
ABSTRACT

The understanding of variations of anatomical and morphological characteristics of the teeth are very 

important for any practitioner. These differences in root morphology are influencing the success of the 

endodontic therapy and the long-term prognosis of the tooth. Before beginning an endodontic treatment, the 

clinician must take into account the morphological variations of the root anatomy. This article describes the 

morphology, anatomy and internal variations in a mandibular first molar. This anatomical variation is a major 

risk for both endodontic and prosthetic treatment failure. The lack of knowledge of root and pulp anatomy 

permits the errors in diagnosing and treatment planning. Unfilled canals, left like this by omission, can 

compromise the endodontic treatment. For the success of any dental treatment it is critical to know the normal 

configuration of the pulp and to be aware of the possible variations. 
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INTRODUCTION

The main objective of root canal treatment is 

thorough mechanical and chemical cleaning of all 

the canals before obturation with an inert filling 
[1]material.  Generally flare-ups occur due to 

improper cleaning and shaping of canals, lack of 

understanding of root canal morphology, failure of 

establishment of hermetic seal, underfillings, 

overfillings and also due to improper identification 

of canals.Teeth do not always have the same internal 
[2]

anatomy.  The anatomical variations in number of 

roots, number of root canals, or even the shape of 

root canals are often encountered. Many clinicians 

used to treat every tooth like being a standard one. 

In these cases many failures occurred.  In time, other 

practitioners studied the anatomy of root canal 

systems and their anatomical variations and they 

found out that there are many different types of 

teeth. The respective studies provide information 

that,if taken into account, might improve the 

[3]
outcome of endodontic treatment.

EXTERNAL ROOT MORPHOLOGY

Typically two rooted teeth. Mesial and distal roots 

are widely separated with a furcation level buccally 

and lingually at approximately 3mm and 4 mm. Both 

roots are broader buccoingually than mesiodistally. 

The mesial root has concavities on both its mesial 

and distal surfaces. The mesial root is slightly 

rotated and tapers distally from buccal to lingual. 

Distal root is ovoid in cross section.  Average length 

is 21.5mm. Average Crown length is 7.5mm. Average 
[4]Root length is 14mm.

PULP CHAMBER

Roof of the pulp chamber is rectangular in shape. 
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Fig 1: showing the pulp chamber and root
canal of mandibular first molar

Vol. 5  Issue-2  May 2015

B U J O DB U J O D



Fig 2 : Showing the cross section of mandibular
first molar 

The mesial wall is straight and distal wall is round 

and the buccal and lingual walls converge to meet 

the mesial and distal walls and form rhomboidal 

floor(fig1). Four pulp horns are present- 

m e s i o b u c c a l ,  d i s to b u c c a l ,  m e s i o l i n g u a l ,  

distolingual. With age there is a decrease in size of 

the pulp chamber. Three distinct orifices are 
[4]present- mesiobuccal, mesiolingual, distal 

CERVICAL CROSS SECTION

The cervical cross section of the mandibular first 

molar is generally quadrilateral in form. The pulp 

chamber floor has two funnel-shaped openings into 

the mesial root (one buccal and one lingual), 

whereas the distal aspect of the pulp chamber 

shows a single opening that is less constricted. 

Lateral canals are present in the furcation in 23% of 

cases, in the mesial root in 45%, and in the distal 
[4]

root in 30%(fig 2). 

MIDROOT CROSS SECTION

The mesial root will usually be somewhat kidney-

shaped, with two separate canals, but a figure 8 

shape of the root is also very common. The two 

canals may be totally separate or confluent with the 

other canal. The distal root is usually rounder than 

the mesial root, but the very wide root is also very 

common. Those roots that tend to be round usually 

demonstrate only one canal, whereas the broader 

distal roots tend to have two canals, or a very thin 

canal that is single; or they may possess a dentinal 
[4]island. 

ROOT NUMBER AND FORM

Typically two rooted with mesial and distal 

root(85.2% incidence) ( table 1). A third root found 
[5]

some cases (5.3%) called radix entomolaris. 

CANAL SYSTEM

Typically has two mesial canal and distal canal. Two 

canals in the mesial root 95.8%. The mesial root 

canals may have a common exit foramen or can exit 

as two or more apical foramina. Slowey indicated 

that the mesiobuccal canal has a distinct buccal 

curvature at the floor of the chamber while the 

mesiolingual canal is straight in the long axis of the 

root. The distal root usually has a single broad canal 

but a two canal system can occur in nearly one-third 
[4]of the distal roots.

CLINICAL SIGNIFICANCE

The mandibular first molar is the first permanent 

molar to erupt into the oral cavity and it is most 
[4]

often tooth requiring endodontic therapy.

Access opening: the enamel and dentine are 

penetrated in the central fossa with bur angled 

towards the distal root. The access opening is 

usually trapezoidal with round corners or 

rectangular if a second distal canal is present 
[6].(fig 1)
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Fig 3 : Showing the accessopening and the
orifices of all canals 

Number of
roots

 
One root

 
Two root

 
Three root

 
Four root

All studies  0.2%  85.2%  14.6%  0.02%

Non-Asian 
population

 

-
 

96.9%
 

2.97%
 

-

Asian

population

0.3% 79.5% 20.2% 0.03%

Table 1 showing the studies pertaining the
number of root in the mandibular molars
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VARIATIONS IN INTERNAL ANATOMY:

Middle mesial canal

The presence of an independent middle mesial canal 

with a separate orifice and a separate apical 

foramen was reported in 1974 by Vertucci and 

Williams and Barker et al.

In 1981, Pomeranz et al. presented a more 

comprehensive report in which they discussed the 

in vivo occurrence, instrumentation, and obturation 

of the middle mesial root canal system of 

mandibular first and second molars in 12 clinical 
[7]cases. 

They classified three separate morphological 

possibilities in the mesial root:

Classification-Pomeranz

The middle mesial canal was classified as:

1. Confluent when the prepared canal originated 

as a separate orifice but apically joined the 

mesiobuccal or mesiolingual canal. 

2. Independent when the prepared canal 

originated as a separate orifice and 

terminated as a separate foramen.

Fabra- Campos suggested protocol for 

locating middle mesial canal:

1. Once the access cavity is made the dentinal 

protuberance which separates the entrance to 

the mesiobuccal and mesiolingual canals are 

removed with either ultrasonic tips or round 

bur

2.  An explorer is used to explore through the 

groove connecting the mesiobuccal and 

mesiolingual canal to search for any possible 

intermediate depression.

3. In  teeth with vital pulp a bleeding spot can be 

observed which may indicate MMC 

4. Catheterize the third canal by using a thin file 

(#08 or 10) in an alternating 45° rotating 

motion 

5. Once the canal is located enlarge canal 

entrance, most of the time this intermediate 

canal will join at the apical or middle third 

with either the mesiolingual or mesiobuccal 

canal, ending in one foramen, it joins more 

frequently with the mesiobuccal canal.

6. Various authors have suggested that younger 

patients had intermediate canals which were 

more easily found.

7. Intermediate canal should not be enlarged as 

much as the main canal because of the danger 

of perforation.

8. This in turn makes obturation of the canal 

more difficult as spreaders cannot be 

introduced to the correct level during lateral 

condensation techniques.

Finally diagnostic measures such as multiple 

preoperative radiographs, examination of pulp 

chamber floor with a sharp explorer, troughing of 

the grooves with ultrasonic tips, staining the pulp 

chamber floor, visualization of bleeding points and 

with use of magnification, the middle mesial canal 

can be detected and treated for the success of the 

root canal treatment.

VARIATIONS AND ANOMALIES

Most common anomalies relates to additional 

canals in one or more of the roots

There are reports of extra canal, supernumerary 

roots and canals and taurodontisn and C-shaped 
[6]

canals.

RADIX ENTOMOLARIS

The major variant in mandibular first molar is the 

presence of  an additional  third root;  a  

supernumerary root which can be found 

distolingually. This macrostructure, which is first 

mentioned in the literature by carabelli (1844). The 

latin word radix entomolariswas coined by 

'Mihalylenhossek' in 1922. The word means within 

or inner ie. The lingual side of the root. In European 
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populations it has been reported that a separate RE 

is present in the mandibular first molar with a 

maximum frequency of 3.4-4.2%. In Indian 

population frequency is less than 5%. The radix 

entomolaris is located distolingually, with its 

coronal third completely or partially fixed to the 

distal root. The dimensions of the RE can vary from a 

short conical extension to a 'mature' root with 

normal length and root canal. The distolingual root 

may be separate form or partially fused with the 
[8]other roots.

ETIOLOGY

It is still uncertain, it can be related to external 

factors during odontogenesis or to the penetration 

of an atavistic gene or polygenic system (atavism is 

the reappearance of a trace after several 

generations of absence). In eumorphic roots, racial 

genetic factors that influenced the  deepest 

expression of  particular gene which results in the 

most accentuated phenotypic manifestation. 

Curzon suggested that “the molar of three roots” has 

a high degree of genetic trace penetrance; its 

domain reflected in the fact of which the trace 

prevalence was similar in pure Eskimos and in the 
[8]

mixture of Eskimos with Caucasians.

A classification proposed by Ribeiro and Consolaro 

(1997)

 TYPE I: Refers to a straight root/ root canal.

TYPE II: To an initially curved entrance and the 

continuation as a straight root/root canals.

 TYPE III: To an initial curve in the coronal third of 

the root canal and a second buccally orientated 

curve starting from the middle to apical third.

A classification by Carlsen and Alexandersen

Four different types of RE according to the location 

of the cervical part.Types a, b, c and ac.

TYPES A AND B refer to a distally located cervical 

part of the RE with two normal and one normal 

distal root components, respectively.

 TYPE C refers to a mesially located cervical part.

TYPE AC refers to a central location between the 

distal and mesial root components.

TREATMENT OF RADIX ENTOMOLARIS

Calberson et al, described the clinical approach for 

the treatment of mandibular molar with radix 

entomolaris as follows;

1. An angled radiograph in addition to 

preoperative radiograph is essential for 

accurate diagnosis of RE.

2.  Clinically, analyze the cervical morphology of 

roots by means of periodontal probing

3. In probing the presence of an extra cusp or 

more  prominent  occ lusal  d ista l  or  

distolingual lobe in combination with a 

cervical prominence or convexity can indicate 

the presence of an additional root. 

4. The orifice of the RE can be located disto- to 

mesiolingually from the main canal or canals 

in the distal root.

5.  An extension of the triangular opening cavity 

to the (disto) lingual results in a more 

rectangular or trapezoidal outline form. 

6. An initial relocation of the orifice to the lingual 

is indicated to achieve straight-line access.

7. A straight line access, initial root canal 

exploration with small files (size 10 or less) 

together with root canal length and curvature 

determination and the creation of a glide path 

before preparation are step-by-step actions 

that should be taken to avoid procedural 

errors.

Radix entomolaris and paramolaris:clinical 

approach in endodontics-fillip.l.calberson

RADIX PARAMOLARIS

Bolk in 1915 reported the occurrence of a buccally 

located additional root in mandibular first molar: 
[9]

the radix paramolaris (RP).

59MAHARAJA KRISHNAKUMARSINHJI BHAVNAGAR UNIVERSITY
       

B U J O DB U J O D Diwan et al

Vol. 5  Issue-2  May 2015



 This macrostructure is very rare and occurs less 

frequently than the RE. The RP is located (mesio) 

buccally. The dimensions of the RP can vary from a 

'mature' root with a root canal to a short conical 

extension. This additional root can be separate or 

non separate.

Carlsen and Alexandersen describe two different 

types: types a and b. 

• TYPE A: Refers to a RP in which the cervical 

part is located on the mesial root complex. 

• TYPE B: Refers to a RP in which the cervical 

part is located centrally between the mesial 

and distal root complexes.

C-SHAPED CANALS

Cooke and Cox 1979 were first to document C-

shapes canal in endodontic literature. This canal is 

the result of the fusion of the mesial or the distal root 

on either the buccal or the lingual root surface. The 

pulp chamber of C-shaped canal is a single ribbon 

shaped orifice with 180°arc, which in mandibular 

molar starts at the mesiolingual line angle and 

sweeping around the buccal or lingual to end at the 
[10]distal aspect of the pulp chamber.

ETIOLOGY

The failure of the hertwig's epithelial root sheeth to 

fuse on the lingual and buccal aspect of root surface 

is the main reason for the C-shaped roots, which 

always contain a C-shaped canals. C-shaped root 

may also formed by deposition of cementum within 

time. 

Classsification of C-shaped canals

1.Melton's classification

Melton et al. in 1991classified as:

• Category 1: Continuous C-shaped canal 

running from the pulp chamber to the apex 

without any separation.

• Category 2 : The semicolon shaped where  the 

dentine separates the main C-shaped canal 

from one mesial distinct canal.

• Category 3 : Refers to those with two or more 

discrete or  separate canals

• Subdivision-1:C-shaped orifice in the coronal 

third that divides into two or more discrete 

and separate canals that join apically

• Subdivision -2:C-shaped orifice in the coronal 

third that divides into two or more discrete 

and separate canals in the mid root to the 

apex.

• Subdivision -3:C-shaped orifice that divides 

into two or more discrete and separate canals 

in the coronal third to the apex.  

Fan's anatomic classification

• Fan et al. in 2004 modified Melton's 

classification:

• Category 1(c1):The shape was an interrupted 

“c” with no separation or division.

• Category 2(c2):the canal shape resembled a 

semicolon resulting from the discontinuation 

of the “c” outline but either angle α or β should 

be no less than 60°. 

• category 3(c3):2 or 3 separate canals and both 

angles, α and β were less than 60°

• Category 4(c4):Only one round or oval canal 

in that cross section.

• Category 5 (c5):No canal lumen could be 

observed(which is usually seen near the apex 

only)

Fan's radiographic classification

Type i: Conical or square shaped roots with a vague, 

radiolucent longitudinal line separating the root 

into mesial and distal parts. There was mesial and 

distal canals that merged into one before exiting in 

the apical foramen(foramina).

Type ii : Conical or square shaped roots with a vague, 

radiolucent longitudinal line separating the root 

into mesial and distal parts. There was mesial and 
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distal canals, and the two canals appeared 

tocontinued on their own pathway till the apex. 

• Type iii: Conical or square shaped roots with a 

vague, radiolucent longitudinal line separating the 

root into mesial and distal parts. There was a mesial 

and distal canal, one canal curved to and 

superimposed on this radiolucent line when 

running toward the apex and the other canal 

appeared to continue on its own pathway to the 

apex.

Management:

“C” configuration is known to present a complex 

canal anatomy ; its irregular areas house soft tissue 

remnants or infected debris that may escape 

thorough cleaning or filling procedures thus 

requiring supplementary effort to accomplish a 

successful root canal treatment. Initial canal system 

recognition occurs after achievement of routine 

endodontic access and removal of tissue from the 

pulp chamber. Use of surgical operating 

microscopes has made treatment more successful. 

Deep orifice preparation and careful probing with 

files characterize the C-shaped category more 

accurately. Do not use files of more than 25 size and 

gates glidden burs because it may cause strip 

perforation. Use of small files and 5.25%of NaOCl is 

a key to thorough debridement of narrow canal 

isthmus. An anticurvature filing method in the 

coronal third of the canal is needed to prevent 

perforation. If dentine filing is directed bucally 

perforation will likely be avoided.

OBTURATION:

Guttapercha can be thermoplasticized with 

spreaders heated in an open flame or electric 

spreaders or delivered by injectable systems. 

Proper placement of sealer with ultrasonic 

endodontic files is critical. Martin developed a 

device called EndoTec 2 that appears to achieve the 

best qualities of both techniques. Placing to master 

points and blocking the canal entrance with a 

plugger increases the resistance towards the 

passage of obturating material from one canal to 

another.

Protocol for treating C-shaped canals:

1) Deep orifice penetration.

2) Careful probing with small files.

3) Isthmus should not be prepared with larger 

than no. 25 files to avoide strip perforation.

4) Gates gliden burs not used

5) Extravagant use of small files and 5.25% of 

sodium hypochlorite is a key to thorough 

debridement of narrow canal isthmuses.

6) obturation-thermoplasticizedgp.

CONCLUSION

It is important that before beginning any kind of 

endodontic treatment all clinicians must take into 

account the possible dental anatomical variations 

and the normal anatomy to help them prevent the 

failure of treatment by omission to fill an additional 

canal. We should know that incomplete or inexistent 

filling of a root canal by omitting its presence are the 

main causes of endodontic treatment failure 

causing the loss of incorrect treated tooth. 

Knowledge of the variations in the anatomy of first 

mandibular permanent molar is necessary, because 

the correct location of all root canals, their 

instrumentation, and the filling of entire root canal 

system are a condition for a successful endodontic 

treatment and for the long- term success of the 

prosthetic restoration of the tooth.
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