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Abstract
Introduction. Systematic anatomical studies corroborate the anatomical complexity of the root canal system. Deviations 
from the norm such as multiple orifices, apical deltas, accessory canals and other variations are frequent. 
Objectives. To present clinical reports of mandibular molars with three canals in the mesial root and two in vitro studies 
of the morphology of these canals, together with a review of the literature.
Materials and Methods. Three clinical reports are presented of mandibular molars where three canals in the mesial roots 
were treated endodontically. Two in vitro studies were performed, one using computerized tomography and the other 
with scanning electron microscopy, to describe the morphology of the mesial root canals of permanent first molars. The 
scientific literature on this anatomical situation was also reviewed.
Results. The tomographic study found that the prevalence of a third mesial canal in the 27 teeth analysed was 14.81%; 
the microscopic study of 25 teeth found it to be 12%.  The review of the literature encountered that the authors who 
report cases such as these found prevalences ranging from 1% to 15%.
Conclusions. From the teeth analysed in vitro, it is concluded that a third mesial canal may be present in a mandibular 
first molar in approximately 13% of cases. Clinically, the third canal is difficult to find and exhibits a very variable mor-
phology, which may present anastomosis with the other canals.
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Introduction
From early work by Hess and Zurcher (1) in 1925 through 
to more recent studies demonstrating the anatomical com-
plexities of the root canal, roots with a conical channel and 
a single apical foramen have been known to be the exception 
rather than the rule. Researchers have shown multiple orifi-
ces, fins, deltas, loops, accessory canals and other variations 
in most teeth (2-4).
Although all teeth are anatomically complex, first lower mo-
lars are the first permanent posterior teeth to erupt and are 
those that most often suffer from caries, so they are highly 

likely to require endodontic treatment. These molars norma-
lly have two roots, one mesial and one distal, and their usual 
canal distribution is two in the mesial root and one or two 
in the distal root. Nonetheless, other possibilities exist. A 
third root is found in between 5% and 40% of persons from 
mongoloid ethnic groups (5, 6); in the European population 
the frequency ranges between 3.4% and 4.2% (5, 7, 8). The 
probability of a mandibular first molar having a fifth canal 
is 1-15% (9). The purpose of this paper is to present clinical 
reports of mandibular molars with three canals in the mesial 
root and two in vitro studies of the morphology of these 
canals, together with a review of the literature. 
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Materials and Methods 
1. Review of the literature 
This review includes clinical articles and articles on studies 
of extracted teeth. 
To identify the studies examined in this review, a thorough 
search was made of the following databases: PubMed and 
the journals index of the library of the Faculty of Medicine 
and Dentistry of the University of Valencia (Spain). No 
restriction was placed on the languages used in the studies 
reviewed.  The search criteria included articles or books 
from 1920 to the present day. Articles that did not meet 
this criterion were excluded, as were those that contained 
information on mandibular molars but had no bearing on 
extra canals in the mesial and/or distal root of mandibular 
first molars. 
2. Clinical reports 
 Three clinical reports on patients are presented. All the 
molars showed signs of acute irreversible pulpitis as a result 
of deep caries
3.  In vitro studies
a. 27 mandibular first molars extracted for periodontal rea-
sons and held in a 0.1% thymol solution were studied. The 
pulp chambers were opened and they were observed with 
computerised tomography (CT) , as a method that makes 
it possible to study sections of  teeth without destroying 
the sample. 
b. A further study of 25 extracted mandibular first molars 
held in a thymol solution examined the morphology of the 
mesial canals. The canals were instrumented with rotary 
and manual instruments. Before instrumentation, the teeth 
were set in resin and cut at three levels (apical, middle and 
coronal third) with a hard tissue microtome (Accutom 2, 
Struers), dividing the length of the root into three equal 
portions, and images were obtained with a scanning electron 
microscope (Hitachi S-2500). The cross-sections were then 
reassembled, using a previously-prepared cylinder, and ins-
trumented with the ProTaper system (Maillefer) following 
the manufacturer’s recommended basic guidelines (irrigation 
with 2.5% sodium hypochlorite and 17% EDTA) before 
obtaining new images of  the same sections. The images 
obtained recorded the canal system morphology.

Results
1. Clinical reports 
Case 1: 
A 44-year-old patient came to the clinic with spontaneous 
pain. The tooth was sensitive to percussion and did not pre-
sent referred pain. In the access opening, a third canal was 
observed in the mesial root of the permanent mandibular 
first molar. The canals were prepared with hand files (K-
File, Maillefer, Switzerland) using the step-back technique. 
To determine the working length, an apex locator was also 
used. The canals were filled with gutta-percha (Maillefer, 
Switzerland) and AH Plus (Dentsply, Germany) using the 
lateral condensation technique. The crown was restored 
with composite (Fig. 1). 

Case 2: 
The patient, aged 33, was referred by her dentist for endo-
dontic treatment of the left mandibular first molar. Clinical 
examination showed very large caries that had invaded the 
pulp. The patient reported very acute pain, particularly at 
night and on drinking anything cold. The tooth responded 
to vitality tests. On opening the tooth, three mesial canals 
were found. All the canals were shaped with the basic series 
of Mtwo instruments (VDW, Germany) after preparation 
up to a no. 15 manual K-file. The canals were filled by the 
lateral condensation technique, using gutta-percha (Maille-
fer) combined with injected gutta-percha (BeeFill, VDW, 
Germany) and AH Plus cement (Dentsply, Germany). The 
patient was referred back to her dentist for crown recons-
truction (Fig. 2).

Fig. 1. Case 1: X-ray of  a man-
dibular molar with three obturated 
mesial canals.

Fig. 2.  Case 2: pulp chamber opening 
with the entrance to the three mesial 
canals following instrumentation 
and final X-ray of  the same case 
(the three obturated canals overlap 
each other).
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Case 3:
A 45-year-old female patient presented very severe pain and 
clinical manifestations of acute pulpitis due to deep caries. 
Three canals were found in the mesial root and two in the 
distal root (5 canals in total). Obstructions were removed 
from the canals with no. 10 and no. 15 K-files. All the canals 
were prepared manually up to a no. 20 file and then instru-
mented with the Mtwo rotary system (VDW, Germany). All 
the canals were filled with gutta-percha and AH Plus using 
the lateral condensation technique. The patient was referred 
back to her dentist for reconstruction (Fig. 3).

2. In vitro studies 
a. In the preliminary CT study of 27 mandibular first molars, 
3 mesial root canals were only found in 4 molars (14.81%). 
In all of these, only two canals or one very broad canal were 
visible in the upper sections while in the more apical sections 
the third canal could be seen. The CT images show the pre-
sence of an isthmus joining the mesial canals (Fig. 4). 
b. With the scanning electron microscope, 3 out of  25 
mandibular molars (12%) were found to have three canals 
in the mesial root. This study also found that the canals 
encountered in the coronal third were types IV and V accor-
ding to Von Arx (2005) (10) and the separation into three 
different canals occurred apically (Fig. 5). 

Fig. 3.   Case 3: X-ray showing the 
three obturated mesial canals.

Fig. 4. CT of two mandibular first molars with 
three canals in the mesial root (cross-sections 
at middle and apical thirds).

Fig. 5. Scanning electron microscope image of a 
cross-section before (A) and after (B) instrument-
ing the mesial root of a mandibular first molar 
(by courtesy of Dr. Areso).
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Discussion 
In a study of 760 mandibular molars, Fabra (11) found that 
20 (2.6%) had three canals in the mesial root. In 13 of these 
(65%) the third canal joined the mesiobuccal canal in the 
apical third of the root and in 6 (30%) they converged with 
the mesiolingual canal, also in the apical third; the third 
canal ended as an independent canal in only 1 case.
Many authors agree on the presence of three foramena in the 
mesial root but few report three independent canals, which 
presents itself  as a rare anatomical variant (12-15). Walker 
(16) cites 3 canals in the mesial root of the mandibular first 
molars as an infrequent ocurrence. Goel (17) notes that the 
mesial root of permanent mandibular first molars presented 
two foramena in 60% of the specimens they examined, 6,7% 
had three and 3.3% even had four. In early studies by Hess 
(1), only 1 out of 55 teeth presented 2 distal roots and 5 
canals did not appear in any of the teeth. However, many 
other authors confirm the hypothesis of a third canal in the 
mesial root of the permanent mandibular first molars 
According to Mortman (18), the third mesial canal is not 
an extra canal but rather the sequelae of instrumenting the 
isthmus between the mesiobuccal and mesiolingual canals. 
The isthmus is a narrow connection between two root canals 
that contains pulp tissue (19). In clinical practice, this isthmus 
is important in the conventional treatment of canals and in 
periapical surgery. In both cases it can lead to failure becau-
se it makes the canals very difficult to shape. An isthmus is 
located in between 54% and 89% of cases, most frequently 
between 4 mm and 6 mm from the apical foramen (19, 20).
The studies that examine series of cross-sections taken at 
different distances from the apex observe that isthmuses 
mainly occur at 3-5 mm from the apex (19-21).
The prevalence and types of  isthmus that can be iden-
tified in first molars by endoscopic examination during 
periapical surgery (10) are as follows for the mesial root 
of the mandibular first molar: in a sample of 52 mesial 
roots, a canal with no isthmus was found in 3 cases (6%), 
two canals with no isthmus in 6 (11%) and two canals with 
isthmus in 43 (83%). 
According to Von Arx (10), isthmuses in the mesial root of 
mandibular first molars may be classified into 5 types: type 
I is two separate canals, type II is two separate canals joined 
by an isthmus, type III is three canals joined by an isthmus, 
type IV is two elongated canals that join in the centre and 
type V is a single, very broad and elongated canal. The me-
sial root of the mandibular first molar is most frequently 
of type IV or V.
In a study employing micro-computed tomography (μ-CT), 
Mannocci et al. (22) found isthmuses at all levels with pre-
valence figures between 17.25% and 50.25%. In this study, 
more isthmuses than expected were encountered three 
millimetres from the apex. Many calcifications were found 
in them, as well as some lateral canals that originated from 
the central part of the isthmuses. The authors conclude that 
clinical procedures and endodontic surgery in the mesial 
root of mandibular molars may be affected by this aspect 
of root canal anatomy. 

In view of the information provided by the research in this 
field, greater attention should be paid to searching for any 
spaces where a glide path may be established in the mesial 
root in order to clean, shape and fill such an isthmus or 
possible third canal.  
It must not be forgotten that an additional canal in the 
mesial root of a mandibular molar is a possibility and if  it 
is not sealed the endodontic treatment can result in failure, 
even though it is very difficult to clean an isthmus, especially 
when it is 3-5 mm from the apex. 
If preparing a ‘canal’ in an isthmus can assist in cleaning and 
reshaping it, as many canals as necessary (without dama-
ging the root structure) may be prepared so as to divide the 
isthmus and make it easier for the disinfectants to penetrate 
the spaces that cannot be reached with a file.  
The prevalence of  third canals cited in the literature is 
shown in Table 1.

Even though anatomical variations in mandibular first 
molars are documented in the literature, variations in the 
anatomy of these teeth are not recognised by a great many 
dentists (29). While a third canal in the mesial root of 
mandibular first molars may not be a very frequent disco-
very, a review of the literature indicates that its prevalence is 
0-15% (Table 1). In this study, the percentages encountered 
in the preliminary studies are similar to the prevalence found 
by other authors (17, 26). 
Variation in the mesial root of mandibular first molars can 
be identified through very careful observation of angled ra-
diographs. Buccolingual views, 20º from mesial and 20º from 
distal, reveal the basic information on the tooth’s anatomy 
and root canal system required for endodontic treatment 
(30). Successful endodontic treatment depends on entering 

Authors Year 
No. of 
teeth Method 

Three 
canals 

(%) 

Skidmore and 
Bjorndol (23) 

1971 45 Vitro 0 

Pineda & Kuttler 
(24) 

1972 300 Vitro 0 

Vertucci (25) 1974 100 Vitro 1 

Pomeranz (26) 1981 100 Vivo 12 

Martinez–Berna 
& Badanelli (27) 

1983 1418 Vivo 1.5 

Fabra–Campos 
(10) 

1985 145 Vivo 2.1 

Fabra–Campos 
(28) 

1989 760 Vivo 2.6 

Goel (16) 1991 60 Vivo 15 

Table 1. Prevalence of a third canal in the mesial root of mandibular 
first molars according to different authors.
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the pulp chamber and cleaning, shaping and obturating the 
canal system. Each of these procedures is very important, 
but any anatomical variation that is present in any of the 
teeth needs to be detected in order to avoid failure of the 
canal treatment; if  this occurs, periapical surgical treatment 
can be attempted, although the percentage of cures attained 
by these methods is lower for mandibular molars than for 
those of the maxilla (31).
The present study confirms that the third canal in the me-
sial root of mandibular first molars is a reality and can be 
encountered in almost 15% of these roots. To find it, it must 
be sought along the line between the two mesial canals after 
thorough removal of the pulp chamber roof and of any 
cervical stenosis in this zone that might cover the opening 
of the canals, using burs or ultra-sound.  

Conclusions 
Difficulties in cleaning and shaping the mesial root canal 
system during conventional root canal treatment can result 
in failure. The high prevalence of isthmuses that is known 
to exist in the mesial roots of mandibular molars indicates 
the need for careful examination of the root anatomy to 
find every pathway and its possible portal of exit in this 
complicated system. 

References 
1. Hess W, Zurcher E, eds. The anatomy of the root canals of the teeth 
of the permanent and deciduous dentitions. New York: William Wood 
and Co; 1925.
2. Walton RE , Verneti FJ, eds. Internal Anatomy In; Walton RE, Tora-
binejad M. Principles and practice of endodontics, 3rd ed. Philadelphia: 
WB Saunders Company; 2002. p.166-81.
3. Berkovitz BK, Holland GR, Muxham BJ. Tooth morphology. In: Ber-
kovitz BK, Holland GR, Muxham BJ, eds.Oral anatomy Histology and 
Embryology. London: Wolf; 1992. p. 24-43.
4. Figun ME, Garino RR.  Morfología dentaria. En: Figun ME, Garino 
RR, eds.  Anatomía odontológica funcional y aplicada, 2ª ed, Buenos 
Aires: El Ateneo; 1986. p. 213-71.
5. Ferraz JA, Pécora JD. Three-rooted mandibular molars in patients of 
Mongolian, Caucasian and Negro origin. Braz Dent J. 1993;3(2):113-7. 
6. Gulabivala K, Aung TH, Alavi A, Ng YL. Root and canal morphology 
of Burmese mandibular molars. Int Endod J. 2001 Jul;34(5):359-70. 
7. Curzon ME. Three-rooted mandibular permanent molars in English 
Caucasians. J Dent Res. 1973 Jan-Feb;52(1):181. 
8. Steelman R. Incidence of an accessory distal root on mandibular first 
permanent molars in Hispanic children. Asdc J Dent Child. 1986 Mar-
Apr;53(2):122-3. 
9. Baugh D, Wallace J. Middle mesial canal of the mandibular first molar: 
a case report and literature review. J Endod. 2004 Mar;30(3):185-6. 
10. Fabra-Campos H. Three canals in the mesial root of mandibular first 
permanent molars: a clinical study. Int Endod J. 1989 Jan;22(1):39-43. 
11. Ricucci D. Three independent canals in the mesial root of a mandibular 
first molar. Endod Dent Traumatol. 1997 Feb;13(1):47-9. 
12. Holtzmann L. Root canal treatment of a mandibular first molar with 
three mesial root canals. Int Endod J. 1997 Nov;30(6):422-3. 
13. Oropallu P. Anatomia endodontica In. Ambu E. Mannuale illustrato 
di Endodonzia. Milano:Masson; 2003. p. 44-56. 
14. Martinez-Berna A, Badanelli P. Mandibular first molars with six root 
canals. J Endod. 1985 Aug;11(8):348-52. 
15. Walker R, Gulabivala K. Endodontics, 3rd ed. Edinburgh: Elsevier 
Mosby; 2004. p.125-34.
16. Goel NK, Gill KS, Taneja JR. Study of root canals configuration in 
mandibular first permanent molar. J Indian Soc Pedod Prev Dent. 1991 
Mar;8(1):12-4. 

 17. Mortman RE, Ahn S. Mandibular first molars with three mesial canals. 
Gen Dent. 2003 Nov-Dec;51(6):549-51. 
18. Weller RN, Niemczyk SP, Kim S. Incidence and position of the canal 
isthmus. Part 1. Mesiobuccal root of the maxillary first molar. J Endod. 
1995 Jul;21(7):380-3. 
19. Hsu YY, Kim S. The resected root surface. The issue of canal isthmuses. 
Dent Clin North Am. 1997 Jul;41(3):529-40. 
20. Teixeira FB, Sano CL, Gomes BP, Zaia AA, Ferraz CC, Souza-Filho 
FJ. A preliminary in vitro study of the incidence and position of the root 
canal isthmus in maxillary and mandibular first molars. Int Endod J. 2003 
Apr;36(4):276-80. 
21. Von Arx T. Frequency and type of canal isthmuses in first molars 
detected by endoscopic inspection during periradicular surgery. Int Endod 
J. 2005 Mar;38(3):160-8. 
22. Mannocci F, Peru M, Sherriff M, Cook R, Pitt Ford TR. The isthmuses 
of the mesial root of mandibular molars: a micro-computed tomographic 
study. Int Endod J. 2005 Aug;38(8):558-63. 
23. Skidmore AE, Bjorndal AM. Root canal morphology of  the hu-
man mandibular first molar. Oral Surg Oral Med Oral Pathol. 1971 
Nov;32(5):778-84. 
24. Pineda F, Kuttler Y. Mesiodistal and buccolingual roentgenographic 
investigation of 7,275 root canals. Oral Surg Oral Med Oral Pathol. 1972 
Jan;33(1):101-10. 
25. Vertucci FJ, Williams RG. Root canal anatomy of the mandibular first 
molar. J nj Dent Assoc. 1974 Spring;45(3):27-8. 
26. Pomeranz HH, Eidelman DL, Goldberg MG. Treatment considerations 
of the middle mesial canal of mandibular first and second molars. J Endod. 
1981 Dec;7(12):565-8. 
27. Martinez – Berná A, Badanelli M, Arcano P. Investigación clínica de 
molares inferiores con cinco conductos. Bol Inf Dent. 1983; 42:27-41. 
28. Fabra-Campos H. Unusual root anatomy of mandibular first molars. 
J Endod. 1985 Dec;11(12):568-72. 
29. Hommez GM, Braem M, De Moor RJ. Root canal treatment perfor-
med by Flemish dentists. Part 1. Cleaning and shaping. Int Endod J. 2003 
Mar;36(3):166-73. 
30. Ingle JI, Heithersay GS, Hatwell GR.. Endodontic diagnostic proce-
dures. In: Ingle JI, Bakland LF, editors. Endodontics, 5th ed. London: BC 
Decker Inc.;2001. p. 203–58. 
31. García B, Martorell L, Martí E, Peñarrocha M. Periapical surgery of 
maxillary posterior teeth. A review of the literature. Med Oral Patol Oral 
Cir Bucal. 2006 Mar 1;11(2):E146-50. 

Acknowledgements: the authos wish to thamk Mary Georgina Hardinge 
for assistance with the English text.


