Root and Canal Morphology Variations in Maxillary Premolars: A Cross-Sectional Study in Rasht, Iran

Abstract
Introduction: Successful root canal treatment depends on thoroughly understanding root canal morphology. Variations in this anatomy are common and can significantly impact treatment outcomes. This study aimed to investigate the prevalence of root and canal configurations in maxillary premolars and their association with age, gender, and jaw side in a specific Iranian population.
Methods: A cross-sectional study analyzed CBCT images of maxillary premolars from patients treated at oral and maxillofacial radiology clinics in Rasht City, Iran, between 2021 and 2022. Root number and canal morphology (Vertucci classification) were determined. Statistical analysis assessed associations between these variables and age, gender, and jaw side. The significance level of the tests was set at 0.05.
Results: A total of 1732 maxillary premolars were analyzed. Maxillary first premolars showed a nearly equal distribution of single- (46.1%) and double-rooted (52.9%) teeth, while maxillary second premolars were predominantly single-rooted (91.1%). Vertucci types II and IV were most frequent in single-rooted maxillary first premolars, while type I predominated in second premolars. A statistically significant association was found between canal morphology and both gender (p < 0.05) and age (p < 0.05), but not jaw side. Males had a higher frequency of multi-rooted teeth, and canal complexity increased with age.
Conclusions: This study provides valuable data on maxillary premolars' root and canal morphology in a specific Iranian population. The findings highlight significant morphological variations related to tooth type, gender, and age affecting endodontic treatment planning. Pre-operative CBCT assessment may improve treatment outcomes.
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Introduction
Successful root canal therapy (RCT) relies on complete debridement of the root canal system.[1, 2] Inadequate knowledge of root anatomy can compromise treatment outcomes and lead to tooth loss due to incomplete cleaning.[3, 4]
With their complex root canal anatomy, maxillary premolars are particularly challenging for RCT.(1, 2) Variations in root number and canal configuration contribute to this complexity, with second premolars exhibiting greater morphological diversity than first premolars.(3, 4)
Previous studies on the prevalence of root numbers in maxillary first premolars have exhibited significant variability both within and between populations. In Iranian studies, the prevalence of single-rooted teeth ranged from 19.5% to 72.4%, double-rooted teeth from 27.6% to 79.4%, and triple-rooted teeth from 0.0% to 1.85%. Comparable global studies reported a similar range, with single-rooted teeth accounting for 23.7% to 72.22%, double-rooted teeth for 26.54% to 75.1%, and triple-rooted teeth for 0.3% to 2.6%.(2, 4-12)
The investigations into the prevalence of root numbers in maxillary second premolars among the Iranian population revealed that single-rooted teeth constituted 91% to 98% of cases, double-rooted teeth 2% to 8.5%, and triple-rooted teeth 0.0% to 0.5%. Similar studies conducted in other populations demonstrated a comparable range, with single-rooted teeth accounting for 82.1% to 91.9%, double-rooted teeth for 8.1% to 17.9%, and triple-rooted teeth for 0.0% to 1%.(2, 6, 7, 10, 12)
Furthermore, studies on the canal morphology of maxillary premolars based on the Vertucci classification have consistently reported types IV, II, and I as the most frequent in maxillary first premolars. Similarly, types I, II, and IV were found to be the most common in maxillary second premolars.(2-4, 6, 7, 9-12) 
Therefore, the accurate assessment of root canal morphology is crucial for successful RCT. While various methodologies exist, including decalcification and sectioning, radiographic visualization, and macroscopic assessment, cone beam computed tomography (CBCT) offers superior three-dimensional visualization.(5)
CBCT's cost-effectiveness, reduced radiation exposure, high resolution, and rapid scan time have led to its widespread adoption in various dental specialties, including endodontics.(8, 13, 14)  Furthermore, CBCT provides additional patient-specific information that may influence root canal morphology, such as age, gender, and ethnicity.(15) Significantly, variations in root canal anatomy can be attributed to race, genetics, diet, geographic location, gender, and age.(1)
While several studies have investigated maxillary premolar morphology in different Iranian regions, further regional investigations are necessary to account for potential ethnic and genetic influences on root canal anatomy. Therefore, this study aimed to determine the frequency of various root and canal anatomy types in maxillary premolars using CBCT images of patients referred to oral and maxillofacial radiology clinics in Rasht City in 2021-2022.
Materials and Methods
This cross-sectional analytical study utilized CBCT images from patients who visited maxillofacial radiology clinics in Rasht City between 2021 and 2022. This study was approved by the Ethics Committee of the Guilan University of Medical Sciences (IR.GUMS.REC.1401.091). The CBCT images, initially obtained for implant treatment planning, prosthetics, orthodontic surgery, and endodontics, were collected, and selected maxillary premolars meeting specific criteria. 
Inclusion criteria included patients aged 16 to 60 years with intact maxillary premolars exhibiting complete root formation and no history of RCT. Teeth with restorations, external or internal root resorption, periapical lesions, posts, calcifications, unacceptable dental conditions, or low-quality images were excluded. The age range was chosen to encompass a broad adult population with generally complete root development while excluding potential confounding factors associated with aging. Restorations were excluded to ensure an accurate inherent root canal morphology assessment.
All CBCT images were acquired using a Newtom Go device (settings: 90 kV, 15 mA, 100 x 100 mm maximum FOV, 80 µm voxel size) and evaluated using NNT Viewer software.
A dental student whose training was confirmed in a pilot study performed image observation and data collection. The maxillary premolars were examined for root and canal morphology using axial, coronal, and sagittal views of CBCT images. Coronal and sagittal views were used to aid in diagnosis in the axial view, from the floor of the pulp chamber to the apex. 
Teeth were divided into single-rooted, two-rooted, and three-rooted based on the number of roots. Based on the Vertucci classification, the canal morphology was divided into Vertucci types I to VIII.(16)
After collecting data based on the research checklist, the data was entered into IBM SPSS v26. To determine the frequency of the root anatomy and canal morphology of the examined teeth, frequency, percentage, and 95% confidence intervals were used. The chi-square test was used to compare the frequency of canals based on the number of roots, tooth type, age, gender, and tooth side. The level of significance of the tests was considered to be 0.05. 
[bookmark: _Ref174448543]Results
A total of 1732 maxillary premolars were analyzed from 753 CBCT images. Maxillary first premolars (n=924, 53.35%) were slightly more frequent than maxillary second premolars (n=808, 46.65%). The sample included 774 male and 958 female teeth, with an average patient age of 36.9 ± 13.3 years. Teeth were categorized based on the number of roots (single, double, triple) and canal morphology (Vertucci types I-VIII).
Maxillary first premolars primarily exhibited a single root (46.1%) with Vertucci type II canals. Approximately 52.9% were double-rooted, with both roots displaying Type I canals. Only 1% of teeth presented with three roots, all of which were Type I. Maxillary second premolars were predominantly single-rooted (91.1%), with Vertucci type I canals being the most common. A small portion (8.8%) were two-rooted, primarily with type I canals. A three-rooted premolar with all type I canals was found in a sporadic case. (see Figure 1 and Figure 2 for CBCT images)
Figure 3 presents a stacked bar chart summarizing the distribution of Vertucci canal types across maxillary first and second premolars. The chart highlights the predominance of Vertucci Type I canals in second premolars, accounting for the majority of configurations, followed by lower frequencies of Types II, III, and IV.
Analysis of root numbers revealed a statistically significant difference between genders (p < 0.001). Females showed a significantly higher prevalence of single-rooted teeth (74% vs. 58.6% in males), while males had a higher frequency of double-rooted teeth. No significant differences in root number were observed across age groups (p = 0.453) or between the right and left sides of the jaw (p = 0.599). [Table 1]
Canal morphology analysis revealed a significant association between gender (p = 0.031) and age (p = 0.001). Specifically, the prevalence of Vertucci type I and IV canals decreased with age, while the frequency of type II canals increased. No significant differences in canal type were observed between jaw sides (p = 0.576). [Table 2]
Discussion
A comprehensive understanding of root morphology and canal anatomy is a prerequisite for achieving a clean and disinfected root canal during endodontic treatment. Many challenges encountered during root canal therapy can be directly attributed to an inadequate understanding of dental morphology.(17) CBCT is one of the methods for evaluating root canal morphology, playing a significant role in endodontic diagnosis, treatment planning, and follow-ups.(9, 18)
This study utilized CBCT imaging to investigate the prevalence of root and canal configurations in maxillary premolars within a Rasht City, Iran, population and to explore the influence of age, gender, and jaw side.
Maxillary first premolars in our sample exhibited a prevalence of single roots (46.1%), closely mirroring findings by Mashyakhy (19) and Abella et al. (2). However, this contrasts with studies reporting higher proportions of single-rooted teeth (3, 20, 21), potentially reflecting ethnic or geographic variations. The higher prevalence of double-rooted teeth (52.9%) in our cohort aligns with Loh's observations (22) but differs from some studies reporting a different distribution.(2)
 For maxillary second premolars, the overwhelming predominance of single roots (91.1%) is consistent with several studies [19, 20], but other reports show a substantially higher frequency of two-rooted teeth.[1, 6, 23, 24]  These discrepancies likely stem from variations in sample populations, methodologies, and potentially genetic influences.
In single-rooted maxillary first premolars, Vertucci types II, IV, and I were most prevalent (46.5%, 38.3%, and 12.7%, respectively), broadly consistent with Asheghi et al. (20), and Popovic et al.(23) Nevertheless, diverging from others shows a higher prevalence of type I (24) or different rank orders.(3, 25, 26) The absence of types VII and VIII mirrors many studies, suggesting these are rare configurations. Double- and triple-rooted teeth predominantly showed type I canals in buccal and palatal roots, a pattern observed in other studies. In maxillary second premolars, the prevalence of types I, II, and IV in single-rooted teeth was high and aligned with several studies (2, 20, 23, 24, 26, 27),  but not all.(25, 28, 29) These discrepancies underscore the heterogeneity of canal morphology across diverse populations.
Our findings reveal a statistically significant association between gender, root number, and canal configuration. Males showed a higher prevalence of multiple-rooted teeth and complex canal configurations, while females demonstrated a higher frequency of single-rooted teeth. This is consistent with some studies (30, 31), but contrasts with others, who found no gender association.(32-34) This divergence suggests that the influence of gender on root morphology may be population-specific and warrants further investigation.
While the number of roots remained relatively consistent across age groups, a statistically significant age-related variation in Vertucci types emerged (p = 0.001). Specifically, a decrease in type I and IV configurations and an increase in type II configurations were observed with advancing age, consistent with some studies (35, 36) but not others.(37) These changes may be attributed to developmental processes, hormonal fluctuations, dietary factors, mechanical stresses, or genetic predispositions, necessitating further research to elucidate the mechanisms fully.
No statistically significant differences were observed in root number or Vertucci-type distribution between the right and left sides of the jaw. This aligns with most studies (19, 30, 32, 34), suggesting systemic factors may be more influential in determining root canal configurations than local variations. However, this contradicts some findings reporting laterality differences (38), potentially due to population-specific factors.
The findings highlight the substantial variability in root and canal morphology of maxillary premolars, emphasizing the importance of preoperative assessment, ideally with CBCT, for optimal endodontic treatment planning. Acknowledging gender—and age-related variations can improve treatment predictability and reduce the risk of complications. Further research on the genetic and environmental factors influencing these variations is warranted.
Despite the valuable insights provided by this study, several limitations should be acknowledged. First, the retrospective nature of CBCT image selection may introduce sampling bias, as most of the images were obtained initially for clinical purposes unrelated to endodontic evaluation. Second, the study was confined to a single geographic region, potentially limiting the generalizability of the findings to broader populations with different ethnic and genetic backgrounds. Additionally, although CBCT offers high-resolution imaging, the interpretation of canal configurations remains partially operator-dependent and subject to inter-observer variability.
Future studies should include larger and more diverse populations across multiple regions to validate and expand upon these findings. Incorporating advanced machine learning algorithms for image analysis could also enhance the objectivity and reproducibility of morphological assessments. Moreover, prospective studies evaluating clinical outcomes about anatomical complexity would further elucidate the clinical relevance of canal morphology variations and support the development of predictive models for treatment planning.
Conclusion
This cross-sectional analysis offers a comprehensive anatomical assessment of maxillary premolars in an Iranian subpopulation using CBCT imaging. The study confirms substantial morphological variability, with maxillary first premolars exhibiting a nearly equal distribution of single and double roots and maxillary second premolars predominantly presenting a single-rooted configuration. Canal morphology patterns, particularly the predominance of Vertucci types II and IV in first premolars and type I in second premolars, were significantly associated with gender and age. These findings underscore the necessity for individualized preoperative assessment to optimize endodontic treatment strategies. Future investigations should explore the genetic, environmental, and developmental factors contributing to these anatomical differences, thereby enhancing the precision of endodontic care across diverse populations.
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[bookmark: _Ref198988076]Figure 1. Double-rooted maxillary premolar in CBCT images and in axial (left) and coronal (right) views
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[bookmark: _Ref198988080]Figure 2. CBCT images of maxillary premolar; A) Type I Vertucci. B) Type II Vertucci. C) Type IV Vertucci. D) Type VI Vertucci
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[bookmark: _Ref198987406]Figure 3. Stacked Distribution of Vertucci Canal Types in Maxillary Premolars
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[bookmark: _Ref174449104]Table 1. Frequency distribution of the number of roots according to gender, age, jaw side
	Variables
	Number of Roots
	Total
N (%)
	p-valuea

	
	1
N (%)
	2
N (%)
	3
N (%)
	
	

	Gender
	Male
	454 (58.66)
	313 (40.44)
	7 (0.90)
	774 (44.69)
	<0.001*

	
	Female
	708 (73.90)
	247 (25.78)
	3 (0.31)
	958 (55.31)
	

	Age
	16-30
	350 (65.18)
	183 (34.08)
	4 (0.74)
	537 (31.00)
	0.453

	
	30-50
	557 (69.18)
	253 (30.34)
	4 (0.48)
	834 (48.15)
	

	
	50-60
	235 (65.10)
	124 (34.35)
	2 (0.55)
	361 (20.85)
	

	Jaw side
	Right
	614 (66.59)
	304 (32.97)
	4 (0.43)
	922 (53.23)
	0.599

	
	Left
	548 (67.65)
	256 (31.6)
	6 (0.74)
	810 (46.77)
	


a chi-square test
[bookmark: _Ref174449548]Table 2. Frequency distribution of the canal type (Vertucci's classification) according to gender, age, jaw side
	Variables
	N (%)
	p-valuea

	
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	

	Gender
	Male
	496 (64.1)
	171 (22.1)
	17 (2.2)
	78 (10.1)
	9 (1.2)
	3 (0.4)
	0 (0.0)
	0 (0.0)
	0.031*

	
	Female
	581 (60.6)
	191 (19.9)
	29 (3)
	135 (14.1)
	20 (2.1)
	1 (0.1)
	1 (0.1)
	0 (0.0)
	

	Age
	16-30
	346 (64.4)
	86 (16.0)
	10 (1.9)
	78 (14.5)
	16 (3.0)
	1 (0.2)
	0 (0.0)
	0 (0.0)
	0.001*

	
	30-50
	513 (61.5)
	182 (21.8)
	31 (3.7)
	97 (11.6)
	9 (1.1)
	2 (0.2)
	0 (0.0)
	0 (0.0)
	

	
	50-60
	218 (60.4)
	94 (26.0)
	5 (1.4)
	38 (10.5)
	4 (1.1)
	1 (0.3)
	1 (0.3)
	0 (0.0)
	

	Jaw side
	Right
	572 (59.7)
	201 (21.8)
	20 (2.2)
	112 (12.1)
	15 (1.6)
	1 (0.1)
	1 (0.1)
	0 (0.0)
	0.576

	
	Left
	505 (62.3)
	161 (19.9)
	26 (3.2)
	101 (12.5)
	14 (1.7)
	3 (0.4)
	0 (0.0)
	0 (0.0)
	


a chi-square test
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Data Analysis:
After collecting data based on the research checklist, the data was entered into SPSS v26. To
determine the frequency of the root anatomy and canal morphology of the studied teeth,
frequency, percentage, and 95% confidence intervals were used. The chi-square test was used
to compare the frequency of canals based on the number of roots, tooth type, and background
variables such as age, gender, and tooth side. The level of significance of the tests was
considered to be p<0.05.
Jus S 5 JL8 Gl L 3 5 CBCT ssbes o ) 53 S 8l jlses s i
(A 8 a0 sl g2 5 CBCT bt
IV li(C o2 IT i [B .o sins T sl
23 VI (D 2503
93 cAly K gy Ay amt il
US55l 5m i b 0D Ay s 54
VIIT STl i o2 )5 g dbha Gl o
Al gl o2 81
W osala 3l v -

Page3of 14 5405words [%  Persian (ran) (¥ Accessibility: Investigate B = - 1 + 100%





image2.png
Picture Tools

Picture Format

Find ~

T|t|e 2, Replace

[ Select ~

X
ﬁ cut Times New Romar - [[12 - A

B Co
Paste 5 Copy

~ ¥ Format Painter

Clipboard Font Editing

Rl e oy gl
3 CBCT psbsi 0 4l
dus S s duifigle e

CBCT i sbst
(A SR Slse oy gl
I (B a5y Tt
IV HC a5
VI < (D .55
ex St

8 LIS (5 5l ) 5e (i a5 pandh Ay ) A 5 A 33 ey ) K3 ) g g iy 005 bl s Sl

W 22 0

51 Gt g 5 205 SPSS V26 1 i 215 W 312 (it Casd (Sa s e e DUl (5 51 g
W O 788 Jaselal aloald Ginas 5 gl a3 651l 4nllinn 2 50 (sla JUIS (55150 5 4k (asill

P R S T T PP O

g

Page3of 14 5409words LIX  Arabic (Saudi Arabia) essibility: Investigate = - L +
10:46 AM
8/13/2024

) ENG





image3.png
Total Frequency

500

400

300

200

100

Vertucci |

Stacked Distribution of Vertucci Canal Types in Maxillary Premolars

Tooth Type
= 1st Premolar
== 2nd Premolar

Vertucci Il

Vertucci IV
Vertucci V
Vertucci VI

Vertucci Canal Type

Vertucci VIl

C
<3
2

]

>




