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Abstract

Aim: The aim of this retrospective study was to evaluate the maxillary transverse dimensions in individuals with palatal
impacted maxillary canines relative to the control group without dental impactions using cone-beam computed
tomography(CBCT).

Methods: Sixty CBCT images of the individuals were classified into two groups: 29 in the palatal impacted canine group
and 31 in the control group. To determine the maxillary width at four levels, CBCT DICOM files were processed using the
software OnDemand 3D to analyze maxillary transverse parameters. Basal width at molar (BWM), alveolar width at first
molar (AWM), basal width at premolar (BWPM), and alveolar width at premolar (AWPM) were the four levels at which
the maxillary transverse dimensions were measured. The independent T- test was utilized when comparing the impacted
canine group and the control group. The level of statistical significance was set at a P-value less than 0.05 for all tests.
Results: Regarding the transverse maxillary measurement, there was no significant difference between the impacted
canine group and the control group for the BWM, BWPM, and AWPM (P>0.05). For the AWM, statistically significant
differences were not found between the maxillary palatal impacted canine group and the control group (P=0.05).
Conclusion: No significant differences were observed between the impacted canine group and the control group in terms
of maxillary transverse dimensions. Further research is needed to explore the relationship between maxillary canine
impaction and maxillary transverse dimensions.
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impacted canines seems to be related to the arch-
length discrepancy. (7) Sequalae of canine
impaction include infection, root resorption of
impacted teeth or adjacent teeth, and formation of

Backgound

Maxillary-impacted canines are frequently

observed in clinical findings in orthodontics. (1) It is
the third most prevalent impacted tooth following
mandibular and maxillary third molar with the
prevalence ranging from 0.9% to 4.7%. (2-4) The
etiology of palatally impacted canines is usually
associated with two theories: growth direction(5)
and the genetic theory. (6) The etiology of buccal-

a dentigerous cyst. (8)

Previously, different studies have focused on
the sagittal skeletal pattern of individuals with and
without dental impaction and reported no
significant difference between the two groups. (9—
11) The transverse dimension of the maxilla is
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usually decreased in individuals with buccally
impacted canines; however, the association
between palatal maxillary impacted canines and
transverse dimensions does not hold true in all
cases. McConnell et al.(12) reported that palatal
impacted maxillary canines are usually associated
with decreased maxillary transverse dimensions.
Langberg and Peck found statistically insignificant
findings between transverse dimension and palatal
maxillary impacted canines. (13) On the other hand,
Al-Nimri and Gharaibeh found that palatal
impacted maxillary canines were usually associated
with increased skeletal transverse dimensions. (14)
However, these studies did not match the groups to
establish accurate comparisons.

Cone-beam tomography (CBCT) is recognized as
the most reliable and comprehensive method for
diagnosing impacted teeth. (15) It allows for three-
dimensional analysis with high precision and low
dosage, following the ALARA principle (as low as
reasonably achievable) to reduce ionizing radiation
exposure. (16,17) As far as we know, the
association between impacted maxillary canine and
skeletal transverse dimensions is still controversial
and there have been conflicting findings in previous
research due to a lack of a sufficient control group.
(12—-14) To address this knowledge gap, conducting
a cone-beam tomographic study becomes crucial in
determining whether palatally-impacted maxillary
canines are indeed related to the skeletal
transverse maxillary dimension. This will provide
valuable insights into understanding the factors
contributing to canine impaction and aid
orthodontic treatment planning by allowing for
more targeted interventions.

To our knowledge, no study on the Pakistani
population has yet comprehensively evaluated the
relation between skeletal maxillary transverse
dimensions and palatally impacted maxillary
canines using CBCT. Hence, this retrospective study
aimed to evaluate the maxillary transverse
parameters of individuals with palatally impacted
canines relative to the control individuals without
dental impactions using CBCT.

Methods

Ethical approval of this retrospective study was
obtained from the Institutional Ethical Committee
of Gandhara University [GU/2021/112], Peshawar.
Sixty CBCT images of individuals were obtained
from two departments of the Sardar Begum Dental

Hospital and Gandhara University (i.e., Department
of Orthodontics and Department of Oral and
Maxillofacial Radiology). The software G*Power
(version 3.1.9.7, Heinrich-Heine-Universitat
Dusseldorf, Dusseldorf, Germany) was used to
calculate the sample size with an alpha level of 0.05
and a power of 80%. The effect size for the sample
calculation was derived from the result of previous
research (18). The study group for this research
comprised 29 individuals who had at least one
palatal impacted maxillary canine, while the control
group consisted of 31 subjects without dental
impaction, even though a minimum of 30 subjects
per group was required. Individuals with unilateral
or bilateral palatally impacted maxillary canines,
who had not received any previous orthodontic
treatment were included in this study while
subjects with craniofacial malformation and
anomalies, syndromes, tumors, history of trauma,
or individuals with congenital absence of teeth
were excluded from the study.

SOREDEXTM CRANEXTM D (Tuusula, Finland)
was used to obtain the CBCT images. The CBCT
settings included 10 mA of current and 90 Kv, an
exposure time of 12.6 seconds, and a field of view
measuring 61x78 mm. CBCT DICOM files were
processed using the software OnDemand 3D to
analyze maxillary transverse parameters. To ensure
accurate orientation of the CBCT scans, the method
proposed by Podesser et al.(19) at four levels as
shown in (Fig. 1). This involved utilizing specific
procedures within the software OnDemand 3D
(Cybermed, Seoul, Republic of Korea) to correctly
align and orientate each scan according to
established guidelines.

For the analysis of the maxillary first premolar
and first molar, measurements were taken on slices
that displayed these teeth. Specifically, on the most
anterior coronal slice, molar measurements were
obtained by visualizing the buccal root furcation
while ensuring that the palatal plane was horizontal
in the CBCT scan (Fig. 2). To establish a reference
plane for evaluating nasal floor dimensions, two
points were identified at the lowest points of both
right and left nasal floors. A line passing through
these two landmarks served as a reference for
measuring pre-molar and molar dimensions. Similar
landmark placement and referencing techniques
used for molar measurements were also applied to
determine pre-molar dimensions on a coronal slice
showing their respective root canal centers (Fig. 3).
Definitions of the CBCT measurements are shown in
Table 1.
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Figure 1. Maxillary transverse parameters measured at four levels

Figure 2. Maxillary transverse measurements at the level of the first molar
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Figure 3. Maxillary transverse measurements at the level of the first premolar

Table 1. Definitions of the transverse measurements used in this study

Transversal Parameters

BWM
(Basal width at the level of the maxillary first molar)

On the coronal slice along the nasal reference plane at the level of the
maxillary first molar, transverse maxillary basal width was obtained by
measuring the distance in millimeters between the left and right lateral
edges of the maxillary base.

AWM
(Alveolar width at the level of the maxillary first molar)

Transverse maxillary alveolar width at the level of the maxillary first molar
was obtained by measuring the distance in millimeters by taking the most
occlusal points of the maxillary alveolar process, on the coronal slice
ensuring the palatal plane is horizontal

BWPM
(Basal width at the level of maxillary first premolar)

Transverse maxillary basal width at the level of the first pre-molar was
obtained by measuring the distance in millimeters between the left and
right lateral edges of maxillary base on the coronal slice along the nasal
reference plane.

AWPM
(Alveolar width at the level of maxillary first premolar)

Transverse maxillary alveolar width at the level of maxillary first premolar
was obtained by measuring the distance in millimeters by taking the most
occlusal points of the maxillary alveolar process on the coronal slice
ensuring the palatal plane is horizontal

Statistical Analysis

Results

SPSS software (version 24, IBM, Armonk, NY)

was used for statistical analysis. The Shapiro-Wilks
test was used to assess the normality of the data.
The independent t-test was utilized when
comparing the impacted canine group and the
control group. The level of statistical significance
was set at a P-value less than 0.05 for all tests.

The CBCT scans of 60 subjects were assessed for
transverse maxillary dimension. The mean ages of
the palatal impacted canine group and control
group (without impacted canine) were 17.4 + 3.9
and 2118 years, respectively. A Shapiro-Wilk test
was performed to evaluate the normal distribution
of the data . The sex distribution and intergroup age
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comparability of the selected sample are shown in
Table 2. A comparison of mean basal and alveolar
bone widths in the molar and premolar region are
shown in Table 3.

Regarding the maxillary transverse
measurement, there were no significant
differences found between the impacted canine
group and the control group for the BWM, BWPM,
and AWPM measurements. However, for the AWM
measurements, statistically significant differences
were observed between the impacted maxillary
palatal canine group and the control group (without
impacted canine).

The mean values for basal width at the maxillary
first molar were found to be smaller in the palatally
impacted maxillary canine group compared to the
control group. The difference between the basal
width of the two groups at the maxillary first molar

level was approximately 123 mm. The palatally
impacted maxillary canine group had an average
maxillary first molar basal width of 61.07+3 mm,
while it was around 62.0t4 mm in the control
group. However, this difference was statistically
insignificant (P=0.362). When measuring the
alveolar width at the maxillary first molar, there
were statistically significant differences of 1.7 mm
between the control group (56.2 mm) and the
palatally impacted maxillary canine group (54.5
mm) and P=0.05. The measurements for the first-
premolar basal width (BWPM) and first-premolar
alveolar width (AWPM) were smaller in the
palatally impacted maxillary canine group than the
control group but there was a statistically
insignificant difference between the two groups
respectively as shown in Table 3.

Table 2. Sex distribution and intergroup age comparability

Gender distribution Age
Group Male Female Total Mean (SD)
Cases 14 29 17.4 £3.9 yrs.
Control 19 31 21 +8yrs.

Table 3. Intergroup comparisons of the maxillary transverse width measurements in millimeters

Transverse parameters Cases Control P-value
(Palatal impacted canine group) n=29 (Without impacted canine group) n=31
Mean SD Mean SD
BWM 61.07 3.17 62.00 4.45 0.362
AWM 54.56 2.7 56.22 3.6 0.05
BWPM 37.42 3.01 38.2 2.8 0.261
AWPM 42.66 mm 3.2 44.0 3.3 0.133

**BWM=basal width molar; ***AWM=alveolar width at first molar; ****BWPM=basal width at premolar; and
*E*kx* AWPM=alveolar width at premolar
Test of significance: Independent t-test

Discussion

Impacted maxillary canine is a common dental
problem that dental professionals frequently
encounter in their practice. It has been reported to
have a prevalence ranging from 0.9% to 4.7%. (2-4)
For effective treatment planning and intervention,
timely diagnosis of impacted maxillary canines is
crucial. Early diagnosis allows for timely
identification of an impacted maxillary canine
during childhood or adolescence when preventive
and interceptive treatments such as maxillary
expansion and early removal of deciduous first
molars and canines are most effective. Failure to
address impacted maxillary canines in a timely
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manner may lead to various complications
including cyst formation, root resorption, and
development of malocclusion. (8)

This study aimed to utilize CBCT as a method to
measure the transverse dimension of a palatal
impacted maxillary canine and compare it to
control subjects without impacted teeth using
CBCT. The mean age of the individuals with
impacted maxillary palatal canine was 17.4 years. It
is important to note that growth of transverse
dimensions of the dental arch are typically
established about the age of 12, and thus, the age
difference between the two groups did not affect
our results.

Regarding the transverse parameters of the
individuals in the impacted palatal canine group at
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the level of first molar (BWM) and premolar (BWPM
and AWPM) were smaller compared to the
individuals without dental impaction. However, our
findings were not statistically significant but similar
results were found in an older study done by
McConnell et al.(12) They evaluated 57 study
models with impacted canines and found that
maxillary transverse parameters were significantly
smaller in the palatally displaced canine group than
in the control group. However, it is worth noting
that AI-Nimri and Gharaibeh reported a wider
maxillary arch on the impacted side. (14) The cause
of this disagreement could be attributed to
differences in the evaluation method for the
transverse measurements, sex dimorphism, and
ethnic differences. In our sample, the majority of
the population was of Asian origin and exhibited
smaller maxillary deficiency. This contradiction
could be supported by the study of Peck et al., as
they reported a higher frequency of maxillary
underdevelopment in Asians as compared to
Europeans and North Africans.

Our results also showed a statistically significant
decrease in molar alveolar width in the study group.
These results were in concordance with Arriola-
Guillen et al.(20) and Cacciatore. (21) In both
studies they examined CBCT images of individuals
with an impacted canine; and, they concluded that
transverse parameters of the maxillary arch were
less than the control group. Another study by Ariza
et al.(18) showed similar results, and it has been
found that individuals with impacted maxillary
canines tend to have smaller dimensions at the
level of the first molar and premolar when
compared with subjects without impaction.
Stanaityte et al.(22) reported that maxillary canine
impaction is not related to palatal width. However,
these findings contradict the results of our present
study. The reason for the conflict could be the
method of transverse measurement as they
evaluated the patient’s dental cast.

Diagnosing the transverse deficiency of the
individual with impacted canine would guide the
orthodontist to perform the interceptive
procedures (i.e., maxillary expansion). This is
especially important because transverse maxillary
deficiency is defined at an early age between 8 and
10 years and the maxillary canines usually erupt at
mean ages of 10.5 years in girls and 11.5 years in
boys with individual variation. (13) Maxillary
expansion could be performed to correct the
transverse deficiency and decrease the chance of
canine impaction when necessary. (18)

Results of this study showed no statistically
significant results between the palatal impacted
maxillary canine and skeletal transverse dimension

using CBCT. However, the findings were not
statistically significant although skeletal transverse
dimensions were smaller in the impacted canine
group as compared to the controls, which are
consistent with the previous reported studies.
(21,22) According to our findings, the null
hypothesis was accepted, since there is a
statistically insignificant difference in the maxillary
transverse dimension between the two groups.

We must conduct further longitudinal studies to
determine whether the reduced maxillary
transverse parameter is the potential cause of
canine impaction. The etiology of palatal-canine
impaction is generally based on two theories: the
genetic theory and the growth direction theory.
This study expands the understanding of the impact
of the maxillary basal width constriction on dental
health.

The major limitation of this study was the
sample size as there was no sub-stratification
between unilateral and bilateral impacted canines,
due to the scarcity of bilateral impacted canines in
our records. To address this issue, a large sample
size with sub-stratification is recommended with
more focus on the unilateral and bilateral impacted
canine as well as emphasis on comparisons
between males and females. It is important to
highlight that despite the sub-stratification of the
sample, our study still provides meaningful insights
into the relationship between palatal-impacted
canines and various factors.

Conclusion

According to our findings, the control group
without the impacted canine group had wider
maxillary transverse parameters when compared to
the palatal impacted canine. It is important to note
that there was no statistically significant difference
between the control group and the palatally
impacted maxillary canine group. This suggests that
there may be a slight tendency towards wider
transverse parameters in individuals without
impacted canines, and this difference cannot be
considered as a definitive factor contributing to
canine impaction. Further studies are required to
elucidate the potential causes of palatal canine
impaction.
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