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            Abstract

            
               
Background: The position of maxillary impacted canine (MIC) and the presence of lateral incisor root resorption (RR) remains a challenge
                  for interceptive orthodontics and surgical treatment planning. The use of panoramic radiographs will be compared with CBCT
                  in the diagnosis of RR and emphasize the importance of accurate diagnostic imaging.
               

               Purpose: To compare the diagnostic accuracy of Cone Beam Computed Tomography and Panoramic Radiography in detecting lateral incisor
                  RR associated with MIC. To evaluate, with respect to sector position of impacted canines, the agreement between panoramic
                  radiographs and CBCT in detecting lateral incisor RR.
               

               Materials and Methods: A cross-sectional retrospective descriptive study on panoramic and CBCT radiographic records between January 2014 and December
                  2020. The study setting was Section of Diagnostic Imaging at a University Oral Health Centre. All patients requiring radiographs
                  are referred to this section by all dental departments of the dental hospital. The study sample consisted of CBCT and panoramic
                  images of impacted maxillary canines of patients older than 9yrs. Patients with odontogenic and non-odontogenic pathology
                  in the canine and incisor area, those with previous diagnosis of external root resorption verified from the patient’s treatment
                  records, and patients who have had any form of orthodontic treatment; removable or fixed appliances were excluded. Data was
                  analysed using Statistical Package for the Social Sciences (SPSS) version 27. Pearson's chi-squared test was used to analyse
                  the agreement between panoramic radiographs and CBCT in locating canine sector position. All tests were conducted at 5% significance
                  level.
               

               Results: Fifty patients records were analysed in our study. The median age of the sample was 15 years and the IQR was 12.5-19. Our
                  sample consisted predominantly of females (n=40) compared to males(n=10). A total of 65 MIC were assessed with 16 bilateral
                  impactions (n=32) and the unilateral impactions (n=33). Of the 65 MICs, 46% were located on the right side and 54% were located
                  on the left side. The CBCT examination showed that 58% (n = 38) of MIC were located palatally, 34% (n=22) labially and 8%
                  (n=5) in the mid-alveolus (between the teeth). The majority of MIC occurred in sector 4 in 2-D pan (26%, n=17) and 3-D pan
                  at (32%, n=21). Pearson's chi-squared test results showed a statistically significant difference in the agreement between
                  2-D pan and 3-D pan in locating canine sector position (p=0.001).
               

               Conclusions and Clinical Significance: The detection of root resorption in our study underscores the importance for clinicians to examine panoramic radiographs
                  thoroughly beyond the counting of teeth. Although panoramic radiographs are the routine diagnostic tool in contemporary dental
                  practice, their limitation in definitive diagnosis of root resorption should be augmented with the use of CBCT.
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               Introduction

            Canines play a pivotal role in dentition; in the maxilla, they are referred to as the ‘cornerstone’ of the maxillary arch.
               In addition to their role in arch development and functional occlusion, they play a vital role in facial appearance by supporting
               both the alar base and upper lip.1 However, during their eruption, maxillary canines may fail to descend to their respective positions within the dental arch
               and become impacted either facial or palatal of the dental arch.2 Canines are the second most impacted teeth after the third molars with a prevalence that ranges from 0.9% to 3.0%, depending
               on the population examined.2, 3, 4 Impaction of maxillary canines (85.2%) is more prevalent than mandibular canine impaction (8.8%); the least common is two
               arches involvement (6%).5 
            

            The most frequent adverse effect of canine impaction is root resorption (RR) of the maxillary lateral incisor.2  RR is defined as non-infectious, irreversible damage related to the loss of cementum and dentine of the teeth in the vicinity
               of an impacted canine.6 In many cases, lateral incisor root resorption may be radiographically diagnosed at an early stage but it is often not associated
               with pain, and may rapidly progress to devitalize a tooth and reduce its longevity. The most commonly affected tooth by RR
               is the maxillary lateral incisor.2 Furthermore, the central incisor may be affected, and occasionally, resorption of premolars has been reported. 4, 7 
            

            When RR is clinically diagnosed at an advanced stage, it makes treatment difficult and may lead to extraction of the affected
               tooth. A study done by Alqerban et al.8 reviewing lateral incisor RR induced by maxillary impacted canine (MIC) stated that timeous diagnosis may reduce the severity
               and complications associated with RR. Early detection and prevention are considered to decrease the need for canine exposure
               and simplify orthodontic treatment.9 
            

            In general, the diagnosis of MIC is based on the analysis of periapical and/or panoramic radiographs, despite the limitation
               of representing a three-dimensional object in a two-dimensional image.10 Drawbacks, such as image distortion, magnification, artifacts, blurred images, or structural superimposition have been associated
               with 2-D pan.11 Cone beam computed tomography (CBCT) has become the modality of choice for detecting RR associated with MIC.12  CBCT improves the localization of impacted teeth, identifies relevant pathology and has a high reliability in detecting
               RR by eliminating overlap of dental structures. 13, 14 
            

            Numerous studies in the literature regarding MIC looked at location, angulation, follicle size, association with root resorption,
               and treatment predictors.15, 16, 17, 18 Ericson and Kurol 18 reported a higher success rate when the tip of the unerupted canine did not pass more than half the root of the lateral incisor.
               Fifty percent increase in RR has been associated with an increased canine angulation to the mid-sagittal plane of greater
               than 25 degrees on a 2-D pan. 18, 19 However, other studies reported that canine angulation added little predictive value. 20, 21 
            

         

         
               Materials and Methods

            A retrospective cross-sectional study of 65 impacted canines records was conducted of patients that were consulted at a South
               African Dental Hospital, Department of Orthodontics, from 1 January 2014 to 31 December 2020.
            

            Inclusion criteria for the study were records of patients older than 9 years, a diagnostically acceptable 2-D pan and CBCT
               with adequate diagnostic quality (free of motion blurring and minimal artifact), and patients with a full complement of maxillary
               central and lateral incisors. The exclusion criteria: patients with odontogenic and non-odontogenic pathology in the canine
               and incisor area, previous diagnosis of external root resorption verified from the patient’s treatment records, previous orthodontic
               treatment with removable or fixed appliances. 
            

            The digital 2-D pan images were obtained from Sirona Orthophos XG® and were analysed on the Sidexis® software. The CBCT images were taken with a Planmeca® ProMax3DMax (Helsinki, Finland) and were analysed on the Planmeca® Romexis® software. The images were evaluated in a room with low ambient light. The contrast and brightness of the images were enhanced
               using the tools available in the Sidexis® and Romexis® software. The computer monitor used was a 24-inch LG® high definition with a resolution of 1920*1080. Eight consecutive images were assessed per day. 
            

            The data was collected by the principal investigator (PI) for each 2-D pan, reconstructed 3-D pan and CBCT images which included:
               the side of impaction (left or right), type of impaction (unilateral or bilateral), position of impaction (buccal / palatal
               / mid-alveolus), sector location evaluated on 2-D pan and 3-D pan, teeth affected by RR (central incisor/ lateral incisor/
               premolar) and the severity of root resorption.
            

            

            
                  
                  Figure 1

                  2-D Panoramic radiograph showing sector lines

                  Sector 1- area distal to a line tangent to the distal surface of the lateral incisors, Sector 2-area mesial to sector 1 but
                     distal to a line passing through the long axis of the lateral incisor, Sector 3-area mesial to sector 2 but distal to a line
                     tangent to the distal surface of the central incisor, Sector 4- area mesial to sector 3 but distal to a line passing through
                     the long axis of the central incisor, Sector 5-areamesial to sector 4 but distal to a line passing through the midline between
                     the two central incisors
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            Figure 1 shows sector lines drawn to determine canine cusp location on a 2-D pan and 3-D pan as described by Ericson and Kurol.18 In cases where the sector line fell on the border of two sectors, the sector closer to the midline was chosen. Undetermined
               sector location was noted in instances where the sector could not be identified because the canines were positioned horizontally
               or parallel to the occlusal plane.
            

            The 3D module software (Romexis®) was used to assess the static cross-sectional reformatted CBCT. The impacted canine and the adjacent teeth were evaluated
               in the three orthogonal planes using a slice thickness of 0.4mm. Where necessary, the slice thickness was adjusted to 5, 10,
               or 15 mm to assess any teeth that were not visible in 0.4 mm thickness. Both the coronal and axial coordinates were aligned
               to pass through the middle of the face with the anterior nasal spine as a guide. The crosshair was maneuvered to locate the
               impacted canine which was determined to either being buccal, mid-alveolus, or palatal (Figure 2). 
            

            

            
                  
                  Figure 2

                  CBCT views of the impacted right and left maxillary canines; (a) Coronal view-showing position of impacted maxillary right and left canines and their association with upper right  and left
                     lateral incisor roots respectively, (b) Sagittal view- showing impacted maxillary right canine causing root resorption of the lateral incisor root, (c) Axial view- showing bilateral maxillary canine impaction and (d) Volume rending showing  3- dimensional frontal representation of the patient illustrating labially impacted maxillary canines
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                  Figure 3

                  CBCT Sagittal view illustrating slight root resorption of maxillary left lateral incisor
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            The CBCT images were adjusted to be parallel to the long axis of the lateral incisor tooth (oblique slice) to identify the
               presence or absence of RR (Figure  3). Loss of continuity of the root surface was recorded as RR. The degree of RR was graded according to Ericson and Kurol21 : 1- No resorption (intact root surface), 2- Slight resorption (up to half the dentine thickness to the pulp), 3- Moderate
               resorption (resorption of the dentine midway to the pulp or more), 4- Severe resorption that exposes the pulp. For every lateral
               incisor RR on CBCT, sector location of corresponding MIC was determined on 2-D pan.
            

            
                  Reliability

               To calculate the intra-examiner and inter-examiner reliability of the measurements, the Kappa test was used. The reliability
                  was assessed for sector location and RR using the Kappa test on ten cases chosen randomly from the sample. The assessment
                  was done two weeks after the initial data collection. Analysis of the results were expressed as: <50% = poor; 50% - 59% =
                  moderate; 60% - 69% = good and 70% - 100% = excellent. Interrater reliability for sector evaluation on panoramic radiographs
                  was ‘good’ at both intervals. Interrater 2-D pan evaluation for RR was ‘excellent’ and intra-rater reliability for both sector
                  and RR on 2-D pan and CBCT was ‘excellent’ (81%).
               

            

            
                  Statistical analysis

               The data was analysed using Statistical Package for Social Sciences (SPSS) version 28. The correlation between sector location
                  in the 2-D pan and 3-D pan was done using Pearson’s test. The correlation between sector location in the 2-D pan and RR on
                  CBCT images was performed using the chi-squared test. All tests were conducted at 5% significance level.
               

            

         

         
               Results

            Fifty patients records were analysed in our study. The median age of the sample was 15 years and the IQR was 12.5-19. Our
               sample consisted predominantly of females (n=40) compared to males (n=10). There were 16 bilateral impactions (n=32) and the
               unilateral impactions (n=33), a total of 65 MIC were assessed. Of the 65 MICs, 46% were located on the right side and 54%
               were located on the left side. The CBCT examination showed that 58% (n = 38) of MIC were located palatally, 34% (n=22) labially
               and 8% (n=5) in the mid-alveolus (between the teeth).
            

            
                  
                  Table 1

                  Sector location of maxillary impacted canine in 2-D and 3-D pan

               

               
                     
                        
                           	
                              
                           
                           
                              3-D Pan Sector Number
                              
                           

                           
                        
                        	
                              
                           
                           
                              2-D Pan Sector Number 
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           
                              P-value
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Sector 1

                           
                        
                        	
                              
                           
                           Sector 2 

                           
                        
                        	
                              
                           
                           Sector 3 

                           
                        
                        	
                              
                           
                           Sector 4 

                           
                        
                        	
                              
                           
                           Sector 5 

                           
                        
                        	
                              
                           
                           Undetermined 

                           
                        
                        	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           0.001

                           
                        
                     

                     
                           	
                              
                           
                           Sector 1

                           
                        
                        	
                              
                           
                           1(1.5%) 

                           
                        
                        	
                              
                           
                           1(1.5%)

                           
                        
                        	
                              
                           
                           1(1.5%) 

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           3 (5%) 

                           
                        
                     

                     
                           	
                              
                           
                           Sector 2

                           
                        
                        	
                              
                           
                           1(1.5%) 

                           
                        
                        	
                              
                           
                           5(8%)

                           
                        
                        	
                              
                           
                           4(6%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           1(1.5%)

                           
                        
                        	
                              
                           
                           1(1.5%)

                           
                        
                        	
                              
                           
                           12(19%) 

                           
                        
                     

                     
                           	
                              
                           
                           Sector 3 

                           
                        
                        	
                              
                           
                           2(3.1%)

                           
                        
                        	
                              
                           
                           4(6%)

                           
                        
                        	
                              
                           
                           6(9%)

                           
                        
                        	
                              
                           
                           5(7%)

                           
                        
                        	
                              
                           
                           3(5%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           20(31%)

                           
                        
                     

                     
                           	
                              
                           
                           Sector 4 

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           2(3%)

                           
                        
                        	
                              
                           
                           5(8%)

                           
                        
                        	
                              
                           
                           12(19)

                           
                        
                        	
                              
                           
                           2(3%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           21(32%)

                           
                        
                     

                     
                           	
                              
                           
                           Sector 5 

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           5(7.7%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           5(8%)

                           
                        
                     

                     
                           	
                              
                           
                           Undetermined 

                           
                        
                        	
                              
                           
                           1(1.5%)

                           
                        
                        	
                              
                           
                           1(1.5%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                           0(0.0%)

                           
                        
                        	
                              
                           
                           2(3%)

                           
                        
                        	
                              
                           
                           4(6%)

                           
                        
                     

                     
                           	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           5(8%)

                           
                        
                        	
                              
                           
                           13(20%)

                           
                        
                        	
                              
                           
                           16(25%)

                           
                        
                        	
                              
                           
                           17(26%)

                           
                        
                        	
                              
                           
                           11(17%)

                           
                        
                        	
                              
                           
                           3(5%)

                           
                        
                        	
                              
                           
                           65(100%)

                           
                        
                     

                  
               

            

            

              Table  1 shows the agreement of sector location between 2-D and 3-D pan in detecting lateral incisor root resorption. The majority
               of MIC occurred in sector 4 in 2-D pan (26%, n=17) and 3-D pan at (32%, n=21). Pearson's chi-squared test results showed a
               statistically significant difference in the agreement between 2-D pan and 3-D pan in locating canine sector position (p=0.001).
            

            
                  
                  Table 2

                  Comparison of root resorption on CBCT and sector position on 2-D pan

               

               
                     
                        
                           	
                              
                           
                           
                              2-D Pan Sector Number
                              
                           

                           
                        
                        	
                              
                           
                            Root Resorption (CBCT) P-value 

                           
                        
                     

                     
                           	
                              
                           
                           Mild 

                           
                        
                        	
                              
                           
                           Moderate  

                           
                        
                        	
                              
                           
                           Severe  

                           
                        
                        	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           0.291 

                           
                        
                     

                     
                           	
                              
                           
                           Sector 1

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                        	
                              
                           
                           0 

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           2/13 

                           
                        
                     

                     
                           	
                              
                           
                           Sector 2

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                     

                     
                           	
                              
                           
                           Sector 3 

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                     

                     
                           	
                              
                           
                           Sector 4 

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           3/13

                           
                        
                     

                     
                           	
                              
                           
                           Sector 5 

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           3/13

                           
                        
                     

                     
                           	
                              
                           
                           Undetermined 

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           1/13

                           
                        
                     

                     
                           	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           7/13

                           
                        
                        	
                              
                           
                           4/13

                           
                        
                        	
                              
                           
                           2/13

                           
                        
                        	
                              
                           
                           13/13

                           
                        
                     

                  
               

            

            

            Of the 65 MIC assessed, CBCT detected RR in 13 lateral incisors and 2 central incisors as compared to 10 lateral incisors,
               2 central incisors and 1 premolar detected on 2-D pan (Figure  4). Seven lateral incisors out of the 13 detected by CBCT presented with slight RR in contrast to 2-D pan which detected four
               lateral incisors with slight RR. Severe RR was however equally detected by both 2-D pan and CBCT Ⅱ compares sector position
               of MIC, identified on a 2-D pan and the presence of lateral incisor RR identified on CBCT. RR identified on CBCT was in sectors
               5 and 4 (3/13) of the 2-D pan. The results showed that there was no statistical significant association between sector position
               on 2-D pan and the presence of RR on CBCT.
            

            
                  
                  Figure 4

                  Degree of root resorption on 2-D pan and CBCT
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               Discussion

            The prevalence of maxillary impacted canines has been reported to vary within a range of 0.9% to 3.0% and a higher prevalence
               in females.11, 22  Similarly, our study sample predominantly consisted of female subjects but since we used a convenient sample the gender
               difference should be interpreted with caution. Walker and Enciso4  speculated that the female predominance could be attributed to gender differences in craniofacial growth and development.
               Another possible reason reported was that females seek orthodontic treatment more frequently than males.4, 23 
            

            The results of our study show that the palatally MIC (58%) were more common than the labial (34%) and the mid-alveolus (8%)
               impactions. Similarly, Walker and Enciso4 reported a high frequency (92.6%) of the palatal impactions and lower frequency (8%) of the labial impactions in their study
               sample. In contrast to our findings, Almuhtaseb et al. 24 in their study sample of 46 subjects reported a higher frequency (40%) of facially impacted maxillary canines followed by
               palatal impactions (37.6%). However, they found mid-alveolus impaction to be the least common (22.2%) similar to our findings.
               Proper localization of MIC plays an important role in its management. It can help to identify the tooth displacement to prevent
               further impaction. It also aids in determining the adverse effect of MIC on adjacent teeth such as the presence of root resorption.
               Moreover, during orthodontic treatment, accurate diagnosis improves the feasibility as well as the proper access to the surgical
               approach and the proper direction for the application of orthodontic force. 
            

            Ericson and Kurol18 observed that, the prediction of canine impaction was determined by the sector location of the cusp tip of the erupting canine
               for example, the more mesial the cusp tip location, the greater the likelihood of impaction. Warford et al.20 reported that 48.6% of impacted canines were found in sectors 3, 4, and 5 in contrast with Ngo et al.9 who showed a higher percentage of 63.6% of impacted canine positioning in sectors 3, 4, and 5. Our study found the majority
               of MIC located in sectors 4 and 3 (25%) and sector 2 (20%). A statistically significant difference was found between 2-D pan
               and 3-D pan in sector location of impacted canines. 
            

            Root resorption of the adjacent dentition is a common sequela of MIC and most challenging to treat. It may rapidly progress
               to devitalize a tooth and reduce its longevity; a reason why its diagnosis remains a challenge. Immediate therapeutic measures
               often are needed to avoid worsening of the situation and subsequent prolonged and expensive orthodontic treatment.22 Conventional radiography as 2-D imaging shows false negative results in 51.9% of cases and false positive results in 15.3%
               of cases.23 As a result, previous studies revealed that lesions less than 0.3 mm in depth and 0.6 mm in diameter were not detectable
               by 2-D radiography as they detect the lesions after occurrence of 60-70% of demineralization.25 According to Ericson and Kurol22 three factors must be considered when establishing whether a neighbouring tooth was resorbed by the erupting canine:- 1-
               the degree of over-lapping, 2- the appearance of the lamina dura structure, and 3- the appearance of the root contour. Their
               study concluded that conventional radiographs are not reliable in detecting root resorption of the maxillary incisors, especially
               when the defect is located either buccal or palatal. Meanwhile, a study by Cernochova et al.26 found that CBCT detects root resorption more accurately at 67% of cases. 
            

            Root resorption caused by MIC often involves the lateral incisors, but studies have also found the involvement of the central
               incisors.8, 27 Incidence of lateral root resorption has been found to be at 18.5%.28 Previous studies found a greater likelihood of root resorption to be associated with a more mesially located canine.9, 21 Similarly, in our study findings, the majority of lateral incisor RR identified on CBCT were located more mesially in sectors
               5 and 4. Our findings show 10 lateral incisors, 2 central incisors and 1 premolar with RR on 2-D pan as compared to 13 lateral
               incisors and 2 central incisors on CBCT. These findings are in accordance with the results of previous studies that have reported
               lateral incisors as the most affected tooth with root resorption associated with MIC.4, 21 Ericson and Kurol’s21 computed tomography study of 156 sides with ectopically positioned maxillary canines, showed 72 incisors were resorbed, which
               included 58 lateral incisors (38%) and 14 central incisors (9%). Walker and Enciso4 did a CBCT study of a sample of 19 patients with 27 impacted maxillary canines and showed resorption of 18 lateral incisors
               (66.7% of 27 cases) and 3 central incisors.4 The difference in the reported incidence of resorption has been attributed to the difference in the imaging techniques used.6 In younger patients, the impacted canines appear more often in the middle of the maxillary bone, whereas in older patients,
               the canines are located more often in the palatal or buccal side of the maxilla. 
            

            CBCT has been proven to be the most effective modality that can reveal the degree of root resorption on teeth adjacent to
               ectopically erupting maxillary canines.4, 13, 29 In our study, we used the criteria suggested by Ericson and Kurol21 to grade the severity of root resorption in which they reported 9% moderate and 60% severe root resorption, whereas Oberoi30 reported 35% slight and 4% severe root resorption. Severe root resorption has also been reported in the literature at 8.1%
               by Alqerban et al.,29 11.9% by Walker et al.,4 and 19.6% by Liu et al.31 Our study findings show 53% slight, 31% moderate and 15% severe root resorption. The difference in the results amongst the
               studies compared to our study findings could be due to the high variability in the classification and categorization of root
               resorption severity as well as differences in sampling. Nonetheless, root resorption will affect the treatment plan and early
               intervention of RR caused by impacted canines may save time, expense and prevent more complicated treatment. 
            

            In practice, clinicians depend on 2-D pan to provide a baseline view and a tool to locate MIC and subsequently suspect incisor
               root resorption. However 2-D pan has shortcomings that include image distortion, anatomical superimposition, and image obscurity.4, 9, 13, 26, 29 Studies have recommended the use of CBCT as an imaging modality of choice for detecting root resorption associated with MIC.13, 26, 27, 28, 29 The root resorption of adjacent permanent teeth cannot be accurately judged from a 2-D radiograph alone. Our study findings
               have supported that CBCT imaging was significantly better than the panoramic radiograph in determining root resorption. Clinical
               management of impacted canines and associated root resorption can be complex and frustrating for the orthodontist. Informed
               consent has to be exercised prior to orthodontic treatment and the patient should be made aware of the risks and benefits
               associated with it. If the patient declines the orthodontic treatment, advice should be given for regular review to evaluate
               the effect of root resorption. If the orthodontic treatment is already in progress and the resorption is diagnosed halfway,
               the patient should be informed of the condition, and changes to the treatment plan becomes necessary. If asymptomatic and
               immobile, a resorbed tooth can be kept for an aesthetic and functional purpose for subsequent prosthodontic rehabilitation.16, 32 
            

         

         
               Study Limitations

            The study had to cross the hurdle of missing records because of the nature of the retrospective studies. This limitation of
               missing data was overcome by omitting those records with missing data and adding records until the convenient sample size
               was achieved. This approach is known as available case analysis.33 The sample size gender was not equally distributed; therefore, the results cannot be generalized that some RR are more frequent
               in one of these groups. The study was undertaken using pre-treatment orthodontic radiographs, no examination was made of the
               post-treatment radiographs to evaluate the management of the findings. 
            

         

         
               Recommendations 

            
                  
                  	
                     The ability to detect RR before and during orthodontic treatment should be a skill that each clinician has in practice. Continued
                        education and training of clinicians is recommended in examining and reporting panoramic radiographs thoroughly as they are
                        commonly used in clinical dentistry. 
                     

                  

                  	
                     A modification to the current Ericson and Kurol classification (1988) of sector location to include sector -1 (the canine
                        tip is located in the opposing quadrant and crosses the midline). This modification should be studied further.
                     

                  

                  	
                     Further studies should be conducted using a study sample that is more representative for further audit and quality assurance
                        on the treatment outcome of MIC and RR. 
                     

                  

               

            

         

         
               Conclusion

            Panoramic radiograph remains the routine diagnostic tool for evaluation of the dentition in contemporary dental practice.
               Their limitation id definitive diagnosis of RR should be augmented with the use of CBCT. The detection of RR in our study
               shows the importance for clinicians to examine panoramic radiographs thoroughly beyond the orthodontic counting of teeth.
               The presence of RR can have an impact on diagnosis and treatment planning, especially in orthodontics. Our study findings
               showed that:
            

            
                  
                  	
                     Maxillary impacted canines that are present in Sector 4 and Sector 5 on a panoramic radiograph should raise concerns for RR.

                  

                  	
                     These should be followed up by a limited Field of View CBCT of the affected side for further evaluation.

                  

                  	
                     Root resorption is most likely to occur on the lateral incisor.
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