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The C‑shaped root canal systems 
in mandibular second molars 
in an Emirati population
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Our study aimed to describe the root and canal morphology of mandibular second molars in 
Emirati population and to study the prevalence and types of morphological change in C‑shaped 
canal configuration along the root length in an effort to describe C‑shaped molars as a unit. Cone 
beam computed tomography (CBCT) scans of Emirati patients were analyzed in multiple plans 
and root and canal configuration of mandibular second molars were evaluated. Moreover, specific 
types of morphological change in C‑shaped canal configuration along root length were studied and 
reconstructed using 3D reconstruction software. A total of 508 mandibular second molars were 
evaluated. Among the non‑C‑shaped mandibular second molars, two separate roots were the most 
prevalent root morphology (78.3%). The mesial root’s most common root canal configuration was 
Vertucci Type II (46.5%), and in the distal root, Vertucci Type I (90.5%). The prevalence of C‑shaped 
mandibular second molars was 17.9% and was significantly prevalent (P < 0.001) in females. Specific 
types of morphological change in C‑shaped molars along the root length were observed and described 
for the first time, in which the most common types of morphological change were C1‑C2‑C3d (18%), 
C1‑C3c‑C3d (15.4%), C4‑C3c‑C3d (7.7%), and C3c‑C3c‑C3d (7.7%). This study showed wide variations 
in the root and canal morphology in mandibular second molars in Emirati population with a relatively 
high prevalence of C‑shaped canal configuration (17.9%). Moreover, specific types of morphological 
change in C‑shaped configuration were detected and described for the first time in this population.

Several studies have reported that incomplete debridement of the root canal system might lead to endodontic 
therapy failure, due to potential presence of necrotic pulp remnants and  microorganisms1, 2. Therefore, recog-
nizing, locating and treating all root canal anatomy is essential to ensure successful outcome of endodontic 
therapy. Root and canal morphology of mandibular second molar exhibits complex anatomical variations such 
as C-shaped  configuraiton2, 3. This specific morphology is characterized by presence of one to three canals that 
are mostly connected by thin ribbon-like or fan- shaped communications. These characteristics make com-
plete debridement, shaping and obturation of such C-shaped configuration challenging. In addition, C-shaped 
molars are more prone to iatrogenic errors such as strip perforations due to the thin layer of dentin between the 
canal and external root  wall2. Moreover, studies have reported the influence of ethnicity and race on the preva-
lence and complexity of C-shaped  configuration4, 5. Therefore, several investigators have studied the root and 
canal morphology of mandibular second molar and the prevalence of C-shaped canal configuration in different 
 populations4, 5. The prevalence of C-shaped mandibular molars is comparatively very high (29–45%) in East Asian 
populations in comparison to African, North American, West Asians and European populations (3.5–22.4%)4, 6, 7.

Over the years, researchers have used several methods such as staining and clearing, sectioning, conventional 
and digital radiographs, computed tomography and micro- computed tomography to study the root canal mor-
phology of the  teeth2, 3. In the recent years, use of come beam computed tomography (CBCT) has gained popu-
larity due to its non-invasive nature, wide availability and its relative accuracy in detecting fine canal anatomy 
in comparison to canal staining and clearing  technique8–10. Additionally, data generated through CBCT can be 
processed using software that allow three dimensional (3D) rendering and advanced analysis.

After extensive review of literature, no study has been conducted to analyze the root and canal morphology 
and prevalence of C-shaped configuration in mandibular second molars in Emirati population. Such information 
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will aid the clinicians treating this population to plan their treatment and using modified techniques to manage 
potential anatomical complexities. Moreover, most of studies conducted so far have described and reported the 
C-shaped configuration at specific axial cross-sections of the root using Fan et al.  classification11. However, a 
change in the configuration of C-shape canal along the length of the root has been  reported11. Hence, there’s 
a lack of linking these cross-sections together to give an overall picture of the C-shaped canal anatomy from 
coronal to apical direction as a single unit.

Therefore, the aim of this study was to describe the root and canal morphology of mandibular second molars 
in Emirati population using CBCT. In addition, we aimed to study the types of morphological change in C-shaped 
configuration along the root length in an effort to describe the C-shaped molars as a single unit.

Methods
This study was approved by the Research and Ethics Committees of the Mohammed bin Rashid University of 
Medicine and Health Sciences (Dubai, UAE) and of Healthpoint Hospital (Mubadala Health, Abu Dhabi, UAE) 
(Protocol no. REC0009). All study procedures were performed in accordance with the relevant guidelines and 
regulations of the above-mentioned institutes. For this type of retrospective study, and as recommended by the 
Research and Ethics Committees of the above-mentioned institutes, specific consent form is not required. Fur-
thermore, all patients or their legal guardians that are treated at Healthpoint Hospital provide written informed 
consent for the use of their records for research purposes.

Sample collection. CBCT scans of patients who were treated at Healthpoint Hospital (HPH), department 
of dentistry between 2017 and 2018 were obtained and analyzed. The CBCT scans were acquired using the 
Orthophos SL (Dentsply Sirona, USA). The imaging protocol was as follows: Field of view (FOV) = 8 × 8 cm; 
tube peak potential = 85kVp; tube current = 7 mA; time = 5 s; voxel size = 0.15 mm. CBCT scans of patients who 
met the following criteria were included in the study: (i) Emirati population (holding United Arab Emirates Citi-
zenship), (ii) Age range 15–75 years (iii) presence of bilateral mandibular permanent second molars (iv) Fully 
matured and erupted teeth. Molars with root canal fillings, posts, crowns, coronal or root resorption, extensive 
coronal and root caries and periapical or periradicular radiolucency were excluded.

The sample size (254 CBCT scans) was determined based on Cochran’s sample size, where prevalence of 
C-shaped mandibular second molars in previous studies was considered the relevant difference. The CBCT scans 
were randomly selected and anonymized using “Anonymize” tool of Horos image processing software (Nimble 
Co LLC d/b/a Purview in Annapolis, MD USA) to remove all patient  identifiers12. To ensure randomization 
during selection, the available scans were listed in Microsoft Excel sheet and were ordered based on the date they 
were obtained. These scans were given a random unique number using the random function in Microsoft Excel. 
Then they were reordered using the ascending function in Microsoft Excel, making a random list of the scans. 
Next, the principal investigator (PI) reviewed the scans starting from the beginning of the random list and the 
first 254 scans that fulfilled the inclusion/exclusion criteria were selected for the study. The selected scans were 
exported from HPH CBCT database in Digital Imaging and Communication in Medicine (DICOM) format.

Radiographic evaluation. After data extraction and anonymization, 2 evaluators (the principle investiga-
tor, and an expert endodontist) evaluated all scans on an iMAC computer (27-inch screen size with Retina 5 K 
display, 5120 × 2880 resolution with support for 1 billion colors, 500 units brightness) in a room with controlled 
lighting using Horos DICOM  viewer12. The evaluators assessed the canal and root morphology using a 3D mul-
tiplanar reconstruction tool (3D MPR), in which all images were examined in the axial, coronal, and sagittal 
plans. Furthermore, the observers determined the coronal section to be within 2 mm of cemento-enamel junc-
tion (CEJ), middle third section to be within 2 mm of mid root length (from apex to CEJ) and apical section to 
be at apex and 2 mm above. Mandibular second molars were categorized as non-C-shaped and C-shaped based 
on Fan et al.  criteria11, in which, C-shaped molar should exhibit the following features: (a) fused roots, (b) a lon-
gitudinal groove on lingual or buccal surface of the root, and (c) at least one cross-section of the canal belongs 
to the C1, C2, or C3 configuration (Fig. 1B).

Vertucci classification (VC)13 was used to assess the canal morphology of non-C-shaped mandibular molars 
(Fig. 1A), while for C-shaped molars, Fan et al. classification was used. (Fig. 1B). Moreover, the number of roots 
and symmetry of the canal morphology were recorded. Finally, the findings were tabulated and correlated with 
gender and tooth location.

Furthermore, for C-shaped molars, the axial cross-sectional morphology was analyzed on the CBCT to study 
the changes of the morphology along the length of the root and to explore the possibility of presence of specific 
types of morphological change in C-shaped canal configuration. After determining the most common types of 
change in C-shaped morphology, sample of the teeth exhibiting these morphological changes were segmented 
semi-automatically using 3D Slicer open-source software (http:// www. slicer. org). 14. Each segmentation consisted 
of a contour of the tooth (enamel, dentin, crown and roots) and pulp system. Dolphin software (Dolphin Imag-
ing and Management Solutions, http:// www. dolph inima ging. com) was used to produce 3D video showing the 
changes along the root length.

To ensure reproducibility and reliability of the data, several measures were taken. First of all, before the evalu-
ation process each evaluator was trained and calibrated using a sample of scans showing different types of root 
canal morphologies. Second, the scans were assessed independently, twice by both evaluators with intersession 
delay of 30 days. In case of disagreements, a third evaluator (endodontist) was consulted. Finally, the data was 
analyzed using kappa test, and the Altman’s scale was used for interpretation.

http://www.slicer.org
http://www.dolphinimaging.com
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Statistical analysis. Data was analyzed using SPSS for Windows version 25.0 (SPSS Inc., Chicago, IL). 
Results were cross tabulated to examine the dependency between variables. Statistical analysis was performed 
using χ2 (Chi-square) to determine the association between variables such as distribution of C-shaped man-
dibular second molar by gender and tooth location. Kruskal–Wallis test was used to determine the significance 
between different patterns of change. Kappa test was used to test inter- and intra-rater examiners reliability. 
Frequency tables’ bar graphs were used as descriptive statistics. A P-value of less than 0.05 was considered sig-
nificant in all statistical analysis.

Results
Overall, 1415 CBCT scans were reviewed and 254 CBCT scans were selected based on inclusion and exclusion 
criteria. The two evaluators reviewed the 254 CBCT scans independently (total of 508 molars) and kappa test 
indicated a very good intra (0.880) and inter (0.838) evaluators’ agreement based on Altman’s scale.

The analysis of the selected scans showed that 115 scans (45.3%) were for male patients and 139 (54.7%) for 
female patients with age that range from 15–75 years (Fig. 2A). Of the 254 patients, 61% were in ≤ 40 age group 
and 39% were in age group > 40 (Fig. 2B).

Root morphology and number of roots. The initial analysis showed that 82.1% were non-C-shaped 
molars while 17.9% were C-shaped molars (Fig.  2C). Among the non-C-shaped mandibular second molars, 

Figure 1.  Illustration of (A) Vertucci classification of root canal system and (B) Fan et al. classification of 
C-shaped canal configuration.

Figure 2.  Pie charts showing (A) gender and (B) age data. (C) is a Pie chart indicating the percentage of 
number and morphology of roots of the studied mandibular second molars.
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two roots were the most common (78.3%) followed by single rooted molars (2.4%) (Fig. 2B). The prevalence of 
mandibular second molars with three and four roots was very low (0.8% and 0.6%, respectively) (Fig. 2B). In 
the molars with three roots, the third root was in the form of a mesio-lingual root (50%), mid-buccal root (25%) 
and mid lingual root (25%).

Canal morphology of non‑C‑shaped molars. There were wide variations in the canal configuration of 
mesial roots of two-rooted mandibular second molars (Fig. 3). The most prevalent canal configuration in the 
mesial roots of two-rooted molars were Type II (46.5%) and Type III (39.4%) VC (Fig. 3). The least commonly 
observed canal configurations were Type I (1.5%), Type V (3.8%) and Type IV (8.8%) VC (Fig. 3). In contrast, 
90.5% of the distal root had Type I canal configuration. Other least common types found in the distal root were 
Type III (8.5%), Type II (0.5%) and Type V (0.5%) (Fig. 3). Type VI, VII and VIII VC were not found in both 
roots. All the mandibular second molars with conical roots, had Type I VC.

Canal morphology of C‑shaped molars. The canal configuration of C-shaped molars was classified 
using Fan et al. classification (12). The most common canal configuration at the coronal level was C1 (41.75%), 
while C3c (51.7%) and C3d (65.9%) were most common at the middle and apical thirds, respectively. Of the 
91 C-shaped mandibular second molars, only 5.5% showed no changes in the C-shaped canal along the length 
of the root. Whereas, in 94.5% molars the canal configuration changed from the coronal to apical direction 
(Fig. 4A, Supplement 1).

Interestingly, in the present study, 4 out of 5 C-shaped mandibular molars with unchanged canal morphol-
ogy had C3d canal configuration and one C-shaped molar had C2 canal configuration throughout the root. Of 
the 91 C-shaped mandibular second molars, only 11 molars (12%) had groove on the buccal surface of the roots 
(Fig. 4C), whereas 80 molars (88%) had groove on the lingual surface (Fig. 4B).

The analysis of C-shaped mandibular second molars with changes in canal configuration along the length 
of the root showed that there were 18 types of morphological change in which 4 of them (48.8%) were more 
significantly present (p < 0.001). More specifically, in the most common type (T1), the canal started as C1 then 
changed into C2 at the middle third and ended as C3d at the apical third (C1-C2-C3d), in 18% of the C-shaped 
mandibular second molars (Table 1). The other common types of morphological change were T2: C1-C3c-C3d 
(15.4%), T3: C4-C3c-C3d (7.7%) and T4: C3c-C3c-C3d (7.7%) (Table 1, Fig. 5). Figure 5 illustrate 3D reconstruc-
tions of most common types of morphological change in C-shaped mandibular second molars. The rest of the 
14 types of morphological change (51.2%) were insignificantly present.

Prevalence of C‑shaped mandibular second molars according to gender and tooth loca‑
tion. On testing the association between the prevalence of C-shaped mandibular second molar and gender, 
C-shaped molars were significantly more prevalent in females (75.8%) than in males (24.2%) (P < 0.001). No 
significant correlation was found between the prevalence of C-shaped mandibular second molars and tooth 
location (right side vs left side). Around 54% were located on the right side and 46% on the left side (P = 0.244).

Figure 3.  Bar chart indicating the percentages of different types of VC in the mesial and distal roots in the two 
rooted non-C-Shaped mandibular second molars.
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Bilateral symmetry of C‑shaped mandibular second molars. The analysis of bilateral symmetry 
showed that 71.7% of the C-shaped mandibular second molars were bilaterally symmetric (P < 0.001). In case 
of patients with unilateral C-shaped molars (28.3%), majority of C-shaped molars (73.3%) were located on the 
right side.

Discussion
The effect of ethnicities on the root and canal morphology of mandibular second molar is well documented 
in the  literature4, 5, 15. Furthermore, mandibular second molar is the most common tooth to exhibit C-shaped 
canal  morphology3. Here we investigated the root and canal morphology of mandibular second molar in Emirati 
population. We have also described and studied the changes in the C-shape configuration along the root length. 
This is an effort to address the knowledge gap related to this population and an attempt to describe the C-shaped 
molars as a single unit.

In the present study the most common root morphology in mandibular second molars was two separate 
roots (78.3%), one mesial and one distal. The other types of root morphology observed were molars with single 
conical root (2.4%), three roots (0.8%) and four roots (0.6%). Similar findings of presence of two roots followed 
by 3 roots in mandibular second molars have been reported in several  studies16, 17. The prevalence of three 
rooted mandibular second molar documented in other populations ranges from 0.26 to 8.98%5, 18, 19. The third 
root observed in our study was found lingually in 75% of cases, which is in agreement with reports in other 
 population17, 20, 21. Therefore, despite the low prevalence, the clinicians should be aware of such morphological 
variations in the number of roots, to successfully manage endodontic treatment in these cases.

Figure 4.  (A) axial cross section of mandibular molar showing the changes in the C-Shaped configuration 
along the root length; at the coronal third the canal started as C1, then changed into C2 at the middle third and 
finally ended as C4 at the apical third. (B) axial cross section of a mandibular second molar showing a lingual 
location of the groove, while (C) is showing the buccal location of the groove.

Table 1.  Types of morphological change in C-shape canal configuration along the root length.

Types of morphological change

Root thirds

Total percentageCoronal Middle Apical

Type 1 (T1) C1 C2 C3d 18%

Type 2 (T2) C1 C3c C3d 15.4%

Type 3 (T3) C4 C3c C3d 7.7%

Type 4 (T4) C3c C3c C3d 7.7%
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According to our findings, Type I VC (90.5%) was the most prevalent configuration in the distal root. How-
ever, Type II (46.5%) and III (39.4%) VC were the most common root canal configurations in the mesial root. In 
contrast to our findings, Type II and Type IV VC were more prevalent in the mesial root of most other studied 
 populations16, 18, 22, 23. The high prevalence of type III VC in mesial root has been reported in very few studies 
(range 26.2 to 48.45%)15, 24, 25. According to our findings, Vertucci Type VI, VII and VIII were not detected in 
the sample of mandibular second molars examined. This is in agreement with several other published  studies18, 

19. Therefore, our results showed that Type II VC is the most common canal configuration in the mesial root 
in Emirati population. Thus, the clinicians treating this population should pay special attention in managing 
the mesial root of non-C-shaped mandibular second molar. Modifications of cleaning and shaping technique, 
maybe considered to prevent tearing the common apical foramen and avoid stripping, ledging and instrument 
 fracture26. Moreover, the second most common canal configuration in the mesial root is Type III VC. Therefore, 
clinicians should explore for a second canal even if there is one orifice coronally. The inability to detect and treat 
the second canal might lead to endodontic failure.

There is a wide variation in prevalence of C-shaped mandibular second molars based on ethnicity and popula-
tion studied. The prevalence in different populations ranged from 3 to 48.7%5, 19 (Fig. 6). According to our find-
ings, the prevalence of C-shaped mandibular second molars in Emirati population was 17.9%. The prevalence is 
relatively higher compared to other middle eastern countries such as Saudi Arabia 7.9–12.57%27, 28 and Turkey 
4.1–10.6%22 but lower than that of Chinese, Korean and Malaysian population (44–48.7%)5, 19. Moreover, our 
analysis showed that C-shaped molars were significantly higher in females compared to males (P < 0.005). Our 
results are in agreement with other studies which reported an association between gender and high prevalence 
of C-shaped  molars4, 5.

Furthermore, the effect of ethnicity has also been reported on C-shaped canal configuration at different thirds 
of the root. In Iranian population, the most common canal configuration at the coronal level was C1 (50%), in 
the middle C3d (32.9%) and apical C3d (36.6%)29. Whereas, in Saudi Arabia, C3c was most common (37.1%) 
at coronal third, C3c (32.3%) in the middle third and C3d (30.6%) in apical  third30. In the present study, the 
most common canal configuration in C-shaped mandibular molars at the coronal, middle and apical level was 
C1(41.75%), C3c (51.7%) and C3d (65.9%) respectively.

Figure 5:.  3D reconstruction of the most common types of morphological change in C-shape configuration 
along the root length; (A) T1: C1-C2-C3d, (B) T2: C1-C3c-C3d, (C) T3: C4-C3c-C3d and (D) T4: C3c-C3c-
C3d.
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In the present study, the majority of the C-shaped mandibular second molars had a lingual radicular groove 
(88%) while only 12% had buccal radicular groove. Our findings are similar to those findings of Jin et al. and Kim 
et al. in Korean  population31, 32, Martin et al. in Portuguese  population33 and Alfawaz et al. in Saudi  population30, 
in which the prevalence of buccal radicular groove was less than that of lingual radicular groove (1–22.6% 
prevalence of buccal radicular groove). In contrast to our findings, Ladeira et al. observed the presence of buc-
cal radicular groove in more than two thirds (69.4%) of the C-shaped mandibular second molars in Brazilian 
 population34. As documented, the dentin thickness is least at the groove  area35. Therefore, knowing the location 
and direction of the groove is important to avoid overpreparation of the canal at that region which can result 
in iatrogenic perforation.

Moreover, we observed a change in the C-shaped canal configuration coronal to apical in 94.5% of the studied 
C-shaped mandibular molars. This is similar to the findings of Zheng et al. in Chinese  population6. Whereas, the 
change in canal configuration was observed only in 66% of C-shaped molars in Korean  population32. However, 
the types of morphological change along the length of the root of C-shaped canal configuration was not studied 
in those populations. Describing the changes in C-shaped canal morphology along the length of the root, can 
allow researchers and clinicians to have a better understanding of C-Shaped molars as a single unit. This will allow 
developing new treatment strategies to manage such teeth. Here, we attempted to study such a change and our 
analysis revealed 4 common types of morphological change in the C-shaped mandibular second molars. Specifi-
cally, the most common type was T1: C1-C2-C3d (18%) followed by T2: C1-C3c-C3d (15.4%), T3: C4-C3c-C3d 
(7.7%) and T4: C3c-C3c-C3d (7.7%). This finding could indicate an effect of ethnicity on presence of specific 
types of morphological change in C-shaped canal configuration in certain population. However, further studies 
in other populations are required to confirm such association. Such information if available, can help the clini-
cians to manage these cases, in addition to other available tools and techniques.

C-shaped canal configuration with the presence of narrow ribbon-like and fan-shaped areas, transverse 
anastomoses, lateral canals and apical delta make the cleaning and shaping of these teeth  challenging2. With the 
relatively high prevalence in Emirati population, clinicians should consider using advanced tools to diagnose and 
manage such complex anatomy such as  CBCT10, Dental operating  microscope36, advanced irrigation activation 
and delivery systems (such as passive ultrasonic irrigation and negative pressure, laser activated irrigation)37–39 
and calcium hydroxide as intra canal  medicament3. Furthermore, as the most common types of morphologi-
cal change in C-shaped molar ends up with C3d apically, clinicians should make sure to locate and clean both 
canals to avoid any failures.

Figure 6.  Bar chart indicating C-shaped mandibular second molar prevalence in different populations. These 
studies were conducted using CBCT.
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One limitation of our study is that it’s a retrospective study, therefore the inability to control certain factors 
like FOV, voxel size and the quality of CBCT scan image. Therefore, in the present study, overall image resolution 
and quality was influenced due to the medium size FOV (8 cm × 8 cm) CBCT scans. However, the voxel size used 
was 0.15 which is considered acceptable when compared to other  studies40. Furthermore, further studies are 
required in different population to determine the effect of ethnicity on the pattern of change in C-shaped molar 
along the root length. Another limitation of this retrospective study is that ethnicity was determined based on 
holding UAE citizenship. Therefore, the data may not represent the whole UAE population, as the UAE nationals 
represent almost 11% of the total  population41–43. However, the results of this study are important for clinicians 
treating UAE nationals, as there is an overall agreement that there is low variation in the ethnic groups among 
the UAE  nationals41.

Conclusion
Based on our literature review, this is the first study to investigate the root and canal morphology of mandibular 
second molars in a sample of Emirati population. According to our findings wide variations of canal configura-
tion is observed in the mesial root of mandibular second molars. In addition, a relatively high prevalence (17.9%) 
of C-shaped mandibular molars is found in Emirati subpopulation. Moreover, specific types of morphological 
change in the root canal system of C-shaped molars were observed and described for the first time. The results of 
this study emphasize on the significance of knowledge of root canal morphology beside using advanced technol-
ogy in developing modified clinical approaches to successfully treat these cases.

Received: 6 September 2021; Accepted: 1 December 2021

References
 1. Siqueira, J. F. Jr. Aetiology of root canal treatment failure: Why well-treated teeth can fail. Int. Endod. J. 34, 1–10. https:// doi. org/ 

10. 1046/j. 1365- 2591. 2001. 00396.x (2001).
 2. Melton, D. C., Krell, K. V. & Fuller, M. W. Anatomical and histological features of C-shaped canals in mandibular second molars. 

J. Endod. 17, 384–388. https:// doi. org/ 10. 1016/ s0099- 2399(06) 81990-4 (1991).
 3. Kato, A. et al. Aetiology, incidence and morphology of the C-shaped root canal system and its impact on clinical endodontics. Int. 

Endod. J. 47, 1012–1033. https:// doi. org/ 10. 1111/ iej. 12256 (2014).
 4. Martins, J. N. R. et al. Prevalence of C-shaped canal morphology using cone beam computed tomography—a systematic review 

with meta-analysis. Int. Endod. J. 52, 1556–1572. https:// doi. org/ 10. 1111/ iej. 13169 (2019).
 5. von Zuben, M. et al. Worldwide prevalence of mandibular second molar C-shaped morphologies evaluated by cone-beam computed 

tomography. J. Endod. 43, 1442–1447. https:// doi. org/ 10. 1016/j. joen. 2017. 04. 016 (2017).
 6. Zheng, Q. et al. C-shaped root canal system in mandibular second molars in a Chinese population evaluated by cone-beam com-

puted tomography. Int. Endod. J. 44, 857–862. https:// doi. org/ 10. 1111/j. 1365- 2591. 2011. 01896.x (2011).
 7. Gulabivala, K., Aung, T. H., Alavi, A. & Ng, Y. L. Root and canal morphology of Burmese mandibular molars. Int. Endod. J. 34, 

359–370. https:// doi. org/ 10. 1046/j. 1365- 2591. 2001. 00399.x (2001).
 8. Matherne, R. P., Angelopoulos, C., Kulild, J. C. & Tira, D. Use of cone-beam computed tomography to identify root canal systems 

in vitro. J. Endod. 34, 87–89. https:// doi. org/ 10. 1016/j. joen. 2007. 10. 016 (2008).
 9. Patel, S., Patel, R., Foschi, F. & Mannocci, F. The impact of different diagnostic imaging modalities on the evaluation of root canal 

anatomy and endodontic residents’ stress levels: A clinical study. J. Endod. 45, 406–413. https:// doi. org/ 10. 1016/j. joen. 2018. 12. 
001 (2019).

 10. Patel, S. et al. Cone beam computed tomography in endodontics—a review of the literature. Int. Endod. J. 52, 1138–1152. https:// 
doi. org/ 10. 1111/ iej. 13115 (2019).

 11. Fan, B., Cheung, G. S., Fan, M., Gutmann, J. L. & Bian, Z. C-shaped canal system in mandibular second molars: Part I-Anatomical 
features. J. Endod. 30, 899–903. https:// doi. org/ 10. 1097/ 01. don. 00001 36207. 12204. e4 (2004).

 12. Brühschwein, A. et al. Free DICOM-viewers for veterinary medicine. J. Digit. Imaging 33, 54–63. https:// doi. org/ 10. 1007/ s10278- 
019- 00194-3 (2020).

 13. Vertucci, F. J. Root canal anatomy of the human permanent teeth. Oral Surg. Oral Med. Oral Pathol. 58, 589–599. https:// doi. org/ 
10. 1016/ 0030- 4220(84) 90085-9 (1984).

 14. Fedorov, A. et al. 3D Slicer as an image computing platform for the Quantitative Imaging Network. Magn. Reson. Imaging 30, 
1323–1341. https:// doi. org/ 10. 1016/j. mri. 2012. 05. 001 (2012).

 15. Torres, A. et al. Characterization of mandibular molar root and canal morphology using cone beam computed tomography and 
its variability in Belgian and Chilean population samples. Imaging Sci. Dent. 45, 95–101. https:// doi. org/ 10. 5624/ isd. 2015. 45.2. 95 
(2015).

 16. Ahmed, H. M. A., Versiani, M. A., De-Deus, G. & Dummer, P. M. H. A new system for classifying root and root canal morphology. 
Int. Endod. J. 50, 761–770. https:// doi. org/ 10. 1111/ iej. 12685 (2017).

 17. Neelakantan, P., Subbarao, C., Subbarao, C. V. & Ravindranath, M. Root and canal morphology of mandibular second molars in 
an Indian population. J. Endod. 36, 1319–1322. https:// doi. org/ 10. 1016/j. joen. 2010. 04. 001 (2010).

 18. Pawar, A. M. et al. Root canal morphology and variations in mandibular second molar teeth of an Indian population: An in vivo 
cone-beam computed tomography analysis. Clin. Oral Invest. 21, 2801–2809. https:// doi. org/ 10. 1007/ s00784- 017- 2082-6 (2017).

 19. Pan, J. Y. Y. et al. Root canal morphology of permanent teeth in a Malaysian subpopulation using cone-beam computed tomography. 
BMC Oral Health 19, 14. https:// doi. org/ 10. 1186/ s12903- 019- 0710-z (2019).

 20. Martins, J. N. R., Gu, Y., Marques, D., Francisco, H. & Caramês, J. Differences on the root and root canal morphologies between 
Asian and white ethnic groups analyzed by cone-beam computed tomography. J. Endod. 44, 1096–1104. https:// doi. org/ 10. 1016/j. 
joen. 2018. 04. 001 (2018).

 21. Gulabivala, K., Opasanon, A., Ng, Y. L. & Alavi, A. Root and canal morphology of Thai mandibular molars. Int. Endod. J. 35, 56–62. 
https:// doi. org/ 10. 1046/j. 1365- 2591. 2002. 00452.x (2002).

 22. Demirbuga, S., Sekerci, A. E., Dinçer, A. N., Cayabatmaz, M. & Zorba, Y. O. Use of cone-beam computed tomography to evaluate 
root and canal morphology of mandibular first and second molars in Turkish individuals. Medicina Oral Patologia Oral y Cirugia 
Bucal 18, e737-744. https:// doi. org/ 10. 4317/ medor al. 18473 (2013).

 23. Al-Qudah, A. A. & Awawdeh, L. A. Root and canal morphology of mandibular first and second molar teeth in a Jordanian popula-
tion. Int. J. Endod. 42, 775–784. https:// doi. org/ 10. 1111/j. 1365- 2591. 2009. 01578.x (2009).

https://doi.org/10.1046/j.1365-2591.2001.00396.x
https://doi.org/10.1046/j.1365-2591.2001.00396.x
https://doi.org/10.1016/s0099-2399(06)81990-4
https://doi.org/10.1111/iej.12256
https://doi.org/10.1111/iej.13169
https://doi.org/10.1016/j.joen.2017.04.016
https://doi.org/10.1111/j.1365-2591.2011.01896.x
https://doi.org/10.1046/j.1365-2591.2001.00399.x
https://doi.org/10.1016/j.joen.2007.10.016
https://doi.org/10.1016/j.joen.2018.12.001
https://doi.org/10.1016/j.joen.2018.12.001
https://doi.org/10.1111/iej.13115
https://doi.org/10.1111/iej.13115
https://doi.org/10.1097/01.don.0000136207.12204.e4
https://doi.org/10.1007/s10278-019-00194-3
https://doi.org/10.1007/s10278-019-00194-3
https://doi.org/10.1016/0030-4220(84)90085-9
https://doi.org/10.1016/0030-4220(84)90085-9
https://doi.org/10.1016/j.mri.2012.05.001
https://doi.org/10.5624/isd.2015.45.2.95
https://doi.org/10.1111/iej.12685
https://doi.org/10.1016/j.joen.2010.04.001
https://doi.org/10.1007/s00784-017-2082-6
https://doi.org/10.1186/s12903-019-0710-z
https://doi.org/10.1016/j.joen.2018.04.001
https://doi.org/10.1016/j.joen.2018.04.001
https://doi.org/10.1046/j.1365-2591.2002.00452.x
https://doi.org/10.4317/medoral.18473
https://doi.org/10.1111/j.1365-2591.2009.01578.x


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:23863  | https://doi.org/10.1038/s41598-021-03329-1

www.nature.com/scientificreports/

 24. Peiris, R., Takahashi, M., Sasaki, K. & Kanazawa, E. Root and canal morphology of permanent mandibular molars in a Sri Lankan 
population. Odontology 95, 16–23. https:// doi. org/ 10. 1007/ s10266- 007- 0074-8 (2007).

 25. Peiris, R. Root and canal morphology of human permanent teeth in a Sri Lankan and Japanese population. Anthropol. Sci. 116, 
123–133. https:// doi. org/ 10. 1537/ ase. 070723 (2008).

 26. Al Mheiri, E. et al. Evaluation of root and canal morphology of maxillary permanent first molars in an Emirati population; a cone-
beam computed tomography study. BMC Oral Health 20, 274–274. https:// doi. org/ 10. 1186/ s12903- 020- 01269-2 (2020).

 27. Fayyaz, A., Patil, S., Maragathavalli, G. & Kumar, R. Prevalence and configurations of C-shaped canals in permanent mandibular 
second molars in a Saudi Arabian population: A CBCT study. Int. Med. J. 26, 223–225 (2019).

 28. Mashyakhy, M. H. et al. C-shaped canal configuration in mandibular premolars and molars: Prevalence, correlation, and differ-
ences: An In Vivo study using cone-beam computed tomography. Niger. J. Clin. Pract. 23, 232–239. https:// doi. org/ 10. 4103/ njcp. 
njcp_ 335_ 19 (2020).

 29. Janani, M. et al. Anatomic features of C-shaped mandibular second molars in a selected Iranian population using CBCT. Iran. 
Endod. J. 13, 120–125. https:// doi. org/ 10. 22037/ iej. v13i1. 17286 (2018).

 30. Alfawaz, H. et al. Prevalence of C-shaped canal system in mandibular first and second molars in a Saudi population assessed via 
cone beam computed tomography: A retrospective study. Clin. Oral Invest. 23, 107–112. https:// doi. org/ 10. 1007/ s00784- 018- 2415-0 
(2019).

 31. Jin, G. C., Lee, S. J. & Roh, B. D. Anatomical study of C-shaped canals in mandibular second molars by analysis of computed 
tomography. J. Endod. 32, 10–13. https:// doi. org/ 10. 1016/j. joen. 2005. 10. 007 (2006).

 32. Kim, S. Y., Kim, B. S. & Kim, Y. Mandibular second molar root canal morphology and variants in a Korean subpopulation. Int. J. 
Endod. 49, 136–144. https:// doi. org/ 10. 1111/ iej. 12437 (2016).

 33. Martins, J. N. R., Mata, A., Marques, D. & Carames, J. Prevalence of C-shaped mandibular molars in the Portuguese population 
evaluated by cone-beam computed tomography. Eur. J. Dent. 10, 529–535. https:// doi. org/ 10. 4103/ 1305- 7456. 195175 (2016).

 34. Ladeira, D. B., Cruz, A. D., Freitas, D. Q. & Almeida, S. M. Prevalence of C-shaped root canal in a Brazilian subpopulation: A 
cone-beam computed tomography analysis. Braz. Oral Res. 28, 39–45. https:// doi. org/ 10. 1590/ s1806- 83242 01300 50000 27 (2014).

 35. Seo, D. G. et al. A biometric study of C-shaped root canal systems in mandibular second molars using cone-beam computed 
tomography. Int. Endod. J. 45, 807–814. https:// doi. org/ 10. 1111/j. 1365- 2591. 2012. 02037.x (2012).

 36. Jafarzadeh, H. & Wu, Y. N. The C-shaped root canal configuration: A review. J. Endod. 33, 517–523. https:// doi. org/ 10. 1016/j. joen. 
2007. 01. 005 (2007).

 37. Adcock, J. M. et al. Histologic evaluation of canal and isthmus debridement efficacies of two different irrigant delivery techniques 
in a closed system. J. Endod. 37, 544–548. https:// doi. org/ 10. 1016/j. joen. 2011. 01. 006 (2011).

 38. Nielsen, B. A. & Craig Baumgartner, J. Comparison of the EndoVac system to needle irrigation of root canals. J. Endod. 33, 611–615. 
https:// doi. org/ 10. 1016/j. joen. 2007. 01. 020 (2007).

 39. Groot, S. et al. Laser-activated irrigation within root canals: Cleaning efficacy and flow visualization. Int. Endod. J. 42, 1077–1083. 
https:// doi. org/ 10. 1111/j. 1365- 2591. 2009. 01634.x (2009).

 40. Bauman, R. et al. Ex vivo detection of mesiobuccal canals in maxillary molars using CBCT at four different isotropic voxel dimen-
sions. Int. Endod. J. 44, 752–758. https:// doi. org/ 10. 1111/j. 1365- 2591. 2011. 01882.x (2011).

 41. Emirates’, T. U. A. & portal, G. United Arab Emirates Fact Sheet, <https://u. ae/ en/ about- the- uae/ fact- sheet> (2021).
 42. Center, D. S. Number of Population Estimated by Nationality, <https:// www. dsc. gov. ae/ en- us/ Themes/ Pages/ Popul ation- and- Vital- 

Stati stics. aspx? Theme= 42> (2020).
 43. Centre, A. D. S. Population and Demographic Statistics, <https:// www. scad. gov. ae/ en/ pages/ stati stics. aspx? topic id= 24> (2021).

Author contributions
S.K: methodology, investigation, data curation, writing—original draft; NA: methodology, data curation. J.C.: 
methodology, writing—review & editing; A.K. methodology, formal analysis; R.A. investigation, validation; A.G.: 
methodology, formal analysis. M.J. conceptualization, methodology, investigation, writing-reviewing and editing.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 03329-1.

Correspondence and requests for materials should be addressed to M.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1007/s10266-007-0074-8
https://doi.org/10.1537/ase.070723
https://doi.org/10.1186/s12903-020-01269-2
https://doi.org/10.4103/njcp.njcp_335_19
https://doi.org/10.4103/njcp.njcp_335_19
https://doi.org/10.22037/iej.v13i1.17286
https://doi.org/10.1007/s00784-018-2415-0
https://doi.org/10.1016/j.joen.2005.10.007
https://doi.org/10.1111/iej.12437
https://doi.org/10.4103/1305-7456.195175
https://doi.org/10.1590/s1806-83242013005000027
https://doi.org/10.1111/j.1365-2591.2012.02037.x
https://doi.org/10.1016/j.joen.2007.01.005
https://doi.org/10.1016/j.joen.2007.01.005
https://doi.org/10.1016/j.joen.2011.01.006
https://doi.org/10.1016/j.joen.2007.01.020
https://doi.org/10.1111/j.1365-2591.2009.01634.x
https://doi.org/10.1111/j.1365-2591.2011.01882.x
https://u.ae/en/about-the-uae/fact-sheet
https://www.dsc.gov.ae/en-us/Themes/Pages/Population-and-Vital-Statistics.aspx?Theme=42
https://www.dsc.gov.ae/en-us/Themes/Pages/Population-and-Vital-Statistics.aspx?Theme=42
https://www.scad.gov.ae/en/pages/statistics.aspx?topicid=24
https://doi.org/10.1038/s41598-021-03329-1
https://doi.org/10.1038/s41598-021-03329-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The C-shaped root canal systems in mandibular second molars in an Emirati population
	Methods
	Sample collection. 
	Radiographic evaluation. 
	Statistical analysis. 

	Results
	Root morphology and number of roots. 
	Canal morphology of non-C-shaped molars. 
	Canal morphology of C-shaped molars. 
	Prevalence of C-shaped mandibular second molars according to gender and tooth location. 
	Bilateral symmetry of C-shaped mandibular second molars. 

	Discussion
	Conclusion
	References


