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Abstract 
 
Introduction: The risk of error is higher in the treatment of teeth with curved roots, resulting in the reduced success of root canal treatment. 

Maxillary lateral incisors are more likely to curve in the buccolingual direction. In this study, we aimed to evaluate the curvature of maxillary 

lateral incisors, using cone-beam computed tomography (CBCT). Methods: This descriptive, analytical study was performed on 117 patients, 

with an average age of 40 years, who were referred to a private radiology center. The curvature angle was measured using the Schneider 

method, and the curvature radius was determined using the Estrela method. Moreover, the distance between the starting point of the curvature 

and the cementoenamel junction (CEJ) was measured using Planmeca Romexis Viewer 2.9.2.R and Geometry Expressions v. 3.0. The 

collected data were analyzed using SPSS 17. Findings: The degree of curvature was classified according to the Seidberg classification. In the 

coronal view, the curvature degree was mild to moderate; further, severe curvature was quite common (left, 31.2% vs. right, 22.9%). In the 

sagittal view, the curvature degree was mostly mild, and severe curvature was rarely observed (left, 1% vs. right, 1.8%). The curvature radius 

was mild in most cases, and most curvatures were distally inclined. The mean distance from the starting point of the curvature to the CEJ 

was 10.5 mm on the left and 10.2 mm on the right. Conclusion: The results indicated a mild to moderate degree of curvature in the root. 

There was a significant positive correlation between the curvature angle in the coronal view and curvature angle in the sagittal view on both 

sides. 
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INTRODUCTION 
 
One of the most important factors in the success of root canal 

treatment is complete preparation and cleaning of the root 

canal system. The remains of microorganisms and infectious 

pulp in the canal can lead to treatment failure [1]. Failure to 

detect the root canal curvature can lead to canal cleaning 

accidents, including loss of working length, deviation from 

the path of the root canal, strip perforation, root perforation 

during post-placement, apical root perfusion, breakage of 

instruments in the canal, and bubbles [2-6]. These avoidable 

errors reduce the rate of treatment success, especially in 

necrotic mandibular teeth [7]. In general, the success rate is 

also lower in teeth with more root curvature [8]. 

Typically, the root curvature angle and radius are used as the 

main criteria for measuring the degree of curvature. Since 

canals with the same curvature angle may have different 

radiuses, both curvature angle and radius should be 

determined. In a study by Farida Abesi et al., the mean 

curvature angle of lateral incisor roots was 12.1±11.2 

degrees, and the mean curvature radius was 12.0±5.0 mm in 

the coronal view [9].  

Additionally, in a study by Brita Willershausen et al., the 

distance from the cementoenamel junction (CEJ) to the 

starting point of the curvature was 11.3±2.4 mm on the right 
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and 10.8±3.5 on the left maxillary lateral incisors [10]. 

Furthermore, Schäfer et al. reported one curvature in 71% of 

maxillary lateral incisors and more than one curvature in 6%. 

In this study, the mean curvature angle was 0 in the lateral 

view [11].  

Three-dimensional cone-beam computed tomography 

(CBCT), compared with other methods of root curvature 

assessment, presents images with a higher resolution and 

provides excellent details in the axial, sagittal, and coronal 

planes, without superimposition. This method also facilitates 

morphological examination of the canal by changing vertical 

and horizontal angles [12]. Therefore, in this study, the 

curvature of maxillary lateral incisors was evaluated in two 

coronal and sagittal views, using CBCT radiography in Yazd, 

Iran.  

MATERIALS AND METHODS 

In this analytical cross-sectional study, CBCT radiography 

was performed for patients admitted to a private maxillofacial 

radiology center. Based on previous studies [9], with a targeted 

coefficient interval of 95% (α= 0.5) and an accuracy of 2% 

(d= 2), the required sample size was estimated to be 117. The 

inclusion criteria were complete root formation and single 

canal teeth. The exclusion criteria were previous root canal 

treatment, crown and post in the canal, periapical lesion, 

developmental defect of the tooth, and inability to observe 

CEJ due to insufficient image resolution.  

Primary radiographs were acquired using a Planmeca device 

(Finland) under the following conditions: 84 kV, 12 mA 

current, exposure time of approximately 13 seconds, 160 μm 

voxel size, and FOV of 100×80 mm. The images were stored 

in the DICOM format on a compact disc. They were then 

analyzed using Planmeca Romexis Viewer 2.9.2.R in the 

sagittal and coronal views with the desired brightness and 

contrast in a dark room (displayed on a 14-inch screen with 

1366*768 HD resolutions).  

The collected data were recorded in the prepared forms. In 

order to measure the curvature angle using the Schneider 

method [13], one line was drawn parallel to the longitudinal 

axis of the canal, while the second line was drawn from the 

apical foramen to intersect with the first line at the point 

where the canal begins to level the long axis of the tooth. The 

curvature degree was classified according to the Seidberg 

classification [14], in which angles < 5 degrees indicate mild 

curvature, 5-25 degrees indicate moderate curvature, and 25-

70 degrees represent severe curvature.  

In addition, to measure the curvature radius using the Estrela 

method [15], the distance from the starting point of the 

curvature (point A) to the apex was measured; for values < 6 

mm, half the distance was taken into consideration, while for 

values > 6 mm, the side length was 3 mm. Then, a 

quadrilateral was drawn on 2 sides, and the created angle was 

measured using Geometry Expressions v3.0. The angles of 

the other sides were fixed at 90 degrees to change the 

quadrilateral shape as necessary for measuring the curvature 

angle using the Estrela method. For this purpose, the radius 

curvature was determined by measuring the distance from the 

starting point of the curvature to the intersection of 2 lines 

perpendicular to the midpoints (z0 in the image). A small 

radius (r≤ 4 mm) indicates severe curvature, a medium radius 

(4<r≤8 mm) indicates moderate curvature, and a large radius 

(r> 8 mm) represents mild curvature.  

 
Figure 1. Measurement of curvature angle via the Schneider method 
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Figure 2. Measurement of curvature radius via the Estrela method 

In order to calculate the distance between the starting point of 

curvature and CEJ, a line was drawn along the mesial to distal 

aspects at the intersection of the cement and enamel of the 

tooth, and the distance from the point of curvature to this line 

was measured. In the coronal view, the curvature inclination 

was recorded as mesial, distal, and without curvature, while 

in the sagittal view, the inclination was recorded as buccal, 

lingual, and without curvature.

 
Figure 3. A general representation of the angles and points of curvature in the maxillary lateral incisors 

After collecting the data, they were entered into SPSS v. 17, 

and the tables and figures were plotted. T-tests, analysis of 

variance, chi-square tests, Fisher's exact tests, and Pearson’s 

correlation coefficient tests were used for the statistical 

analysis.  
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RESULTS  

In this study, CBCT radiographic images of maxillary lateral 

incisors were studied in 117 patients who were referred to a 

private maxillofacial radiology center. Considering the 

exclusion criteria, curvature-related variables were measured 

in 106 left lateral incisors and 109 right lateral incisors. The 

average age of the participants was 40.6±12.4 years (range, 

18 to 73 years). In total, 52 (44.4%) participants were male, 

and 65 (55.6%) were female. 

In the coronal view, the curvature angle was mild to 

moderate; although severe curvature was also quite common 

(left, 31.2% vs. right, 22.9%). In the sagittal view, the 

curvature was mostly mild, and severe curvature was rarely 

observed (left, 1% vs. right, 1.8%). The curvature radius was 

also mild in most observations, and most curvatures were 

distally inclined. The mean distance from the point of 

curvature to the CEJ was 10.5 mm on the left lateral incisor 

and 10.2 mm on the right lateral incisor. 

The correlation coefficient was significant for the curvature 

angle in the coronal view and the curvature angle in the 

sagittal view on both sides. Therefore, in maxillary lateral 

incisors, by increasing the curvature angle in the coronal 

view, the curvature angle in the sagittal view also increases. 

In contrast to the curvature angle, the correlation coefficient 

of the curvature radius in coronal and sagittal views was not 

significant on either side. 

 

Table 1. Correlation coefficients of curvature variables in maxillary lateral incisors 

Variables Correlation coefficient P-value 

Curvature angle in the coronal view with curvature angle in the left sagittal view 0.322 0.001 

Curvature angle in the coronal view with curvature angle of the right sagittal view 0.256 0.007 

The curvature radius of the coronal view with curvature angle of the left sagittal view 0.041 0.831 

The curvature radius of the coronal view with curvature angle of the right sagittal view 0.390 0.110 

 

Table 2. Frequency distribution of curvature direction in maxillary lateral incisors 

Side 
Curvature direction in 
 the sagittal view 
 

Buccal Lingual Without curvature Total 

 Curvature direction in 
 the coronal view 

Number Percent Number Percent Number Percent Number Percent 

Left Mesial 1 0.9 1 0.9 6 5.7 8 7.5 

 Distal 4 3.8 23 21.8 40 37.7 67 63.3 

 Without curvature 0 0 1 0.9 30 28.3 31 29.2 

 Total 5 4.7 25 23.6 76 71.7 106 100 

Right Mesial 0 0 4 3.7 6 5.5 10 9.2 

 Distal 5 4.6 8 7.3 37 33.9 50 45.8 

 Without curvature 2 1.8 2 1.8 45 41.4 49 45 

 Total 7 4.6 14 12.8 88 80.8 109 100 

 

Table 3. Mean starting point of curvature in maxillary lateral incisors 

The starting point of curvature Gender Number of samples Mean SD Minimum Maximum P-value 

Left Male 28 10.6 1.7 6.2 13 0.605 

 Female 45 10.43 1.2 7.9 13  

 Total 73 10.49 1.4 6.2 13  

Right Male 23 10.47 1.7 7.9 14 0.349 

 Female 39 10.09 1.4 7.5 13.5  

 Total 62 10.23 1.5 7.5 14  
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DISCUSSION 

Radiography before a root canal procedure is required to 

determine the curvature angle, radius, location, and a number 

of canals in order to reduce errors during treatment and 

increase the overall success of treatment [16]. Various methods 

have been proposed for determining the curvature angle and 

radius [17]. This study aimed to measure the curvature angle 

using the Schneider method and the curvature radius using 

the Estrela method, on CBCT images. 

According to the results of this study, the highest frequency 

of curvature direction in maxillary lateral incisors was distal 

in the coronal view (63.3% on the left vs. 45.8% on the right). 

In the sagittal view, lack of curvature occurred most 

frequently (71.7% on the left vs. 80.8% on the right). 

Similarly, in a study by Farida Abesi et al. [18], curvatures 

were distally inclined in 64.7% of teeth and mesially inclined 

in 35.3% of maxillary anterior teeth with curvatures in the 

coronal view; this similarity could be related to the similar 

race of the participants in these studies.  

In this study, the mean curvature radius of maxillary lateral 

incisors was 8.7 mm on the left and 9.9 mm on the right in the 

coronal view. Moreover, the mean curvature radius in the 

sagittal view was 18.1 mm on the left and 13.0 mm on the 

right. Farida Abesi et al. [18] analyzed the curvature of anterior 

teeth and reported that the mean curvature angle of the lateral 

teeth was 12.1, and the mean curvature radius was 12.0 mm 

in the coronal view. This discrepancy could be attributed to 

differences in radiography and radius measurement in teeth 

with curvature angle > 20 degrees. However, similar results 

were reported in a study by L’aya Safi et al. [13], which 

revealed that the mean curvature angle of maxillary lateral 

incisors was 9.4 degrees, and most curvatures (73%) were 

distally inclined. 

Based on the results of this study, in the coronal view of left 

maxillary lateral incisors, mild curvature angle had the 

highest frequency in men (43.5%) and moderate frequency in 

women (45%). On the right side, mild curvature angle 

showed the highest frequency in men and women (55.3% vs. 

45%). Moreover, in the sagittal view, mild curvature angle 

had the highest frequency in men and women in the left teeth 

(78.3% vs. 71.8%). On the right side, a mild curvature angle 

was reported in 87.2% of men and 79% of women.  

In the study by Farida Abesi et al. [18], the degree of curvature 

in the coronal view was mild in 39% of maxillary anterior 

teeth, moderate in 44%, and severe in 16%. In addition, 2.5% 

of the canals had a curvature angle < 4 degrees, 19% had a 

curvature angle of 5-8 degrees, and 78.5% had a curvature 

angle > 9 degrees. La’ya Safi et al. [19] reported that maxillary 

lateral incisors often have a mild curvature of 5-25 degrees. 

This finding is in line with our study, which showed that most 

curvature angles and radiuses in men and women are mild or 

moderate; this similarity could be attributed to the similar 

ethnicity of the participants in these studies. 

Moreover, Edgar Schäfer et al. [11] analyzed the frequency, 

angle, radius, and length of curvature in the canals of 

permanent teeth. The measurement of curvature angle in teeth 

with 1 curvature was performed using the Schneider method 
[13], while in teeth with more than 1 curvature, the 

Cunningham and Senia method was applied [2]. The curvature 

radius was also measured using a different method. It was 

reported that 84% of all the examined canals had 1 curvature, 

while 17.5% had 2 curvatures. In this study, 71% of the canals 

of maxillary lateral incisors had 1 curvature, while 6% had 

more than 1 curvature. In the clinical view of maxillary lateral 

incisors, the mean curvature angle was 11 degrees, the 

maximum curvature angle was 74 degrees, and the mean 

curvature radius was 5.9 degrees. In the lateral view, the mean 

curvature angle was 0, the maximum curvature angle was 55 

degrees, and the mean curvature radius was 0 mm. The study 

by Edgar Schäfer et al. [11] which is similar to the present 

study reported most curvatures to be mild and moderate. 

Furthermore, in a study by Liu F et al. [20], it was reported that 

the root canal of anterior teeth was mostly typed in the 

examined population. Most curvatures were moderate and in 

the apical one-third. The shortest radius and length of 

curvature were observed in the maxillary lateral incisor, 

which indicates severe curvature and needs attention during 

root canal treatment. 

Based on the results of this study, the mean distance between 

CEJ and starting point of curvature was 10.49 mm on the left 

and 10.23 on the right maxillary lateral incisor. In this regard, 

in a study by Brita Willershausen et al. [10], the mean distance 

between CEJ and the first curvature of maxillary incisors was 

11.3 mm on the right and 10.8 mm on the left in the coronal 

view. Further, the angle of the first curvature of the maxillary 

lateral incisor root was 10.9 degrees on the right and 10.7 

degrees on the left in the coronal view.  

In their study, all the maxillary lateral incisors had curvatures, 

and the frequency of lateral incisors with 2 curvatures was 

20.6% on the right and 20.5% on the left. The differences in 

the results of this study and the present research can be 

justified by differences in ethnicity and radiography, as well 

as the exclusion of teeth with more than 1 curvature in this 

study. 

To reduce the risks in curved canals, dentists can apply 

modern tools and methods to reduce the occurrence of such 

problems as much as possible. Therefore, accurate diagnosis 

and precise information about the root curvature, angle, and 

inclination are necessary. Moreover, change of conventional 

lingual access to incisal access, use of periapical radiography 

along with or instead of apex locator (to increase the accuracy 

of working length), application of nickel-titanium files for 

proper cleaning and shaping, and use of warm vertical 

techniques, such as the Guttafusion and Thermafil techniques 

to fill the curved canals, are recommended [21-24]. 
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CONCLUSION 

The results of this study showed that most curvatures of 

maxillary lateral incisors are distally inclined. Variables 

indicating the curvature degree were often mild to moderate, 

and the difference was not significant between men and 

women. A significant positive correlation was found between 

the increase in the curvature angle in the coronal view and the 

curvature angle in the sagittal view of lateral incisors on both 

sides. 
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