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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Root canal morphology variations, particularly 

C-shaped canal configurations, pose substantial challenges 
to successful endodontic therapy. Accurate preoperative 
assessment of these complex anatomical patterns remains 
essential, with cone-beam computed tomography (CBCT) 
offering superior three-dimensional visualization compared 
to conventional radiography. Objectives: This study aimed to 
determine the prevalence and morphological characteristics 
of C-shaped canals and comprehensively evaluate root and 
canal configurations of mandibular first molars within an Iraqi 
Kurdish population using CBCT imaging.

Methods: In this retrospective analysis, CBCT images from 323 
patients (186 males, 137 females; aged 18-50 years) originating 
from Duhok, Erbil, and Suleimani underwent evaluation. 
Two calibrated endodontists independently examined axial, 
sagittal, and coronal reconstructions to document root numbers, 
canal counts, and configurations. Root canal morphology was 
classified according to Vertucci's system, while Fan et al.'s 
classification was applied only to confirmed true C-shaped 
canals. Chi-square analysis assessed gender-based differences, 
with statistical significance set at p ≤ 0.05.

Results: Two-rooted molars predominated (94.1%), typically 
exhibiting three (64.4%) or four canals (28.8%). Gender 
differences proved non-significant for root (p=0.653) and canal 
numbers (p>0.05). Mesial roots consistently demonstrated 
Vertucci Type IV morphology (90.1%), while distal roots 
displayed greater diversity: Type I (58.5%), Type IV (20.1%), 
and Type II (18.6%). Cross-sectional morphology was not 
analyzed using Fan classification for non-C-shaped canals. True 
C-shaped canal configurations were rare (0.6%; 2/323 teeth), 
with no significant gender association (p>0.05).

Conclusion: Iraqi Kurdish mandibular first molars typically 
exhibit predictable mesial root Type IV anatomy alongside 
variable distal root morphology requiring careful clinical 
exploration. The low true C-shaped canal prevalence (0.6%) 
underscores ethnicity-specific anatomical patterns. These 
findings advocate judicious CBCT utilization for complex 
endodontic cases while emphasizing systematic distal canal 
detection protocols.

Key words. C-shaped canal, Cone-beam computed 
tomography, root canal anatomy, mandibular first molar, root 
canal morphology, Vertucci classification.
Introduction.

A thorough understanding of root canal anatomy and its 
variations is fundamental to successful endodontic treatment [1]. 
Among the most clinically significant anatomical variations is the 
C-shaped canal configuration, a term first introduced by Cooke 
and Cox in 1979 [2]. This morphology results from the failure of 

Hertwig's epithelial root sheath to fuse on the buccal or lingual 
root surface, leading to the formation of a continuous slit or web 
connecting individual root canals[3]. While C-shaped canals are 
known to appear most frequently in mandibular second molars 
[4], their presence in first molars, though less common, presents 
considerable challenges for cleaning, shaping, and obturation 
due to the presence of fins, isthmuses, and intricate canal 
communications. The prevalence of C-shaped canals varies 
significantly across different populations. Studies in Caucasian 
populations report a prevalence of 2.7–7.6% in second molars 
[2,4], while research in Middle Eastern populations has shown 
rates around 7.9% for the same tooth type [5]. In contrast, much 
higher prevalence rates have been documented in Northeast 
Asian populations, with rates of 31.5% in Chinese [6] and 
32.7% in Korean cohorts [7].

Cone-beam computed tomography (CBCT) has emerged as 
an invaluable tool for studying root canal anatomy in vivo. 
By providing high-resolution, three-dimensional images, 
CBCT allows for more accurate and detailed assessment of 
the root canal system than is possible with conventional two-
dimensional periapical radiographs. Its non-invasive nature 
also facilitates research with larger sample sizes [8]. Given the 
significant influence of ethnicity on root canal anatomy and 
the lack of data for the Kurdish population, this retrospective 
study aimed to investigate the prevalence and configuration 
types of C-shaped canals, as well as the general root and canal 
morphology, in permanent mandibular first molars in an Iraqi 
Kurdish population using CBCT. Although C-shaped canals are 
less common in mandibular first molars than in second molars, 
their presence poses significant clinical risks, including missed 
anatomy, inadequate debridement, and iatrogenic perforation. 
The scarcity of data on this tooth type in the Kurdish population 
further underscores the importance of this investigation.
Materials and Methods.

Study design and sample: This retrospective study was 
approved by the Ethics Committee of the College of Dentistry, 
University of Duhok. CBCT scan images were accessed from a 
documented database of 323 patients from the Iraqi Kurdistan 
regions (Duhok, Erbil, and Suleimani) who had undergone oral 
and maxillofacial examinations for various clinical purposes 
between 2020 and 2023. The age of the patients ranged from 
18 to 50 years.

Inclusion and exclusion criteria: Scans with poor image 
quality, artifact, immature apexes, previous root canal treatment, 
root resorption, calcifications, or visible cracks that obscured 
the view of the canal system were excluded. Only scans with 
clear visualization of the mandibular first molars were included.

Image acquisition and analysis: All CBCT scans were 
acquired using standardized protocols with voxel sizes ranging 
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from 0.125 to 0.200 mm. Images were evaluated independently 
by two experienced, calibrated endodontists on high-resolution 
medical monitors. In cases of disagreement, a consensus was 
reached through discussion.

Axial, sagittal, and coronal sections were assessed to determine:
- Number of roots per tooth
- Number of canals per tooth
- Root canal configuration according to Vertucci's classification 

[1].
- Fan et al.'s classification was applied only to confirmed true 

C-shaped canals.
- Presence of true C-shaped canals (fused root with ribbon-

shaped continuous canal)
Statistical analysis: Data were analyzed using SPSS version 

26.0 (IBM Corp., Armonk, NY, USA). Categorical variables 
were analyzed using the chi-square test or Fisher's exact test, 
as appropriate, to compare differences between genders. The 
Shapiro–Wilk test was used to assess data distribution. A p-value 
≤ 0.05 was considered statistically significant.

Results.
Demographic distribution: A total of 323 CBCT scans from 

186 males (57.6%) and 137 females (42.4%) were included in 
the analysis, yielding 323 mandibular first molars for evaluation. 
No significant difference was found in the occurrence of single-
rooted molars between males and females (p = 0.653) (Figure 
1).

Number of roots: The vast majority of mandibular first 
molars had two roots (n=304, 94.1%). Single-rooted and three-
rooted molars were rare, with no significant difference between 
genders (p=0.653) (Table 1).

Number of canals: The Shapiro–Wilk test showed non-
normal data distribution (p < 0.001), indicating that canal 
number variation was irregular—typical for anatomical traits. 
Mandibular first molars most frequently presented with three 
canals (n=208, 64.4%) or four canals (n=93, 28.8%). Two 
canals were observed in 22 teeth (6.8%). No significant gender 
difference was found (p>0.05) (Table 2).

Figure 1. Gender distribution (pie chart showing 58% male, 42% female).

Root Count Male (n=186) Female (n=137) Total (n=323) p-value
1 Root 9 (4.8%) 4 (2.9%) 13 (4.0%)

0.6532 Roots 173 (93.0%) 131 (95.6%) 304 (94.1%)
3 Roots 4 (2.2%) 2 (1.5%) 6 (1.9%)

Table 1. Number of roots in mandibular first molars in relation to gender.

Canal Count Male (n=186) Female (n=137) Total (n=323) p-value
1 Canal 0 (0%) 0 (0%) 0 (0%)

0.6532 Canals 15 (8.1%) 7 (5.1%) 22 (6.8%)
3 Canals 113 (60.7%) 95 (69.3%) 208 (64.4%)
4 Canals 58 (31.2%) 35 (25.5%) 93 (28.8%)

Table 2. Number of canals in mandibular first molars in relation to gender.

Root type Gender I II III IV V VI VII VIII Total p-value

Mesial 
Male 1 8 4 164 9 0 0 0 186 0.065Female 1 6 4 127 0 0 0 0 137
Total 2 14 8 291 9 0 0 0 323

Distal
Male 102 37 0 42 5 0 0 0 186 0.09Female 87 23 0 23 4 0 0 0 137
Total 189 60 0 65 9 0 0 0 323

Table 3. Vertucci classification in the mesial root and distal root of the mandibular first molar.
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Root Canal Configuration (Vertucci Classification): The 
mesial root overwhelmingly demonstrated Vertucci Type IV 
configuration (two separate canals and foramina), present in 
90.1% of the sample (n=291). Types II, III, and V were observed 
less frequently. Chi-square test (χ² = 3.4053) indicated no 
statistically significant difference between genders. (Table 3). 
Distal Root: The distal root showed greater variability, most 
commonly presenting as Type I (single canal) in 58.5% of 
cases (n=189), followed by Type II (18.6%, n=60) and Type IV. 
Chi-square test (χ² = 2.798) showed no statistically significant 
difference between males and females. (20.1%, n=65) (Table 
3). The difference in configuration between mesial and distal 
roots was statistically significant (p < 0.0001), confirming that 
morphology depends on root position rather than gender.

Prevalence of true c-shaped canals: True C-shaped canal 
configurations were identified in 2 cases (0.6%). Both cases 
demonstrated a Fan type C3 configuration
Discussion.

This study provides a comprehensive evaluation of the root 
and root canal morphology of mandibular first molars in a 
Kurdish Iraqi population using CBCT. The findings reveal 
a predominantly conventional anatomy with some notable 
variations, and confirm that true C-shaped canals are rare in 
this specific tooth type. In the two confirmed cases of C-shaped 
canals identified in this study, a C3 configuration was observed.

The most common presentation was a two-rooted tooth (94.1%) 
with three canals (64.4%) or four canals (28.8%), which aligns 
with the typical anatomy of mandibular first molars reported 
globally and in neighboring Middle Eastern populations [9-18]. 
The absence of significant gender differences in root and canal 
numbers is consistent with previous research suggesting that 
ethnicity and developmental factors are stronger determinants 
of root morphology than sexual dimorphism. This consistency 
across males and females supports the expectation that both 
sexes present similar levels of endodontic complexity [14,15].

The overwhelming predominance of Vertucci Type IV 
configuration in the mesial root (90.1%) is a key clinical finding. 
This means that in nine out of ten cases, the clinician must 
negotiate, clean, and shape two separate canals that exit the 
tooth via two distinct apical foramina. This requires meticulous 
exploration with sharp instruments and careful glide-path 
preparation to avoid iatrogenic errors [9,17].

The distal root demonstrated significant variability. While the 
majority presented as a simple Type I configuration (58.5%), a 
substantial portion exhibited more complex anatomy, including 
Type II (18.6%, two canals merging into one) and Type IV 
(20.1%, two separate canals). This finding is clinically crucial, 
as it dispels the assumption that the distal root of a mandibular 
first molar is always a single, straightforward canal. In over 
40% of cases, a second distal canal was present, necessitating 
thorough exploration to prevent missed anatomy and subsequent 
treatment failure. These findings highlight that the cross-
sectional shape and longitudinal canal configuration are related 
but distinct anatomical features, both of which influence clinical 
management.

The primary focus of this study was the prevalence of 
true C-shaped canals. The identified prevalence of 0.6% in 

mandibular first molars is low and falls at the lower end of 
the range reported worldwide for this tooth type. This finding 
is consistent with the established understanding that C-shaped 
anatomy is far more characteristic of mandibular second molars 
[4,8,17]. The result aligns with reports from neighboring 
Middle Eastern countries, where the prevalence of C-shaped 
canals in first molars is also uncommon [10,18]. This contrasts 
sharply with the high prevalence rates seen in some East Asian 
populations [6,7] and reinforces the concept that genetic and 
ethnic background plays a decisive role in the expression of 
such anatomical traits.

The clinical implications of a true C-shaped canal, though rare, 
are significant. The complex system of fins, webs, and isthmuses 
connecting the canals makes debridement and obturation 
extremely challenging. The thin dentinal walls increase the risk of 
perforation during instrumentation [12]. When such anatomy is 
suspected—for example, on a preoperative radiograph showing 
a poorly defined root outline or a blurred canal system—CBCT 
imaging is invaluable for confirming the diagnosis and planning 
a safe and effective treatment approach [11,16].

The results parallel regional CBCT-based findings from Iraq, 
where similar anatomical patterns including rare C-shaped canals 
and notable distal root variability were observed across different 
regions and ethnic groups [18]. Comparisons with international 
datasets confirm the typical presentation of Vertucci Type IV in 
mesial roots and the substantial variability in distal roots across 
populations [9,15,17]. These similarities reinforce the validity of 
the present findings and contribute valuable population-specific 
data on the Kurdish subgroup within Iraq.  This information 
may prove valuable for researchers developing anatomically 
accurate training models and for clinicians seeking to understand 
the three-dimensional complexity of these teeth [19,20].

This study has several limitations, including the retrospective 
design, which may introduce selection bias, as scans were taken 
for clinical diagnostic purposes rather than research. Differences 
in CBCT devices and imaging parameters may have influenced 
the detection of fine anatomical details. Additionally, while 
the sample is substantial for a CBCT study, it may not fully 
represent all Kurdish subpopulations across the entire region. 
The 0.6% prevalence of true C-shaped canals, while consistent 
with regional data, is based on only 2 teeth, limiting statistical 
analysis of subtypes.

Future studies should include larger, multicenter cohorts across 
different Kurdish regions to validate these findings. Micro-CT 
validation would provide even higher resolution detail of the 
complex anatomy described here. Long-term follow-up studies 
evaluating treatment outcomes in teeth with varying anatomical 
configurations would help establish evidence-based guidelines 
for clinical management.

Several practical implications emerge from this study, including 
that the mesial root, in 90% of cases, shows two separate canals, 
clinicians should anticipate the need for two separate glide paths 
and consider instruments and techniques suited for narrow, 
curved canals. The high prevalence of second distal canals (over 
40%) mandates careful examination of the distal root floor with 
sharp explorers and magnification. The anatomical complexity 
observed in root canal configurations highlights the importance 
of thorough cleaning, shaping, and irrigation, particularly in 
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cases with multiple canals. While true C-shaped canals are rare, 
the overall anatomical complexity supports the selective use of 
CBCT when preoperative radiographs suggest unusual anatomy 
or when difficulties are encountered during treatment.
Conclusion.

The vast majority of cases (94.1%) present with two separate 
roots, with no significant gender differences. The mesial root 
predominantly exhibits a Vertucci Type IV canal configuration 
(90.1%), indicating two separate canals requiring careful 
negotiation. The distal root shows considerable variability, 
most commonly Type I (58.5%), though clinicians should be 
aware that a second distal canal is present in over 40% of cases. 
True C-shaped canal configurations are rare in mandibular first 
molars, with a prevalence of approximately 0.6%, consistent 
with findings from neighboring Middle Eastern populations. 
No significant gender-based differences were observed in any 
morphological feature. These findings reinforce the need for 
clinicians to anticipate common anatomical variations during 
treatment planning. The high prevalence of two separate mesial 
canals and the substantial variability in distal root anatomy 
warrant careful exploration and consideration of advanced 
imaging when complex anatomy is suspected. By filling a 
significant regional knowledge gap, this study contributes 
essential evidence to improve diagnostic accuracy, treatment 
outcomes, and procedural safety in endodontic practice.
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