
other than the third molars, the maxillary ca­ 
nine is the most frequently impacted tooth in 

the dental arch. Although the incidence of canine 
impaction is about 1 in 100 in the general popula­
tion,1 the ratio tends to be much higher in an ortho­
dontic practice—perhaps as high as 23.5%, ac    ­ 
cording to one researcher.2 Palatal impactions are 
more prevalent (85%) than labial impactions 
(15%).3­5

early detection of impactions is critical to the 
success of orthodontic treatment. ericson and kurol 
found that the more mesially located the crown of 
an impacted canine, the lower the likelihood of its 
eruption after deciduous extraction.6 Power and 
Short found that if a canine is angled more than 
31° to the midline, its chance of eruption after 
deciduous extraction is reduced.7 Lindauer and 
colleagues, drawing on the work of ericson and 
kurol,6 developed a method for predicting eruption 
after deciduous extraction, based on the location 
of the impacted canine cusp tip and its relationship 
to the adjacent lateral incisor.8 Dividing impacted 
canines into four groups—sectors I through IV, 
with sector IV representing the most severe impac­
tion—they determined that as many as 78% of the 
canines with cusp tips in sectors II through IV 
were destined to become impacted (Fig. 1). War ­
ford and colleagues reported that 82% of all im ­
pacted canines were classified in sectors II through 
IV, and that angulation was not as useful as sector 
analysis in predicting impaction.1

Root resorption is not only the most common 
sequela of canine impaction but the most difficult 
to treat. Although the maxillary lateral­incisor root 
is the most commonly affected by ectopic eruption 
of the canine,9­11 there is also evidence that impact­

ed canines can cause root resorption of the central 
incisors. In a study by Bjerklin and ericson of cases 
with impacted canines, 38% of the lateral incisors 
showed root resorption, compared to 9% of the 
central incisors, but every case of central­incisor 
root resorption also showed root resorption of the 
adjacent lateral incisor.12 In a similar study, Walker 
and colleagues found that 66% of the lateral inci­
sors and 11% of the central incisors showed root 
resorption, and that 50% of the cases with root 
resorption of a central incisor also demonstrated 
root resorption of the adjacent lateral incisor.13

In this retrospective study, we used cone­
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Fig. 1 Sector analysis of unerupted canines ac ­
cording to Lindauer and colleagues.8
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beam computed tomography (CBCT) to determine 
whether maxillary lateral­incisor root resorption 
can be predicted using a conventional panoramic 
radiograph and sector analysis.

Materials and Methods

Records were collected from 40 patients who 
were screened for unilaterally or bilaterally im ­
pacted maxillary canines—a total of 64 canines. 
CBCT scans from an i­CAT* dental imaging scan­
ner were retrieved from the records of the School 
of Dental Medicine at the State University of new 
York at Stony Brook and from a private oral­ 
surgery practice. All patients had fully erupted 
maxillary permanent lateral incisors adjacent to 

the impacted canines.
A traditional two­dimensional panoramic 

radiograph was created from each of the three­
dimensional scans, using Invivo** imaging soft­
ware, and standardized in natural head position 
(Fig. 2A). each impacted canine was assigned to 
sector I­IV according to Lindauer and colleagues8 

(Fig. 1):
•  Sector I—cusp tip distal to a line tangent to the 
distal heights of contour of the lateral incisor 
crown and root.
•  Sector II—mesial to sector I, with the cusp tip 
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Fig. 2 A. Typical study patient’s panoramic radiograph created from cone­beam computed tomography 
(CBCT) for sector analysis. B. Patient’s volumetric CBCT images used to pinpoint root resorption.
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distal to a line bisecting the mesiodistal dimension 
of the lateral incisor along the long axis.
•  Sector III—mesial to sector II, with the cusp tip 
distal to a line tangent to the mesial heights of con­
tour of the lateral incisor crown and root.
•  Sector IV—any position mesial to sector III.

The original CBCT scan was used to iden­
tify any root resorption of the adjacent lateral in ­
cisor (Fig. 2B).

Results

The basic results are presented in Table 1. A 
logistic regression was performed using SAS 9.2 
software,*** with the sector (I­IV) as the common 
independent variable. We then chose the sector 
with the largest sample proportion (sector IV) as 
the baseline for an odds­ratio analysis (Table 2).

Compared to sector IV, the odds of sector I and 
II canines causing lateral root resorption were ex ­
tremely small (.021 and .058, respectively). On the 
other hand, a canine in sector III had an odds ratio 
of .896, and the “p” value of regression coefficient 
for sector III was .8861, suggesting that it was no 
different statistically from a canine in sector IV. 
Furthermore, there was significantly more root 
resorption in sectors III and IV (p < .05) when they 
were combined and compared to sectors I and II.

Discussion

A pretreatment diagnosis of root resorption 
can drastically alter a treatment plan. In the study 
by Bjerklin and ericson, diagnoses and treatment 

plans for 80 children with retained and ectopically 
positioned maxillary canines were originally based 
on extraoral and intraoral photos, study models, 
charts, conventional radiography, and, if available, 
lateral headfilms.12 About a year later, after supple­
mental medical CT scans were taken, the same 
examiner modified the treatment plans of 35 of the 
80 children (44%). Among the pa  tients with root 
resorption on the maxillary incisors adjacent to 
retained canines, more than half the treatment plans 
were altered. Without the in  formation from the CT 
scans, 11 of the 80 children would not have been 
treated for pulp exposure due to the resorption of 
incisor roots, and 13 patients who showed no inci­
sor root resorption would have had one or both 
lateral incisors extracted needlessly.

It can be concluded that the more severe the 
impaction of a canine, the more likely it is that the 
adjacent lateral incisor will show some level of root 
resorption. In our study, none of the 34 impacted 
canines in sectors I and II had adjacent lateral in ­
cisors with any root resorption. Of the nine canines 
in sector III, however, four had adjacent lateral 
incisors with root resorption; of the 21 canines in 
sector IV, 10 had adjacent lateral incisors evidenc­
ing root resorption. In other words, there was a 
nearly 50% chance that an impacted canine diag­
nosed in sector III or IV would have an associated 
lateral in  cisor with some root resorption—suggest­
ing a “root resorption threshold” between sectors 
II and III.

A three­dimensional view can provide more 
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TABLE 1
DISTRIBUTION OF UNERUPTED CANINES BY SECTOR

  Teeth Showing Teeth Showing 
Sector Total Teeth Resorption No Resorption

I 25 0 25
II 9 0 9
III 9 4 5
IV 21 10 11
Total 64 14 50

***SAS Institute, Inc., Cary, nC; www.sas.com.



accurate details for planning treatment of a case 
involving unerupted canines—including such fac­
tors as the amount of bone coverage, the volumet­
ric size of the eruption follicle, and the stage of 
root development, as well as the presence of root 
resorption of either the lateral or central incisors. 
even more important, the sector position of an 
unerupted canine can help determine its potential 
for impaction. Considering the possibility of high­
er levels of radiation exposure from the routine use 
of CBCT, however, it should not be recommended 
indiscriminately in all cases. Sector analysis of a 
panoramic radiograph can guide the practitioner 
in determining whether CBCT may be indicated 
when a potentially impacted canine is present.
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TABLE 2
ODDS­RATIO ANALYSIS

 Point Estimate  “P” Value of  
Effect (Odds Ratio) 95% Confidence Interval Regression Coefficient

Sector I vs. IV 0.021 0.001-0.399 0.0100
Sector II vs. IV 0.058 0.003-1.117 0.0592
Sector III vs. IV 0.896 0.200-4.019 0.8861

Sectors I and II 
vs. Sectors III and IV 0.016 <0.001-0.294 0.0052




