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Objectives: The aim of this prospective study was to compare the impact of using two-
dimensional (2D) panoramic radiographs and three-dimensional (3D) cone beam CT for the
surgical treatment planning of impacted maxillary canines.

Methods: This study consisted of 32 subjects (19 females, 13 males) with a mean age of
25 years, referred for surgical intervention of 39 maxillary impacted canines. Initial 2D
panoramic radiography was available, and 3D cone beam CT imaging was obtained upon
clinical indication. Both 2D and 3D pre-operative radiographic diagnostic sets were
subsequently analysed by six observers. Perioperative evaluations were conducted by the
treating surgeon. McNemar tests, hierarchical logistic regression and linear mixed models
were used to explore the differences in evaluations between imaging modalities.

Results: Significantly higher confidence levels were observed for 3D image-based treatment
plans than for 2D image-based plans (p < 0.001). The evaluations of canine crown position,
contact relationship and lateral incisor root resorption were significantly different between the
2D and 3D images. By contrast, pre- and perioperative evaluations were not significantly
different between the two image modalities.

Conclusions: Surgical treatment planning of impacted maxillary canines was not signifi-
cantly different between panoramic and cone beam CT images.
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Introduction

The incidence of impacted maxillary canines varies
from 1% to 3%."? The percentage of palatally and
buccally impacted canines also varies widely, according
to studies in the literature. The majority of canine
impactions are located palatally in Caucasians®> and
buccally in Asian populations.* Proper clinical and
radiographical diagnosis of impacted canines before
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and during treatment is critically important for treat-
ment planning and stable results with minimal compli-
cations. With delayed eruption of maxillary canines, the
radiological examination serves to determine the posi-
tion and spatial context. Using this evaluation, clini-
cians can assess the chance of a normal eruption or
create an adequate therapeutic plan. Another important
factor in treatment planning is the presence and extent
of external root resorption in the adjacent incisors.’

A radiographic examination is an essential part of the
diagnostic process when an impacted canine is involved.
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Several two-dimensional (2D) radiographic techniques
have been used for the differential diagnosis of canine im-
paction, including panoramic, periapical, occlusal and
cephalometnc radiographs, or a combination of these
approaches.'> The parallax technique has been used com-
bining different 2D radiographs: two intraoral periapical
radiographs with different projection angulations [same
lingual opposite buccal (SLOB) rule] periapical with oc-
clusal radlographs and panorarmc with occlusal radio-
graphs.® A potential difference in the assessment of canine
location and the risks involved can be seen in comparison
with a combined set of 2D radiographs (panoramic and
two periapical or occlusal) and single panoramic images.
Although more accurate localization was found in some
studies,”® other studies indicated that single pano-
ramic images may be as chmcally useful as combined
image data sets themselves.” '* In addition, the dlagnostlc
ability of smgle panoramic radiographs for canine locali-
zation and in combination with occlusal rachographs
showed no significant difference between the techniques.®

Patients with impacted canines present treatment
challenges. In the absence of early diagnosis and pre-
vention, the impacted canine usually requires a combi-
nation of multidisciplinary interventions to bring it into
occlusion. Several methods have been used for the
treatment of impacted canines, including interceptive
treatment by extracting the primary canine alone
surgical exposure with or without attachment,'® auto-
transplantatlon and canine extraction. Previous stud-
ies of treatment planning were conducted based on 2D
radiographic procedures. Radiographic factors and
treatment methods have been correlated with the length
of treatment by several authors.'®'®2° However, pre-
dlctmg the treatment duration associated with impacted
canines is difficult.”” The angulations and position of
the canines in the dental arch, the overlap between the
lateral incisor and canine and the presence of root
anomalies have all been discussed as having a role in the
treatment decision.'®?!->?

Using low-dose cone beam CT (CBCT) images to
assess the impacted canine in a three-dimensional (3D)
representation has shown clear benefits for both diagnosis
and prognostic estimates on eruption as well as treatment
planning.>* 2 Most studies have compared conventional
radiology and CBCT, showing a superiority of CBCT in
assessing the exact position of impacted canines.®**"*®
Haney et al*” evaluated the difference between a 2D data set
(including panoramic, occlusal and two periapical radio-
graphs) and CBCT images, and showed a discrepancy be-
tween the two sets in the assessment of both the position of
the impacted canine and the type of treatment chosen.”’
However, previous studies have not clearly explained
the influence of 2D vs 3D diagnosis on the assessment of
impacted canines and subsequent surgical management.
The potential influence of CBCT on pre-surgical treatment
planning has not yet been evaluated. Thus, the aim of
this prospective study was to compare the impact of
using 2D panoramic radiographs vs 3D CBCT for sur-
gical treatment planning of impacted maxillary canines.
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Materials and methods

Thirty-two subjects (19 females, 13 males; mean age 25,
standard deviation 14 years) with impacted maxillary
canines participated in the study. A total of 39 impacted
maxillary canines were referred for surgical intervention
because they had failed to erupt normally. 17 of the
impacted maxillary canines were located on the right
side (Tooth 13) and 22 on the left side (Tooth 23). The
study protocol was approved by the medical ethics
committee board of UZ-KU Leuven university, Leuven,
Belgium (approval number: B32220083749, S50910).

Two sets of radiographs were obtained within a max-
imum interval of 6 weeks. The first set consisted of 2D
panoramic radiographs, whereas the second set consisted
of 3D volumetric images obtained from CBCT scans. All
panorarmc radiographs were taken with Veraviewepocs
2D® (J. Morita, Kyoto, Japan). The images were viewed
and analysed with the Digora® software (Soredex,
Tuusula, Finland). The CBCT analyses were conducted
using a 3D Accuitomo-XYZ Slice View Tomograph
(J. Morita). The CBCT images were analysed using i-Dixel
One Data Viewer Version 1.27 software (J. Morita).

In this study, all patients were referred for a CBCT ex-
amination because 3D visualization of the canine relative
to the adjacent teeth was clinically indicated to perform
the treatment plan. CBCT images were taken whenever the
canine was displaced from its normal position, or if it was
very difficult to be localized, deeply impacted, horizontally
impacted or associated with suspected root resorption on
adjacent incisors. No patients received any additional ra-
diographic exposure during this evaluation.

Pre-operative radiographic evaluation

A therapeutic decision for each case was made by six
observers (four orthodontists and two oral surgeons),
based on panoramic radiographs and CBCT radio-
graphs. The panoramic and CBCT images were pre-
sented separately and in a random order with a 2 week
interval. The observers accomplished the therapeutic
plan and completed a questionnaire for the following
parameters:

1. The observer’s confidence in successful treatment
planning and in performing a complete treatment
without complications using the information pro-
vided. The following five-step confidence scale was
used: (1) very confident, (2) confident, (3) no opinion,
(4) doubtful/unsure, and (5) very doubtful/unsure.

2. Type of treatment, including simple surgical exposure
of the canine, surgical exposure with attachment, and
canine extraction.

3. Open or closed eruption technique.

4. Permanent maxillary canine crown position in the
sagittal plane relative to the adjacent teeth (palatal,
buccal or in line with the arch).

5. The position of the permanent maxillary canine in the
axial plane relative to the occlusal plane (high, close to
the apical third of the lateral incisor root; medium,



near the middle third of the lateral incisor root; and
low, near the coronal third of the lateral incisor root).

6. Contact relationship between the canine and the
adjacent teeth. The contact relationship between the
permanent maxillary canines and incisors was assigned
to one of the following two categories:* (1) contact,
indicated by a distance between the crown of the
permanent maxillary canine and the adjacent incisors
of less than 1 mm; and (2) no contact, indicated by a
distance between the crown of the permanent maxillary
canine and adjacent incisors of greater than or equal to
I mm.

7. Presence of root resorption in the adjacent lateral
incisors.

8. Prediction of complications, including infection,
swelling and bleeding.

9. Linear measurements (in millimeters) were obtained
by three observers (two orthodontists and one surgeon)
for the following values: (A) the total canine length
(i.e. the distance from the canine cusp tip to the apex),
(B) canine crown width, (C) distance from the canine
cusp tip perpendicular to the axis of the ideal position,
(D) distance from the canine apex perpendicular to
the axis of the ideal position and (E) mesiodistal space
(i.e. from the distal surface of the lateral incisor to the
mesial surface of the first premolar) (Figure 1).

Perioperative evaluation
During surgery, the operating surgeon used both image
modalities, recorded the type of treatment chosen as well
as the eruption technique and confirmed the type of
canine impaction, canine location in sagittal and axial
planes and prediction of complications. Root resorption
of the lateral incisor and contact relationship between the
impacted canine and adjacent teeth were not included
because it was not possible to assess them during surgery.
After analysing the CBCT images, the surgeon was
asked to express his opinion on the use of CBCT images
for diagnosis and surgery. The following information
was recorded: (1) whether the CBCT added valuable

v X(
&4

PN P,

Maxillary canine impactions
A Algerban et a/

diagnostic information that would not have been
obtained otherwise, (2) whether the surgical plan had
changed because of the diagnostic information obtained
from the CBCT images and (3) whether CBCT should
be used to surgically treat canine impactions.

Statistical analysis

McNemar tests were used to explore the differences in
evaluations between 2D and 3D imaging. However,
these tests assumed 234 scores from 39 cases evaluated
by 6 observers to be independent, an inappropriate
assumption that artificially inflated the amount of in-
formation. Therefore, a hierarchical logistic regression
model was used for the comparisons where a significant
result was obtained with the McNemar test. Only binary
models were used (i.e. evaluations with more than two
levels were dichotomized). To account for the correlation
in the data, the model contained random effects of the
observer and the subject, as well as their interactions.
Linear mixed models with the same random effects struc-
ture were used to compare measurements between 2D and
3D. p <0.05 was considered significant.

All analyses were performed using SAS software
v. 9.2 of the SAS System for Windows (SAS® Institute
Inc, Cary, NC). The SAS GLIMMIX procedure was
used to fit the hierarchical logistic regression models.

Results

The pre-operative radiographic evaluation of the treat-
ment plans using panoramic radiographs (2D) and
CBCT radiographs (3D) are shown in Table 1. The
observers had a significantly higher level of confidence
in their 3D image-based surgical treatment plans than in
their 2D image-based plans (p < 0.001). The treatment
decision regarding canine crown position in the sagittal
and axial planes, contact relationship and presence of
lateral incisor root resorption was significantly different
when it was based on 2D than 3D information
(Table 1). Root resorption of the lateral incisors was
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Ideal position

Figure 1 Panoramic image of 15 year old female patient with bilateral impacted canine illustrating the reference lines of ideal canine position as
well as the linear measurements as follows: (a) the canine total length from the canine cusp tip to the apex, (b) the canine crown width, (c) the
distance from the canine cusp tip perpendicular to the axis of the ideal position, (d) the distance from the canine apex perpendicular to the axis of
the ideal position and (e) the mesiodistal space from the distal surface of the lateral incisor to the mesial surface of the first premolar
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Table 1 Pre-operative radiographic evaluation of treatment planning
and differences between two-dimensional panoramic imaging and
three-dimensional CBCT

Table 2 Descriptive information and the differences between linear
measurements (in millimeters) using two-dimensional panoramic imaging
and three-dimensional CBCT

Parameters Categories Panoramic CBCT p-value Parameters Values  Panoramic CBCT p-value
Confidence level in  Very convinced 39 40.6  <0.0001 Canine total length Mean  14.6 142 0.04
treatment planning Convinced 26.1 47.5 Median 14.4 14.2
No opinion 5.9 4.7 SD 2.5 2.3
Doubtful 49.6 59 Canine crown width Mean 7.7 74  0.03
Very doubtful 14.5 1.3 Median 7.3 7.4
Type of treatment  Simple surgical 6.5 8.1 NS SD 1.7 0.9
exposure Distance from cusp tip of Mean 6.3 58 NS
Surgical 75.6 79.1 canine to ideal axis Median 5.2 4.6
exposure with SD 4.5 39
attachment Distance from apex of canine Mean 7.1 8.1  0.002
Canine 17.9 12.8 to ideal axis Median 6.3 6.7
extraction SD 4.4 5.4
Technique Open 93.9 869 NS Mesiodistal space Mean 4.9 48 NS
Closed 6.1 13.1 Median 5.8 5.8
Canine crown Buccal 26.2 20.2 0.002 SD 3.1 29
position in sagittal Palatal 64.4 61.4 i . R
plane Close to the line 9.4 18.4 ge]iica}"i,o flone beam CT; NS, not significant (p > 0.05); SD, standard
arch ’
Canine crown High 30.3 29.0 0.005 : :
position in axial Medium 51.7 43.6 Discussion
plane Low 18.0 27.4
Contact Contact 81.6 89.7 0.008 It is important to consider the advantages of CBCT in
relationship No contact 18.4 10.3 canine localization and its impact on patient management.
Resorption of Resorption 11.5 18.0 0.025 Theref. th tential i t in th ical
lateral incisors No resorption 88.5 82.0 CICIOTE, ¢ po ep 1a }mprovemen mn € ,Surgl,ca
Prediction of Complication 17.5 256 NS management of patient with the use of CBCT imaging
complication No complication 82.5 74.4 warrants investigation. This prospective study was car-

CBCT, cone beam CT; NS, not significant (p > 0.05).
Values are percentages of the 234 scores (6 observers, 39 cases).

detected more often with CBCT images than with
panoramic images (18% wvs 11.5%, respectively). Re-
garding pre-surgical treatment planning, no significant
differences were found for either the type of treatment
chosen or the surgical technique and prediction of com-
plications. However, CBCT was associated with fewer
canine extractions than panoramic evaluation (13% vs
18%). Moreover, no significant correlations were found
between CBCT and panoramic radiographs regarding the
type of treatment chosen (e.g. simple surgical exposure
with or without attachment and canine extraction),
regarding the eruption technique chosen (e.g. open or
closed eruption) and other diagnostic factors.

The mean, median and standard deviation values, as
well as the systematic differences for the linear measure-
ments, are shown in Table 2. The linear measurements of
the width of the canine crowns, the canine root length and
the distance between the canine apex and the ideal were
significantly different between the two imaging modalities.

Table 3 displays the percentage of correct agreement be-
tween the pre- and perioperative evaluations and decisions
related to treatment planning. This agreement was not sig-
nificantly different between panoramic and CBCT images.

After evaluating the CBCT images, the treated surgeon
considered the extra diagnostic information to be valuable
in 92.3% (36/39) of the cases. Changes in the therapeutic
plan occurred in 79.5% (31/39) of the cases when 3D in-
formation was obtained instead of panoramic information
alone. CBCT was recommended in 61.5% (24/39) of canine
impaction cases.
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ried out on patients who had both 2D panoramic and 3D
CBCT images and focused on surgical treatment plan-
ning based on radiographic information and factors that
may affect surgical decisions.

For many years, conventional radiography was
regarded as the standard technique for the diagnosis
and treatment planning for impacted canines. In this
study, panoramic images were chosen to represent
conventional 2D radiographs because patients fre-
quently obtain them before undergoing routine
treatment for impacted canines. Several studies have

Table 3 Correct agreement (expressed in percentages) between
pre-operative treatment planning and perioperative treatment
information when using two-dimensional panoramic imaging vs
three-dimensional CBCT. None of these comparisons was significantly
different (p > 0.05)

Parameters Categories Panoramic CBCT
Type of treatment Simple surgical 0.4 0.9
exposure
Surgical exposure 51.7 S1.7
with attachment
Canine extraction  13.3 8.1
Technique Open 78.2 75.2
Closed 3.0 6.8
Canine crown position in  Buccal 52 7.3
sagittal plane Palatal 429 46.6
Close to the line 6.4 7.3
arch
Canine crown position in  High 16.7 15.0
axial plane Medium 252 20.9
Low 8.6 12.0
Prediction of complication Complication 39 6.4
No complication 58.1 52.6

CBCT, cone beam CT.
Values are percentages of the 234 scores (6 observers, 39 cases).



compared the diagnostic information gained from
panoramic vs CBCT radlography, usmg sectors, lin-
ear and angular measurements.'>!*3° The limitations
of panoramic radiographs are well known; these include
the distortion of anatomical structures, projection errors,
blurred images and inaccuracies in complex 3D maxil-
lofacial structures projected onto a 2D plane, all of which
may increase the risk of misinterpretation.®’* However,
much debate exists regarding the ut111ty of panoramic
radiographs for canine localization.” ' Reports in the
literature state that when clinical information is in-
sufficient to identify the position of the impacted canines,
a 2D imaging technique such as a panoramic radlograph
should be supplemented by another radiograph.? A study
by Jung et al'* correlated the diagnostic positions of
panoramic with those of CBCT radiographs of impacted
maxillary canines. The results showed that the panoramic
radiographs were useful for predlctmg canine buccohngual
locations based on sectors.'* Impacted canine angula-
tion was also used to dlfferentlate the canine positions
based on panoramic radiographs.'® Differences between
the present study and others, owing to the localiza-
tion of canine position based on sector and angular
measurements, were not evaluated.

Other studies have compared the diagnosis and
treatment planning based on CBCT images with those
based on 2D panoramic images in combination with a
lateral cephalogram, available periapical radiographs
and/or a dental cast.”**"?® The results indicated that
information from CBCT was superior to that obtained
from conventional 2D radlographs which may affect
treatment planning.>*?’” This study, however, did not
focus on treatment opinions or treatment planning.
Therefore, lateral cephalograms were not used because
of insufficient information related to canine impaction
caused by superimposition (i.e. mainly in the case of
bilateral impaction) and because they had the same
limitations as panoramic images for diagnosis of the
presence or absence of root resorption of the adjacent
lateral incisors. Two intraoral periapical radiographs
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were not used because of limitations such as the small
field of view. When the canines were bilaterally im-
pacted, four periapical radiographs were needed for
each patient, which was considered to be unjustified. In
addition, intraoral 2D images are subject to the same
constraints as panoramic imaging and have been found
to be an inaccurate diagnostic tool for the detection of
root resorption of the adjacent incisor.*> Furthermore,
the combination with the 2D radiographs was not used
in this study because two periapical radiographs are
insufficient to provide the vertical canine crown loca-
tion, or the canine apex relative to the surrounding struc-
tures, and cannot be reproduced accurately with the same
angulat10n projections for all patients referred for sur-
gery.>* Moreover, these radiographs, accordmg to the
SLOB rule, were largely intended for canine crown local-
ization instead of detection of root resorption on the ad-
jacent incisors. By contrast, since CBCT was introduced
at our centre (2004), it has replaced other modalities in
cases requiring additional radiographs for impacted
canines. As a result, unnecessary radiation has been
avoided via optimization and low-dose exposures.

Linear measurements were included in comparisons
between panoramic and CBCT images because they were
frequently used as comparative parameters for radiological
assessment.”>*> Several authors have suggested that lin-
ear measurements are reliable in panoramlc rad1ographs
for the assessment of correct patient position.*”* All pan-
oramic images in this study were acquired with patients in
standardized positions and were performed by experienced
technical operators. In our previous study, panoramic ra-
diographs were found to be less reliable, resulting in lower
measurement accuracy and less agreement compared
with CBCT i images for different d1agnost1c tasks related to
canine impaction. 0 Moreover, in agreement with our
findings, CBCT had better agreement than panoramic ra-
diography regarding canine position and the detection of
external root resorption of adjacent lateral incisors.>**

In this study, the observers had a higher level of
confidence in their CBCT image-based therapy plans

i
4

Figure 2 Two-dimensional panoramic radiograph of a 15 year old female with an impacted maxillary right canine. The root contours of the
central and lateral incisors overlap with that of the canine. The canine crown is magnified indicating that it is palatally impacted with the exact

location for surgical intervention is very difficult to assess

Dentomaxillofac Radiol, 42, 20130157
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Figure 3 (a) Three-dimensional cone beam CT image from the 3D Accuitomo-XYZ Slice View Tomograph® system (J. Morita, Kyoto, Japan)
showing the exact location of the right maxillary canine. (b) Occlusal intraoral photograph showing the crown of the impacted upper right

maxillary canine during surgery

than in their 2D radiograph-based plans. The treatment
of canine impaction was influenced by canine location,
contact with adjacent teeth and the site and severity of
the root lesion, all of which were significantly different
between the panoramic and CBCT images. Moreover,
the exact location of the impacted canines in the 3D
images (i.e. sagittal, coronal and axial) and their contact
with adjacent teeth allowed the clinicians to determine
the direction of traction to avoid injury to adjacent teeth
as well as better surgical access (Figures 2 and 3).
Confidence in the therapeutic plan was also influenced by
the presence and severity of root resorption, although con-
fidence decreased when the type of treatment was chosen
based on 2D radiographic images. Bjerklin and Ericson®
found a treatment approach adapted when additional 3D
information was available, based on the extent of root re-
sorption present on the maxillary lateral incisors.

In the pre-operative evaluations, no significant difference
was observed between 2D and 3D information regarding the
type of treatment chosen (e.g. surgical exposure with or
without attachment and canine extraction) or regarding
eruption technique (e.g. open vs closed eruption). One pos-
sible reason is that surgical treatment is normally based on
the surgeon’s personal preference and experience regarding
the best surgical approach.*! Moreover, proposed treat-
ments for impacted canines did not differ, whether based on
2D or 3D images, in agreement with our findings.”®

There were no statistically significant differences in
agreement between the pre- and perioperative surgical
plans between the two imaging modalities. The peri-
operative evaluation was used as a reference standard
for comparison of what was planned pre-operatively (by
six observers) and the treatment that actually occurred
during surgery. Surgery was performed by an independent
surgeon who completed the clinical examination auton-
omously and had access to all available image modalities
that represented normal clinical practice. The same ques-
tionnaire was completed pre- and perioperatively. There-
fore, the confidence level was not assessed based on the
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