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ABSTRACT
Background: Maxillary canines play an important role in creating good facial and smile esthetics, since they are positioned at the corners of the dental arch, forming the canine eminence for support of the alar base and the upper lip. Moreover, when the maxillary canines are properly aligned and have good shape and size, pleasing anterior dental proportions and correct smile lines are achieved. Functionally, they support the dentition, contributing to disarticulation during lateral movements in certain persons. Objective:  To determine the relation between canine impaction and skeletal pattern in the sagittal and vertical skeletal planes. Materials and Methods: In a descriptive cross-sectional study, Pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) of 30 participants with impacted canines was collected from participants files of the Orthodontic Department of BSMMU. Samples was divided into three groups based on skeletal class-I malocclusion (n=10), skeletal class-II malocclusion (n=10), and skeletal class-III malocclusion (n=10). So, a total of 30 untreated participants were enrolled in the study. Results: Majority of the patients were in the 2nd decade (66.7%) with a male to female ratio of 1:1.1. Buccal (63.3%) impactions more common than Palatal (36.7%) impactions especially in female patients. Buccal (80.0%) impacted maxillary canines was more common in Skeletal Class-II pattern and palatal (50.0%) impacted maxillary canines was more common in Skeletal Class-I pattern with no significant difference between the type of malocclusion In sagittal plane, most participants with maxillary impacted canine have an found in skeletal class II malocclusions with varying degree of crowding or spacing. In vertical plane in skeletal malocclusion, the highest frequency of impacted canines was found in Class III skeletal pattern (28.80%) and lowest in Class II (24.20%) with a significant difference (p<0.031). Here, Class III skeletal pattern found, 80% due to retrognathic maxilla, 20% due to prognathic mandible. Comparison between sexes in the vertical plane showed Skeletal class III pattern had higher frequency with hyperdivergent (29.3%) female participants and skeletal class II pattern had lower frequency with hypodivergent (23.5%) female participants with no significant difference. Conclusion: The presents study suggests the skeletal discrepancy may influence canine impaction in the sagittal and vertical planes with significant differences. This study also found that maxillary canine impaction was also mostly associated with skeletal class III participants with female predilection. Results of this study showed a higher risk of having impacted canines in patients with certain dentofacial deformities. Canine impaction may be used to represent a substitute scale for the study of different malocclusion group with respect to race and ethnicity.
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Introduction
The canine plays an important role to the dentofacial aesthetics and function maxillary canines are essential for the canine guidance of mandibular movement and their presence contributes to the canine eminence that supports the alar base and upper lip which in turn promotes for facial aesthetics and esthetic smiles [1]. The eruption of permanent maxillary canine represents a complex series of events, mostly genetically based, whereby eruptive movements of the tooth germ taking place at a predetermined time and route enable the maxillary canine to find its antagonist at a predetermined occlusal plane [2]. Maxillary canines are among the last teeth to develop in anterior maxilla and have the most extended period of development.  They also have the longest and most devious path of the eruption from the formation point lateral of the pisiform fossa to the final position in the dental arch [3]. Impacted teeth are those with a delayed eruption time or that are not expected to erupt completely based on clinical and radiographic assessment [4]. In impacted teeth, root development might have finished, but the unaided eruption is not expected to occur. Permanent maxillary canine impaction has been reported in about 1% to 5% of the population [3]. This makes the maxillary canine the second most commonly impacted tooth (after third molars) and poses a challenge to both orthodontists and oral surgeons in treatment management and surgical approaches [5]. Therefore, the dental literature has paid close attention to the physiology of canine eruption, as well as etiologic factors and the consequences of impaction. The diagnosis, treatment techniques, and alignment devices for impacted canines have been extensively studied, and their location in relation to the roots of adjacent teeth has been investigated [6]. The definition of impaction varies among clinicians and the term has been used for palatally impacted canines, while labially impacted canines have been commonly defined as unerupted. The more current terms used are palatally and buccally displaced canines [7]. The prevalence of impacted maxillary canines is 0.9–2.2%, but mandibular canine impaction occurs less frequently [8]. Maxillary canine impaction is found to be 10-20 times more common than mandibular canine impaction from many studies [9]. Moreover, Bishara found that maxillary canine impaction is 50 times more common than mandibular impaction, which is only about 0.35% [7]. Impaction of permanent mandibular canine is a rare developmental disturbance of eruption [9], [10]. Incidence of mandibular canine impaction is found to be in the range of 0.10% to 1.29%, [11], [12]. Retained deciduous teeth and supernumerary teeth have been associated with impacted transmigrated mandibular canines  [9]. Maxillary canine impaction is found to be 2-3 times more common in females than in males [11]. Maxillary canine impactions occur five times more often in Caucasians than in Asians and that most canine impactions are palatal among Caucasians and buccal among Asians [11].  Fournier et al impaction ratio of 3:1, while Jacoby reported a ratio as high as 12:1. Jacoby and Stellzig et an also reported arch length sufficiency in 82% of subjects with palatal impaction, while 85% of buccally unerupted canines were associated with crowding [7].  studied the location and angulation of the impacted canine as a predictive factor and established that if the tooth is angled more than 31 degrees to the midline, its possibility of eruption after deciduous extraction is decreased  [11].  Zahrani estimated that the incidence of maxillary canine impaction among the Saudi population was 3%, while Bishara found that among all individuals with impacted canines, 8% were bilateral and, interestingly, that unilateral impaction was five times more common than bilateral impaction. The impacted maxillary canine may be displaced buccally or palatially  [12], [13], [14] Incidence of palatal canine impaction is found to be 3–6 times higher on the palatal side compared to the buccal side. However, in East Asians reports show that maxillary canine impaction occurs 2–3 times higher on the buccal side compared with the palatal side [15]. From other studies, unilateral impaction is much more common than bilateral impaction in 5:1 ratio and right sided impaction is more common than left side [16]. The exact etiology of canine impaction is still not known but possible causes might be due to genetic predisposition [17], [16] local and systemic factors like inadequate space due to early loss of deciduous canine, ankylosis, dilacerations of root, aberrant position of erupting tooth bud, cleft of the alveolus, cystic lesions, tumors, malnutrition, idiopathic and iatrogenic causes etc [18] and cleido-cranial dysplasia being the most common systemic factor. Mutation in parathyroid hormone receptor 1 has been identified as one of the causes of impaction in recent studies [19]. Impacted canines vary greatly in the inclination and location and can lead to resorption of neighboring incisors, as well as cystic degeneration. Some common sequelae of canine impaction are: Labial or lingual mispositioning of the impacted tooth, Migration of the neighboring teeth and loss of arch length, External root resorption of the impacted tooth as well as the neighboring teeth, Infection particularly with partial eruption resulting in pain and trismus and Referred pain [20]. According to Ericson and Kurol the absence of the "canine bulge" at earlier ages should not be considered as indicative of canine impaction. In their evaluation of 505 schoolchildren between 8 and 12 years of age, they found that at 10 years, 29% of the children had nonpalpable canines, but only 5% at 11 years of age, whereas at later ages only 3% had nonpalpable canines. They found that many of the children under 10 years of age whose canines initially were determined by palpation to be potentially abnormal, actually later developed and erupted normally. Thus, they found radiographic examination impractical and unnecessary for children under 10 years of age. There are several theories on why maxillary canines are impacted on the whole. However, only two are highly reported: the theory of guidance (lack of guidance in lateral teeth) as well as genetic theory. There is also an argument that gender is effective in a way that palatal impaction in women is twice more than men. Another related cause to eruption disorder in canines is spatial conditions in the upper jaw. As genetics plays an important role in canine impaction and it can cause skeletal and dent facial patterns the degree to which one is aware of the risk of canine impaction in each skeletal pattern may help them prevent these impactions or cure them [21]. Orthodontic patients underwent orthodontic treatment, which included history, clinical examination, Pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) was the source of information used to diagnose buccal and palatal impacted canines’ teeth. Pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) of 30 participants with maxillary impacted canines was collected from participants files of the Orthodontic Department of BSMMU. The cephalometric analysis was done to determine the relation of canine impaction with different skeletal discrepancies in two planes of space (sagittal and vertical). The sample consisted of 14 male participants and 16 female participants with a mean age of 20 years. Samples were divided into three groups based on skeletal class-I malocclusion (n=10), skeletal class-II malocclusion (n=10), and skeletal class-III malocclusion (n=10). So, a total of 30 untreated participants were enrolled in the study. All pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) were examined under an identical setting and traced on tracing paper with a 0.5-mm–diameter pencil for unilateral or bilateral canine impaction. Five radiographic morphologic parameters—ANB angle, canine angulation, the angle between the Frankfort horizontal plane and the mandibular plane (FH MP), Wit’s appraisal analysis, and axial inclination of the maxillary incisors in the sagittal plane was recorded for comparison. Skeletal sagittal and vertical discrepancy evaluations were performed on the lateral cephalogram. The ANB angle was used as the angular measure and the Wits appraisal as the linear measure to assess the sagittal relationship, while the Frankfort mandibular plane angle was measured to assess the vertical relationship. Sagittal discrepancies were assessed using Riedel’s ANB angle and Jacobson’s Wits appraisal. Vertical skeletal facial divergence was assessed using McNamara FH-MP angle. Position of impacted maxillary canine was assessed by using OPG parameters were distance of cusp tip of impacted maxillary canine to midline, distance of cusp tip of impacted maxillary canine to occlusal plane, angle of impacted maxillary canine to midline, angle of impacted maxillary canine to occlusal plane. The J Morita X800 was a dental maxillofacial volumetric imaging system with a reconstruction volume of 101.0 KV, ampere 3.9mA, Exp. Time 9.4s, Pys. Filter Cu: 0.2mm. Slice interval = 1.000 mm, Slice thickness=1.000mm, Rotation history zoom=41.37%, extremely high resolution of more than 2.5 LP/mm at 10%MTF and a voxel size of 80µm show even in small details. The acquired images, next to the digital imaging and communications in medicine (DICON) file export, were exported and analyzed with a personal computer running Microsoft windows 10. For standardization all scan were analyzed after adjusting slice thickness 0.4mm image analysis. Software from the manufacturer allows for secondary reconstructions to be produced that show many viewpoints of the structures of interest. These secondary reconstructions include transaxial, panoramic, and3D views. Measurements were made on these views (distances and angles).  Localization of the maxillary impacted canine was assessed by using CBCT parameters were vertical angulation to the midline in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in axial section, the impacted maxillary canine vertical angulation to the midline in axial section. According to the data obtained, anterior-posterior and vertical skeletal patterns were determined for the participants. The frequency of different patterns was calculated and then reported. In Bangladesh a few studies have been conducted to observe the prevalence of impacted teeth in Bangladeshi population. Prevalence of Impacted Teeth among the Orthodontic Patient in Bangabandhu Sheikh Mujib Medical University conducted by Nahar, Jha and Hassan (2015) [22]. Panoramic radiological study to identify locally displaced maxillary canines in Bangladeshi population by Alif et al. (2011) [23]. A cross-sectional study was conducted in the outpatient department, Department of Orthodontics and Dentofacial Orthopedics, Dhaka Dental College and Hospital, Mirpur -14, Dhaka, in between March 2005 to March 2008. In this study incidence of canine impaction involves approximately 2.8% of the patients seeking orthodontic treatment [22]. To the best of my knowledge and searching no study had been conducted on the relationship between canine impaction and skeletal pattern in the sagittal and vertical planes among the patients attending in orthodontics departments of BSMMU. The present study aims to the relation between canine impaction and skeletal pattern in the sagittal and vertical planes among the patients attending in orthodontics departments of BSMMU. By using cephalometric and panoramic images and CBCT, and by clinical evaluations, buccal and palatal impacted canines were diagnosed. The diagnosis and localization of the impact of canine is the most important step in in the management of impact of canine based on clinical and radiographic examination.  Most desirable treatment approach is early diagnosis. So that, the degree to which clinicians are aware of the risk of canine impaction in each skeletal pattern may help them prevent these impactions or manage them.

Objectives: 
General objective: 
· To determine the relation between canine impaction and skeletal pattern in the sagittal and vertical skeletal planes among the patients attending in orthodontics departments of BSMMU. 
Specific objectives: 
· To evaluate the buccal and palatal impaction ratio of maxillary permanent canines. 
· To compare the skeletal patterns of class I, II and III patients having buccal and palatal impacted maxillary permanent canines. 
· To compare the discrepancies in the sagittal and vertical skeletal planes among the patients having buccal and palatal impacted maxillary canines.

Materials and methods 
Study Design: Cross-sectional study. Place of study: Department of Orthodontics, BSMMU, Shahbagh, Dhaka. Study duration: January to December- 2023, 12 months after final approval of IRB, Orthodontics department of BSMMU and BCPS. Study population: Pretreatment lateral cephalogram, OPG, CBCT of patients underwent fixed orthodontic treatment in the Department of Orthodontics, BSMMU, Dhaka was included after fulfillment of selection criteria. Participant was Bangladeshi origin. Study sample: Lateral cephalogram of class I, class II, class III skeletal malocclusion patient with the mean age of 20 years.

Inclusion criteria: 
· Participant was attending in the orthodontic department of BSMMU. 
· Participant was Bangladeshi in origin. 
· Participant’s age was 13-25 years. 
· Pre-treatment lateral cephalogram with skeletal class I, II and III in Participant have buccal and palatal impacted maxillary permanent canines (unilateral /bilateral). 
· Lateral cephalogram of the Participant with full complement of permanent teeth (except Third molars). 2.7.2 
Exclusion criteria: 
· Craniofacial disorder or malformations, facial asymmetries or presence of a syndrome e.g., Down’s syndrome or cleidocranial dysostosis. 
· History of previous orthodontic treatment, abnormal masticatory muscular pattern. 
· History of trauma to maxillofacial structures that might have affected the normal growth of permanent dentition. 
· History of congenital deformity like cleft lip and palate or exhibiting cases with a definite obstacle, like odontomas or supernumerary teeth. 
· Orthodontics Participants with distorted lateral cephalogram. 
· Mandibular impacted canine.
Study Procedure:
Sampling method: 
Purposive sampling procedure was followed for this study. The participants were selected using inclusion and exclusion criteria. Sample was consisting of three groups named class-I (ANB: 2-4 degree), class-II (ANB: >4 degree) and class-III (ANB: <2 degree) according to ANB angle.  Total of 30 untreated participants was enrolled in the study. 
Data collection procedures: 
This descriptive study was performed in Orthodontics Department of BSMMU. The test sample was selected having predetermined exclusion and inclusion criteria. After obtaining informed written signed consent from the participants. Pretreatment radiographs (lateral cephalometric and panoramic radiographs) of30 participants with maxillary impacted canines were collected from the files of the Orthodontic Department of BSMMU. Cephalometric analysis was done to determine the relation between canine impaction in different skeletal discrepancies in two planes of space (sagittal and vertical). The cephalometric analysis was done to determine the relation of canine impaction with different skeletal discrepancies in two planes of space (sagittal and vertical). The sample consisted of 14 male participants and 16 female participants with a mean age of 20 years. Samples were divided into three groups based on skeletal class-I malocclusion (n=10), skeletal class-II malocclusion (n=10), and skeletal class-III malocclusion (n=10). So, a total of 30 untreated participants were enrolled in the study. All pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) were examined under an identical setting and traced on tracing paper with a 0.5-mm–diameter pencil for unilateral or bilateral canine impaction.   Five radiographic morphologic parameters—ANB angle, canine angulation, the angle between the Frankfort horizontal plane and the mandibular plane (FH MP), Wit’s appraisal analysis, and axial inclination of the maxillary incisors in the sagittal plane was recorded for comparison. Skeletal sagittal and vertical discrepancy evaluations were performed on the lateral cephalogram. The ANB angle was used as the angular measure and the Wits appraisal as the linear measure to assess the sagittal relationship, while the Frankfort mandibular plane angle was measured to assess the vertical relationship. These measurements were traced and computed using the Dentofacial Planner Plus version 2.5b (Dentofacial Software).  Sagittal discrepancies were assessed using Riedel’s ANB angle and Jacobson’s Wits appraisal. Vertical skeletal facial divergence was assessed using McNamara FH-MP angle. Position of impacted maxillary canine was assessed by using OPG parameters were distance of cusp tip of impacted maxillary canine to midline, distance of cusp tip of impacted maxillary canine to occlusal plane, angle of impacted maxillary canine to midline, angle of impacted maxillary canine to occlusal plane.  Localization of the maxillary impacted canine was assessed by using CBCT parameters were vertical angulation to the midline in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in axial section, the impacted maxillary canine vertical angulation to the midline in axial section. According to the data obtained, anterior-posterior and vertical skeletal patterns was determined for the participants. The frequency of different patterns was calculated and then reported to determine the relation of canine impaction with different skeletal discrepancies in two planes of space (sagittal and vertical). 
Data management: 
After the collection of data, it was checked for any discrepancy and incompleteness. A database was prepared by using (SPSS for windows version 26.0, Chicago, USA). After completion of data collection, it was entered into the database one by one. It was further checked by descriptive statistics for presence of any missing or abnormal values on the data. A data file was prepared and all data was rechecked in hard and soft copy and contact with the patients if required. After consideration of all issues, data was ready for final analysis. 
Data analysis: 
After data collection, data editing and clearing was done manually and was checked for any discrepancy and incompleteness prepared for data entry. Statistical analysis was performed using SPSS (Statistical Package for the Social Science) Version 26). It was further checked by descriptive statistics for presence of any missing or abnormal values on the data. After data management normality test was done by Kolmogorov-Smirnov test. As data was normally distributed, the parametric test was done. Descriptive statistics including mean and standard deviation (SD) was calculated for quantitative data and percentages were calculated for qualitative data. A one-way analysis of variance (ANOVA) was carried out to determine the relation of canine impaction with sagittal and vertical skeletal discrepancies among the patients undergoing orthodontic treatment in orthodontics departments of BSMMU. An unpaired student t-test was used to compare male and females. Bivariate analysis of qualitative data and multivariate analysis of odd ratios was done by Chi-square tests and multiple logistic regression analysis respectively. The significance of the results was considered at 95% confidence interval and P-value <0.05 was considered statistically significant. 2.9.5 Study quality control methods: Each and every step of cephalometric tracing and sample grouping was conducted by the same investigator (PI). Every step of the study was carried out under the direct supervision of the guide. To investigate the reliability of the cephalometric analysis, 30 randomly selected lateral cephalograms was traced twice by the same investigator at an interval of 1 month. All data was entered and analyzed by expert staff. 
Ethical considerations:
Prior to the commencement of this study, ethical approval from the Department of Orthodontics, BSMMU and from the Institutional Review Board (IRB) of BSMMU has been taken. There is a negligible chance of physical, mental and social hazards. The objectives of the study along with its procedure, duration, risks and benefits, compensations if there is any was explained to the study subjects in an easily understandable local language and they were the freedom to join or withdraw from this study. Every participant was having a case ID number to maintain their confidentiality; all data were kept by their case ID number, not by their name or any other personal information that may leak their confidentiality. Well-informed written consent was obtained from all participants (Appendix-II). The informed written consent was containing the study name, type of study, risk and benefit of the patient, confidentiality. No additional time was required from the participants for this study. This study was not involving any drugs, placebo, organs, tissues, body fluids, the fetus or the aborts.
Results
Table 1-: Test of normality 
	Tests of Normality

	Variable
	Kolmogorov-Smirnov

	
	Statistic
	df
	Sig.

	SNA
	.127
	30
	.132

	SNB
	.110
	30
	.102

	ANB
	.123
	30
	.142

	Wits
	.110
	30
	.102

	FH MP
	.114
	30
	.111

	U1 Apog
	.134
	30
	.176


Kolmogorov-Smirnov test indicate that data were normally distributed
Kolmogorov-Smirnov test indicates that data were normally distributed. This statement suggests that for each of the parameters tested (SNA, SNB, ANB, Wits, FH MP, U1 Apog), the data was found to be normally distributed because the p-values (>0.05.) are all relatively high and not statistically significant.
Table-2: Demographic characteristics of the study subjects (n=30)
	Variables 
	Frequency
	Percentage (%)

	Age (years)

	13-18 years
	20
	66.7

	19-25 years
	10
	33.3

	Mean±SD
Range (min-max)
	19.17±3.42
(13-25) years
	

	Sex 

	Male
	14
	46.7

	Female 
	16
	53.3

	Male: Female ratio
	1:1.1
	



Table 3 shows the demographic characteristics of the study subjects. In terms of age distribution, the majority of participants (66.7%) fell within the 13-18 years while 33.3% belonged to the 19-25 years age group. The mean age of the participants was 19.17±3.42 years and the age range 13 to 25 years. Sex-wise, the study consisted of 46.7% males and 53.3% females, male-to-female ratio was 1:1.1. 
Table-3: Distribution of the study subjects according to type and side of impacted canine (n=30)
	Impacted canines 
	Frequency
	Percentage (%)

	Type

	Buccal 
	19
	63.3

	Palatal 
	11
	36.7

	Side 

	Right 
	16
	53.3

	Left
	14
	46.7



Table 4 shows a comprehensive overview of the canine impaction characteristics. In terms of the type of canine impaction, 63.3% of the cases were classified as "Buccal" impactions, while 36.7% were identified as "Palatal" impactions. Regarding the location of the impaction, 53.3% of the cases were on the "Right" side, while 46.7% were on the "Left" side. 

Figure-1: Bar diagram showing the type and side of impacted canine (n=30)
Table-4: Association of sex with type and side of impacted canine (n=30)
	Impacted canines
	Male
(n=14)
No. (%)
	Female
(n=16)
No. (%)
	p-value

	Type

	Buccal 
	9(64.3%)
	10(62.5%)
	0.910

	Palatal 
	5(35.7%)
	6(37.5%)
	

	Side 

	Right 
	8(57.1%)
	8(50.0%)
	0.696

	Left
	6(42.9%)
	8(50.0%)
	


p-value obtained by Chi-square test, p<0.05 considered as a level of significant 
There is no significant difference between male and female participants regarding the type of canine impaction (p=0.910). Both sexes have a similar distribution of buccal and palatal impactions.  The study did not find a significant difference in the side of impaction between male and female participants (p=0.696).
Table-5: Association of skeletal malocclusion with type impacted canine (n=30)
	Type of impacted canine
	Skeletal class
	
	p-value

	
	Class-1
(n=10)
	Class-2
(n=10)
	Class-3
(n=10)
	Total
(n=30)
	

	Buccal 
	5(50.0%)
	8(80.0%)
	6(60.0%)
	19(63.3%)
	0.366

	Palatal 
	5(50.0%)
	2(20.0%)
	4(40.0%)
	11(36.7%)
	

	Total 
	10(100%)
	10(100%)
	10(100%)
	30(100%)
	


p-value obtained by Chi-square test, p<0.05 considered as a level of significant 
There is no statistically significant relationship between the type of impacted canines (buccal or palatal) and the type of malocclusion (Skeletal Class-1, Class-2, or Class-3) among the 30 study participants. The distribution of impacted canines does not appear to be significantly influenced by the type of malocclusion (p=0.366).

Figure-2: Bar diagram showing the type of impacted canines according to type of malocclusion
Table-6: Association of skeletal malocclusion with age group and sex (n=30)
	Variable
	Skeletal class 
	
	p-value

	
	Class-1
(n=10)
	Class-2
(n=10)
	Class-3
(n=10)
	Total
(n=30)
	

	Age group (years)

	13-18
	4(40.0%)
	7(70.0%)
	9(90.0%)
	20(66.7%)
	0.127

	19-25
	6(60.0%)
	3(30.0%)
	1(10.0%)
	10(33.3%)
	

	Mean±SD
	21.7±2.5
	21.2±1.8
	19.8±1.9
	20.9±2.2
	

	Sex  

	Male
	6(60.0%)
	4(40.0%)
	4(40.0%)
	14(46.7%)
	0.585

	Female 
	4(40.0%)
	6(60.0%)
	6(60.0%)
	16(53.3%)
	


p-value obtained by ANOVA-test and Chi-square test, p<0.05 considered as a level of significant 
Table 6 shows the mean age for each skeletal class. For Skeletal Class-1, the mean age is 21.7±2.5 years; for Skeletal Class-2, 21.2±1.8 years, and for Skeletal Class-3, 19.8±1.9 years. There was no significant difference in age between the skeletal classes (p=0.127). Among male participants, 60% had Skeletal Class-1, 40% had Skeletal Class-2, and 40% had Skeletal Class-3 malocclusions. For female participants, 40% had Skeletal Class-1, 60% had Skeletal Class-2, and 60% had Skeletal Class-3 malocclusions. There is no significant difference in the distribution of skeletal classes between male and female participants (p=0.585).
Table-7: Comparison of ANB angle and Wits appraisal between male and female participants according to skeletal malocclusion (n=30)
	Variable
	ANB angle (%)
	Wits appraisal (%)

	Skeletal discrepancy
	Male
	Female
	p-value
	Male
	Female
	p-value

	Class I
	2.0±0.8
	2.50±0.58
	0.356
	2.0±0.63
	2.25±0.50
	0.527

	Class II 
	7.0±0.82
	6.0±0.89
	0.111
	5.50±1.73
	5.50±2.88
	0.1000

	Class III
	-5.50±0.58
	-4.50±1.76
	0.312
	-4.50±2.89
	-.33±8.89
	0.399


p-value obtained by Unpaired t- test, p<0.05 considered as a level of significant 
For the ANB angle, there were no significant differences between males and females in any skeletal discrepancy category. In Class I, the mean values were 2.0% for males and 2.50% for females (p=0.356). In Class II, the mean values were 7.0% for males and 6.0% for females (p=0.111). In Class III, the mean values were -5.50% for males and -4.50% for females (p=0.312). Similarly, for the Wits appraisal, there were no significant differences between males and females in any skeletal discrepancy category. In Class I, the mean values were 2.0% for males and 2.25% for females (p=0.527). In Class II, the mean values were 5.50% for males and 5.50% for females (p=0.100). In Class III, the mean values were -4.50% for males and -0.33% for females (p=0.399).
Table-8: Comparison of cephalometric parameters among three malocclusion type of impacted canine (n=30)
	Variable 
	Skeletal class 
	p-value

	
	Class-1
(n=10)
	Class-2
(n=10)
	Class-3
(n=10)
	

	SNA, degrees 
	82.10±0.99
(81.0-84.0)
	87.60±1.84
(84.0-90.0)
	80.80±2.35
(78.0-85.0)
	<0.001*

	SNB, degrees 
	79.80±0.92
(79.0-82.0)
	81.20±1.62
(78.0-83.0)
	85.30±1.70
(83.0-88.0)
	<0.001*

	ANB, degrees
	2.20±0.79
(1.0-3.0)
	6.40±0.97
(5.0-8.0)
	-4.90±1.45
(-7.0--3.0)
	<0.001*

	Wits, mm
	2.10±0.57
(1.0-3.0)
	5.50±2.37
(2.0-9.0)
	-2.00±7.16
(-9.0-11.0)
	0.003*

	FH-MP, degrees 
	26.40±1.40
(25.0-28.0)
	24.20±4.05
(20.0-30.0)
	28.80±4.71
(26.0-42.0)
	0.031*

	Tip of the upper incisor to A-Pog line
	3.60±0.84
(2.0-5.0)
	7.60±1.96
(4.0-10.0)
	3.80±3.52
(-2.0-9.0)
	0.001*


p-value obtained by ANOVA test, p<0.05 considered as a level of *significant 
In terms of SNA angle, Class-2 had the highest mean value (87.60 degrees), followed by Class-1 (82.10 degrees) and Class-3 (80.80 degrees). The differences were statistically significant (p<0.001). Similarly, for the SNB angle, Class-3 had the highest mean value (85.30 degrees), followed by Class-2 (81.20 degrees) and Class-1 (79.80 degrees), with significant differences (p<0.001). The ANB angle showed significant variation among the classes, with Class-2 having the highest mean value (6.40 degrees), followed by Class-1 (2.20 degrees) and Class-3 (-4.90 degrees). The differences were statistically significant (p<0.001). Regarding the Wits measurement, Class-2 had the highest mean value (5.50 mm), followed by Class-1 (2.10 mm) and Class-3 (-2.00 mm). The differences were statistically significant (p=0.003). For FH-MP angle, Class-3 had the highest mean value (28.80 degrees), followed by Class-1 (26.40 degrees) and Class-2 (24.20 degrees), with a significant difference (p=0.031). Lastly, the measurement from the tip of the upper incisor to the A-Pog line showed significant variation among the classes, with Class-2 having the highest mean value (7.60 mm), followed by Class-3 (3.80 mm) and Class-1 (3.60 mm). The differences were statistically significant (p=0.001).



Table-9: Comparison of vertical assessment in skeletal malocclusion between the sex (n=30)
	Variable
	                FH MP

	Skeletal discrepancy
	Male
	Female
	p-value

	Class I
	25.7±0.82
	27.5±0.58
	0.005*

	Class II 
	25.3±5.50
	23.5±3.15
	0.535

	Class III
	28.0±0.82
	29.3±6.22
	0.687


p-value obtained by Unpaired t- test, p<0.05 considered as a level of *significant 
The results show that there were significant differences in the FH MP variable between males and females in Class I skeletal discrepancy (p=0.005). The mean value for males was 25.7, while the mean value for females was 27.5. However, there were no significant differences in the FH MP variable between males and females in Class II (p=0.535) or Class III (p=0.687) skeletal discrepancy categories. For Class II, the mean value for males was 25.3, while the mean value for females was 23.5. For Class III, the mean value for males was 28.0, while the mean value for females was 29.3.
Table-10: Comparison of vertical assessment in skeletal malocclusion between buccal and palatal impacted canines (n=30)
	Variable
	                FH MP

	Skeletal discrepancy
	Buccal
	Palatal
	p-value

	Class I
	26.6±1.14
	26.2±1.30
	0.620

	Class II 
	25.0±4.14
	21.0±1.41
	0.231

	Class III
	29.8±6.05
	27.3±0.50
	0.428


p-value obtained by Unpaired t- test, p<0.05 considered as a level of significant 
For Class I malocclusion, the mean FH MP measurement was 26.6±1.14 in the buccal group and 26.2±1.30 in the palatal group. No statistically significant difference between the two groups (p=0.620). In Class II malocclusion, the mean FH MP measurement was 25.0±4.14 in the buccal group and 21.0±1.41 in the palatal group. No statistically significant difference between the two groups (p=0.231). For Class III malocclusion, the mean FH MP measurement was 29.8±6.05 in the buccal group and 27.3±0.50 in the palatal group. No statistically significant difference between the two groups (p=0.428).
Table-11 Comparison of OPG parameters among three malocclusion type of impacted canine (n=30)
	Variable 
	Skeletal class 
	p-value

	
	Class-1
(n=10)
Mean±SD
	Class-2
(n=10)
Mean±SD
	Class-3
(n=10)
Mean±SD
	

	Distance of cusp tip of impacted maxillary canine to midline
	4.9±2.3
(3-11)
	6.3±1.6
(5-10)
	7.6±2.5
(4-11)
	0.035*

	Distance of cusp tip of impacted maxillary canine to occlusal plane 
	6.6±2.0
(4-9)
	9.2±2.0
(5-12)
	9.4±3.7
(5-14)
	0.047*

	Angle of impacted maxillary canine to midline
	39.0±12.7
(17-55)
	38.3±11.8
(11-51)
	57.2±22.0
(40-98)
	0.022*

	Angle of impacted maxillary canine to occlusal plane 
	49.9±11.5
(30-73)
	51.3±5.9
(40-60)
	56.1±12.6
(40-75)
	0.392


p-value obtained by ANOVA test, p<0.05 considered as a level of *significant

The distance of the cusp tip of impacted maxillary canine to midline showed significant variation among the classes, with Class-1 having the lowest mean value (4.9 mm), followed by Class-2 (6.3 mm) and Class-3 (7.6 mm). The differences were statistically significant (p=0.035). Similarly, for the distance of the cusp tip of impacted maxillary canine to the occlusal plane, Class-1 had the lowest mean value (6.6 mm), followed by Class-2 (9.2 mm) and Class-3 (9.4 mm). The differences were statistically significant (p=0.047). The angle of the impacted maxillary canine to midline showed significant variation among the classes, with Class-3 having the highest mean value (57.2 degrees), followed by Class-2 (38.3 degrees) and Class-1 (39.0 degrees). The differences were statistically significant (p=0.022). However, there was no significant difference in the angle of the impacted maxillary canine to the occlusal plane among the classes, with Class-3 having the highest mean value (56.1 degrees), followed by Class-2 (51.3 degrees) and Class-1 (49.9 degrees) (p=0.392).

Table-12: Comparison of CBCT parameters among three malocclusion type of impacted canine (n=30)
	Variable 
	Skeletal class 
	p-value

	
	Class-1
(n=10)
Mean±SD
	Class-2
(n=10)
Mean±SD
	Class-3
(n=10)
Mean±SD
	

	The impacted maxillary canine vertical angulation to the midline in coronal section 
	45.4±8.4
(35-55)
	47.2±6.5
(33-55)
	29.2±11.3
(12-39)
	<0.001*

	The impacted maxillary canine horizontal angulation to the occlusal plane in coronal section 
	49.6±11.1
(35-65)
	51.3±8.5
(40-65)
	66.2±12.9
(51-91)
	0.004*

	The impacted maxillary canines horizontal angulation to the occlusal plane in axial section 
	48.7±5.1
(42-56)
	49.2±5.9
(40-60)
	46.8±5.9
(41-62)
	0.608

	The impacted maxillary canines vertical angulation to the midline in axial section 
	53.6±13.9
(30-71)
	56.9±16.9
(25-80)
	46.6±8.1
(30-55)
	0.237


p-value obtained by ANOVA test, p<0.05 considered as a level of *significant

The impacted maxillary canine vertical angulation to the midline in the coronal section showed significant variation among the classes. Class-3 had the lowest mean value (29.2 degrees), followed by Class-2 (47.2 degrees) and Class-1 (45.4 degrees). The differences were statistically significant (p<0.001). Similarly, the impacted maxillary canine horizontal angulation to the occlusal plane in the coronal section exhibited significant variation among the classes. Class-3 had the highest mean value (66.2 degrees), followed by Class-2 (51.3 degrees) and Class-1 (49.6 degrees). The differences were statistically significant (p=0.004).  However, there was no significant difference in the impacted maxillary canines' horizontal angulation to the occlusal plane in the axial section among the classes. The mean values were relatively similar, with Class-3 having a slightly lower mean value (46.8 degrees) compared to Class-2 (49.2 degrees) and Class-1 (48.7 degrees) (p=0.608). Similarly, there was no significant difference in the impacted maxillary canines' vertical angulation to the midline in the axial section among the classes. The mean values were relatively close, with Class-2 having the highest mean value (56.9 degrees), followed by Class-3 (46.6 degrees) and Class-1 (53.6 degrees) (p=0.237).

Discussion 
The eruption of permanent maxillary canine represents a complex series of events, mostly genetically based, whereby eruptive movements of the tooth germ taking place at a predetermined time and route enable the maxillary canine to find its antagonist at a predetermined occlusal plane [2]. Maxillary canines are among the last teeth to develop in anterior maxilla and have the most extended period of development.  They also have the longest and most devious path of the eruption from the formation point lateral of the pisiform fossa to the final position in the dental arch. The present study investigated relation between canine impaction and skeletal pattern in the sagittal and vertical planes among the patients attending in orthodontics departments of BSMMU. Orthodontic patients underwent orthodontic treatments, which included history, clinical examination, pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) of 30 participants with one or more impacted canines (unilateral) was collected from the Orthodontic Department of BSMMU. The cephalometric analysis was done to determine the relation of canine impaction with different skeletal discrepancies in two planes of space (sagittal and vertical). Panoramic radiographs and CBCT were used to determine location and position of impacted maxillary canine. The sample consisted of 14 male participants and 16 female participants with a mean age of 20 years. Samples was divided into three groups based on skeletal class-I malocclusion (n=10), skeletal class-II malocclusion (n=10), and skeletal class-III malocclusion (n=10). So, a total of 30 untreated participants was enrolled in the study. All pretreatment radiographs (lateral cephalometric, panoramic radiographs and CBCT) were examined under an identical setting and traced on tracing paper with a 0.5-mm–diameter pencil for unilateral or bilateral canine impaction. Five radiographic morphologic parameters—ANB angle, canine angulation, the angle between the Frankfort horizontal plane and the mandibular plane (FH MP), Wit’s appraisal analysis, and axial inclination of the maxillary incisors in the sagittal plane was recorded for comparison. Skeletal sagittal and vertical discrepancy evaluations was performed on the lateral cephalogram. The ANB angle was used as the angular measure and the Wits appraisal as the linear measure to assess the sagittal relationship, while the Frankfort mandibular plane angle was measured to assess the vertical relationship. These measurements were traced and computed using the Dentofacial Planner Plus version 26 (Dentofacial Software).  Sagittal discrepancies were assessed using Riedel’s ANB angle and Jacobson’s Wits appraisal. Vertical skeletal facial divergence was assessed using McNamara FH-MP angle. Position of impacted maxillary canine was assessed by using OPG parameters were distance of cusp tip of impacted maxillary canine to midline, distance of cusp tip of impacted maxillary canine to occlusal plane, angle of impacted maxillary canine to midline, angle of impacted maxillary canine to occlusal plane.  Localization of the maxillary impacted canine was assessed by using CBCT parameters were vertical angulation to the midline in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in coronal section, the impacted maxillary canine horizontal angulation to the occlusal plane in axial section, the impacted maxillary canine vertical angulation to the midline in axial section. According to the data obtained, anterior-posterior and vertical skeletal patterns was determined for the participants. The frequency of different patterns was calculated and then reported. In present study, the majority of participants (66.7%) within the 13-18 years while 33.3% belonged to the 19-25 years age group. The mean age of the participants was 19.17±3.42 years and the age range 13 to 25 years.  The study consisted of 46.7% males and 53.3% females; male-to-female ratio was 1:1.1. Fournier et al impaction ratio of 3:1, while Jacoby reported a ratio as high as 12:1. Jacoby and Stellzig et al also reported arch length sufficiency in 82% of subjects with palatal impaction, while 85% of buccally unerupted canines were associated with crowding. Al Balbeesi et al. (2020) [7] studied the location and angulation of the impacted canine as a predictive factor and established that if the tooth is angled more than 31 degrees to the midline, its possibility of eruption after deciduous extraction is decreased [11]. Regarding the location and types of canine impaction, 63.3% of the "Buccal" impactions, while 36.7% were identified as "Palatal" impactions. 53.3% of the cases were on the "Right" side, while 46.7% were on the "Left" side. The study did not find a significant difference in the side of maxillary impacted canine between male and female participants (p=0.696). There is no significant difference between male and female participants regarding the type of maxillary canine impaction (p=0.910). Both sexes have almost similar distribution of buccal and palatal impactions. Comparing with the previous studies, Maxillary canine impaction is found to be 2-3 times more common in females than in males [11]. Maxillary canine impactions occur five times more often in Caucasians than in Asians and that most canine impactions are palatal among Caucasians and buccal among Asians [11]. Buccal impaction was more common than palatal impaction, especially in female patients. Buccal (80.0%) type of impacted maxillary canines more common in Skeletal Class-II pattern whereas palatal (50.0%) type of impacted maxillary canines more common in Skeletal Class-I pattern. P-value obtained by Chi-square test, p<0.05 considered as a level of significant. There is no statistically significant difference between the type of impacted maxillary canines (buccal or palatal) and the type of malocclusion (Skeletal Class-I, Class-II, or Class-III) among the 30 study participants. In this study, the angle of the impacted maxillary canine to midline showed significant variation among the three skeletal patterns, with Class-III having the highest mean value (57.2 degrees), followed by Class-2 (38.3 degrees) and Class-1 (39.0 degrees).Alhammadi et al., 2018 stated that Angulation of the impacted canine to the midsagittal plane Score 1: less than 30-degree, score 2: between 30–45-degree, Score 3: more than 45 degrees. The impacted maxillary canine vertical angulation in the coronal section showed significant variation among the three skeletal patterns, Class-III had the lowest mean value (29.2 degrees), followed by Class-II (47.2 degrees) and Class-I (45.4 degrees).Such findings can lead to improvement of surgical approach to make the most suitable window or disclosure of the impacted maxillary canine by the operator, in order to do appropriate positioning of an orthodontic attachment. Similarly, the impacted maxillary canine horizontal angulation in the coronal section, Class-III had the highest mean value (66.2 degrees), followed by Class-II (51.3 degrees) and Class-I (49.6 degrees). the highest mean found indicates difficult surgical approach for orthodontic attachment. There was a statistical important difference for the coronal than axial view, (P>0.001), for the vertical angulation and (P>0.004), for horizontal angulation measurement. A study done by Uday et al., 2014 [24], did not agree with these, they found that the difference between the 2 sections in mean measurement of vertical angulation was not significant statistically but they agreed that there's a higher mean angulation recorded in coronal compared to axial section. The most common cephalometric tools are a combination of ANB angle and Wit’s appraisal, used for assessing anteroposterior discrepancies and used to diagnose skeletal pattern discrepancies. The present study had similar outcome and supports the finding of Basdra et al., 2001 [25] who found that class III subjects had a significantly higher rate of canine impaction 9% than class II division I (1.33%) while in the presents study that class III subjects had a significantly higher rate of maxillary canine impaction thanclass, I diagnose skeletal pattern. Both ANB angle and Wit’s appraisal yielded the highest values in class II and lowest values in class III participants. Skeletal class III female had more impacted maxillary canine where Skeletal class I male had more impacted maxillary canine which was not statically significant. In the anterior and posterior or sagittal relationship, almost similar founding was found between the ANB angle and the Wits appraisal measurements in skeletal class I malocclusion, the lowest values found in skeletal class III discrepancies whereas highest values found in skeletal class II malocclusion. There were no significant differences between males and females in any skeletal discrepancy category which disagreed with Al-Balbeesi et al., 2020 [7]. The ANB angle findings disagrees with the findings of Sukhia et al., 2011 [26] who noted that most participants with maxillary impacted canine have an Angle class I malocclusions with varying degree of crowding or spacing. For vertical assessment in skeletal malocclusion, the highest frequency of impacted canines was found in patients with a Class III skeletal discrepancy (28.80%), followed by ClassI (26.40%) and Class II (24.20%) with a significant difference (p<0.031). Comparison between sexes in the vertical plane showed Skeletal class III pattern had higher frequency with hyperdivergent (29.3%) female participants and skeletal class II pattern had lower frequency with hypodivergent (23.5%) female participants with no significant difference. Here, Class III skeletal pattern found 80% due to retrognathic maxilla and 20% due to prognathic mandible, For Class III skeletal pattern, buccal impaction was more common with increases FH- MP measurement (29.8%) and (27.3%) in the palatal than Class I and Class II skeletal pattern with statistically no significant differences (p>0.231) which disagreed with Sacerdoti and Baccetti, who founds a higher rate of hypodivergent vertical skeletal pattern with palatally impacted maxillary canine Cicek et al., 2017 [27] findings similar to these of Kolokitha.,2004 [28], suggesting that the vertical dimension might be smaller in patients with palatally displaced canines. This population had more class II malocclusion n and reduced vertical height. The results also showed a higher risk of having impacted canines in patients with certain dentofacial deformities. Therefore, canine impaction may be used to represent a substitute scale for the study of different skeletal malocclusion with respect to race and ethnicity. The result of this study indicates a statistically significant relation between canine impaction and skeletal pattern in the sagittal and vertical planes. Alam et al.,2013 [29], Generally, in Bangladeshi male, both the maxilla and mandible were positioned forward. The values were consistently larger than McNamara’s established cephalometric norms. There were significant differences between the sexes but most of these differences were not so marked. We have established cephalometric norms for the Bangladeshi adults using McNamara’s analysis. When compared to the established value of McNamara’s variables with the present study showed consistently smaller than the European-American mean. Bangladesh a few studies have been conducted to observe the prevalence of impacted teeth in Bangladeshi population. Prevalence of Impacted Teeth among the Orthodontic Patient in Bangabandhu Sheikh Mujib Medical University conducted by Nahar, Jha and Hassan (2015) [22]. In this study incidence of canine impaction involves approximately 2.8% of the patients seeking orthodontic treatment (Nahar, Jha and Hassan, 2015) [22]. Panoramic radiological study to identify locally displaced maxillary canines in Bangladeshi population by Alif et al. (2011) [23]. To the best of my knowledge and searching no study had been conducted on the relationship between canine impaction and skeletal pattern in the sagittal and vertical planes among the patients attending in orthodontics departments of BSMMU. The present study aims to the relation between canine impaction and skeletal pattern in the sagittal and vertical planes among the patients attending in orthodontics departments of BSMMU. The diagnosis and localization of the impact of canine is the most important step in in the management of impact of canine based on clinical and radiographic examination.  Most desirable treatment approach is early diagnosis. So that, the degree to which clinicians are aware of the risk of canine impaction in each skeletal pattern may help them prevent these impactions or manage them. 

Conclusions 
The presents study suggests the skeletal discrepancy may influence canine impaction in the sagittal and vertical planes with significant differences. This study also found that maxillary canine impaction was also mostly associated with skeletal class III participants with female predilection. Results of this study showed a higher risk of having impacted canines in patients with certain dentofacial deformities. Canine impaction may be used to represent a substitute scale for the study of different malocclusion group with respect to race and ethnicity. 

Limitations 
· The study may have a small sample size, which could limit the generalizability of the findings. 4.4 Recommendations of the study 
· In future study should be conducted with large samples and involve different governmental and private practice sector from different geographic reasons within the country. 
· Three dimensional localizations and management of impacted canine with CBCT. 
· Computerized cephalometric analysis can potentially increase the accuracy of the results, which can help in the accurate diagnosis and treatment management. 
· Future research could look further on the evaluation alveolar thickness, position of the root appraised, and horizontal, vertical overlapping of the other structure should be assessed. 
· Further detection of incidence, severity and orthodontic treatment difficulty index of impacted canine could be assessed.
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