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Impacted canines are due to missing laterals, crowding, or genetics. The alveolar bone that acts
asashockabsorberdistributes the masticatory forces to the underlying tissues. Objectives: To
study the mean alveolar bone dimensions on the impaction and non-impaction side of
Orthodontic unilateral impacted canine cases using CBCT. Methods: This descriptive cross-
sectional research was organized at the Department of Orthodontics, CMH Lahore Medical
College, where 165 patients were enrolled as per the selection criteria. Bucco-palatal width of
the alveolar bone was measured at the level of the alveolar crest, while alveolar bone height was
calculated from the alveolar crest to the nasal floor, on the impacted side. These were
compared with corresponding alveolar bone dimensions on the non-impaction side, and the
values were recorded. An independent samples t-test was used to find out whether any
significant difference was present, and post-stratification. A p-value<0.05 was considered
significant. Results: The mean age of the patients was 34.99 + 14.69 years. There were 77
(46.7%) male and 88(53.3%) female. On the impacted side, the mean width of alveolar bone was
6.58 + 0.67 mm, and the mean height was 17.28 + 0.67 mm. On the non-impacted side, the mean
width and height of alveolar bone were 8.40 + 0.96 mm and 19.01 + 0.96 mm, respectively
(p=0.001). Conclusions: The mean width and height of the alveolar bone on the impacted canine
sidewerelowerthantherespective alveolar bone dimensions onthe non-impactedside.

INTRODUCTION

Maxillary permanent canines are located at the angle of the
mouth. They have a major role in maintaining the harmony
and symmetry of occlusal relationships and facial
aesthetics. Canines not only support facial muscles and
lips but also have animportantrole, acting as guidepostsin
occlusion. The increased overbite of canines relieves
premolars and molars from the exaggerated and adverse
masticatory forces that occur during lateral excursive
movements of the mandible [1]. Canine impaction is
reported to occur in 3.5% of the population [2]. They are

the second most commonly impacted teeth after wisdom
teeth and are found twice as frequently in female asin male
(2:1). Palatal canine impactions are two to three times more
prevalent compared to buccal impactions (3:1) [3]. The
most common reason for buccal canine impactions is a
narrow maxillary arch or insufficient space. Whereas the
genetic and guidance theories are the primary two
hypothesis that have been put forth to explain the etiology
of palatally displaced canines. According to the genetic
theory, the primary cause of palatal canine impactions is
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genetic in origin. Guidance theory states that the root of
the lateral incisors serves as a guide, and the canines
emerge along its roots. Canine impaction may occur when
the lateral incisor root is missing or malformed [4, 5].
Canine impactions may result in complications, including
external or internal root resorption of the impacted and
adjacent teeth [6], cyst formation, pain, infection,
malpositioning of adjacent teeth resulting in loss of arch
perimeter[3,5], andreduction of alveolarbone dimensions
[7, 8]. The alveolar bone provides anchorage to Sharpey's
fibers, serving as shock absorbers, thus distributing the
forces of mastication to the underlying tissues. Alveolar
bone also supports the lips and skin around the mouth.
Therefore, loss of alveolar bone may result in wrinkling of
skin and lips around the mouth and loosening of adjacent
and opposing teeth. Loss of alveolar bone is much more
criticalthanapical rootresorption for the remainingarea of
periodontal support. During the initial stages of root
resorption and alveolar bone loss, 3mm apical root
resorption is equivalent to Tmm crestal bone loss.
Followingboneloss of more than2mm, Imm of crestal bone
loss is equivalent to 2mm of apical root resorption[9]. The
center of resistance of teethis also altered after bone loss,
thus altering the forces required for the orthodontic
movement. Thus, it is very important to make a timely
diagnosis and treatment plan for canine impactions to
prevent any irreversible harm to the involved teeth and the
adjacent teeth. Diagnosis of impacted teeth can be
confirmed via panoramic or periapical radiographs, but
these techniques have their own shortcomings as they
represent a 2-dimensional image of a 3-dimensional
object. In addition to that, palatally displaced canines are
oftensituatedatthe most curved part of the palate. Thus, it
isdifficult toavoidanydistortioninradiographsinthisarea.
To overcome these limitations, dentists have started using
CBCT as it not only shows a 3-dimensional image of the
impacted tooth andits precise location, but also the status
of roots of adjacent teeth and the dimensions of alveolar
bone [10]. According to a study conducted by Aditya
Tadinada[8], the bucco-palatal width onthe impacted side
was 6.87 £1.08 mm, while on the non-impacted side, it was
8.70£1.13mm. Alveolar bone height was18.12 +2.28 mmand
19.49 + 2.8 mm on the impacted and non-impacted side,
respectively. This study has not been done in the Pakistani
population in recent years. This study helps orthodontists
in planning multidisciplinary treatment of impacted
canines, improve arch symmetry, and prevent irreversible
damage toimpactedteeth, aswellasneighboringteethand
alveolarbone.

This study aims to measure the dimensions of the alveolar
bone both in vertical and horizontal directions on the
impaction and non-impaction side of the same patient
using CBCT.
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METHODS

This descriptive cross-sectional research was undertaken
for six months, spanning from January 2022 to June 2022.
The research protocol was approved by the Ethical Review
Committee of the Institute of Dentistry, CMH Lahore
Medical College (Case#.441/ERC/CMH/LMC). Participants
provided informed consent to participate in this study. A
total of 165 CBCT scans of patients with unilateral maxillary
canine impactions, who were willing to undergo
comprehensive orthodontic treatment, were evaluated.
The sampling technique was a non-probability,
consecutive sampling type. Sample size was calculated by
the Open Epi sample size calculator, taking the mean
alveolar bone height on the impacted side as 18.12 + 2.38
mm [8], mean alveolar bone height on the non-impacted
side as 19.49 + 2.09 mm [8] and power of test as 80%. The
calculated sample size was 84 (42 in each) at 95%
confidence interval. To compensate for potential dropouts
or image exclusions due to quality issues, the sample size
was increased to 165. Impaction was characterized when
the tooth failed to erupt after complete root formation or
when the contralateral canine was fully erupted. Inclusion
criteria were: 1-Patient with a palatally impacted canine in
which the deciduous maxillary canine isnot retained on the
side of the canine impaction. 2- Full eruption of the canine
onthe otherside. 3- No previous orthodontic treatment. 4-
Patients 12-60 years old, both genders. Exclusion criteria
involved: 1- CBCT scans showing any pathology. 2- Any
systemic bone disease. 3- Craniofacial syndromes. The
CBCT images were taken from a Promax 3D CBCT machine
(Planmeca, Finland) with Romexis software. The CBCT
scans were taken with orthodontic patients in the upright
position, with the Frankfort horizontal plane parallel to the
floorin maximum interdigitation. For the analysis of canine
impaction cases, the CBCT images were saved as digital
imaging and communications in medicine (DICOM) using
Planmeca Romexis viewer 4.6.0.R CBCT software. Bucco-
palatal widthand height of alveolar bone were measuredon
the impaction side, and it was compared with alveolar bone
dimensions on the non-impaction side. The first step
involved panoramic reconstruction from CBCT. Then, two
reference lines were drawn to orient researchers and
calibrate measurements. The reference line A was drawn
tangent to the crest of the alveolar bone in the panoramic
reconstruction retrieved from the CBCT scan. The
Reference line Bwas drawn perpendicular to referenceline
A, representing the ideal location of the long axis of the
canine. The height of the alveolar bone was recorded as a
distance from the nasal floor to the alveolar crest
(referenceline A). Alveolar Bone Width was recorded as the
bucco-palatal distance of the alveolar crest, in millimetres,
onascale provided by CBCT.
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To minimize measurement bias, reference line A (tangent
to the alveolar crest) was standardized by visually
identifying the consistently highest points of the crest
(buccaland palatal)intheregion of interestand drawing the
line precisely tangent to them. Reference line B
(perpendicular to A, representing ideal canine axis) was
standardized by drawing it perpendicular(90 degrees using
software tools) to reference line A, forming a consistent
anatomical reference point (estimated center of the
alveolar crest) within the impacted canine's expected
position. The Planmeca Romexis software's calibrated
scale was used for direct measurements, with reference
lines guiding consistent measurement locations. This
systematic approach aimed to ensure reliable and valid
comparisons across all CBCT scans. Data analysis was
performed by IBM SPSS Statistics version 27.0. Normality
was checked by the Kolmogorov-Smirnov test. Mean +
standard deviation and median (1st quartile-3rd quartile)
were presented for quantitative variables. Frequency and
percentages were reported for qualitative variables. Since
the data were not normally distributed, the independent
sample t-test was not applicable. We utilized its non-
parametric alternative. Hence, comparison of quantitative
variables was done by the Mann-Whitney U test and the
Wilcoxon signed-rank as appropriate. The p-values<0.05
were consideredsignificant.

RESULTS

The current study included 165 patients, of whom 53.3%
were female. The median age of patients was 33(22-47)
years, ranging from 12 years to 60 years. There were 72.7%
of patients aged up to 45 years and 27.3% over 45 years.
Among 165 patients, the left side was involved in 52.7% and
the right side in 47.3% of patients. Whereas 47.3% were
found with buccal and 52.7% with palatal sites. Detailed
descriptive statistics of patient demographics and side
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andsiteareintablel.

Table 1: Demographic and Clinical Profile of Study Participants
(n=165)

Variables Frequency (%)
Gender
Male 77(46.7%)
Female 88(53.3%)
Age (Years)
Median(01-03) | 33(22-47%)
Age Group
<45 Years 120(72.7%)
>45 Years 45(27.3%)
Site
Buccal 78(47.3%)
Palatal 87(52.7%)

The median alveolar bone width at the impacted and non-
impacted sides was 6.60 (6.00-7.20) mm and 8.40 (7.60-
9.20) mm, respectively, while the median alveolar bone
height at the impacted and non-impacted sides was 17.30
(16.70-17.90) mm and 19.00(18.20-19.80), as shown in Table
2(FiguresTand?2).

Table 2: Descriptive Statistics for Alveolar Bone Width and Height

Variables MintoMax Mean*SD Median(01-03)

Alveolar Bone Width-
Impacted Side (mm) 55t07.7 |6.58+0.67 | 6.60(6.00-7.20)

Alveolar Bone Height-
Impacted Side (mm)

Alveolar Bone Width-
Non Impacted Side (mm)
Alveolar Bone Height
Non Impacted Side (mm)

16.2 t0 18.4 17.28 + 0.67| 17.30(16.70-17.90)

6.8t010.1 | 8.41+0.96 | 8.40(7.60-9.20)

17.4t020.7 [ 19.01+ 0.96 {19.00(18.20-19.80)

Study discovered a significant difference in alveolar bone
width-impacted side by gender (p=0.045). The findings
provide a detailed comparison of alveolar bone width and
height ontheimpacted and non-impacted sides(Table 3).

Table 3: Comparison of Alveolar Bone Widthin Impacted and Non-Impacted Sides

Alveolar Bone Width (mm) Impacted Side

Variables

Alveolar Bone Width (mm) Non-Impacted Side

Mean = SD Median (Q1-03) p-Value Mean + SD Median (Q1-03) p-Value
Gender
Male 6.68 +0.63 6.70(6.20-7.20) 8.45+0.97 8.50(7.60-9.30)
0.045* 0.543
Female 6.74 +0.69 6.40(5.90-7.07) 8.36 +0.96 8.30(7.50-9.17)
Age Group
<45 Years 8.47+0.64 6.40(5.90-7.00) 0.572 8.47 £1.05 8.65(7.42-9.40) 0.090
>45 Years 6.85+0.67 7.00(6.55-7.40) 8.21+0.64 8.10(7.80-8.60)
Buccal 6.60+0.70 6.60(5.97-7.30) 0.00T* 8.27 +1.01 8.05(7.40-9.20) 0.120
Palatal 6.55+0.64 6.50(6.00-7.10) 8.52+0.90 8.60(7.80-9.30)

The study also found a significant difference in alveolar
bone height on the impacted side by gender (p=0.045). The
findings provide a detailed comparison of alveolar bone

width and height on the impacted and non-impacted sides
(Table 4).
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Table &4: Comparison of Alveolar Bone HeightinImpacted and Non-Impacted Sides

Alveolar Bone Height Impacted Side

Alveolar Bone Height Non-Impacted Side

Variables = =
Mean + SD Median (IOR) p-Value Mean + SD Median (IQR) p-Value
Gender
Male 17.38 + 0.63 17.40(16.90-17.90) 0,045 19.05+0.97 19.10(18.20-19.90) .
Female 17.17+0.69 17.10(16.60-17.77) 18.96 +0.96 18.90(18.10-19.77)
Age Group
<45 Years 17.17 £ 0.64 17.10(16.60-17.70) 0.572 19.07 +1.05 19.25(18.02-20.00) 0,080
>45 Years 17.55 + 0.67 17.70(17.25-18.10) 18.81+0.64 18.70(18.40-19.20)

The Mann-Whitney U test was applied. p-value<0.05is considered significant. *Significantat 0.05levels

Further findings show substantial differences in alveolar
bone width and height between impacted and non-
impacted sides(p<0.001)(Table5).

Table 5: Comparison of Alveolar Bone Width and Height
Accordingtothe lmpactedand Non-Impacted Side

Variables Mean + SD Median (01-Q3) p-Value
A redsige | 658+0.67 | 6:560(6.00720)
- <0.001*
N e e | 841096 | 8.40(760-9.20)
A'Vﬁﬂf);ffe”des'?gfht' 17.28+0.67 | 17.30(16.70-17.90)
:
Alveolar Bone Height- <0.001
Non-mpacted Sige | 19:01#0.96 | 19.00(18.20-19.80)

The Wilcoxon signed-rank test was applied. p-value<0.05 is
consideredassignificant. *Significant at 0.05levels

DISCUSSIONS

Canines are regarded as key elements of the upper and
lower dental arches due to their vital role in establishing
precise occlusion. However, canine impaction can affect
the height and width of the alveolar bone, as the alveolar
process develops in response to tooth eruption.
Consequently, any deviation from normal tooth
development and eruption necessitates careful
examination[11]. Therefore, it is of crucialimportance that
timely diagnosis and treatment of impacted canines is
made to avoid irreversible injury to the canine itself and its
adjacent teeth. The purpose of our study was to examine
the height and width of the alveolar bone on the affected
and non-affected sides to understand the mechanical
environment. This study helps orthodontists to plan and
formulate a treatment plan that is minimally invasive and of
decreased cost and treatment time. Timely intervention
also decreases the psychological trauma to the patient. As
CBCT has already been acknowledged as accurate in
determining certain parameters, so it was used to
investigate unilaterally impacted canine cases, whether
buccal or palatal. CBCT investigations were also done to
measure skeletal and dento-alveolar parameters of the
maxilla [12]. The diagnostic technique preferred for the
identification of tooth impaction is CBCT [13]. In
comparison to any two-dimensional radiograph, it

eliminates errors resulting from overlapping of structures,
superimpositions, and blurring of images. Hence, we
selected CBCT as the favored system for the evaluation of
bone height and width due to its accuracy in assessing
bone morphology and structure [14, 15]. Few studies were
performed with the same approach, but they did not
contain all the variables as in this study. According to our
study, the alveolar bone dimensions were reduced on the
impaction side with a mean width of alveolar bone of 6.58 +
0.67 mm and a mean height of 17.28 + 0.67mm. Whereas,
the mean width of alveolar bone was measured 8.40 + 0.96
mm, and the mean height was 19.01+ 0.96 mm on the non-
impacted side. Our research also revealed that unilateral
impactions are more commonly found in female and are
found more prevalent on the left side of the maxillary arch.
These findings are consistent with those reported by other
studies [16]. According to the results of a research by
Elhamshary et al., the basal maxillary width in the control
group was 63.63 + 4.60mm, whereas in the unilaterally
impacted canine group, the results showed decreased
width withavalue of 62.04 +3.38mm[17]. These results are
similar to those found by Sadrhaghighi et al., in which
alveolar thickness was less on the impacted side than on
the non-impacted side when measured at 2mm height.
Maxillary arch width was also significantly reduced on the
impacted side [7]. Our study also demonstrated similar
findings, revealing reduced alveolar bone dimensions on
the impacted side compared to the non-impacted side.
Another study by Sharhan et al., showed that both maxillary
unilateral and bilateral canine impaction are associated
with decreased maxillary dimension exceptarch depth[6].
A study done by Sar et al., on basal lateral width, inter-
premolar width, and angulation of canines. They found that
the mean basal lateral width of the impacted side was
significantly reduced (p<0.05). On the impacted side, the
inter-premolar width was similarly significantly decreased
(p<0.05)[18]. More studies also had similar results to our
research. A study done by Montes-Diaz et al., on unilateral
impacted canines showed smaller angular and linear
dento-skeletal measurements on the affected side in
comparisonto the non-affected side[19]. A study by Arvind
etal., showed increased BMSA (Bone marrow surface area)
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in female, showing lesser bone density in female as
compared to males. Whereas, BSA (Bone surface area)
showed no gender variability. Dense alveolar bone
microstructure was appreciated around impacted canines
when compared to the non-impacted side, in contrast to
completely erupted canines [20]. An advantage of the
present study over previous ones is that it addressed a
greater number of variables and also explored gender
associations. The results of the normality test in the
analysis showed normal distribution for their population;
however, a limitation of the study was a smaller sample
size. Our study also showed a gender association, similar to
this study. A significant gender wise difference was found.
This might be due to a larger number of participants as
compared to Arvind TR et al. study. Based on this study's
results, early detectionand treatment of impacted canines
allow alveolar bone to develop properly. It also allows
orthodontists to carry out tooth movement more
efficiently, producing more aesthetic and efficient results.
The positive and negative variation of results as compared
to other studies might be due to changes in the research
protocols. The sample in our study was collected from a
single-center setting. The sample size was larger than that
of other studies but was still within a moderate range. So it
is suggested that in the future, further studies should be
done withimproved methodology.

CONCLUSIONS

CBCT imaging shows that the mean width and height of
alveolar bone on the impacted canine side were lower than
the respective alveolar bone dimensions on the non-
impactedside.
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