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Abstract 

Background: Prediction about the treatment prognosis 

of impacted maxillary canines has been based largely on 

clinical experience and is mostly evidence based. An 

index that offers an improved assessment of the 

impacted maxillary canine can be beneficial for both 

patient as well as clinician. The aim of this present study 

was to evaluate the difficulty index of impacted 

maxillary canine using CBCT from perspective of an 

Orthodontist and an Oral surgeon. 

Material & Methods: The present study was conducted 

in the department of Oral &maxillofacial surgery and 

was based on CBCT records of impacted canines in 

maxillary region. CBCT’s were evaluated by 10 

Orthodontists & 10maxillofacial surgeons and eight 

criteria’s were formulated regarding the pre-treatment 

difficulty index of impacted canines which were rated by 

10 Oral surgeons and 10 Orthodontists through an online 

survey form to predict the pre-treatment difficulty index 

of impacted maxillary canine. The scoring done by 

Orthodontist and Oral surgeons was tabulated in excel 

sheet and analyzed using SPSS 21.0 version, IBM, 

Chicago. Chi-square test was done for analyzing the 

data. P< 0.05 was considered statistically significant. 

Results: The results of study showed the following sub 

criteria’s of impacted maxillary canine were having very 
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difficult scoring during pre-treatment evaluation on 

CBCT: Palatal inclination (75%), horizontal angulation 

(95%), dilacerated root (45%), Greater anatomic length 

of canine (55%), Bone covering the impacted maxillary 

canine more than 6mm (95%), Dental follicle greater 

than 3mm (55%). Total torsion of impacted maxillary 

canine (100%). 

Conclusion: This study concluded the parameters which 

should be taken into account while pre-treatment 

evaluation of the impacted maxillary canine on a CBCT 

and can easily help in eyeballing about the various 

parameters which are more difficult and can anticipate 

about the future course of treatment of   impacted 

maxillary canines.  

Keywords: Difficulty index, Maxillary impacted canine 

(MIC), cone beam computed tomography (CBCT) 

Introduction  

The prevalence of Maxillary impacted canine ranges 

between 1% & 3% & is the most common type of 

impaction following third molars[1-2]. Canine plays an 

important role in facial aesthetics, functional occlusion 

& arch development [3], because of this it is very 

important to preserve the canine such as with surgical 

exposure and Orthodontic traction [4]. The aetiology 

includes long root, longest period of development, 

torturous path of eruption, inadequate space for eruption, 

early loss of primary canine, abnormal position of tooth 

bud, genetics, endocrine disturbances& trauma to 

maxillary anterior region at early stage of development 

[5] The precise localisation of impacted maxillary canine 

can help in treatment decision to either expose, 

Orthodontically align or extract the tooth. Various 

evaluation modalities include clinical & radiographic 

assessment including angular & linear measurement & 

image magnification which have been suggested in 

literature to predict impacted canines .Identifying canine 

impactions from panoramic radiography is valuable for 

overview & prediction of tooth eruption & treatment 

results [6-7].However its limitations are assessing labio 

palatal position of impacted canines& root resorption of 

incisors. Cone beam computed tomography (CBCT) has 

been widely accepted because of excellent sensitivity & 

high reproducibility in terms of image quality & 

diagnosis accuracy. Several classifications are reported 

for assessing treatment difficulties [8]. Short & power 

[9]described The vertical position of impacted maxillary 

canine (IMC) crown from occlusal plane & angulation of 

IMC to midline .Ackerman &   Field [10] described IMC 

as horizontal ,relative to arch & vertical ,relative to apex 

.As the surgical exposure & orthodontic  alignment Of 

IMC to its normal position  requires complex & lengthy 

treatment several indices for estimating severity & 

difficulty have been reported in literature .Pitt et al 

[11]developed treatment difficulty index based on nine 

parameters that influence the treatment difficulty in 

management of IMC. However very few studies 

regarding treatment difficulty index based on two 

specialist’s point of orthodontist& maxillofacial surgeon 

are reported in literature. So, the objective of present 

study was to evaluate treatment difficulty index expected 

during treatment planning by orthodontist & 

maxillofacial surgeon during surgical exposure, removal 

of tooth, & alignment of impacted maxillary canine. 

Material & Methods  

This scoring-based study was conducted in department 

of Oral & Maxillofacial surgery. CBCT records (Figure 

1) of the patients with maxillary impacted canines 

available in the department were examined and certain 

criteria were laid down pertaining to the pre-treatment 

difficulty index of the impacted canines which were 

validated by four experts: 2 Oral surgeons and 2 

Orthodontists. Finally, eight criteria’s were shortlisted 
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each having 3 sub criteria’s (Table 1). An online survey 

form was created using Google Forms platform (Figure 

2) and circulated among 10 Orthodontists and 10 Oral 

surgeons. The online form consisted of the description 

about the study, participants name and other details with 

all eight criteria’s having three sub-criteria each, which 

were to be scored either 1 or 2 or 3 for each sub criteria 

in terms of difficulty (Table 2) by 20 examiners which 

included 10 oral surgeons and 10 Orthodontists who 

were selected through a list available online by random 

allocation method. The submitted online forms were 

collected and the data was tabulated using excel sheets 

and sent for statistical analysis. Chi-square test was 

applied. 

 

Table 1: Difficulty criteria are for impacted maxillary canine. 

Table 2: scoring and their inference 

Scoring Inference 

   1 Less difficult 

   2 Moderately difficult 

   3 Very difficult 

 

Parameter Sub criteria 

1.canine inclination Line of arch 

Buccal 

Palatal 

2.canine angulation Vertical 

Oblique 

Horizontal  

3.amount of bone covering imc 0-2 mm 

2-4 mm 

More than 6mm 

4.presence of dental follicle Less than 1mm 

Less than 2mm 

Greater than 3 mm 

5.root morphology of IMC Absence of apical hook  

Presence of apical hook 

Dilaceration 

6.torsion of IMC Mesial torsion 

Distal torsion 

Total torsion 

7.apico coronal length Normal anatomic length 

Less than anatomic length  

Greater than anatomic length 

8.periodontal status of IMC Normal PDL 

Pdl widening 

Breakage/ irregular pdl 
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Figure 1: CBCT images of impacted maxillary canine 

 

Figure 2: Online Google form 

Results  

Table 1 and table 2 shows the results of the scoring 

given by Orthodontists and Oral surgeons.The results 

showed Canine inclination with line in arch (65.0%) and 

buccal (45.0%) was reported to pose less difficulty 

whereas palatally placed canine (75.0%) was found very 

difficult to deal by most of the participants. For both the 

specialists, vertical canine angulation posed less 

difficulty (85.0%), oblique angulation posed moderate 

difficulty (50.0%) and horizontally angulated canine was 

very difficult to manage (95.0%).  

Bone covering of 0-3 mm posed less difficulty (100.0%), 

4-6mm posed moderate difficulty (50.0%) and more than 

6 mm was very difficult to manage (95.0%).  Presence of 

dental follicle irrespective of the size was found to pose 

less difficulty. Amongst the features of root morphology, 

absence of hook posed less difficulty (100.0%), presence 

of apical hook posed moderate/less difficulty (40%) and 

dilaceration was very difficult to manage (45.0%). 

Mesial torsion was reported to pose less difficulty 

(100.0%), distal torsion to pose moderate difficulty 

(55.0%) and total torsion was reported to be very 

difficult to manage (100.0%). Normal anatomic root 

length was reported to be less difficult (95.0%), less than 

normal anatomic length was reported to be moderate 

difficult (60.0%) and more than normal anatomic length 

was reported to be very difficult to manage (55.0%). 

Impacted canine with normal periodontal status were 

found to be less difficult (100.0%), with PDL widening 

were found to be moderate difficult and with PDL 

breakage/ irregular PDL were found to be very difficult 

to manage. On comparing between the Orthodontist and 

oral surgeons, it was found that the amount of difficulty 

experienced by orthodontists and oral surgeons in 

managing canines with different grades of inclination 

and angulation was statistically non-significant (p value 

>.05). Bone covering of 4-6 mm was reported to be less 

difficulty by oral surgeons (100.0%) whereas 
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orthodontists reported it to be a factor causing moderate 

difficulty (100.0%) (p value <.05). Presence of dental 

follicle (less than 1 mm) was reported to cause less 

difficulty by a significantly greater number of 

Orthodontists compared to oral surgeons (100.0% vs 

60.0%) (p value <.05). Presence of dental follicle (1-2 

mm) was reported to cause less difficulty by a 

significantly greater number of orthodontists compared 

to oral surgeons (60.0% vs 0.0%), for dental follicle 

more than 3mm, 70.0% oral surgeons rated such canines 

were very difficult to manage (p value <.05). Canines 

with apical hook and dilacerations were less difficult to 

manage by oral surgeons compared to orthodontists (p 

value <.05). Canine with distal torsion was less difficult 

to manage for oral surgeons whereas it was moderately 

difficult to manage by orthodontists (p value <.05). 

Canine with less the normal anatomic length was 

reported to pose less difficulty by greater proportion of 

oral surgeons compared to orthodontists (40.0% vs 

0.0%) (p value<.05). According to a significantly greater 

number of oral surgeons, canine with PDL or irregular 

PDL is moderately difficult to manage whereas for 

orthodontists such canines were very difficult to manage 

(p value<.05). 

Table 3: Distribution of study participants based on their responses towards canine inclination, canine angulation, root 

morphology and apico-coronal length. 

Factor  Difficulty level Group A: 

Orthodontists 

Group B: 

Oral surgeons 

Total  Chi-square 

value 

df P value 

Canine 

inclination 

Line of Arch 

 

Less difficult 7 (70.0%) 6 (60.0%) 13 (65.0%) .220 1 .639 

Moderately difficult 3 (30.0%) 4 (40.0%) 7 (35.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Buccal Less difficult 6 (60.0%) 3 (30.0%) 9 (45.0%) 2.143 2 .343 

Moderately difficult 3 (30.0%) 4 (40.0%) 7 (35.0%) 

Very difficult 1 (10.0%) 3 (30.0%) 4 (20.0%) 

Palatal 

 

Less difficult 0 (0.0%) 1 (10.0%) 1 (5.0%) 1.067 2 .587 

Moderately difficult 2 (20.0%) 2 (20.0%) 4 (20.0%) 

Very difficult 8 (80.0%) 7 (70.0%) 15 (75.0%) 

Canine 

angulation 

Vertical  Less difficult 7 (70.0%) 10 (100.0%) 17 (85.0%) 3.529 1 .060 

Moderately difficult 3 (30.0%) 0 (0.0%) 3 (15.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Oblique  Less difficult 4 (40.0%) 3 (30.0%) 7 (35.0%) .476a 2 .788 

Moderately difficult 5 (50.0%) 5 (50.0%) 10 (50.0%) 

Very difficult 1 (10.0%) 2 (20.0%) 3 (15.0%) 

Horizontal  Less difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.053 1 .350 

Moderately difficult 1 (10.0%) 0 (0.0%) 1 (5.0%) 

Very difficult 9 (90.0%) 10 (100.0%) 19 (95.0%) 

Root 

morphology 

of impacted 

Absence of 

apical hook 

Less difficult 10 (100.0%) 10 (100.0%) 20 (100.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 
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maxillary 

canine 

Presence of 

apical hook 

Less difficult 0 (0.0%) 8 (80.0%) 8 (40.0%) 14.000 2 .001* 

Moderately difficult 6 (60.0%) 2 (20.0%) 8 (40.0%) 

Very difficult 4 (40.0%) 0 (0.0%) 4 (20.0%) 

Dilaceration  Less difficult 0 (0.0%) 8 (80.0%) 8 (40.0%) 17.333 2 .001* 

Moderately difficult 1 (10.0%) 2 (20.0%) 3 (15.0%) 

Very difficult 9 (90.0%) 0 (0.0%) 9 (45.0%) 

Apico 

coronal 

length  

Normal 

anatomic 

length  

Less difficult 10 (100.0%) 9 (90.0%) 19 (95.0%) 1.053 1 .305 

Moderately difficult 0 (0.0%) 1 (10.0%) 1 (5.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Less than 

normal 

anatomic 

length 

Less difficult 0 (0.0%) 4 (40.0%) 4 (20.0%) 8.000 2 .018* 

Moderately difficult 6 (60.0%) 6 (60.0%) 12 (60.0%) 

Very difficult 4 (40.0%) 0 (0.0%) 4 (20.0%) 

Greater than 

normal 

anatomic 

length 

Less difficult 0 (0.0%) 1 (10.0%) 1 (5.0%) 1.091 2 .580 

Moderately difficult 4 (40.0%) 4 (40.0%) 8 (40.0%) 

Very difficult 6 (60.0%) 5 (50.0%) 11 (55.0%) 

Chi-square test. *p value <.05 was considered statistically significant. 

Table 4: Distribution of study participants based on their responses towards amount of bone covering, presence of dental 

follicle around the impacted maxillary canine, Torsion of impacted maxillary canine and periodontal status of impacted 

maxillary canine. 

Factor  Difficulty level Group A: 

orthodontist 

Group B: 

Oral surgeon 

Total  Chi-square 

value 

df P value 

Amount of 

bone covering 

0-3 mm Less difficult 10 (100.0%)  10 (100.0%) 20 (100.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

4-6 mm 

 

Less difficult 0 (0.0%) 10 (100.0%) 10 (50.0%) 20.000 1 .001* 

Moderately difficult 10 (100.0%) 0 (0.0%) 10 (50.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

More than 

6  

Less difficult 0 (0.0%) 1 (10.0%) 1 (5.0%) 1.053 1 .353 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 10 (100.0%) 9 (90.0%) 19 (95.0%) 

Presence of 

dental follicle 

around the 

impacted 

maxillary 

canine 

< 1mm Less difficult 10 (100.0%) 10 (100.0%) 20 (100.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.00%) 

 1-2 mm Less difficult 10 (100.0%) 6 (60.0%) 16 (80.0%) 5 1 .025* 

Moderately difficult 0 (0.0%) 4 (40.0%) 4 (20.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 
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3mm or 

more 

Less difficult 6 (60.0%) 0 (0.0%) 6 (30.0%) 9.818 2 .007* 

Moderately difficult 0 (0.0%) 3 (3.0%) 3 (15.0%) 

Very difficult 4 (40.0%) 7 (70.0%) 11 (55.0%) 

Torsion of 

impacted 

maxillary 

canine 

Mesial  Less difficult 10 (100.0%) 10 (100.0%) 20 (100.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Distal  Less difficult 0 (0.0%) 9 (90.0%) 9 (45.0%) 16.364 1 .001* 

Moderately difficult 10 (100.0%) 1 (10.0%) 11 (55.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Total  Less difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 10 (100.0%) 10 (100.0%) 20 (100.0%) 

Periodontal 

status of 

impacted 

maxillary 

canine 

Normal  Less difficult 10 (100.0%) 10 (100.0%) 20 (100.0%) - - - 

Moderately difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Very difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 

PDL 

widening 

Less difficult 0 (0.0%) 1 (10.0%) 1 (5.0%) 7.143 2 .028* 

Moderately difficult 5 (50.0%) 9 (90.0%) 14 (70.0%) 

Very difficult 5 (50.0%) 0 (0.0%) 5 (25.0%) 

Breakage 

or irregular 

PDL 

Less difficult 0 (0.0%) 0 (0.0%) 0 (0.0%) 8.571 1 .003* 

Moderately difficult 0 (0.0%) 6 (60.0%) 6 (30.0%) 

Very difficult 10 (100.0%) 4 (40.0%) 14 (70.0%) 

Chi-square test. *p value <.05 was considered statistically significant. 

Discussion  

Management strategies of impacted maxillary canine 

(IMC) requires thorough understanding of severity of 

IMC &anticipated treatment difficulties. The complexity 

& treatment difficulty is influenced by several clinical & 

radiographic factors.Various treatment difficulty indices 

have been proposed to estimate the severity of impaction 

[12-13]. In dentistry various classifications have been 

used to determine the difficulty or status of patient’s 

dentition. In 0rthodontics to predict difficulty, various 

classification has been used based on two 

radiographs.[14] until recently cone beam CT based on 

three-dimensional radiography [15] Cone beam CT can 

identify the location of IMC very precisely [16]. The 

precise localization of impacted canine helps to diagnose 

and decide the treatment planning which is important to 

decrease the patient’s need for surgical exposure and 

prolonged Orthodontic treatment with increased costs 

and side effects. Another factor that affects the severity 

of IMC is based on age. According to AL Abdullah [17] 

growing elder increases the chance of impacted teeth 

worsening in position, particularly when the angle of 

tooth’s long axis to the midline increases. In the present 

study, Canine inclination with line in arch (65.0%) and 

buccal (45.0%) was reported to pose less difficulty 

whereas palatally placed canine (75.0%) was found very 

difficult to deal by most of the specialists. Contrary to 

these findings, a study19 concludes that the treatment 
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decision is influenced by the Bucco-palatal position of 

the canine crown, the palatally impacted canines are 

more likely to be exposed, and those in the line of the 

arch or buccally positioned more likely to be removed 

which is attributable to the increased problems of 

managing the attached gingivae with buccally positioned 

impacted canines as compared with palatal impactions. 

Kuftinec and Shapira20 in their study stated that the 

canines angulated towards the horizontal are difficult to 

manage and have a poorer alignment prognosis when 

treated Orthodontically. Which is in alignment with the 

present study where the vertical canine angulation posed 

less difficulty (85.0%), oblique angulation posed 

moderate difficulty (50.0%) and horizontally angulated 

canine was very difficult to manage (95.0%) according 

to both the specialists. However, on comparing between 

the Orthodontist and oral surgeons, the amount of 

difficulty experienced with different grades of 

inclination and angulation of impacted canines was 

statistically non-significant (p value >.05). Amongst the 

features of root morphology, absence of apical hook 

posed less difficulty (100.0%), presence of apical hook 

posed moderate/less difficulty (40%) and dilaceration 

was very difficult to manage (45.0%). Canines with 

apical hook and dilacerations were less difficult to 

manage by oral surgeons compared to Orthodontists for 

whom presence of apical hook (60%) and dilaceration 

(90%) were very difficult parameters for a impacted 

maxillary canine(p value <.05) which can be attributable 

to the fact that the traction of such teeth can delay and 

cause hindrance in Orthodontic alignment while as 

extracting such teeth can be quite tedious and cause 

apical fractures, but contrary to this oral surgeons  

scored it as less difficult. All the specialists reported the 

Normal anatomic root length of tooth to be less difficult 

(95.0%) and more than normal anatomic length was 

reported to be very difficult to manage (55.0%). From 

Orthodontic point of view, greater than normal anatomic 

length can cause problem in traction of canine into 

occlusion, while as for oral surgeons extraction of such 

unfavourably maxillary impacted teeth with greater 

anatomic length can cause difficulty. It has been reported 

that the higher above the occlusal plane the canine is 

positioned, the poorer the prognosis for orthodontic 

traction and alignment.11In the present study the Bone 

covering of 0-3 mm posed less difficulty (100.0%), 4-

6mm posed moderate difficulty (50.0%) and more than 6 

mm was very difficult to manage (95.0%) as scored by 

both the specialists. Mcsherry21 statedthe ‘the vertical 

rule of thirds’ and suggested that a  good, fair or poor  

prognosis depends upon whether the canine cusp tip is at 

which level of the amelocemental junction of the 

adjacent incisor. Bone covering of 4-6 mm was reported 

to be less difficult by oral surgeons (100.0%) whereas, 

Orthodontists reported it to be a factor causing moderate 

difficulty (100.0%) (p value <.05). However, a bone 

covering of more than 6mm was considered  very 

difficult by orthodontist (100%) and by Oral surgeons 

(90%) which can be attributed to fact that greater bone 

removal during surgical exposure has more  chances of 

trauma to the impacted canine and Orthodontically also 

would be challenging as the canine has to traverse 

through good amount of bone during orthodontic 

traction as well as bonding attachment in such situation 

will be quite tedious and there are more chances of 

gingival overgrowth during the course of treatment. Yan 

et al 22has reported about the physical proximity between 

lateral incisor roots and follicles of impacted canines 

greatly affects the incidence of impacted canines 

associated root resorption.  Many studies indicated that 

pressure from canine dental follicles was similar to 

Orthodontic force, and can be risky for external apical 
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root resorption.22,23,24 Larger dental follicle promotes 

more mesial migration and the incidence of resorption. 

However, in the current study, Presence of dental follicle 

irrespective of the size was found to pose less difficulty 

for treatment by both the specialists. Presence of dental 

follicle (1-2 mm) was reported to cause less difficulty by 

a significantly greater number of orthodontists compared 

to oral surgeons (60.0% vs 0.0%), for dental follicle 

more than 3mm, 70.0% oral surgeons rated such canines 

were very difficult to manage (p value <.05). Since the 

follicle has to be removed surgically during exposure so 

that can be the reason for oral surgeons scoring more for 

the dental follicle greater than 3mm size. In terms of 

Torsion or rotated impacted maxillary canine, Mesial 

torsion was reported to pose less difficulty (100.0%), 

distal torsion to pose moderate difficulty (55.0%) and 

total torsion was reported to be very difficult to manage 

(100.0%).  Canine with distal torsion was less difficult to 

manage for oral surgeons whereas it was moderately 

difficult to manage by orthodontists (p value <.05). Total 

torsion was considered equally difficult by Oral 

surgeons and Orthodontists (100%). Getting the totally 

rotated impacted teeth into alignment is more difficult as 

compared to distal and mesial torsion and same goes for 

the extraction of such impacted maxillary canines. 

According to the results of this study, a significantly 

greater number of oral surgeons rated canine with PDL 

widening or irregular PDL as moderately difficult to 

manage, whereas for Orthodontists (100%) such canines 

were very difficult to manage (p value<.05) which can 

be attributed to the fact that widening or breakage of 

PDL can cause difficulty in tooth movement and PDL 

breakage can cause ankylosis which can pose a problem 

while extraction of such impacted maxillary canines. 

Such studies should be done on long term basis so that 

pre-treatment difficulty index can be compared with the 

outcome also and also larger sample should be included. 

There is less literature regarding the CBCT study on 

Mandibular canine impaction which is a topic for future 

research.  

Conclusion  

The present study gave in-toto index for difficulty levels 

for impacted maxillary canines and laid parameters 

which are less difficult, moderately difficult and very 

difficult. Among the less difficult are: impacted canine at 

the line of arch, Bone covering 0-3mm, Vertical 

angulation, absence of hook, mesial torsion, normal 

anatomic length and normal PDL. Among the very 

difficult parameters were: Palatal inclination, horizontal 

angulation, dilaceration, greater anatomic length, bone 

covering of more than 6mm, Dental follicle more than 

3mm, total torsion, PDL breakage. This study concluded 

that treatment of impacted maxillary canine varies from 

surgical exposure to Orthodontic bonding, traction, 

alignment into normal occlusion also the difficulty index 

perception from Orthodontist& maxillofacial surgeons’ 

point of view regarding pre-treatment CBCT evaluation 

of impacted maxillary canines varies. The clinicians 

should analyse each case thoroughly to anticipate all 

consequences so as to develop best treatment plan & 

every case has to be considered on individual basis.  
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