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INTRODUCTION 

Information about canal morphology and its 
frequent variation is a fundamental prerequisite 
for endodontic treatment. The European Society of 
Endodontology stated that the through cleaning and 
shaping of all pulp spaces and its complete filling 
with inert filling material as the main objective of 
endodontic treatment 1. 

It is commonly believed that a main reason of 

root canal treatment failure is an inability to identify 
and consequently adequately treat all canals of the 
root canal system 2-5. Hence, it is very important 
for the clinician to have precise information of 
root canal morphology while performing all sorts 
of endodontic treatment.  The maxillary first molar 
exhibits complex anatomy within its root canal 
system. Its complexity was first noted by Hess and 
Zurcher 6. Later, Weine 2 discovered the different 
canal classification and from that time, maxillary 
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ABSTRACT

The objective of the present ex-vito study was to investigate the incidence of the presence 
of second mesiobuccal canal (MB2) of maxillary first permanent molar collected from Libyan 
population using micro-computed tomography (Micro-CT 1027) and to classify the root canal 
variation according to vertucci classification. One-hundred twenty extracted intact human maxillary 
first molars were selected and prepared for Micro-tomographic analysis with skyScan 1072 
(SkyScan, Kontich, Belgium) from different private dental clinics. Three-dimensional images were 
produced and analysed by reconstruction software to verify the incidence of MB2 canal. Overall, 
79% of the studied sample showed the presence of MB2 and 20% with one mesiobuccal canal. 
Only one tooth presented with three mesiobuccal canal. Type IV and II were the most common 
canal variation which represent 39% and 29% of the studied sample respectively. It was concluded 
that the incidence of second mesiobuccal canal in the mesiobuccal root of permanent maxillary first 
molars was high among the Libyan population which is of great importance clinically. The record 
obtained from this study provides an evidence that help in management of MB2, consequently 
increase the success rate. 
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first molar is a focus of many research papers. This 
complexity is often responsible for the high rate of 
endodontic failure 7. The later relates to the presence 
of MB2 which has been the subject of number of 
investigations8. 

Challenges always exist with regards to 
identifying and locating the MB2 canal. Many 
authors have utilised different methods (clearing, 
sectioning, radiography, magnification) to find out 
the number of canals8. Other studies had utilised 
the three-dimensional (3D) imaging systems 
such as CBCT 9-13 and Micro-CT to identify the 
presence or absence of MB2 canal14-17. The advent 
of three-dimensional (3D) imaging has offered 
the practitioners with increased insight into tooth 
morphology and facilitated the manipulation and 
enhancement of interactive image. The later is 
of great importance in visualisation of the area 
of interest. It also offers a non-invasive and non-
destructive approach which make it possible to 
reproducible method for three-dimensional (3D) 
evaluation of root canal systems14,15,17.  Micro-CT 
employed studies overcome the shortcoming of 
earlier morphological techniques beside the internal 
anatomy of teeth could be reconstructed and 
observed from various angles15. There have been 
limited published researches that have investigated 
the morphology of the mesiobuccal root of the 
maxillary first molar using Micro-CT 14-17 showing 
the viability of the method. 

A number of studies16,18-31 have reported variation 
in root canal systems owing to racial variance.  To 
date there are no reports on the incidence of MB2 
canals among the Libyan population. Hence, the 
purpose of this in-vitro study was to investigate 
the incidence of MB2 canal in maxillary first molar 
using micro-computed tomography and to classify 
the root canal variation according to vertucci 
classification. 

MATERIALS AND METHODS:

Teeth selection and preparation 

The sample teeth comprised of 120 mature 
maxillary first molars extracted from Libyan 
patients attending different dental practices in Libya. 
The teeth were chosen according to the following 
inclusion and exclusion criteria:

The inclusion criteria 

 The tooth was a first molar on the account of it’s 
crown and root morphology.

 The root apices were fully formed on the account 
of examination by dental operating microscope.

The exclusion criteria

 The tooth had a previous endodontic treatment.

 The tooth had a gross decay cavity extending to 
the mesiobuccal root.

Fig. (1) a)  Micro CT 1027,                                                            b) Tooth mounting
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 The tooth had a fractured mesiobuccal root. 

Scanning

Each tooth mounted and scanned using skyScan 
Micro-CT 1027 (SkyScan, Kontich, Belgium) (Fig. 
1a &1b) at a slice thickness of 11.6 lm. Three-
dimensional images were produced and analysed to 
record the number of the canals in the mesiobuccal 
root.

The following parameters were implemented 
to produce high quality images using Micro-CT 
acquisition software. The transitional X-ray image 
was set for 180 degrees of rotation.  The system 
operated at 98μA. The resultant images were fed 
into TV viewer, which gave 3D consecutive images 
(Fig. 2).

These were consequently loaded into attached 
NRecon reconstruction software, where cross-
sectional images were produced as 16 bit bitmap 
images. The images were produced for all 
120 specimens.  The following reconstruction  
parameters were used: Beam hardening: 5; Ring 
artefact reduction: 13; maximal threshold value: 
0.1449; Minimums threshold value: 0.0218; 
Number of slices: 73. The reconstructed images 
(Fig. 3 a, b, c) obtained from the NRecon software 
were analysed by a single observer. The number of 
mesiobuccal canals was recorded. 

After teeth scanning and reconstruction, the 
root canal systems were classified according to 
the scheme devised by Vertucci (1984) (Fig. 4) as 
follows:

Type I.  A single root canal extending from the 
pulp chamber to the apex.

Type II. Separate root canals leave the pulp 
chamber and join short of the apex to form one 
canal.

Type III. One root canal leaves the pulp chamber 
before dividing into two within the root and then 
merges to exit as one single canal.

Type IV. Two separate root canals extend from 
the pulp chamber to the apex.

Type V. One root canal leaves the pulp chamber 

          Fig. (3) [a,b and c] Reconstructed images of maxillary first molars

Fig. (2) 3D of maxillary first molar
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and divides short of the apex into two separate and 
distinct root canals with separate apical foramina.

Type VI. Two separate root canals leave the pulp 
chamber, merge in the body of the root, and again 
divide short of the root apex to exit as two separate 
and distinct canals.

Type VII. One root canal leaves the pulp chamber, 
divides and rejoins within the body of the root canal 
and finally redivides into two distinct canals short 
of the apex.

Type VIII. Three separate and distinct root canals 
extend from the pulp chamber to the apex.

RESULTS

All the maxillary first molars had three separate 
roots. Of 120 maxillary permanent first molar teeth 
studied, 95 (79%) presented with MB2 (Fig. 3a), 
24 (20%) showed only one mesiobuccal canal (Fig. 
3b). One tooth was found to have three canals in 

the mesiobuccal root (Fig. 3c). The percentage 
distribution of canals in mesiobuccal root is 
summarised in table 1.

TABLE (1) Number and percentage of canals in 
mesiobuccal roots

Mesiobuccal root Number Percentage

MB1 24 20%

MB2 95 79%

MB3 1 1%

Total 120 100%

Of 120 maxillary first permanent molar teeth 
studied, the mesial roots with a single canal were of 
type I and V configuration. Those with two canals 
were of type II, IV or VI. No type III, VII or VIII 
canal configurations were found in the roots of these 
teeth. The number and percentage distribution of 
canal variation are summarised in Table2..

Fig. (4)  Vertucci classification of the root canal system

TABLE (2) Configuration of root canal system 

    VC I II III IV V VI VII V III Total

Number and 
Percentages

20
(16.6%) 

35
(29%)

0
(0%)

47
(39%)

11
(9%)

7
(6%)

0
(0%)

0
(0%)

120
(100%)

VC: Vertucci classification
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DISCUSSION

Wrong assumption regarding the root canal 
anatomy of teeth might lead to improper root 
canal preparation, step formation, perforation, 
transportation and instrument separation24. The 
mesiobuccal root of the maxillary first molar has 
generated more research and clinical investigation 
than any other root 8. 

 A review of literature on the root and root canal 
morphology of the permanent maxillary first molar 
demonstrate a broad review of the laboratory and 
clinical studies published on the anatomy of roots 
and root canal systems of this tooth8. The later 
reported a wide range of the prevalence of the second 
mesiobuccal canal of the maxillary first molar. The 
incidence of MB2 ranges from 18.6%32   to 96%33. It 
could be argued that the variation of the incidence 
of MB2 canal may be attributed to  various methods 
employed to identify the extra canal (radiography, 
sectioning, staining and root clearing) or to the lack 
of use of magnification (loupes, surgical operating 
microscope) in clinical studies. In recent years, 
the development of micro-computed Tomography 
(MCT) has acquired an increasing significance 
in the study of tooth structures14,34,35.  Recently, 
Domark et al 36 compared the digital radiography 
and cone-beam and micro-computed tomography. 
They found that Micro-CT mesiobuccal canal 
counts were significantly differ from digital 
periapical radiograph counts but not differ from 
CBCT counts. They also reported the presence of 
second mesiobuccal canals in all studied maxillary 
first molar (100%).  

In this study, one hundred twenty extracted 
maxillary first molars were used. As in common 
with other studies using extracted teeth, the sample 
must be regarded as biased because it is not a random 
selection and consequently may not be representative 
of the overall population. In the current study the 
presence of the MB2 canal in the sample of this 
study was validated by using SkyScan 1027 Micro-

CT. This MCT system allowed a clear visualisation 
of the three-dimensional root canal morphology 
without sample preparation or using chemical 
fixation.  By using MCT, it was also feasible to 
achieve a spatial resolution of 5μm corresponding 
to near 1x10-7    Cubic mm voxel size for the resultant 
image. The later allowed the reconstruction of the 
internal structure of the root canal and subsequently 
analyse it fully without destroying its anatomical 
appearance 37.

The results of the current study on a Libyan 
population demonstrated a high prevalence of two 
canals in the mesiobuccal root (79%) of permanent 
maxillary molar teeth, supporting the view that 
three roots and four canals are the most common 
form in fully developed teeth 8. In addition, the 
finding of the current study is comparable to the 
determined prevalence of MB2 canals obtained 
from many studies carried out on different sub-
population; Italian population [80%]14, Indonesian 
population [68.5%]38 and Korean population 
[72%]10. Similarly, Grande et al17 reported that two 
canals were present in 80% of mesiobuccal roots of 
maxillary first molar.  Other laboratory studies also 
reported comparable results 39-44. Conversely, Singh 
and Pawar 45 found that the majority of maxillary 
first molar [69%] had only one mesiobuccal 
canal. The variation in incidence of MB2 or canal 
configurations may be owing to the study design, 
method of canal identification, or to true differences 
in the sample under investigation according to racial 
origin 23,46,47.

The high incidence of MB2 canals along with the 
immense difficulty of identifying those canals should 
have a great impact on the endodontic treatment. 
It is extremely significant that practitioners make 
all effort to locate and negotiate the MB2 canals. 
Failure of MB2 identification usually end with 
treatment failure. 

While Weine2 classified the types of one or two 
canal, Vertucci46 examined the anatomy of the root 
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canal and suggested eight different types of canal 
morphology. In the present study, type IV and II 
were the most common types of canal configuration, 
with prevalence of 39% and 29% respectively. The 
later, varies from the result which was previously 
reported by Vertucci46 in which he found a higher 
prevalence of type II (37%) compared with type 
IV (18%). In contrast, the incidence of type IV and 
II canal systems in the current study conforms to 
those in Burmese, Thai and Jordanian maxillary first 
molars, where these types were the most common 
and their prevalence was 33.3%, 44.2% and 35% 
respectively for type IV, and 25.6%, 17.3% and 
28% respectively for type II. It could be argued that 
the failure rate of treatment of maxillary first molar 
could be attributed to those specific configuration 
especially type IV. Yamada and colleagues16 

reported a 44.4% of Japanese maxillary molars had 
one canal and 55.6% of their sample showed the 
presence of completely and incompletely separated 
second mesiobuccal. 

CONCLUSION

This study confirmed the anatomical complexity 
of the maxillary first molar mesiobuccal root canal 
system. The incidence of second mesiobuccal canal 
in the mesiobuccal root of permanent maxillary 
first molars was high among Libyan population. 
The record obtained from this study provides 
evidence that help in the management of MB2 canal 
consequently increase the success rate. 
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