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Abstract
This study investigates the difficulty level of the impacted maxillary canines based on the KPG
index of orthodontic patients. Setting and Design: This was a descriptive-analytical study.
This study explained the agreement between the assessors towards the mesiodistal position of
the maxillary permanent impacted canines on the treatment prognosis with the KPG index through
CBCT analysis. The research sample determined CBCT images of treatment patients at the
Orthodontic Specialist Polyclinic in Dental Hospital of Airlangga University who met certain criteria
for the last three years since this study began and secondary data taken from patients. CBCT
images from Pramita Laboratory that meet the inclusion criteria. Statistical analysis Data that had
been obtained then was processed with statistical software, SPSS version 21. Statistical analysis
was performed using Cohen's Kappa measuring test to determine coefficient and significance
values of Cohen's Kappa Measuring Test.
The coefficient value of Cohen's Kappa is 0.689. There is a difference in assessment between
assessors 1 and 2 for the same case although this difference is not significant. The estimated
significant value is 0.000, which indicates that the hypothesis is accepted with preconditions (sig
value <0.01). Thus, it can be concluded that assessor 1 and assessor 2 have a significant similarity
in the assessment of unilateral/bilateral permanent maxillary canine impacted cases.
The KPG index can be used to determine the position of canine, the severity of treatment in
impacted canines, and to evaluate precisely the distance of canine from the ideal position.
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Introduction
The teeth in the oral cavity will grow
according to the time sequence of each tooth
eruption, starting from the growth phase of the
primary teeth to turning into permanent teeth. In
general, permanent teeth erupt in an occlusal
direction, completely replacing primary teeth.1
However, sometimes the teeth fail to erupt and
become stuck in the alveolar bone. Impacted
teeth are teeth that have not fully or partially
erupted and are placed on other teeth, bone or
soft tissue so that further eruptions are not
possible, explained according to their anatomical
position. The most commonly impacted teeth are
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the third molars, followed by the maxillary
canines and the mandibular second premolar
teeth.2 Canines are the second teeth after the
third molars that have a high frequency of impact,
but other maxillary anterior teeth, such as the first
and second maxillary incisors, can also have
difficulty growing due to the wrong position of the
jaw. Eruption disorders of permanent maxillary
canines occurred because most of them
experienced the longest development period, the
most extensive development, and the most
difficult eruption process compared to other teeth
in the oral cavity.3
The maxillary canines are essential for
aesthetics and functionality. Impacted canines
may exhibit several complications such as root
displacement and resorption of adjacent teeth,
degenerative cysts, canine ankylosis, arch
shortening or some combination of these
factors.4 Affected canines are complex in terms of
cause, location, response to preventive
maintenance, and prediction of success. This
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poses a dilemma for many orthodontics in
determining whether an impacted canine is
present and how it is treated. In some cases, if
orthodontic treatment is not started at a young
age, it can lead to ankylosis of the canines and
roots of the incisors. An Orthodontist must be
able to detect the initial impact of the canines and
be able to provide several effective treatment
techniques. For this reason, it is necessary to
know the location of the impacted canine
accurately in order to obtain an optimal treatment
technique. Early detection of affected maxillary
canines reduces treatment time, complications,
and treatment costs. The management of
impacted teeth usually requires intervention from
orthodontists and oral surgeon and the
interventions can be very different between the
two.3,4
The management of impacted teeth
requires a precise and accurate diagnosis
including the location of the impacted teeth, the
surrounding anatomical structure, the slope of
the long axis of the impacted teeth and adjacent
teeth, so that after receiving the correct
diagnosis, a treatment plan can be carried out.
The position of the affected canine and its
treatments are the two main factors affecting the
total treatment time and the final position of the
canine in the oral cavity. Radiography
examination is very important to establish the
correct diagnosis and optimal management
without many complications because these
images will provide accurate information about
the position of the teeth, the number and shape
of the roots, and the relationship of the teeth and
the
surrounding
anatomical
structures.
Radiography examination is always done if at the
time of clinical examination an impacted tooth is
found.
Two-dimensional
radiographs
for
preoperative diagnosis that are often used are
local and panoramic radiographs. Twodimensional radiographs including conventional
radiographs
(local
and
panoramic),
cephalometry, and videos are part of the medical
records of orthodontic patients that have been
done over the years. Radiography is needed to
determine the diagnosis, treatment plan,
treatment procedures, prognosis, follow-up, and
education for patients. Meanwhile, distortion is
often found on 2D radiographs.4-6
With the latest technology such as Cone
Beam Computed Tomography (CBCT), the
affected canines can be precisely positioned in
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three dimensions. The CBCT machine is a newer
technology that was originally developed for
angiography in 1982 and was later used for
maxillofacial imaging.6 CBCT using a coneshaped X-ray produces 3D reconstructive images
of the teeth and jaw. With CBCT, it is possible to
obtain the position of the impacted canine, view
the amount of bone covering it and evaluate the
condition of the surrounding anatomical structure.
Furthermore, CBCT is able to overcome the
limitations of conventional 2D radiographic
images.4
Orthodontic treatment at the orthodontic
Specialist polyclinic in Dental Hospital of
Airlangga University has used CBCT as a
supporting examination in determining the
prognosis of orthodontic treatment, including the
position of the impacted canines. Early prediction
of the affected canine is the key to successful
treatment, and the failure of early diagnosis will
be a problem in its treatment. Furthermore, the
classification used is the KPG index as the first
3D classification system for impacted maxillary
canines. This index determines the position or
degree of severity of impacted canines which are
divided into 3 areas, which are X, Y, and Z axes
and predicts the level of difficulty of treatment.7
Furthermore, This study aims to investigate the
level of difficulty in the position of impacted
maxillary canines based on the KPG index of
orthodontic patients treated at Airlangga
University Dental Hospital.
Materials and methods
This research had been reviewed and
approved by the Health Research Ethics
Commission (KEPK), Faculty of Dental Medicine,
Airlangga University with the ethical number
49d/HRECC.FODM/XI/2020. The design of this
study was a descriptive-analytical study to
explain the agreement between the assessor
towards the mesiodistal position of maxillary
permanent impact canines on the treatment
prognosis with the KPG index through CBCT
analysis.
The population in this study were all
CBCT image data of treatment patients at the
Orthodontic Specialist Polyclinic in Dental
Hospital of Airlangga University Dental Hospital.
The research sample was determined through
the total sampling method by considering the
novelty and availability of research data. The
Page 1524

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

research sample determined CBCT images of
treatment patients at the Orthodontic Specialist
Polyclinic in Dental Hospital of Airlangga
University who met certain criteria for the last 3
(three) years since this study began, 2018, 2019
and 2020 as well as secondary data are taken
from patients. CBCT image from Radiology
Laboratory. The method used is the total sample
method, involving all patients from Orthodontic
Specialist Polyclinic at Dental Hospital of
Airlangga University that meets the 2018 - 2020
period criteria.
The inclusion criteria of the sample in this
study were all patients who came to the
Orthodontic Specialist Polyclinic at Dental
Hospital of Airlangga University in 2018-2020,
patients who had permanent maxillary canine
impacted teeth, had not and were undergoing
orthodontic treatment but had never had canine
impact surgery, teeth. ca nine in perfect
anatomical condition without any abnormalities,
and the patient is more than 13 years old. The
exclusion criteria of this study sample were
patients without impacted maxillary permanent
canines, patients who had undergone canine
surgery, patients who had anomalies numbers of
teeth, and patients with jaw anomalies.
Furthermore, the CBCT image will be assessed
using the KPG index with three different
dimensions (zone x, y, z) which are used to
determine the score at the cusp tip and the root
tip based on the deviation from the normal
position and each is numbered on a scale of 05.7 Eighteen CBCT scand of 18 patients (14
females and 4 males) with on age range varying
from 13 to 26 years were included in the current
study with a total number of 26 impacted
maxillary canines.
Kau et al in 2009 showed the method to
determine the score at the cusp tip and the root
tip based on the deviation from the normal
position and it divides into three zone.7
•
X-Zone: the zone for the horizontal
dimension measuring the mesiodistal position of
the cusp tip and root tip of the canine against
adjacent teeth, using panoramic views from the
CBCT, each numbered on a scale of 0-5 (Fig. 1
and Fig. 2).
•
Y-zone: the zone for the vertical
dimension measuring the position score of the
height of the cusp tip and tip of the canine root
against adjacent teeth, using the CBCT
panoramic view, and each numbered on a scale•
Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021
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of 0-5, divided as corona, cervical one-third from
the root, middle third from root, apical third from
root, and superior of apical (supraapical) (Fig. 3
and Fig. 4).

Figure 1. Determining the X-zone of the apical
on the maxillary canine impaction.

Figure 2. Determining the X-zone of the coronal
on the maxillary canine impaction.

Figure 3. Determining the Y-zone of the apical
on the maxillary canine impaction.

Figure 4. Determining the Y-zone of the coronal
on the maxillary canine impaction.
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•

Z-zone: zone for axial views on CBCT
using distances measured perpendicular to within
2 mm from the tip of the cusp/root tip to the
occlusal arch. The 0-5 scale is based on the
distance from the cusp tip and root tip of the
impacted tooth to the occlusal arch and is each
numbered on a scale of 0-5 (Fig. 5 and Fig. 6).
Maxillary canine severity:
• Easy: Total score (X, Y, Z) 0-9
• Moderate: Total scores (X, Y, Z) 10-14
• Difficult: Total scores (X, Y, Z) 15-19
• Extremely difficult: Total scores (X, Y, Z)> 20

Figure 5. Determining the Z-zone of the apical
on the maxillary canine impaction.
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extent to which the assessor agreed to the
relative ratings given to the subjects and served
as a measure of the quality and accuracy of the
assessment process.8
Results
This study was conducted on 26 impacted
maxillary canines found in 26 patients; 12 on the
left (46%) and 14 on the right (54%) side; 10
patients (56% of cases) had unilateral impacted
maxillary canine while 16 impactions were found
bilaterally in 8 patients (44%) bilateral.
Based on table 1, we know that the mean
of the score result on patient with maxillary
canine impaction according to the KPG index is
15.19. Meanwhile, the maximum score of the
prognosis of patient using KPG index is 21 and
the minimum score is 5. According to the table 2,
the proportion of patients based on gender
shows that there are more female patients,
namely 78% compared to 22% of male patients.
This shows that women are more susceptible to
cases of impacted canines.

Table 1. Descriptive of Score Result according to
The KPG Index on Patient with Maxillary
Permanent Canine Impaction.

Figure 6. Determining the Z-zone of the coronal
on the maxillary canine impaction.
The data were obtained were processed
with statistical software, Statistical Package for
Social Science version 21 (Illinois, US). The data
were measured using the Cohen's Kappa
statistical test to determine the coefficient and
significance values of the Cohen's Kappa
Measuring Test. The Cohen's kappa coefficient
(κ) is a statistic used to measure inter-assessor
reliability for qualitative (category) items. This
coefficient is a more robust measure than a
simple percent agreement calculation, because κ
takes into account the likelihood of an agreement
occurring by chance. Inter-rater reliability refers
to the consistency of ratings given by different
ratings for the same subject. It quantified the
Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021
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Meanwhile, when viewed from the type of
canine affected, the number of unilateral and
bilateral cases was actually almost the same,
where there were slightly more unilateral cases,
namely 56% compared to bilateral cases, namely
44%. The same thing is seen in the affected
positions, namely the left and right with the
proportions that are not much different, namely
46% and 54%, respectively. So, it can be
concluded that the type of impaction and its
position do not have a dominant tendency.
Table 3 shows the distribution result of
impacted canine cases based on the level of
difficulty. Based on the table, it can be seen that
the difficulty level is difficult to take the largest
number, both assessed by assessor 1 and
assessor 2 as many as 14 cases or equivalent to
54%. whereas the cases with the easiest
difficulty level were in the position of the least
impacted cases, namely 2 cases or the
equivalent of 8%. Meanwhile, there were
differences in the assessments carried out by the
two assessors at medium and very difficult levels
of difficulty, the difference between the two
assessors at the stated difficulty level was only a
point difference.
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Meanwhile, the majority of female
impacted patients experienced cases with a
difficult level of difficulty, namely 13 patients,
equivalent to 50% of the total cases. while the
majority of male patients experienced impaction
cases with moderate difficulty, namely 4 cases or
the equivalent of 15% of the total cases. It can be
said that women impaction sufferers have very
few cases of impaction with the easiest and
medium difficulty level, the number of the easiest
cases and the moderate number of cases is 4
cases or only equivalent to 16% of the total.
case. Meanwhile, male impacted patients do not
experience difficult and very difficult cases of
impaction.
When viewed from the point of view of the
position of impacted canines, the left impacted
position is more than the right impacted position
on the difficult difficulty level, namely 8 versus 6
or the equivalent of 31% compared to 23% of the
total impacted which is affected. Meanwhile, the
position affected by the right was more than the
position affected by the left at a moderate level of
difficulty, namely 5 cases versus 1 case or the
equivalent of 19% versus 4% of the total cases.
This is similar to the impaction case with a very
difficult level of difficulty where the right impacted
position is more than the left impacted position
with a ratio of 3 cases to one case or the
equivalent of 12% compared to 4% of the total
cases. At the easiest difficulty level, there are no
cases of impaction with the right position or in
other words 0 cases.
Based on table 4 it can be seen that the
coefficient value of Cohen's Kappa is 0.689. This
value falls into the category defined by Landis
and Koch (1977), which falls into the category of
substantial agreement.9 Substantial agreement
could mean that the first and second assessors
had substantially the same assessment of
unilateral / bilateral impacted permanent
maxillary canines.

Table 4. Cohen's Kappa Analysis Test Results.
Discussion
Table 3. Distribution of Assessment by Difficulties,
Difficulties and Gender, Difficulties and Impaction
Position.
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An impacted tooth is a tooth that fails to
erupt into the arch within the expected timeframe.
An impacted tooth results from a lack of space, a
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dense layer of bone or thick soft tissue, chronic
infection, and developmental abnormalities of the
tooth. Wrong way of eruption of permanent teeth,
most likely caused by failure of primary tooth
resorption resulting in persistence and can lead
to failure of eruption of permanent teeth so that
the teeth become impacted. Upper canines are
the second most frequently impacted teeth after
third molars. In general, teeth are impacted due
to the length of the dental arch that cannot
accommodate the teeth and the length of the
dental arch which is smaller than the total
mesiodistal length of the tooth. The frequency of
canine impaction is 0.8 – 2.8% and is more
common in women than in men. Impacted
canines are 18 to 20 times more common in the
maxilla than in the mandible and 85% are located
in the palatal part of the dental arch.1,10
KPG index as a 3D classification system
for maxillary canine impaction. The degree of
difficulty of the treatment of impacted teeth is
based on information from CBCT. The KPG
index aims to enable practitioners to estimate the
difficulty level of the treatment of impacted
canines quickly, without repeated measurements
of angles and distances to estimate the patient's
treatment plan. This index measures the canine
CBCT images with three different dimensions
(zones x, y, z) which are used to score the cusp
tip and root tips based on their deviation from the
normal position and each is numbered on a scale
of 0-5. The number of scores obtained will
determine the classification of the difficulty level
of treatment, namely easy, moderate, difficult,
and extremely difficult. This index is the first
index to measure the severity of maxillary canine
impaction using 3D.7 CBCT has been known to
cover
radiographic
deficiencies
with
2
dimensions In addition, the prognosis for the
position of the impacted tooth can be accurately
assessed and its relationship to the supporting
tissues.11
Utilization of radiography using 3dimensional CBCT in this study can be used as
an evaluation material for the impacted canine
which will be very useful in determining the
accuracy of the position or location of the
impacted tooth, besides that it can also
determine the adjacent teeth, and anatomical
landmarks. The use of CBCT is now the gold
standard because it can show 3D images clearly
which allows linear reproduction and angular
measurements for researchers to avoid errors. It
Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021
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is necessary to select cases before carrying out
orthodontic treatment of impacted maxillary
canines because not all impacted canines can be
guided by their eruption into a good dental arch,
depending on the direction of eruption of the
tooth. The direction of eruption of the impacted
tooth to the occlusal plane, at an angle of not
more than 45 degrees to the median line of the
face, located on the distal side of the lateral
incisor and no ankylosis has a good prognosis for
orthodontic treatment. The results of orthodontic
treatment of impacted maxillary canines were
also influenced by the patient's motivation and
level of adherence to treatment instructions,
overall oral health and the patient's age. The
optimal age for maxillary canine treatment is
adolescence. Treatment of impacted canines
requires collaboration between an Oral Surgeon
and an Orthodontist. Orthodontists work to select
cases, determine prognosis and guide eruption of
impacted teeth into a good arch, while oral
surgeons perform surgical exposure so that the
brackets can be bonded to the teeth. A good
surgical exposure technique can facilitate the
process of completing orthodontic treatment. The
results of orthodontic treatment with good
aesthetics and high stability are also influenced
by surgical exposure techniques in addition to the
orthodontic technique itself.4,11,12
The conventional treatment for an
impacted anterior tooth is surgical exposure and
orthodontic traction. Management of impacted
deep canines is more difficult than other maxillary
anterior teeth. This is due to its location which
causes the teeth to often collide with hard bone
tissue. This situation can stop the rate of tooth
eruption, so surgery is needed to remove the
obstructing bone. The prognosis for a successful
canine eruption depends on several factors
including the patient's age, the presence of
diastema, the presence of crowding teeth, as well
as the vertical and anteroposterior dimensions,
whether or not the crown is inverted. If the
inclination of the tooth to the median line of the
face is more than 45 degrees, it will have a poor
prognosis for eruption.11
In 2009, the KPG index, as an innovative
3D classification system for canine impaction,
was introduced. This classification is seen from
the impaction distance of the canine to the
normal position by giving a score on the root tips
and cusp tips with a scale range of 0-5 on the xy-z planes. The sum of the scores of the three
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will predict the difficulty level of treatment of
impacted canines, which are classified as
follows: easy (0 – 9), moderate (10 – 14), difficult
(15 – 19), and extremely difficult (above 20).7
Researchers used CBCT Sirona Galileos to
analyze 26 canine impactions and evaluate them
using Galaxis software. The same method has
been used in previous studies. The management
of CBCT scans can be done first by selecting the
axial CBCT section of the impacted canine by
looking at the panoramic image with increased
thickness to show the relationship between the
impacted canine and the adjacent tooth. root tips
and cusp tips against the normal position and are
given a score of 0-5. Then the selection of the
axial section showing the cusp tips of the
impacted canine, the labiolingual position (Z axis)
was evaluated and scored from 0 to 5 based on
the distance of the impacted tip to the occlusal
arch with a distance of 2 mm increments.
Researchers measured the z axis by drawing a
line perpendicular from the root tips to the long
axis of the alveolar bone and scored from 0 – 5
with the KPG index.7,10,14
From the results of this study, 26 maxillary
canine impacted CBCT scans were obtained
from 18 patients (4 males and 14 females) aged
13 to 36 years. This is in accordance with
previous research that has been done by Chuc
Thi Thu et al in 2018 which found more female
subjects (58%) than male subjects (42%).15
Previous study also found that the incidence of
maxillary canine impaction was higher in women
(83.3%) than men (16.7%). It was speculated
that this difference was due to differences in
growth and development by sex, in addition to
the higher need for women for aesthetic
orthodontic treatment compared to men. The
gender differences are due to the smaller skull
and jaw size in women than in men, and proper
jaw size is an important factor in promoting the
development and eruption of teeth in their proper
place.14,16 A typical similar result to ours was
found by Zarch et al in 2013 where the majority
of their patients were females (80%). They
explained that this may be due to the variances
in the craniofacial growth between males and
females or even due to the higher demand of
females for aesthetic purpose resulting in more
regular orthodontic visits compared to males.14
In the current study, 56% of maxillary
impacted canine cases were unilateral while only
44% were found bilateral. Similarly, Pico et al
Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021
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2017 found that the frequency of unilateral and
bilateral impaction was 60% and 40%
respectively.17 Beshlawy et al 2019 found that the
frequency of the unilateral and bilateral impaction
was 75% and 25%. Moreover, another previous
study showed that the majority of impaction of
maxillary canine are unilateral.16
Am almost equal distribution of impacted
maxillary canine was found in our result on both
sides (12 on the left (40%) and 14 on the right
(54%) side). Beshlawy et al reported a higher
prevalence of impacted maxillary canines on the
right side compared to the left side.16 Al Zoubi et
al at 2017 concluded that these are no scientific
evidences to clarify the higher prevalence of
maxillary canine impactions and it might be only
considered as a general feature of the
malformation.18 On comparing the treatment
difficulty and prognosis at impacted maxillary
canines found on the right and left side, this may
indicate that the side has no effect on the
position of the impacted canine and accordingly
their treatment duration difficulty.
On comparing the treatment difficulty and
prognosis of impacted maxillary canines found in
male and females. Al Hammadi et al 2018
studied the treatment difficulty index of maxillary
canine impaction in Saudi population on
panoramic radiographs found that the canine
impaction was twice as common in females than
males, the orthodontic treatment difficulty index
was significantly higher in males than female.19
The results show that the CBCT image is
very important to show the position of the
impacted permanent canine using the KPG
index, besides that it can also see the presence
of root resorption, the presence of root anomalies
in the impacted canine. Previous studies have
also linked the canine position to the duration of
treatment with the level of difficulty. Based on
anatomical factors, the canine angulation tends
to move towards the mesial which has an impact
on the root apex on the x and y scores when
measured with the KPG index. Accurate
knowledge is needed to determine the position of
the impacted canine which may contribute to the
choice of less invasive treatment when removal
of the canine is required. The use of a variety of
radiographic techniques, including the parallax
technique, occlusal vertex radiography, with
different contrasts, stethoscopy, pantamography,
various radiographic techniques, and panoramic
views can be used to visualize local images.
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Three-dimensional images using CBCT
can be used to cover radiographic deficiencies
with two dimensions.20 In addition, the prognosis
of the impacted tooth and its relationship to the
surrounding anatomic tissue can be well known.
The use of CBCT in this study is very helpful in
showing the location of teeth accurately,
surrounding teeth, and each anatomical part. In
addition, CBCT uses spatial relations and shows
contrast in the network. The costs, efficiency and
benefits of CBCT are numerous to be able to see
the important features, location and position of
impacted maxillary canines.21
The KPG index has demonstrated to be an
effective for classification of maxillary impacted
canines treatment difficulty in accordance to their
position. Beshlawy et al stated that correlation
between the impacted canine position with
treatment duration and difficulty using KPG or
any strategy.16
Conclusions
3D radiographs can produce clear images
for viewing impacted teeth in the arch of the jaw.
The KPG index is an index that can provide 3D
images on CBCT radiographs. CBCT provides
accurate radiographic results, which is important
in determining the position of the impacted teeth
and determining the degree of severity of
treatment for impacted canines based on the
KPG index. The KPG index to determine the
position of the canine and the severity of
treatment in the affected canine using 3
dimensions to be able to evaluate precisely the
distance of the canine from the ideal position.
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