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ABSTRACT

Introduction: Understanding root canal morphology is important to achieve successful root 
canal treatment (RCT). Studies on mandibular premolars showed that, there is a significant variation 
in the root canal anatomy between different ethnicities. Therefore, this retrospective study aimed to 
evaluate the root canal anatomy of mandibular premolars in Egyptian population using cone-beam 
computed tomography (CBCT). 

Materials and Methods: 248 CBCT scans were evaluated and the anatomy of 392 mandibular 
first and 384 second premolars was classified according to Vertuci’s classification. Data was 
statistically analyzed using SPSS software to calculate the incidences of root and canal number, 
each canal type, bilateral symmetry, and the association between gender and variation in root canal 
morphology. 

Results: First and second premolars with two roots were found in 1.8% and 1% of scans 
respectively. Most of the mandibular first (80.1 %) and second premolars (93.5%) showed (type 
I) root canal morphology followed by, type II (6.4 %) and type V (2.1%) in the first and second 
premolars respectively. While, Type VIII showed the least frequency in both premolars. Only the 
second premolars showed a statistically significant association between gender and both canal type 
and number. Bilateral symmetrical anatomy was observed more in the second premolar (94.8%) 
than the first premolar (85.7%). 

Conclusions: Mandibular premolars in Egyptian population showed great variation in root 
canal configuration. Therefore, preoperative CBCT evaluation is advantageous to avoid missing of 
existing extra canals during RCT. New classification systems for root canal morphology is highly 
recommended in further studies.
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INTRODUCTION 

Complete disinfection and three-dimensional 
tight seal of the root canal system possess a great 
clinical challenge during endodontic treatment. [1] 
This is because of the fact that, the root does not 
usually contain an easy, single, uniformly tapered 
canal. Instead, the internal root anatomy is mostly 
complex including; additional canals, anastomosis, 
ramifications and other irregularities. [1, 2]

Ignoring this complex anatomy has a negative 
impact on treatment prognosis. Infected canals or 
areas that harbor bacterial and/or necrotic debris 
would be missed by instrumentation, irrigation and 
obturation, with subsequent development of apical 
periodontitis. [1] Therefore, studying the root canal 
anatomy prior to treatment is of prime importance 
to achieve success.

Conventional two-dimensional preoperative peri-
apical radiography was traditionally used to identify 
root canal anatomy.[3-5] However, it cannot give ac-
curate details because of distortion and structures su-
perimposition. [3,6] Cone beam computed tomography 
(CBCT) was introduced in endodontics since 1990. 
This provides three-dimensional high-resolution im-
ages of pulp space anatomy, with the possibility of re-
moving the superimposed structures. [6]

 Nowadays, CBCT gain much popularity in 
endodontic practice. It provides images in the axial, 
sagittal, and coronal planes with better quality 
than conventional computed tomography. [3] Also, 
it offers the ability to measure dentine thickness, 
allows the clinician to modify the access and 
shaping procedures to reach all the canals without 
over thinning of the dentinal walls that may lead to 
strip perforations. In addition, it has a significantly 
lower cost and radiation dose to the patients when 
compared to medical micro-computed tomography 
(μ-CT). [7]	

Mandibular premolars have showed a high 
incidence of variations in root canal morphology. [2,3] 
These teeth are tempting to have one root canal during 

tactile exploration clinically. If extra canal(s) exists, 
usually the buccal root canal is easily accessible, 
whereas locating the lingual root canal orifice(s) is 
highly challenging. This can be attributed mainly to 
the lingual inclination of the relatively small sized 
crowns. [1,2] In addition, the splitting of the extra 
canal is frequently with an acute angle that adds 
more difficulty to its accessibility. [1] Accordingly, 
mandibular premolars were considered of the most 
difficult teeth to treat in endodontics with high rate 
(11.45%) of post treatment failures. [1,2]  

Studies on different populations found that, 
the root canal morphology vary significantly 
with ethnicity, race and sex. [2,3] Therefore, it was 
important in this retrospective cross-sectional 
study, to evaluate both mandibular premolars root 
canal anatomy in the Egyptian population using 
CBCT.  Because, up to our knowledge, no studies 
of this type, have been previously carried out on the 
Egyptian population.

MATERIALS AND METHODS

Sample size calculation was performed using 
G*Power software. The effect size was 0.53 using 
alpha (α) level of 0.05 and Beta (β) level of 0.05, i.e., 
power = 95%; the estimated minimum sample size 
(n) was a total of 600 teeth (N=600) in 150 CBCT 
scans. The present research was waived from the 
approval of the Research Ethics Committee (REC), 
number 273/2020, faculty of Dentistry, Suez Canal 
University, Egypt. The present retrospective study 
was performed on the CBCT records obtained from 
the archives of the Outpatient Clinic of the Oral 
Radiology Department, faculty of Dentistry, Suez 
Canal University, Ismailia city and from private 
clinic archives, Cairo. Out of respect for patient 
confidentiality, all personal information concerning 
the patients other than sex and age was hidden. 

CBCT images of mandibular premolars were 
obtained during the period February 2018 to April 
2020. The study was conducted on 248 CBCT 
scans of bilateral mandibular sides of both sexes 
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and ranging in age from 18 to 25 years. The CBCT 
scans included in the present study had to reveal the 
entire region of the mandibular premolar teeth and 
be of high-quality images free from artifacts caused 
by metallic objects that may impair pulp chamber 
visualization. Inclusion criteria also included: 
presence of mandibular premolars with fully 
matured apices and without apical periodontitis and 
no RC fillings, posts, or full‑crown restorations. 

Cone‑Beam Computed Tomography scanning protocol

All CBCT images was acquired using a 
SCANORA 3DX scanner (Scanora 3DX, Soredex, 
Finland). The field of view was fixed at 240x165mm 
for all images using standard resolution mode. The 
operating parameters were 90KVp, 10mA and the 
scan time was about 6 seconds. The voxel size was 
0.5 mm using Flat panel a-Si detector. The acquired 
data was transferred into DICOM format, then 
exported into On Demand 3D application software 
(On Demand Cybermed. Co., Seoul, Korea), for 
image analysis and measurements.

Image analysis and assessment of the root and root 
canals of mandibular first and second premolars

Serial axial, coronal, and sagittal CBCT images 
were acquired by an experienced radiologist 
according to the operation instructions. Reformatted 
images were examined by carefully rolling the 
toolbar from the floor of pulp chamber, orifice, till 
the root apex of each premolar. This was repeated 
two times with the same time interval between the 
assessments for both examiners. All the images were 
assessed by both authors (One radiologist and one 
endodontist) have more than 7 years of experience 
in interpreting CBCT images, any disagreements 
in the observation were discussed and if needed, 
analysis by a third blinded endodontist was done 
until the authors reached a consensus.

The primary outcome of the study was to identify 
the anatomy of the root canal system of mandibular 
first and second premolars. The secondary outcome 
was to evaluate the number of roots, bilateral 

symmetry and correlation between sex and root 
canal configuration in these teeth.

Mandibular premolars were carefully investigated 
by both authors independently. Vertucci’s [8] 
classification was used to determine the type of 
root canal morphology. Vertucci’s classification was 
defined as follows: type I (1), type II (2-1), type III 
(1-2-1), type IV (2), type V (1-2), type VI (2-1-2), 
type VII (1-2-1-2), and type VIII (3).  

All data was written in prepared forms. Statistical 
analysis was performed using SPSS (Version 20.0; 
SPSS Inc, Chicago, IL) software. The frequencies 
(%) of canals, roots incidence, any identified root 
canal type and bilateral symmetry in both teeth were 
calculated. The association between the patients’ 
sex and bilateral symmetry, number of root or root 
canals, premolar configuration was determined 
using the Pearson’s Chi-Square and Fisher’s 
Exact Test. The level of significance was at 0.05 
 (P ≤ 0.05).

RESULTS

A Total of 248 CBCT scans, including 392 first 
premolars 172 males (43.9%) and 220 females 
(56.1%) and 384 second premolars 164 males 
(42.7%) and 220 females (57.3%) were evaluated. 
These Samples were from heterogeneous population 
including urban, Bedouin and Nubian

Roots and Root canals configuration:

Of the total 392 mandibular first premolars 
evaluated, 385 had one root (98.2%) and 7 had 
two roots (1.8%).  The majority 337(86%) had one 
canal, 52 (13.3%) had two canals and, 3 of them 
(0.8%) had three canals [Table 1].

Of the 384 mandibular second premolars 
evaluated, 380 teeth (99%) had a single root, 
whereas four premolars (1%) had two roots; second 
premolars with one canal (364 teeth, 94.8%) and 
three canals (5 teeth, 1.3 %) showed more prevalence 
than in the first premolars. whereas, less two canals 
prevalence (15 teeth, 3.9%) was shown [Table 1]. 
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Deep split at the junction between the middle and 
apical thirds was noted in almost double rooted 
mandibular premolars in this study.  

Variations in root canal system

Type I was the most prevalent canal configuration 
in mandibular first premolar (80.1%) and in 
mandibular second premolar (93.5%) teeth. In 
mandibular first premolars, type II was the second 
most prevalent type (6.4%) followed by type III 
(5.9%) and type V (5.6%). Whereas, type IV (1.3%) 
and type VIII (0.5%) were the least prevalent 
[Figure 1] [Table 2 & 3].

On the other hand, type V (2.1%) was the second 

prevalent canal configuration in the mandibular 
second premolars. This was followed by type III 
(1.8%) and type II (1.6%). The least frequent canal 
configuration in the second premolars was Type 
VIII (0.8%) with no appearance for type IV [Table 
3]. While, type VI and VII were not found in either 
the first or the second mandibular premolars.   

Additional configurations were found in one first 
premolar (0.3%) having one root canal with three 
apical splits, and one double rooted second premolar 
(0.3%) with an aberrant root canal morphology, 
having type III canals in the buccal root and an 
additional canal in the lingual root [figure 2].   
[Table 2 & 3].

TABLE (1) The frequency and percentage of the number of roots and canals in mandibular first and second 
premolar teeth

Mandibular
Root/Canal Number Chi-square

Sign.One Two Three Total

First premolar
Roots

N
(%)

385
(98.2%)

7
(1.8%)

0
(0%)

392
(100%)

<0.001***

Canals
N

(%)
337

(86.0%)
52

(13.3%)
3

(0.8%)
392

(100%)
<0.001***

Second 
premolar

Roots
N

(%)
380 

(99.0%)
4

(1.0%)
0

(0%)
384

(100%)
<0.001***

Canals
N

(%)
364 

(94.8%)
15

(3.9%)
5

(1.3%)
384

(100%)
<0.001***

*** significant at p<0.001; using Chi-squared test.

TABLE (2) Number and frequencies of different canal configurations in mandibular first premolars.

Gender
Mandibular First Premolar Canal Type

Sign.
I II III IV V VI VII VIII Other Total 

Male
N
%

141
36%

9
2.3%

10
2.6%

2
0.5%

7
1.8%

0
0%

0
0%

2
0.5%

1
0.3%

172
43.9%

<0.001***b

Female
N
%

173
44% 

16
4%

13
3.3%

3
0.8%

15
3.8%

0
0%

0
0%

0
0%

0
0%

220
55.9%

<0.001***b

Total
N
%

314
80.1%

25
6.4%

23
5.9%

5
1.3%

22
5.6%

0
0.0%

0
0.0%

2
0.5%

1
0.3%

392
<0.001***a

*, **, *** mean significant difference between different types at p<0.05, <0.01, <0.001; respectively; a Kruskal-Wallis test; 
b Chi-square test 
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SYMMETRY 

Among the 248 patients having bilateral 
mandibular first and second premolar teeth, 85.2 % 
(334 cases; 146 males,188 females) of first premolar 
teeth showed a symmetrical canal configuration, 
while 14.8 % (58 cases; 28 males, 30 females) did 
not show any canal symmetry. On the other hand, 

more symmetry in canal configuration 94.8 % (364 
cases; 152 males, 212 females) was found in second 
premolar teeth, only 5.2 % (20 cases; 12 males, 8 
females) lacked bilateral canal symmetry.

Gender 

Single-rooted mandibular first premolars were 
the most predominant root morphology in both 

TABLE (3) Number and frequencies of different canal configurations in mandibular second premolars.

Gender
Mandibular Second Premolar Canal Type

Sign.
I II III IV V VI VII VIII other Total 

Male N
%

149
38.8%

2
0.5%

7
1.8%

0
0%

4
1%

0
0%

0
0%

1
0.3%

1
0.3%

164
42.7%

<0.001*** b

Female N
%

210
54.7%

4
1%

0
0%

0
0%

4
1%

0
0%

0
0%

2
0.5%

0
0%

220
57.3%

<0.001*** b

Total N
%

359
93.5%

6
1.6%

7
1.8%

0
0%

8
2.1%

0
0%

0
0%

3
0.8%

1
0.3%

384 0.039 * a

*, **, *** mean significant difference between different types at p<0.05, <0.01, <0.001; respectively;  a Kruskal-Wallis test; 
b Chi-square test

Fig. (1) Showing representative cone‑beam computed tomography scans for single rooted mandibular right first premolar having 
type IV (2) root canal morphology in a) sagittal b) axial and c) coronal projections.

Fig. (2) Showing representative cone‑beam computed tomography scans for double rooted mandibular right second premolar with 
a variation in root canal morphology at a) sagittal b) axial and c) coronal projections. 
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genders. The prevalence of two-rooted mandibular 
first premolars in males (5 cases) was greater than 
that for females (2 cases). However, types II, III, V 
canal configurations were more likely to be observed 
in females. Interestingly, canal configuration Type 
VIII in first premolars was seen in male only 
(0.5%). Though, Chi-Square and fisher exact tests 
for mandibular first premolars demonstrated no 
association (p>0.05) between gender and number 
of roots, root canal configuration or their symmetric 
distribution (Table 2 & 3).

In mandibular second premolars, the prevalence 
of two-rooted mandibular first premolars in males 
(3 cases) was also Greater than that for females  
(1 case), type III was found only in male. Significant 
association was only found between gender and 
canal number (p= 0.05) and gender with canal 
configuration (p= 0.043) [Table 2 & 3].

DISCUSSION 

It is important for the endodontist to have 
through knowledge about the hidden canal anatomy 
to achieve successful RCT. For this reason, multiple 
in-vitro and in vivo methods have been used for 
studying root canal anatomy of mandibular premo-
lars due to their great diversity and complexity. [2,3] 

Unfortunately, the anatomy of mandibular premo-
lars in the Egyptian population was underestimated 
in the previous studies. [2,3,9] Only one in-vitro study 
on the Egyptian mandibular first premolars using 
the clearing technique was found in literature. [10]  

Despite of the simplicity and convenient of 
different in-vitro methods used, they include 
a destructive evaluation of extracted teeth that 
lacks information about age, gender and bilateral 
symmetrical presence in patient. [2,3,4,10] Moreover, 
teeth selection is biased by only choosing sound 
teeth due to difficulty to determine the tooth notation 
in destructed teeth. [3,11]    Accordingly, that might be 
the reason of our results inconsistency with most of 
the previous in-vitro studies including the previous 
Egyptian one. [10]

According to several studies CBCT is a more 
reliable method to assess the root canal morphology, 
as it offers a greater or equal accuracy to that obtained 
from, clearing and dye penetration technique but in a 
real time, informative and noninvasive way. [3,6,9,12,13] 

In the current study, we included a larger number 
of CBCT scans from heterogeneous, Egyptian 
populations (urban, Bedouin and Nubian) as well 
as the mandibular second premolars that were not 
evaluated in the previous study. [10]

Our results were in agreement with Cleghorn et 
al. [2] who stated that 98% of 4,462 mandibular first 
premolars were single-rooted, while the double-
rooted prevalence was 1.8%. Similar incidence was 
also found in the Iranian,[14] and Chinese populations. 

[15] However, higher double root prevalence was 
reported by Alhadainy [10] in a previous in-vitro 
Egyptian study (3.2%), Kottor et al. [3] in their review 
article on 12,752 first premolars (2.63%) and in 
three recent CBCT studies on the Iranian (4.1%),[13] 
Saudi (3.1%), [16] and Italian (5.2%) populations. [17]

The absence of three rooted first premolars in 
our study came in agreement with the previous 
studies where rare incidence was reported. [2,3] Few 
published studies on the French, [18] Indian, [19] and 
Saudi, [16,20] populations found three roots incidence 
of 3, 0.2 and 2 % respectively. This proves that 
root canal morphology differs significantly with 
different ethnics.

The existence of two (13.3%) and three canals 
(0.8%) in the first mandibular premolars in our 
study was in range found by other CBCT studies 
on the Chinese, [15,21] Indian, [11] Iranian, [22,23] and 
German populations, [24] where they found (10% - 
22%), (0.2%-1.5%) two and three canal incidences 
respectively.  On the other hand, previous in-vitro 
studies on American, Indian, Turkish, Iranian, 
Jordanian, Senegalese and Saudi populations 
showed more extra canal incidence, where the 
two and three canal prevalence reached up to (26- 
62.5%) and (2 - 5 %)  respectively. [8,25, 26, 28,14, 27, 5, 20] 
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The mandibular second premolars surveyed 
in our study showed less two rooted morphology 
(1%) and two canals incidence (3.9%) than the 
first premolars, which was similar to literature.[3] 

However, more three canals incidence (1.3%) was 
found in the second premolars with similar absence 
of three roots existence. Vyoma et al. [11] using CBCT 
found similar 2nd mandibular premolars two canal 
incidence in the Indian population (4%). While 
other in vitro studies on the Turkish, [26,28] Indian,[25] 
Iranian,[14] and Jordanian populations reported 
higher incidence (6.4-29%) respectively. [27]

Though, the literature scarcely reported three 
canals in the mandibular second premolars, [3,11,23] 
their incidence in our study (1.3%) was in range of 
limited studies that reported their existence (0.4- 
2%) on the Iranian, [22] Senegalese, [5] and Jordanian 
populations. [27] Great variations in the surveyed root 
canal configuration of both premolars were found 
in our study.  Type I was the most predominant 
canal configuration in mandibular first (80.1%) 
and second (93.5%) premolars teeth, that came in 
agreement with most studies in literature. [2, 3]

Similar to our study, type II and III frequencies 
were found the second and third most prevalent 
anatomy in the Turkish, [28] and Saudi populations,[16] 
using clearing and CBCT methods respectively. 
In contrary, a published review [3] and plenty of 
studies [8, 10,13-15,19,20,27,29,30] showed that mandibular 
first premolars had type V ranging from 4.1 % [30] 
to 24% [8] and, type IV ranging from 11.5 [17] to 25% 
[31] configurations to be the second most prevalent 
canal anatomies. 

Regarding the second mandibular premolars, we 
found type V (2.1%) the second most prevalent ca-
nal configuration, similar to previous studies on the 
Spanish,[32] American, [8] Indian,[31] Chinese,[15] Turk-
ish,[26] and Jordanian populations.[27] On the other 
hand, other studies on the Iranian, Indian, Saudi and 
Korean populations recorded type III[11,13, 14,25] and  
II [16,25,30] to be the second most prevalent anatomy in 

lower second premolars. The absence of mandibular 
second premolars having type IV in our results was 
in agreement with previous studies. [8,13,14,24,26,30,32] 
Though, it was the second most predominant anat-
omy in the Italian, [17] and Turkish populations. [28,33] 
Also, it was presented with high incidence in other 
studies. [14-16,25,27,28, 31]

Generally, the incidence of type VI, VII and VIII 
in the mandibular first and second premolars were 
rare in literature.[2,3,13,17] Still, the low incidence of 
mandibular first premolars with type VIII (0.5%) 
in our study was in range found by other CBCT 
studies in Turkish (0.06%),[33] German (0.2%),[24] 
Chinese (0.6%),[15] Indian (1%),[11] and Saudi (1.5%) 
populations.[16]  Strikingly, some of these CBCT 
studies showed greater incidence of type VIII in the 
second mandibular premolars (1.7, 0.3 and 0.2% 
respectively) than in their first counterparts similar 
to our study.[16, 24, 33]

Unfortunately, other complex anatomies were 
found in our studies, that couldn’t be described 
using Vertucci’s classification. [8] First premolar with 
one root canal and three apical splits was also found 
by Chourasia et al. [20] and was described as Type IX 
(1-3) by Sert and Bayirli. [28] Also, the double rooted 
mandibular second premolar with unusual root 
canal morphology, could be described better using 
other classifications. [34,35] 

The increased bilateral symmetric presence of 
the first than the second premolars was in agreement 
with Nasrin et al. [22]. Although the surveyed second 
premolars in our study showed an association of 
extra canal in male, no association was found in the 
Saudi, [16] Iranian, [13] or Italian populations. [17]  

Limitation in our study is that, the CBCT scans 
were taken during standard dental practice not for 
endodontic purpose. Moreover, other parameters as 
the existence of radicular grooves, root curvature, 
anomalies in the Egyptian mandibular premolars 
and their proximity to mental and inferior alveolar 
nerve were not assisted. Therefore, further studies 
are required to evaluate theses parameters using 
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recently introduced classifications, software, and 
with (limited FOV) for better resolution.

Research Highlights

Root canal treatment of mandibular premolars 
is challenging, and the possibility of extra roots 
and root canals existence should be considered. 
Unfortunately, no CBCT study evaluated the 
mandibular premolars morphology in the Egyptian 
population and generally second premolars were 
underestimated.

CONCLUSIONS 

1)	 Mandibular premolars in Egyptian popu-
lation showed great variation in root canal 
configuration. 

2)	 Type I is most common and type VIII is the 
least observed. 

3)	 Significant association between male and 
the incidence of extra canal types was ob-
served only in the second premolars. 
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