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ent in 22 (44%) cases. Apical deltas were found in 25 (50%) 
cases, intercanal communications were seen in 6 (12%) cas-
es, and apical loops were seen in 2 (4%) of the samples. Mi-
cro-CT and X-ray imaging identified 39 (78%) and 34 (68%) 
apical foramina, respectively. A single apical foramen was 
detected in 33 (66%) samples, and 2 or 3 apical foramina 
were detected in 14 (28 %) and 3 (6%) samples, respectively. 
In 18.5 (37%) samples the apical foramina were located cen-
trally, and in 31 (62%) they were located laterally.  Conclu-

sion:  A complex morphology of the mandibular first premo-
lars was observed with a high prevalence of multiple root 
canal systems.  © 2016 S. Karger AG, Basel 

 Introduction 

 The main objective of root canal therapy is to clean and 
shape the pulp space and comprehensively fill the root 
canal system with an inert material  [1] . Endodontic treat-
ment failure is frequently attributed to a direct or indirect 
microbial etiology  [2, 3]  and to the inability to locate, de-
bride, shape, and obturate all canals of the root system  [1] . 
Teeth with 1 root commonly have single root canals; 
however, the presence of 2 root canal systems in single-
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 Abstract 

  Objective:  To investigate variations in the root canal mor-
phology of mandibular first premolars in a population from 
the United Arab Emirates using micro-computed tomogra-
phy (micro-CT) and conventional radiography.  Materials 

and Methods:  Three-dimensional images of 50 extracted 
human mandibular first premolars were produced using a 
micro-CT scanner, and conventional radiography was also 
used to record the number of roots, the root canal system 
configuration, the presence of a C-shaped canal system and 
lateral canals, intercanal communications, and the number 
and location of apical foramina. The interpretations of mi-
cro-CT and conventional radiography were statistically ana-
lyzed using Fisher’s exact test.  Results:  Variable root canal 
configurations based on Vertucci’s classification were ob-
served in the teeth (i.e., types I, III, IV, V, and VII). The exam-
ined teeth exhibited the following 2 additional root canal 
configurations, which did not fit Vertucci’s classification: 
type 1–2–3 and type 1–3. A C-shaped canal configuration 
was present in 14 (28%) cases, and lateral canals were pres-
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rooted teeth is also not uncommon  [4] . The endodontic 
treatment failure rate is highest in mandibular first pre-
molars due to the frequent variations in their root canal 
morphology and the inability of the dentist to locate and 
access extra canal systems  [5] . 

  Over the years, various studies have been done to un-
derstand the root canal morphology of mandibular first 
premolars, utilizing different methods of investigation  [6, 
7]  and different populations  [8–10] . The rate of occur-
rence of a single canal ranges from 54 to 88.5%; however, 
multiple canals have been reported in 11.5–46% of cases 
 [11] . C-shaped root canals have also been observed in 
mandibular first premolars, and their prevalence is re-
portedly 10–24%  [12–15] . 

  Detailed knowledge of the internal and external anat-
omy of a tooth is essential to performing successful end-
odontic procedures  [16] , and micro-computed tomogra-
phy (micro-CT) offers a noninvasive reproducible tech-
nique for 3-dimensional (3-D) assessment of the root 
canal system and can be applied quantitatively and quali-
tatively  [17] . Racial and/or regional predispositions con-
tribute to the wide internal anatomic variations in man-
dibular first premolars. Therefore, this study was per-
formed to investigate different variations in the root canal 
system of mandibular first premolars in an Emirati popu-
lation, utilizing micro-CT.

  Materials and Methods 

 Fifty mandibular first premolars which had been extracted for 
orthodontic reasons were used in this study. It was confirmed 
through the patients’ medical records that the teeth belonged to 
patients of only Emirati ethnic origin. This study was initiated 
after obtaining ethical approval from the Boston University In-
stitute for Dental Research and Education and the Dubai 
(BUIDRE) Ethics Committee, and it was conducted in full accor-
dance with the World Medical Association Declaration of Hel-
sinki. The teeth were single rooted with completely formed api-
ces, had not undergone endodontic treatment before, and were 
free from caries and large defective restorations. The reason for 
the extraction and the age and gender of the patients were not 
recorded. 

  The samples were placed in 5.25% sodium hypochlorite for 1 h 
to remove any organic material. Any remaining external soft-tis-
sue or calculus was removed afterward by scaling. The outer sur-
faces of the samples were then examined cautiously for the pres-
ence of any developmental grooves or bifurcations. The samples 
were stored individually in small containers with normal saline 
(sodium chloride 0.9%) and labeled for identification before anal-
ysis. 

  The root canal configurations were determined by analyzing 
the reconstructed 3-D images and evaluating buccolingual and 
mesiodistal radiographs. Radiographs were taken in the buccolin-

gual and mesiodistal aspects using a charge-coupled device sensor 
(Gendex, Des Plaines, IL, USA) and an X-ray generator (Gendex). 
The images were acquired using a paralleling technique with an 
exposure factor of 65 kVp at 7 mA for 0.063 s and a source-to-
object distance of 5 cm.

  Each sample was then scanned using a micro-CT scanner (Sky-
Scan 1,172 X-ray micro-tomograph; SkyScan, Antwerp, Belgium) 
employing 70 kV at 142 μA and a scanning duration of 38 min. 
After completion of the scanning procedure, the specimens were 
replaced in the storage solution. Tagged image file format (TIFF) 
was selected to maximize and preserve the image quality.

  Transmission X-ray images were recorded in 0.4° rotational 
steps for 180° of rotation. The resulting 2-D shadow/transmission 
images were used to reconstruct axial cross-sections. Each sam-
ple’s raw data set was then reconstructed into images using cluster 
reconstruction software (NRecon/InstaRecon reconstruction en-
gine; SkyScan). 

  The series of cross-sectional images with a voxel size of 11.94 × 
11.94 × 11.94 μm were transferred to a 3-D visualization software 
package using SkyScan software (CTan version 1.11.10.0 for 2-D 
visualization and 2-D/3-D analysis, and CTvol version 2.2.1.0 for 
realistic 3-D visualization). The registered images were then pro-
cessed to generate 3-D renderings of the external surface of the 
tooth and the internal root canal space. During reconstruction, the 
transparency was adjusted so that the internal morphology could 
be viewed. The reconstructed images obtained from the software 
were analyzed by a single observer. The observer (W.A.) was blind-
ed in terms of the micro-CT scanned images and radiographs that 
were viewed. Root canal system configurations were determined 
in 2 ways: (a) the observer evaluated the 2-D digital radiographs 
and (b) 2 weeks later the same observer evaluated the 3-D videos 
and images obtained from the micro-CT. All of the findings of the 
observer were further confirmed by an endodontist who was not 
part of this study. The following characteristics were evaluated: the 
number of root canal system configurations and the types of con-
figurations based on Vertucci’s classification (types I–VIII)  [7] , 
extra classifications not explained by Vertucci, the number of api-
cal foramina, the presence of apical deltas and lateral root canal 
systems, the presence of intercanal communications, and the pres-
ence of C-shaped root canal systems. 

  Statistical Analysis  
 SPSS software (version 19.0; SPSS Inc., Chicago, IL, USA) was 

used for analyses. Fisher’s exact test was used to compare interpre-
tations between micro-CT and X-ray images.  p  < 0.05 was consid-
ered statistically significant. 

  Results 

 Presence of Grooves 
 Of the 50 samples, deep mesiolingual radicular grooves 

and shallow depressions on the distal side were present in 
10 (20%). In 12 (24%) samples, a groove was present on 
the mesial side or the distal side, and 12 (44%) had shal-
low depressions on either proximal side. 
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  Root Canal System Types 
 Based on Vertucci’s classification, variable root canal 

configurations were observed in the mandibular first pre-
molars as types I, III, IV, V, and VII ( Fig. 1 a–e). Although 
differences were present, no significant difference was 
found between the micro-CT interpretations of the im-
ages and X-rays ( p  > 0.05;  Fig. 2 ). Some of the noteworthy 
differences included an extra canal type,  C -shaped canals, 
and a type VII root canal configuration in micro-CT im-
aging, and these were not observed at all with X-rays. 

Three examined specimens exhibited 2 additional canal 
system configurations that did not fit Vertucci’s classifi-
cation. The other samples included type 1–2–3, where 1 
system left the pulp chamber and divided in 2 within the 
root, and 1 of the canal systems further divided into 2 
separate systems (giving rise to 3 separate apical fora-
mina;  Fig. 3 a), and type 1–3, where 1 canal left the pulp 
chamber and divided into 2 separate systems (resulting in 
3 separate apical foramina;  Fig. 3 b).

a b

c d

e

Type I Type III

Type IV Type V

Type VII

  Fig. 1.  Root canal configuration types based 
on data obtained from micro-CT.  a  Type I. 
 b  Type III.  c  Type IV.  d  Type V.  e  Type VII. 
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  In addition, C-shaped configurations existed at some 
point along the root length in 14 (28%) specimens 
( Fig. 4 a–d). Ten teeth had C-shaped roots and 4 teeth did 
not have C-shaped roots and were categorized according 
to Fan’s classification  [18]  ( Table 1 ). 

  Lateral Canal Systems 
 Lateral canals were observed on the X-ray image in 5 

(10%) specimens and they were present on the micro-CT 

image in 22 (44%) specimens. The difference was statisti-
cally significant ( p  < 0.05). In addition, there was an in-
creased prevalence of lateral canals towards the apical 
part of the root ( Fig. 5 a, b).

  Apical Foramina and Apical Deltas  
 Micro-CT scanning and radiography detected 63 api-

cal foramina and 70 apical foramina, respectively ( Ta-
ble 2 ). With micro-CT imaging, a single apical foramen 

Type I

Type II

Type III

Type IV

Type V

Type VI

Type VII

C-shaped

Micro-CT
X-rays

Extra canal type

0 5

31 (62%)
34 (68%)

0
1 (2%)

1 (2%)
2 (4%)

2 (4%)
2 (4%)

10 (20%)
9 (18%)

2 (4%)
2 (4%)

1 (2%)
0

10 (20%)
0

3 (6%)
0

10 15 20
Samples, n

25 30 35 40  Fig. 2.  Variable root canal configurations, 
based on Vertucci’s classification, observed 
through X-rays and micro-CT. 
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Extra type 1–2–3 Extra type 1–3

  Fig. 3.  Extra canal configuration.  a  Type 
1–2–3.  b  Type 1–3. 
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was detected in 33 (66%) cases, 2 apical foramina were 
present in 14 (28%) cases, and 3 apical foramina were 
found in 3 (6%) cases. An apical delta was detected by 
micro-CT in 25 (50%) samples in the apical third of the 
mandibular first premolars ( Fig. 5 c). With X-ray imag-
ing, a single foramen was seen in 37 (74%) cases, and 2 
foramina were found in 13 (26%) cases.

  Intercanal Communications and Loops 
 Intercanal communications were identified in 6 (12%) 

samples by micro-CT and in 4 (8%) samples by X-ray im-
aging. The difference was statistically significant ( p  < 
0.05). Only 2 (4%) samples had an apical loop ( Fig. 5 d). 

  Discussion 

 In this study, using Vertucci’s classification, the ana-
lyzed teeth were type I, type III, type IV, type V, and type 
VII. Detailed anatomical reconstruction through micro-
CT revealed 2 canal system configurations that did not fit 
under Vertucci’s classification that confirmed the detection 
of 2 “extra” canal system configurations (Fin) with use of a 

clearing technique on 900 mandibular premolars reported 
in a Jordanian population  [9] . This finding could be related 
to the ethnic and/or regional background of the population 
studied. The 28% rate of C-shaped canals is a relatively high 
frequency because in a previous study in a Chinese popula-
tion  [19]  C-shaped canals were reported in 18% of the sam-
ple. The probable reason for a high frequency in some pop-
ulations has been explained previously by Manning  [20] , 
who reported that the presence of C-shaped canals is re-
lated to race, with Asians having a high incidence of C-
shaped canals as compared to the other population groups.

  In our study, developmental grooves, which could be 
of clinical importance, were observed in 20% of the sam-
ples and all of them exhibited a C-shaped canal. This 20% 
rate of C-shaped canals is similar to the rates of 14 and 
18% reported by Baisden et al.  [12]  and Lu et al.  [14] , re-
spectively. Lu et al.  [14]  reported that the grooves on 
mandibular first premolars were frequently present on 
the proximal lingual area of the middle root and did not 
always extend to the root apex. 

  The rates of lateral canals of 44 and 10%, observed using 
micro-CT imaging and X-ray imaging, respectively, are 
similar to those reported by Caliskan et al.  [21] . Interest-

a b c d

C4eC-shaped canal type C2

  Fig. 4.   C- shaped canal configurations.  a  C1.  b  C2.  c  C4b.  d  C4c. 

 Table 1.  Fan’s classification of root canal systems with C-shaped root configurations

Category Description

I (C1) The shape is a continuous “C” with no separation or division
II (C2) The canal shape resembles a semicolon resulting from a discontinuation in the “C” outline
III (C3) Two separate round, oval, or flat canals are present
IV (C4) Only one round, oval, or flat canal is present in the cross-section
IV (C4a) Round canal; the long canal diameter is almost equal to the short diameter
IV (C4b) Oval canal; the long canal diameter is at least 2 times shorter than short diameter
IV (C4c) Flat canal; the long canal diameter is at least 2 times longer than the short diameter
V (C5) Three or more separate canals are in the cross-section
VI (C6) No canal lumen or no intact canal can be observed (which is usually seen near the apex only)
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ingly, 1 sample had 5 lateral canals in the apical region. 
When more than 1 lateral canal or intercanal communica-
tions were detected, most were present at the middle and 
apical levels of the root. Therefore, if evidence of lateral ca-
nals appears on the radiograph at these locations, the radio-
graph should be carefully inspected to exclude the presence 
of other branches at other locations along the root length.

  The rate of isthmeses of 12% in our study was lower 
than the frequencies of 32.1 and 27.4% reported by others 
 [9, 24]  and similar to the frequency reported by Caliskan 
et al.  [21] . Previously, Cambruzzi and Marshall  [22]  called 
an intercanal communication or transverse anastomosis 
an ‘isthmus’ and stressed the importance of preparing 
and packing it during endodontic treatment. Teixeira et 
al.  [23]  reported that an isthmus that is poorly accessible 
with root canal armamentarium could act as a bacterial 
reservoir and may reduce the success rate of surgical or 
nonsurgical endodontic procedures. Isthmuses report-
edly exist in all types of roots in which 2 canal systems are 
normally found, which include the mesial roots of maxil-
lary and mandibular molars and the distal roots of man-

a b

c d

Lateral canal in
middle 1/3

  Fig. 5.     a  Lateral canals observed under mi-
cro-CT.  b  Lateral canals observed under 
micro-CT.  c  Apical delta.  d  Apical loop. 

 Table 2.  Number and percentage of apical foramina, their position, 
and incidence of apical delta observed under conventional radiog-
raphy and micro-CT

X-ray Micro-CT

Number of apical foramina
1 37 (74) 23 (76.6)
2 13 (26) 5 (16.6)
3 – 3 (6)

Position of the apical foramina
C entral 45 (71.4) 26 (37.2)
Lateral 18 (28.5) 44 (62.8)

Apical delta – 15 (50)
Total foramina, n 63 70

Values are presented as numbers (%) unless otherwise stated. 
The total number of samples evaluated is 50.
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dibular molars, the maxillary and mandibular first and 
second premolars, and mandibular incisors  [1] . 

  The rate of apical deltas found in the samples was 50%; 
this is higher than the values in previous studies, which 
range from 5.7  [23]  to 15.5% in a Turkish population  [8]  
and 29.2% in a Jordanian population  [9] . The presence of 
apical deltas could account for some cases of persistent 
posttreatment disease because of possible inadequate 
cleaning and packing of these apical ramifications.

  The finding of an “apical loop” in the apical third of 
the root in 4% of the samples is lower than that in a previ-
ous study which reported a 20% incidence of apical loops 
in the mesiobuccal root of maxillary first molars  [25] . 
This wide variation between studies could be related to 
ethnic population differences. The same may be true for 
the presence of apical loops in mandibular premolars in 
the same population.

  The findings of a centrally located apical foramen on 
micro-CT imaging (37.2%) and a centrally exiting apical 
foramen on X-ray imaging (71.4%) could be compared to 

the results of a previous laboratory study which demon-
strated results comparable to our X-ray findings and re-
ported a central location in 83% of cases in an Indian pop-
ulation  [26] . 

  The major limitation of the present study was the sam-
ple size; future studies with a greater sample size, target-
ing the same ethnicity, should be carried out to establish 
a clear picture of the current scenario. 

  Conclusion 

 In this study, mandibular premolars belonging to an 
Emirati population showed a high prevalence of multiple 
canals. Clinicians must be fully aware of the complexity 
of the root canal morphology of mandibular first premo-
lars. They should consider a patient’s ethnic origin when 
preoperatively evaluating a nonsurgical root canal treat-
ment, and they should use all of the available armamen-
tarium to achieve a successful root canal therapy.
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