,8 A 
classification by Carlsen and Alexandersen24 describes 
four different types of RE according to the location of the 
cervical part of the RE: types A, B, C and AC. Types A 
and B refer to a distally located cervical part of the RE 
with, respectively, two normal and one normal distal root 
components. Type C refers to a mesially located cervical 
part, while type AC refers to a central location, between 
the distal and mesial root components. This classification 
allows for the identification of separate and non-separate 
RE.1 Another classification is that of De Moor et al.10 which 
is based on variations in the bucco-lingual curvature of the 
root canal. Three types can be identified: Type I refers to 
a straight root/root canal, while Type II refers to an initially 
curved entrance which continues as a straight root/root 
canal. Type III is characterized by having an initial curve in 
the coronal third of the root canal and a second curve be-
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ginning in the middle and continuing to the apical third.
The frequency of RE is less than 5% in white Caucasian 
(UK, Dutch, Finnish, German), African (Bantu, San), Eura-
sian and Indian populations. Certain ethnic populations with 
Mongoloid traits, such as the Chinese, Eskimos and Native 
American population show a frequency of 5% to 36%.9  This 
rare malformation may confront the general practitioner who 
has to manage an RE with pulpal involvement. The treat-
ment may develop complications if a canal is missed during 
endodontic therapy or if the extra root fractures and may 
be retained during exodontia. Care during the initial radio-
graphic evaluation should forewarn the general practitioner, 
who is then prepared and will handle these cases with ease. 
Radiographs taken at different angulations reveal the basic 
information regarding the anatomy of a tooth and can thus 
help in the detection of any aberrant anatomy such as extra 
canals/roots.10 If conventional radiography still leaves an ele-
ment of doubt then advanced imaging with CBCT will reveal 
the three-dimension curvature and angulation of the canals 
and roots.  The dentist can anticipate the difficulties and 
should now decide whether to refer the patient to an endo-
dontist or to manage the patient in the general practice.11,12 

This study presents five cases of RE diagnosed pre-oper-
atively using radiographs and successfully treated with en-
dodontic therapy. 

CASE REPoRTS
Two male and three female Indian patients reported at the 
Hospital complaining of  symptoms suggestive of pulpal in-
volvement of the RE. A detailed history was elicited following 
which clinical and radiological evaluation revealed that root 
canal treatment (RCT) was indicated in all five cases. RE 
were identified by assessment of the pre-operative radio-
graphs. A systematic and sequential approach to treatment 
was adopted for all the cases. Initially, before treatment, ra-
diographs of the contralateral molars were taken for all the 
five patients as literature documents a high incidence of 
bilateral presentation of RE.13 None of our cases showed 
bilateral involvement. After achieving adequate local an-
esthesia the teeth were isolated using a rubber dam. The 
access cavities were prepared in the conventional man-
ner and modified from a triangular to trapezoidal outline so 
as to locate the fourth distolingual canal. The root canals 
were located with an endodontic probe (DG-16). The canals 
were then explored with K-File ISO 15 (Dentsply Maillefer). 
The working lengths were determined electronically using 
Propex and confirmed with radiographs. The root canals 
were then shaped with Protaper rotary instrument in the first 
three cases while conventional hand filing and shaping was 
done in the fourth and fifth cases. Following debridement, 
the canals were irrigated with 2.5% sodium hypochlorite so-
lution. At the next appointment, master cone radiographs 
were obtained following which the canals of the first three 
cases were obturated with Protaper F-2 gutta-percha points 
while the last two cases were obturated with conventional 
gutta percha points. The access cavities were restored with 
Miracle Mix. All cases were successfully treated. The mor-
phological diversity of each case is documented below.

Case 1
A 21 year old female patient presented with pain in her man-
dibular left first molar. Clinical examination revealed gross 
decay and tenderness on vertical percussion. Clinical and 
radiological evaluation revealed widening of the periodon-
tal ligament (PDL) space and an increased radio-density 

surrounding the mesial root 
suggestive of a final diag-
nosis of apical periodontitis 
with condensing ostetitis in 
36. The radiograph also re-
vealed the presence of the 
extra root on the distal side 
of first molar (Figure 1A). The 
two mesial canal orifices 
were located. The distal ca-
nal orifice was slightly buc-
cally away from the centre 
indicating the possibility of 
a disto-lingual canal. The 
disto-lingual root canal was 
0.5mm more than the disto-
buccal root. There was an 
initial curve in the coronal 
third of the canal and a sec-
ond curve beginning in the 
middle and continuing to 
the apical third. (Figure 1B) 
This RE can be classified 
as Carlsen and Alexander-
son TYPE –A and De Moor 
et al classification TYPE –III 
RE (Table 1). The irrigation, 
obturation and post obtura-
tion filling were completed as 
previously described. (Figure 
1C, Figure 1D).

Case 2

A 17 year old male patient 
presented with pain and 
swelling on the left side of the 
face of four days duration. It 
was a severe, continuous, 
throbbing type of pain that 
was increased on chewing 
food. On examination, the 
mandibular left first molar was 
decayed disto-proximally and 
the tooth was tender to per-
cussion. The radiograph revealed no periapical changes but 
the extra root was clearly visible, located between the mesial 

Figure 1A:  Preoperative radiograph showing the extra root on distal side of 36

Figure 2A:  Preoperative radiograph showing the extra root between the mesial 
and distal roots 

Figure 1B:  Working length determi-
nation radiograph. 

Figure 1C: Master cone fit. 

Figure 1d: Post operative radiograph.

Figure 2B: Working length determi-
nation radiograph and RE showing 
curve in the middle continuing to api-
cal third of root. 
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and distal roots (Figure 2A). 
A final diagnosis of buccal 
space infection secondary 
to acute periapical abscess 
was made. In this case only 
an emergency access open-
ing was performed at the first 
appointment to relieve the 
acute pain, following which 
antibiotics were prescribed. 
Coronal enlargement and 
debridement were undertak-
en at the next appointment. 
Insertion of the No. 15 file in 
the fourth canal showed a 
lingually oriented access in-
clination. Upon removal the 
tip was slightly deformed with 
a curvature to the mesial side 

at the position of the middle third of the root to the apex. 
The disto-lingual root canal was 3mm shorter than the disto-
buccal (Figure 2B). As in the previous case this RE can also 
be classified as Carlsen and Alexanderson TYPE –A and De 
Moor et al classification TYPE –III RE. (Table 1) The irrigation, 
obturation and post obturation filling were finalized in the man-
ner described above (Figure 2C, Figure 2D).

Case 3

A 21 year old male patient 
presented with pain in his 
previously restored man-
dibular left first molar, which 
had a large amalgam resto-
ration and was tender to per-
cussion. The pre-operative 
radiograph revealed the fill-
ing in close proximity to the 
pulp, and a widening of the 
PDL space in the mesial root 
suggestive of apical perio-
dontitis. The extra root could 
be discerned on the distal 
aspect as a superimposition 
with the middle and lower 
third appearing in between 
the mesial and distal roots 
(Figure 3A). The disto-lingual 
root was straight and the 
disto-lingual canal was easily 
located. It was 1mm shorter 
than the disto-buccal root 
canal (Figure 3B). This RE 
can be classified as Carlsen 
and Alexanderson TYPE –A 
and De Moor et al classifica-

tion TYPE –I RE (Table 1). The irrigation, obturation and post ob-
turation filling were completed routinely (Figure 3C, Figure 3D).

Case 4

A 39 year old female patient 
presented with pain in her 
previously restored mandibu-
lar left second molar. Preop-
erative radiography showed 
a cervical radiolucency in-
volving the pulp, a widening 
of PDL space around the 
mesial and distal roots, sug-
gestive of apical periodonti-
tis. The presence of the extra 
root on the distal side of the 
tooth was demonstrated (Fig-
ure 4A). The disto-lingual root 
canal was 3 mm shorter than 
the disto-buccal canal and 
was straight and easily ne-
gotiable (Figure 4B). This RE 
can be classified as Carlsen 
and Alexanderson TYPE –A 
and De Moor et al classifi-
cation TYPE –I RE. (Table 1) 
The debridement, irrigation, 
obturation and post obtura-
tion filling were all completed 
satisfactorily (Figure 4C, Fig-
ure 4D).

Case 5

An 18 year old female patient 
reported with pain in her right 
mandibular first molar which 
on examination revealed a 
grossly decayed tooth with 
radiographic evidence of a 
widening of the PDL space 
suggestive of apical perio-
dontitis. The unclear outline 
of the distal root contour 
gave rise to the suspicion of 

Figure 2C:  Master cone fit. 

Figure 2d:  Postoperative radiograph.

Figure 3B:  Working length determina-
tion radiograph. 

Figure 4B:  Working length determina-
tion radiograph. 

Figure 4C: Master cone fit. 

Figure 4d: Postoperative radiograph. 

Figure 5B: Working length determina-
tion radiograph.  

Figure 3C:  Master cone fit.  

Figure 3d:  Postoperative radiograph. 

Figure 3A:  Preoperative radiograph showing a large amalgam restoration with 
extra root on distal side of 36.

Figure 4A:  Preoperative radiograph showing a molar (37) with an amalgam resto-
ration and with an extra root in between the mesial and distal roots.

Figure 5A:  Preoperative radiograph showing a carious lesion and with an extra 
root on distal side of 46.
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a superimposed extra root 
(Figure 5A). Another radio-
graph taken from a more 
mesial angulation clearly 
revealed the extra root. The 
disto-lingual root canal was 
1 mm shorter than the dis-
to-buccal canal and it was 

straight and easily negotiable (Figure5B). This RE can be 
classified as Carlsen and Alexanderson TYPE –A and De 
Moor et al classification TYPE –I RE. (Table 1) The debride-
ment, irrigation, obturation and post obturation filling were 
done as mentioned earlier. (Figure 5C, Figure 5D)

We have morphologically classified all the cases in our case 
series and these are documented in Table1.

dISCuSSIoN
Several anatomic variations of the mandibular molars6 have 
been reported among which are the rather unusual presen-
tations: Radix Entomolaris(RE), a mandibular molar with an 
additional root located lingually and Radix Paramolaris(RP) 
with an additional root located buccally. The etiology behind 
the formation of RE is still unclear. Its formation could be 
related to external factors during odontogenesis.14 Another 
theory is that of an atavistic gene penetrance1 (Atavism is 
the reappearance of a trait after several generations of ab-
sence). In eumorphic roots, population specific factors influ-
ence the more profound expression of a particular gene that 
results in more pronounced phenotypic manifestations.15 
Curzon suggested that the ‘three-rooted molar’ trait has a 
high degree of genetic penetrance as its dominance is re-
flected in the fact that the prevalence of the trait is similar in 
both pure Eskimo and Eskimo/Caucasian mixes. Third root 
anomalies may develop during bud morpho-differentiation 
as a result of a developmental aberration of both ectoderm 
and mesoderm.17 

Various prevalence studies have been undertaken using 
periapical radiographs, extracted teeth and, more recently, 
micro computed tomography (micro-CT) and cone beam 
computed tomographic images (CBCT).18 In African popula-
tions a maximum frequency of 3%19 is found, while in Eur-
asian and Indian population the frequency is less than 5%. In 
populations with Mongoloid traits (such as the Chinese, Es-
kimo and American Indians) reports have noted that the RE 
occurs with a frequency that ranges from 5% to more than 
30%. It has been speculated that recent studies will show 
higher prevalences compared with previous 2D image stud-
ies. This could possibly be a result of  more accurate deter-
mination using 3D image analysis.18 In recent years, there 
has been an increasing number of case reports of RE12,14,20,21  
being published by Indian authors.2 However, this does not 
give any insight into whether the prevalence of RE in the 
Indian population is higher than previously documented and 
that could be the focus of future research.

RE is most commonly known to involve the mandibular first mo-
lar (7.4%) followed by the mandibular third molar (3.7%) involving 
least frequently the mandibular second molar (0.5%).1,22 Four of 
our cases involved the mandibular first molar while the fourth 
case involved the mandibular left second molar. According to 
Quackenbush, additional or ‘extra’ roots occurred unilaterally 
in approximately 40% of all cases and predominantly on the 
right side.23 Steelman observed this variation more frequently 
on the left side in Hispanic children.13 We recorded that four of 
our patients had RE on the left side while one involved the right 
side. Some studies have reported a bilateral occurrence of 50-
67%.12,13 This encouraged us to clinically and radiographically 
evaluate the contralateral molars for additional roots but none 
of our cases showed any bilateral involvement.

In general, the RE is smaller than the disto-buccal and me-
sial roots and can be separate from, or partially fused with, 
the other roots.10 In our case series, we observed that the 
disto-lingual canals of our second and fourth cases were 
3mm shorter than the disto-buccal canal, while the working 
lengths were comparable in the other cases. 

Subtle clinical features on intra-oral examination may point 
to the possibility of a supernumerary root. The presence 
of a more prominent disto-lingual lobe or an extra cusp 
in combination with a cervical prominence or convexity 
can indicate the presence of an additional root.1 However 
an increased number of cusps need not necessarily be 
associated with supernumerary roots. Hence identification 
of RE is not possible by clinical examination alone. 
Radiographic examination usually reveals the RE. In our case 
series, clinical examination did not contribute much to the 
identification of RE but the preoperative radiographs revealed 
their presence in all the five cases. Thorough inspection of 
the preoperative radiograph may show particular marks 
or characteristics such as an unclear outline of the distal/
mesial root contour or the root canal, probably because 
the supernumerary roots are mostly situated in the same 
bucco-lingual plane as the mesial or distal root resulting in 
superimposition.1 Sometimes on routine radiography the 
RE could be missed because of its slender morphology. 
A second radiograph of the tooth from a mesial or distal 
horizontal projection (20 degrees) may be helpful10 as would 
be specialized radiographic techniques like buccal object 
rule or “SLOB” technique. Advanced imaging modalities 
like micro-computed tomography18 and spiral computed 
tomography25 have been utilized for diagnosis of RE but we 
believe that resorting to these options does not adhere to the 
basic ALARA principle of diagnostic radiology. Cone beam 
computed tomography (CBCT) seems to be less invasive 
(an average of 52-1025µSv per exposure as compared with 
2000-5000 µSv for spiral CT). The technique is accurate 
and has the additional advantage that the data is amenable 
to reformation in a volume rather than a slice, providing three-
dimensional images in the axial, coronal, or sagittal planes. 
CBCT is a promising tool for investigating the prevalence 
and morphologic feature of extra roots.26 

Figure 5C: Master cone fit.  

Figure 5d: Postoperative radiograph. 

Table1

Cases Age-Yr Sex Teeth

Root Morphology

De Moor et al10 Carlsen and Alexanderson24

Case 1 21 F 36 TYPE –III TYPE –A

Case 2 17 M 36 TYPE-III TYPE –A

Case 3 21 M 36 TYPE –I TYPE –A

Case 4 39 F 37 TYPE-I TYPE –A

Case 5 18 F 46 TYPE-I TYPE –A
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Should preoperative radiographic evaluation fail to detect 
an RE, some clues observed during access cavity prepa-
ration may suggest the presence of an extra root or root 
canal. Typically the distal root has one kidney-shaped root 
canal. If the orifice is narrow and round, a second distal ca-
nal may be expected. A dark line on the pulp chamber floor 
can indicate the precise location of the RE canal orifice.1 
When sodium hypochlorite is used in the pulp chamber, 
the remaining pulp tissue in the unidentified canal produces 
bubbles, a response which is referred to as the “champagne 
effect”. This may also aid in locating the obscure canal.14 
The identification of supernumerary roots and canals can 
be made easier with additional aids like the DG 16 probe, 
micro-opener, methylene blue dye, fluorescein sodium oph-
thalmic dye, long shank burs, ultrasonic instruments, surgi-
cal loupes, fibre-optic illumination, dental endoscopy and 
orascopy, operating microscope and visualization endogram 
using Ruddle’s solution.18        

Once a diagnosis of RE is made, the next step involves the 
modification of treatment strategy to suit the requirements of 
the RE. The orifice of the RE is located disto-to mesio lingually 
from the main canal.1 An extension of the original triangular 
opening cavity to the (disto-) lingual results in a more rect-
angular or trapezoidal outline form.10 If calcification is present 
above the orifice of the RE, this has to be removed to provide 
a better view. Care must be taken to not to remove an exces-
sive amount of dentin on the lingual side of the cavity and 
orifice to avoid perforation of the coronal third of a severely 
curved root.18 Calberson et al1 recommend the use of flexible 
nickel-titanium rotary files to increase the chances of achiev-
ing a smooth glide path to the apical region. Nevertheless 
unforeseen complications can occur while negotiating the 
narrow canals with severe curvature.18

Apart from these endodontic implications, there are other 
considerations to be taken into account when dealing with 
RE in a general dental practice. During extraction of the RE, 
every effort should be made to avoid fracture of the curved 
root. An unidentified supernumerary root can fracture and 
even be retained following exodontia as the presence of 
the classical mesial and distal roots may lead the dentist 
to believe, mistakenly, that the tooth has been completely 
removed. Although the effect of RE on orthodontic treatment 
is not clear, it may be that the extra root increases the resis-
tance to movement. The excessive cervical bulge in RE may 
be a contributing factor in localized periodontitis.

CoNCLuSIoN
Clinicians should be aware of these unusual root morpholo-
gies in the mandibular first molars. Even though RE is rarely 
encountered, the possibility that it may occur warrants the 
need to have sufficient knowledge regarding diagnosis and 
the appropriate modifications in endodontic management of 
these teeth to prevent errors. Preparedness coupled with an 
appropriate and careful clinical approach aids in successful 
management of RE and ensures that these cases could be 
handled with ease.
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