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Abstract 
 

Background and aims. It is critical to have a proper knowledge of the normal anatomy of the pulp and 

its variations for the success of endodontic treatment. The aim of this study was to determine the canal con-

figuration and the prevalence of C-shaped canals in mandibular first and second premolars in a North-

Western Iranian population. 

Materials and methods. A total of 163 extracted mandibular first and 103 mandibular second premo-

lars were injected with India ink and demineralized . They were made clear and transparent with methyl 

salicylate and the anatomy of their canal(s) was studied.  

Results. The results showed that 98% of mandibular first premolars had one root, 2% had two roots, 

70.6% had one canal, 27.8% had two canals, 1.2% had three canals and the prevalence of C-shaped canals 

was 2.4%. All mandibular second premolars had one root, 80.5% had one canal, 17.5% had two canals and 

the prevalence of C-shaped canals was 2%. 

Conclusion. It is important that clinicians, before treatment of mandibular first and second premolars,  

pay complete attention to radiographs, have a true concept of the number of root(s) and canal(s), and prepare 

a correct access cavitiy.      
Key words: C-shaped canal, canal configuration, clearing, mandibular first premolar, mandibular 

second premolar. 

 
  
Introduction 
 

he objective of endodontic therapy is 
the restoration of the treated tooth to its 

proper form and function in the masticatory 
apparatus in a healthy state.1 Knowledge of 
pulp anatomy is essential to endodontic 
treatment success and lack of sound knowl-
edge of the pulp anatomy can contribute to 
treatment failure. Knowledge of the normal 
or unusual configuration of the pulp and 
possible variations is highly critical for suc-

cess in endodontics. It is absolutely essential 
for an operator to form a mental picture of 
the pulp in cross section and from the cor-
onal aspect to the apical foramen. Each ca-
nal contains irregular and hidden regions 
that should be taken into account during en-
dodontic treatment. Instruments must access 
these hidden regions and clean and shape 
them as maximally as possible to avoid or 
minimize treatment failure.2   

T 
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Increasing emphasis is placing on retain-
ing pulpally involved teeth by dentists since 
no replacement can function as efficiently as 
natural teeth. In recent years endodontics has 
greatly enhanced its role in modern dentistry 
regarding the preservation of natural teeth. 
Endodontic treatment is highly successful 
(90%)3 in retaining natural teeth if it is com-
bined with efficient restoration of the in-
volved tooth. 

As a group, the mandibular premolars are 
very difficult to treat; they have a high flare-
up and failure rate. A possible explanation 
may be the extreme variations in root canal 
morphology in these teeth. The root canal 
system of the mandibular first premolar is 
wider buccolingually than mesiodistally. 
Two pulp horns are present: a large, pointed 
buccal horn and a small, rounded lingual 
horn. At the cervical line the root and canal 
are oval; this shape tends to become round 
as the canal approaches the middle of the 
root. If two canals are present; they tend to 
be round from the pulp chamber to their fo-
ramen. In another anatomic variation, a sin-
gle, broad root canal may bifurcate into two 
separate root canals. Direct access to the 
buccal canal is usually possible, whereas the 
lingual canal may be very difficult to find. 
The lingual canal tends to diverge from the 
main canal at a sharp angle. In addition, the 
lingual inclination of the crown tends to di-
rect files buccally, making location of a lin-
gual canal orifice more difficult. To counter 
this situation, the clinician may need to ex-
tend the lingual wall of the access cavity 
farther lingually; this makes the lingual ca-
nal easier to locate. 

The mandibular first premolar sometimes 
may have three roots and three canals.3 One 
study reported a C-shaped canal anatomy in 
this tooth.4 The oval external outline form of 
the mandibular first premolar typically is 
wider mesiodistally than its maxillary coun-
terpart, making it more oval and less slot-
shaped. Because of the lingual inclination of 
the crown, buccal extension can nearly ap-
proach the tip of the buccal cusp to achieve 
straight-line access. Lingual extension 
barely invades the poorly developed lingual 
cusp incline. The access preparation is me-
siodistally centered between the cusp tips 
and the preparation must often be modified 
to allow access to the complex root canal 

anatomy frequently seen in the apical half of 
the tooth root.  

The mandibular second premolar is simi-
lar to the first premolar, with the following 
differences: the lingual pulp horn usually is 
larger; the root and root canal are more often 
oval than round; the pulp chamber is wider 
buccolingually; and the separation of the 
pulp chamber and root canal is normally 
distinguishable compared with the more 
regular taper in the first premolar. The canal 
morphology of the mandibular second pre-
molar is similar to that of the first premolar 
with its many variations: two, three, and four 
canals and a lingually tipped crown. Fortu-
nately, these variations are found less often 
in the second premolar. 

The access cavity form for the mandibu-
lar second premolar varies in at least two 
ways in its external anatomy. First, because 
the crown typically has a smaller lingual 
inclination less extension up the buccal cusp 
incline is required to achieve straight-line 
access. Second, the lingual half of the tooth 
is more fully developed; therefore the lin-
gual access extension is typically halfway up 
the lingual cusp incline. The mandibular 
second premolar can have two lingual cusps, 
sometimes of equal size. When this occurs, 
the access preparation is centered mesiodis-
tally on a line connecting the buccal cusp 
and the lingual groove between the lingual 
cusp tips. When the mesiolingual cusp is 
larger than the distolingual cusp, the lingual 
extension of the oval outline form is just 
distal to the tip of the mesiolingual cusp.3 

The purpose of this study was to investi-
gate the canal configuration and the preva-
lence of C-shaped canals in mandibular first 
and second premolars in an Iranian popula-
tion in the North-West of Iran. 
 
Materials and Methods 
 

A total of 163 extracted mandibular first 
and 103 mandibular second premolars were 
collected from Tabriz Faculty of Dentistry, 
dental clinics and private offices of Tabriz, a 
city in the North-West of Iran. The identifi-
cation of these teeth as mandibular second 
premolars was confirmed by two independ-
ent observers using accepted criteria of 
Woelfel (1990).5 Only those teeth on which 
both investigators agreed were used in this 
study. The teeth were collected during one 
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year and stored in 10% formalin. Since a 
large number of these teeth had been ex-
tracted because of periodontal problems, 
they were intact or had small caries or fill-
ings in coronal portions. The selected teeth 
were cleaned of any adherent soft tissues, 
bone fragments and calculus by scaling and 
polishing. An endodontic access cavity was 
then prepared in each tooth with diamond 
fissure burs (DG16-Germany).The floors of 
the pulp chambers were examined with a 
DG16 endodontic explorer (Hu Freiday, 
Chicago, IL, USA) to identify the root canal 
orifices. After locating the orifices, the teeth 
were placed in 5.25% sodium hypochlorite 
solution (Golrang, Tehran, Iran) for 48h to 
dissolve debris and pulp remnants. All the 
specimens were then thoroughly rinsed in 
running water for 4h to clean the root canals 
of any debris. Once washed, India ink was 
injected into the root canals and the teeth 
were demineralized for 3 days in 5% nitric 
acid at room temperature (20ºC). The nitric 
acid solution was changed every day. After 
demineralization, the teeth were rinsed in 
running water for 4h. The dehydration proc-
ess consisted of a series of ethyl alcohol 
(Ararat, Tehran, Iran) rinses starting with 
80% overnight, followed by 90% for 1h and 
then 100% ethyl alcohol rinses for 1h. The 
dehydrated teeth were placed in methyl sali-
cylate (B.P.63 Poland) for 2h to make them 

clear and transparent. The cleared teeth were 
examined under a magnifying-glass (Lum-
agny, No.7540 Hong Kong) at ×5 magnifi-
cation. The root canal systems were classi-
fied according to the classification of Ver-
tucci (1984).6 
 
Results 
 

Out of 163 mandibular first premolars, 
160 (98%) teeth had one root and 3 (2%) 
had two roots. The canal configurations of 
mandibular first premolars according to Ver-
tucci’s classification6 (Table 1) were as fol-
low: type I=113 (70.6%), type II=3 (1.9%), 
type III=6 (3.8%), type IV=6 (3.8%), type 
V=27 (16.9%) (Figure 1), type VI=2 (1.2%), 
type VII=1 (0.6%) and two teeth had un-
usual form (1.2%) (Figure 2, Table 2), three 
of the mandibular first premolars had two 
roots and two canals (one canal in each root) 
(Table 1), 4 (2.4%) teeth had C-shaped con-
figuration; type I=3 (1.8%) and type IV=1 
(0.6%) (Figure 3). 

All 103 mandibular second premolars 
were one rooted and the canal configurations 
of mandibular second premolars according 
to Vertucci’s classification6 were as follow: 
type I=77 (76.3%), type II=8 (7.9%), type 
III=10 (9.9%), type IV=6 (5.9%) (Table 3) 
and two teeth had C-shaped configuration 
(2%) type I=2 (Figure 4).  

 
 
 

Table 1. The number and percentage of the roots in the mandibular first premolars 
 

 One-rooted Two-rooted Three-rooted Total 

Number 160 3 0 163 

Percent 98% 2% 0 100 

 
 
Table 2. Canal configuration in one-rooted mandibular first premolars 
 
Canals 
 

Canal configurations of the roots 
 

Total 
 

 I II III IV V VI VII VIII Unusual  

Number 113 3 6 6 27 2 1 0 2 160 

Percent 70.6 1.9 3.8 3.8 16.9 1.2 0.6 0 1.2 100 
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Table 3. Canal configuration in one-rooted mandibular second premolars 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

      
                              
Figure  1. Type V canal configuration in 
mandibular first premolars. 
 
 
 
 
 

 
 
Figure  2. Unusual canal configuration in 
mandibular first premolars. 

 

 
 
Figure  3. C-shaped canals in mandibular 
first premolars. 
 
 
 
 

 
 

 
 
Figure  4. C-shaped canals in mandibular 
second premolars.

Discussion 
 

There are different methods to study the 
morphology of human permanent teeth. 
These include the use of radiography,7 plac-
ing files in the canals to determine canal 
configuration, cutting the teeth in different 

levels,8 polyester resin cast replicas of the 
pulp space,9 and clearing and injection of 
dye.10 The clearing technique is valuable for 
studying the root canal anatomy with these 
advantages: (1) it produces a 3-D view of 
the pulp cavity,11 and (2) instruments are not 
needed to enter the pulp system.11 Therefore, 

Canals 
 

Canal configurations of the roots 
 

Total 
 

 I II III IV V VI VII VIII  

Number 77 8 10 6 0 0 0 0 101 

Percent 76.3 7.9 9.9 5.9 0 0 0 0 100 
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this technique helps to maintain the original 
form of the pulp system.11 Because of the 
accuracy of clearing technique, this method 
was used in the present study. 

Our study revealed that 98% of mandibu-
lar first premolars had one root and only 2% 
had two roots; 70.6% had one canal similar 
to the results of the previous studies (69.3%-
86%).7,12,13,14 Mandibular first premolars had 
two canals in 27.8% of cases which is also 
similar to the results of the previous studies 
(14%-25.5%).7,12,13,14 The incidence of three 
canals in the mandibular first premolars was 
1.2% which is similar to the results of the 
previous studies (0.4%-0.9%).7,12,13,14 In 
general, the results of this study is similar to 
the results of a recent literature review 
showing that 97.9% of the mandibular first 
premolars had a single root, 1.8% had two, 
0.2% had three and less than 0.1% had four 
roots and one canal was present in 75.8% 
and two or more canal systems were found 
in 24.2% of the teeth studied.15 

In this study the mandibular first premo-
lars had one canal in 76.2%, two canals in 
23.1%, and three canals in 0.6% of speci-
mens in the apex that is similar to the Ver-
tucci’s study (74%, 25.5%, and 0.5%, re-
spectively).14 One rooted mandibular first 
premolars had one canal and one apical fo-
ramen in 70.6%, two canals and one apical 
foramen in 5.6%, two canals and two fora-
men in 22% and had three canals in 1.2% of 
cases which is similar to Ingle’s results (one 
canal and one apical foramen=73.5%, two 
canals and one apical foramen=6.5%, two 
canals and two apical foramen=19.5% and 
three canals=0.5%).16 

The interesting finding of this study was 
the noticeable prevalence of C-shaped ca-
nals (2.4%) in the mandibular first premo-
lars. The prevalence of C-shaped canals in 
the mandibular first premolars had only been 
reported in three previous studies (Baisden 
et al, 19924 [14%]; Sikri and Sikri, 199417 
[10%]; Lu et al, 200618 [18%]). The differ-
ences between the results obtained in vari-
ous studies regarding the anatomy of man-
dibular first premolars and the prevalence of 
C-shaped canals may arise from racial dif-
ferences and methods of studying. 

All of the mandibular second premolars 
in the present study were one rooted and a 
large number of them had one canal (85.5%) 
that is similar to Ingel’s results.16 However, 
17.8% of these teeth had two canals which is 
different from Vertucci’s study (2.5%).6 
Such differences may result from racial dif-
ferences and methods of studying. 

According to the results of this study, the 
mandibular second premolars had one canal 
in the apex in 82.5% of cases and two canals 
in the apex in 15.5% of cases, which is a 
similar finding to Ingel’s16 results (one canal 
in the apex=87% and two canals in the 
apex=11.5%). Mandibular second premolars 
had one canal and one apical foramen in 
74.7% and had two canals and two foramens 
in 9.7% of cases. This finding is slightly 
different from Ingel’s16 results (one canal 
and one apical foramen=85.5% and two ca-
nals with two apical foramen fora-
mens=11.5%). 

Mandibular second premolars had two 
canals with one apical foramen in 7.8% of 
the cases that is different from Ingel’s results 
(two canals with one apical foramen=1.5%) 
and may also result from racial differences 
and methods of studying.16 

Other interesting finding of this study was 
the 2% prevalence of C-shaped canals in the 
mandibular second premolars which was not 
reported in previous studies. 

The results of this study revealed that 
mandibular first and second premolars had 
many variations in canal(s) morphology. It 
is, therefore, recommended that clinicians 
consider a thorough assessment of radio-
graphs before treatment of mandibular pre-
molars and have a true concept of the num-
ber of root(s) and canal(s). Special attention 
must be given to the preparation of a correct 
access cavity that is the key to finding all 
orifices and a successful treatment. The con-
cept of mandibular premolars with one canal 
should not be considered as a rule. The fu-
ture studies may reveal interesting facts 
about the canal configuration and the preva-
lence of C-shaped canals in mandibular first 
and second premolars in different parts of 
the world. 
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