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Influence of Radiographic Position of Ectopic Canines on the
Duration of Orthodontic Treatment

Padhraig S. Fleminga; Paul Scotta; Negan Heidarib; Andrew T. DiBiasec

ABSTRACT
Objective: To investigate the influence of radiographic position of palatally impacted canines on
the length of treatment for orthodontic alignment.
Materials and Methods: Treatment records of 45 consecutive successfully treated patients (36
unilateral, 9 bilateral) with ectopic palatal canines treated with surgical exposure and orthodontic
traction were analyzed. The sample was based on orthodontic referrals over a 3-year period in
Kent and Canterbury Hospital, UK. The duration of treatment was related to radiographic param-
eters including the height of the impacted canine, angulation of the long axis to the upper midline,
mesiodistal position of the canine tip relative to the midline and adjacent incisors, and the antero-
posterior position of the canine root apex.
Results: Using multiple stepwise regression analysis, the horizontal position of the canine crown
relative to adjacent teeth and maxillary dental midline showed a statistically significant correlation
with the duration of treatment (P �.042), explaining 7.7% of the overall variance. However, treat-
ment duration was found to be independent of the initial canine angulation (P � .915), vertical
height (P �.065), and position of the canine apex (P � .937).
Conclusions: Accurate prediction of treatment duration for orthodontic alignment of palatally im-
pacted maxillary canines is difficult. However, the mesiodistal position of the canine may be a
useful predictor of treatment duration. (Angle Orthod. 2009:79;442–446.)
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INTRODUCTION

The maxillary canine is second only to the mandib-
ular third molar in its frequency of impaction with a
reported incidence of 0.8% to 2.8%1,2 and a female
predilection, with most impacted canines palatal to the
arch3.

Surgical exposure and orthodontic traction is the
preferred approach for management of palatally im-
pacted canines in compliant, motivated patients, with
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good dental health, where interceptive measures are
inappropriate.4 The position of the impacted canine
gauged radiographically is instrumental to the ortho-
dontist’s decision to both expose and orthodontically
align, or to remove the impacted maxillary canine.5 A
grading system to determine the severity of palatal im-
paction of canines based on radiographic location has
been proposed,6 with high canines having severely
transposed roots considered most unfavorable. Four
main radiographic predictors believed to correlate with
prognosis for exposure and alignment of ectopic ca-
nines have been described.7 These considerations in-
clude angulation of the canine long axis to the midline,
vertical position of the canine crown from the occlusal
plane, anteroposterior position of the canine root apex
relative to the midline, and the degree of overlap of
the adjacent incisor by the canine crown tip.

However, there is little evidence linking the duration
of orthodontic mechanical eruption of the impacted
palatal canine to these influential radiographic predic-
tors. Stewart et al,8 in a retrospective study, suggested
alignment of canines positioned 14 mm or more above
the occlusal plane to take longer than those in a more
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Figure 1. Angulation of the canine long axis to the upper midline.
Two lines were extrapolated from the midline and the impacted ca-
nine, the angle between them was measured and grouped: Grade
1: 0�–15�; Grade 2: 16�–30�; Grade 3: �31�.

Figure 2. Depth of impaction of canine relative to root of incisor.
Grade 1: Below the level of the cemento-enamel junction (CEJ).
Grade 2: Above the CEJ, but less than halfway up the root. Grade
3: More than half way up the root, but less than the full root length.
Grade 4: Above the full length of the root.

favorable vertical position. Furthermore, Zucatti et al9

reported a strong association between the number of
visits and increasing age, vertical height, and mesial
displacement of the cusp tip. However, that study in-
volved a heterogeneous sample treated by multiple
operators.

The aim of this research was to investigate further
the relationship of these radiographic predictors to du-
ration of orthodontic treatment.

MATERIALS AND METHODS

The clinical notes and panoramic and intraoral ra-
diographs of consecutively, successfully completed
subjects having surgical exposure of palatal maxillary
canines and subsequent orthodontic alignment be-
tween 1999 and 2002 were obtained. The inclusion
criteria were the presence of one or two palatally im-
pacted canines requiring surgical exposure and me-
chanical orthodontic eruption; well-aligned arches or
the presence of mild crowding requiring nonextraction-
based treatment with orthodontic treatment directed
primarily at aligning the canine; and the availability of
adequate records including complete diagnostic rec-
ords and treatment notes with pretreatment panoramic
radiographs.

The exclusion criteria were undocumented clinical
appointments; patients over 18 years of age; cranio-
facial syndromes including cleft lip and palate; hypo-
dontia of associated maxillary lateral incisors; the re-
quirement for secondary surgical procedures to reex-
pose canines; repeated histories of broken appliances
and failed appointments. Patients having panoramic
radiographs with significant distortion precluding iden-
tification of anatomic landmarks in the anterior maxilla
were also excluded from the study. The quality of ra-
diographs was assessed by one operator (Mr Di-
Biase).

Participants included in the trial followed a similar
treatment protocol. They all were treated in one ortho-
dontic department undergoing surgical exposure of the
canine and placement of a preadjusted edgewise ap-
pliance with 0.022 � 0.028 inch slot (3M Unitek, Mon-
rovia, Calif) to align the teeth and recreate space for
the ectopic canine. They all had elastomeric traction
to bring the canine into correct alignment using 0.018-
inch stainless steel as the working archwire. For the
purpose of the investigation, the duration of treatment
was taken as the period from the date of surgical ex-
posure to correct alignment in the arch with a 0.019 �
0.025 inch stainless steel wire, which had been in
place for 1 month.10 In bilateral cases, both teeth were
exposed at the same time, and simultaneous traction
was applied. Alignment of the more rapidly aligned ca-
nine was considered complete 8 weeks following initial

complete engagement of a 0.018-inch stainless steel
wire. The following radiographic variables were as-
sessed based on the pretreatment panoramic view:

(a) Angulation of the canine to the midline in degrees
(Figure 1).

(b) Vertical distance from the occlusal plane (Figure
2).

(c) Mesiodistal position of canine tip (Figure 3).
(d) Position of canine root apex anteroposteriorly (Fig-

ure 4).

Statistical Methods

Demographic and radiographic data was assessed
with conventional descriptive statistics. The influence
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Figure 3. Mesiodistal position of the canine tip. Grade 1: No hori-
zontal overlap. Grade 2: Less than half the root width. Grade 3: More
than half, but less than the whole root width. Grade 4: Complete
overlap of root width or more.

Table 1. Intraexaminer Reliability for Measurement of Radiographs
at a 4-Week Interval

Variable
Difference

T1–T2 SD 95% CI r

Angulation 1.11 2.83 �0.26, 2.48 .99
Height �0.26 1.37 �0.92, 0.40 .92
Midline �0.11 1.24 �0.70, 0.49 .97

Figure 4. Position of the canine apex relative to the adjacent teeth.
Grade 1: Above the region of the canine position. Grade 2: Above
the upper first premolar region. Grade 3: Above the upper second
premolar region.

of radiographic predictors on treatment duration was
investigated using a stepwise regression analysis. All
data analysis was performed with the Statistical Pack-
age for Social Sciences (SPSS Inc, version 13.0, Chi-
cago, Ill) with a prespecified level of statistical signifi-
cance of P � .05.

RESULTS

Intraexaminer Reliability

Radiographic variables were measured twice by a
single operator (Mr DiBiase) on 20 radiographs at a 4-
week interval. The weighted kappa values (k) ranged
from 0.92 to 0.99, showing good intraexaminer agree-
ment for both angular and linear measurements (Table
1).

The sample included 45 patients with 54 palatal ec-
topic canines; 36 subjects (80%) were female. The
age at the time of surgical exposure ranged from 12.42
to 18 years with a mean of 14.81 years (SD 2.83). The
descriptive clinical characteristics for the study group
are shown in Table 2. Most subjects had a Class I
malocclusion (52%), with 13% having a Class II divi-
sion 1 incisor relationship, 9% Class II division 2, and
26% Class III. Overall, mean treatment duration was
over 26.31 months (SD 9.31).

In the stepwise multiple regression (Table 3), treat-
ment duration was entered as the dependent variable.
Graded horizontal position explained 7.7% of the var-
iance in treatment duration (P � .042, R 2 � .077). No
further predictors were found with age (P � .614), an-
gulation (P � .915), vertical position (P � .065), lo-
cation of the root apex (P � .0937), and type of ex-
posure not associated with duration of treatment (P �
.781).

DISCUSSION

Factors implicated in increasing the duration of or-
thodontic treatment include the number of failed ap-
pointments, the number of treatment phases, poor
compliance in terms of maintenance of oral hygiene
and headgear cooperation, Class II molar relationship,
treatment involving extraction of teeth, pretreatment
sagittal skeletal discrepancy, and age at the start of
treatment.11–13 As this study was retrospective in de-
sign, all of these factors were difficult to control com-
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Table 2. Clinical Characteristics of the Study Population

Clinical Characteristic Number
Percentage of

Total
Mean Treatment Duration,

Months

Incisor relationship

Class I 28 51.9 25.9
Class II division 1 7 12.9 22.6
Class II division 2 5 9.3 30.2
Class III 14 25.9 27.7

Canine position

Angulation to midline 0–15� 3 5.6 27.7
Angulation to midline 15–30� 23 42.6 24.4
Angulation to midline �31� 28 51.9 27.8
Height below cemento-enamel junction (CEJ) 0 0 —
Height between CEJ and ½ root 10 18.5 30.7
Height above ½ adjacent root length 44 81.5 25.3
Height above adjacent root 0 0 —
No overlap 2 3.7 23
Overlap of �½ root width 10 18.5 24.5
Overlap of �½ root width 14 25.9 23.1
Complete overlap of root 28 51.9 28.8
Apex above canine position 2 3.7 34
Apex above first premolar 47 87 26
Apex above second premolar 5 9.3 26.4

Type of surgical exposure

Open 42 77.8 26.4
Closed 12 22.2 26

Table 3. Stepwise Regression Analysis of Treatment Duration

Variable T Ratio
Partial

Correlation P Value

Age �0.11 �0.015 .614
Canine angulation �0.08 �0.011 .915
Canine height �0.28 �0.04 .065
Mesiodistal position of canine tip �0.87 �0.12 .042
Position of apex 1.88 0.26 .937
Type of exposure 0.51 0.07 .781

pletely. However, the influence of factors likely to af-
fect treatment duration was kept to a minimum; all sub-
jects were treated without extraction, those with poor
compliance and who failed multiple appointments were
excluded from the analysis. Treatment proceeded in
one phase and correction of a Class II molar relation-
ship was not attempted in any subject. Therefore, it is
considered that duration of treatment accurately re-
flected the time taken to align the maxillary canine. In
the current study, treatment time for alignment of the
impacted canine was 26.3 months; this treatment du-
ration is similar to previous reports of 28.8 months10

and 25.8 months.8 Orthodontic treatment duration to
address impacted canines is correlated with increasing
age.9 In particular, mechanical eruption of palatal ca-
nines in patients over 30 years of age has a less fa-
vorable prognosis14; consequently, a low upper age
threshold of 18 years was used to eliminate this con-
founding factor in the current study. Increasing age

was also found to have no influence on treatment du-
ration in the stepwise regression analysis.

The reliability of panoramic radiographs in the an-
terior maxilla is limited; narrowing of the focal trough
ensures apices and associated structures appear out
of focus or even invisible.15 Overestimation of the an-
gulation of the misplaced canine and of the distance
of the tooth from the midline is typical of panoramic
views16 with distortions in the horizontal plane tending
to be nonlinear.17 However, while the advent of three-
dimensional radiographic techniques in dentistry and
orthoradial intraoral radiographs may allow more pre-
cise localization of the impacted canine in the future,
panoral views continue to be used to assess the lo-
cation of impacted canines.5 Therefore, panoramic ra-
diographs were used to assess canine position hori-
zontally and vertically in this retrospective study. How-
ever, position was related to adjacent teeth rather than
being given absolute measurements; this approach
contrasts with previous reports.8

Interpretation of panoramic radiographic information
has been used to decide as to whether to extract an
impacted canine or attempt orthodontic alignment.5 As
angulation to the midline increases so does the pref-
erence for removal rather than alignment; however,
the findings from the current study fail to support this
rationale.

Stewart et al,8 in a retrospective study performed in
three centers based on analysis of panoramic radio-
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graphs, detected a threshold height of 14 mm from the
tip of the impacted canine to the occlusal plane; above
this level, treatment duration increased from 24 to 31
months. In the current study, concerns relating to the
validity of direct measurement of vertical canine posi-
tion on the panoramic film ensured the height of the
displaced canine tip was considered in terms of its po-
sition relative to the adjacent tooth. Canines impacted
more than halfway above the adjacent tooth took al-
most 6 months longer to correct (30.7 vs 25.3 months).
However, the study was of inadequate power to detect
a statistically significant effect (P � .065).

Using the regression analysis, the degree of overlap
of adjacent incisors in this study was the only variable
to show a statistically significant relationship with the
duration of treatment explaining 7.7% of the variance
in treatment duration. This finding confirms the asso-
ciation between more treatment visits and mesial dis-
placement of impacted canines highlighted by Zuccati
et al.9 Consequently, a radiographic finding of signifi-
cant horizontal displacement of an impacted palatal
canine may alert the clinician to the likelihood of an
extended duration of orthodontic treatment. This
knowledge may also be helpful for patients to make
an informed treatment choice.

CONCLUSIONS

• The mesiodistal position of the impacted canine is
related to overall treatment duration (P � .042). In
the current study, this factor explained 7.7% of the
observed variance.

• In the present study, treatment duration for correc-
tion of palatally impacted canines could not be re-
lated to the sagittal position of the canine apex, hor-
izontal position, or angulation of the canine long axis
to the midline.

• Further prospective research is required to investi-
gate other variables that could affect treatment du-
ration, including the type of surgical procedure and
the type of mechanics used to align ectopic canines.
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