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CONE-BEAM COMPUTED TOMOGRAPHY EVALUATION OF
THE RELATIONSHIP BETWEEN MAXILLARY TRANSVERSE
DIMENSIONS AND MAXILLARY IMPACTED CANINES

Shaimaa Mohammed Elmarhoumy”

ABSTRACT

Aim: Evaluate the relationship between maxillary transverse dimensions and impacted

maxillary canines using cone beam computed tomography (CBCT).

Materials and Methods: This retrospective radiographic study reviewed 45 CBCT records of
45 subjects their ages above 12 years. The records were divided into 3 groups, Group I: normally
erupted maxillary canine group (control group), group II: labial impacted maxillary canine group,
group III: palatal impacted maxillary canine group. Maxillary width was measured at 4 levels: basal
first molar width, alveolar first molar width, basal first premolar width, and alveolar first premolar
width. The depth of the palatal vault was measured to evaluate the shape of the palate in all groups.

Results: labial and palatal impacted groups showed significantly smaller basal first molar
widths, alveolar first molar and first premolar widths, compared with the control group (P < 0.05).
Basal first premolar widths and palatal vault depths were not significantly different between the

groups.

Conclusions: Maxillary width was smaller in subjects with labial or palatal maxillary canine

impaction than subjects without impaction.
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INTRODUCTION

Maxillary permanent canine is considered
the foremost tooth within the dental arch that
plays a vital role in smile design. Any eruption
problem affecting the maxillary permanent canine
incorporates a negative effect on the smile and

facial appearance.

The maxillary permanent canine is one of the
most predominant teeth to be impacted second to
the third molars !, with a prevalence of impaction
ranges from 1-3% of the population 2. Palatal
canine impaction occurs 3 to 6 times more than
buccal impaction .

Traditionally, the position of impacted canines

* Lecturer of Orthodontics, Faculty of Dentistry, Tanta University, Egypt.
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has been determined by periapical and/or panoramic
radiographs. However, these radiographs are a two-
dimensional image of a three-dimensional object.
Additionally, panoramic radiograph has other dis-
advantages like, image distortion and overlapping
of adjacent structures to impacted canine resulting
in difficulty in assessing impacted canine labiopala-
tally*. Recently, cone beam computed tomography
(CBCT) can be utilized to locate impacted teeth be-
cause it determines the three-dimensional position
of the impacted canine accurately and estimate root
resorption of the adjacent teeth efficiently>.

Various studies evaluated the relationship
between the morphology of the maxilla and the
impaction of maxillary canines, but their results
often were contradictory. McConell et al., ¢
compared dental casts of 57 subjects with palatally
displaced canines to 103 subjects without canine
impaction. They considered deficiency in maxillary
transverse width as one of the causes of palatally

impacted maxillary permanent canines.

Langberg and Peck 7 examined pretreatment
diagnostic casts of patients with palatally impacted
maxillary canines and demonstrated no statistically
significant difference within the anterior and
posterior widths of the maxilla between palatally
impacted canine group and the control group.

Sambatro et al.? took posteroanterior cepha-
lometric radiographs of 43 patients aged 8 years
old, and again at 14.3 years for the same patients.
They observed a wider posterior maxillary width
for patients who later displayed impacted maxillary
canines. Moreover, another study by Al-Nimri and
Gharaibeh ° on pretreatment dental casts showed
greater width of the maxillary arch in subjects with
palatally displaced canines than those with normal-
ly erupted canines.

Saiar et al.,' studied the casts and posteroanterior
cephalograms of 79 patients with palatally impacted
canines and found no significant relation between
the skeletal maxillary width and the palatally dis-
placed canines. So, they concluded that deficiency
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in maxillary arch width could be considered as an
effect rather than a cause of impaction. Thus, sug-
gesting that no benefit might be gained by early ex-
pansion of the maxillary arch in patients with canine
impaction.

Association between occurrence of palatally
displaced canines and maxillary transverse discrep-
ancy in the mixed dentition was studied by Schindel
and Duffy !, They used casts and panoramic radio-
graphs of 84 patients with transverse maxillary de-
ficiency and 100 as a control. Sector classification
on panoramic radiographs were used for prediction
of canine impaction for both the groups. They re-
vealed that transverse discrepancies of the maxil-
lary arch increase the chance of canine impaction.
In addition, Ali Rizvil et al.,'> measured the maxil-
lary arch width of 60 casts as the distance between
the mesiopalatal cusp tips of the first permanent mo-
lars, and the mandibular arch width as the distance
between the central fossae of the mandibular first
permanent molars. Deficiency of maxillary width
was calculated as the difference between the two
measurements. They observed a positive correlation
between transverse maxillary deficiency and occur-
rence of maxillary canine impaction. So, they con-
cluded that, early treatment of transverse deficiency
of the maxillary arch may decrease the probability
of maxillary canine impaction.

However, Fattahi et al.,)* and Refaat and El-
4

Desouky ' demonstrated that, no statistically
significant difference in inter molar width, inter
premolar width, inter canine width, between the
impaction groups (buccal and palatal impaction)
and the control group. Furthermore, Kim et al.,””
assessed the relationship between the position of
maxillary impacted canines and the morphology
of the maxilla using arch length / inter molar width
x 100 as index of maxillary arch shape and palatal
vault depth / inter molar width x 100 as index of
palatal shape. They concluded that patients with
palatally impacted canine showed smaller maxillary
width and deeper palatal vault compared with those
of buccally impacted canine.
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Hong et al.’, Yan et al.'® and Gull et al.,”
evaluated the pretreatment CBCT of subjects with
palatally impacted canines and concluded that the
skeletal and dental maxillary transverse widths on
the first molar, second premolar, and first premolar
level had no effect on the occurrence of palatally
impacted canines. Additionally, a recent cross-
sectional study was conducted by Ghaffar et al.,'
on 85 panoramic radiographs and dental casts
of Pakistani patients. Deficiency in transverse
maxillary dimension was calculated on dental cast
by subtracting the mandibular intermolar width
from the maxillary intermolar width. Prediction of
maxillary impacted canines was done on panoramic
radiographs based on sectors classification. They
concluded that there was a higher risk of palatal
impaction of maxillary canine in patients with
narrower maxillary arch.

Ariza et al.,”” compared 86 CBCT images of
patients with maxillary impacted canines and 67
images of patients with normally erupted maxillary
canine as a control. They found smaller maxillary
widths at first molars and first premolars levels in
impacted maxillary canine group compared with the
control group. Also, Cacciatore et al.,” calculated
seven measurements on the digital casts of 49
patients had a mean age of 9 years old to evaluate
the relationship between early diagnosed impacted
maxillary canines, using panoramic radiographs,
and the morphology of the maxilla. They reported
narrower and shorter maxillary arch in patients with
displaced maxillary canines compared with subjects
without eruption problem.

More recently, a retrospective CBCT study was
conducted by Guillen et al., 2! to assess the changes
of maxillary width at premolar level after traction of
impacted maxillary canines in young adults. They
reported increase in the maxillary inter-premolar
widths after traction of impacted maxillary canines
until the occlusal plane.

Nonetheless, it still difficult to clarify the causes
of impaction of maxillary canine. The relationship

(1769)

between the maxillary width, the palatal vault
depth, and the position of impacted maxillary
canine requires further investigation. Thus, the
purpose of this study was to assess whether there
was a relationship between the width of the maxilla,
the depth of the palatal vault and the occurrence of
impacted maxillary canines, using CBCT.

MATERIAL AND METHODS

The study sample consisted of 45 CBCT images
of Egyptian patients with impacted maxillary
canine, their ages above 12 years. CBCT images
were collected from Orthodontic department,
Faculty of Dentistry, Tanta University and private
radiology centers.

The minimum number of sample size for this
study was calculated and found to be 45 patients.
The criteria used for sample size calculation were
as follows: 95% confidence limit, 80% power of the
study. The following equation was used for sample
size calculation:

(Z, ) *(SDy
(@

N= Total sample size, Z = Is standard normal

variate and its equal 4.39 at P < 0.05

N=

SD= Standard deviation of variable

d= Absolute error or precision

V4 SD d

a

4.39 3.05 2

(4.39)7 * (3.05)
@y
=44.8 =45 samples.

Total sample size n =

with
orthodontic treatment, craniofacial deformities, cleft

Subjects systemic disease, previous
lip or palate, head and neck syndromes, history of
trauma, odontoma, supernumerary, several impacted

or congenitally missing teeth were excluded.
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CBCT scan was acquired with a DCT Pro”.
Scanning parameters was 90 kVp, 24 s,4 mA, voxel
size 0.4 mm and field of view 20x19 cm. Using
CBCT data, the subjects were divided into 3 groups,
group I: normally erupted maxillary canine group
(control group), group II: labial impacted maxillary
canine group, group III: palatal impacted maxillary

canine group.

For maxillary width measurements, DICOM
files were imported into Mimics software (version
10.0; Materialise, Leuven, Belgium) that was used
to orient the CBCT scans and measure all data.

Maxillary widths were measured at 4 levels: basal
first molar width (BMW), alveolar first molar width
(AMW), basal first premolar width (BPMW), and
alveolar first premolar width (APMW) (Fig 1).

* (Planmeca, Helsinki, Finland)
** (Vatech Co., Hwasung, Republic of Korea)
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The lowest point on the right and left sides
of the nasal floor were used to draw a nasal floor
reference plane. First molar measurements were
made on the most anterior coronal image showing
the roots furcation. Premolar measurements were
made on the coronal image showing the center of
the root canal. Palatal vault depth was measured to
assess the shape of the palate among groups. The
definitions of the CBCT measurements are shown
in Table I.

Measurements were repeated 2 weeks after
the initial measurements on 24 randomly selected
samples, 8 from each group. The reliability of
these repeated measurements was tested using the
intraclass correlation coefficient (ICC) with a 95%
confidence interval. ICC values ranged from 0.91
to 0.96, which indicated a high degree of reliability.

Fig 1. (a) BMW: basal molar width; AMW: alveolar
molar width; (b) BPMW: basal premolar width;
APMW: alveolar premolar width; (c) PVD:
palatal vault depth.
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TABLE (I) Definition of the variables used in this study according to Ariza et al., 19.
Variable Definition
BMW The basal first molar width was measured between the most outer points of the right and left sides of the maxillary
base along the nasal floor reference plane.
AMW The alveolar first molar width was measured between the most occlusal right and left points of the maxillary
alveolar process.
BPMW The basal first premolar width was measured between the most outer points of the right and left sides of the
maxillary base along the nasal floor reference plane.
APMW The alveolar first premolar width was measured between the most occlusal right and left points of the maxillary
alveolar process.
PVD The palatal vault depth was measured between the deepest point of the palatal vault and the line connecting
between the mesio-palatal cusps tips of the right and left first molars.

Statistical Analysis

The data were collected, tabulated, and analyzed.
Statistical analysis was performed with SPSS
Version 21.0 (SPSS Inc, Chicago, III). Independent
t-test was used for comparing the mean changes
between the groups.

RESULTS

The average values and standard deviations for
each parameter used for assessment of maxillary
morphology in the different groups are compared in
tables (2,3 and 4).

Regarding maxillary width measurements, there

were statistically significant greater BMW, AMW,
and APMW in the control group compared with the
labial and palatal impaction groups. There were no
statistically significant differences between the two
impaction groups (labial and palatal groups) for any
parameters.

For the BMW measurements, there were
significant differences of 3.11 mm between the
control group (66.14 mm) and the labial group
(63.03 mm) (Table 2). And 4.55 mm between the
control and the palatal groups (61.59 mm) (Table 3),
P < 0.05. As regard to AMW measurements, there
were significant differences of 3.11 mm between

TABLE (2): Comparison of maxillary transverse width measurements and palatal vault depth between

control and labial groups

Control Labial t. test p. value
Range 57.99 —76.87 55.56 — 67.49
BMW 2092 0.045%
Mean +S.D 66.14 + 491 63.03 +3.10
Range 54.7 - 64.05 48.82 -59.12
AMW 2.623 0.014%
Mean+S.D 58.08 +3.06 5497 +3.53
Range 3237-42.85 31.75-43.05
BPMW 1.992 0.056
Mean+S.D 37.49 £3.22 39.74 +3.06
Range 42.62 - 53.05 39.32-47.77
APMW 2761 0.010%
Mean +S.D 4772 £321 4490 +2.38
Range 1571-322 18.07 —24.55
PD 0.237 0.814
Mean +S.D 21.39+3.83 21.12£2.08
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the control group (58.08 mm) and the labial group
(54.97 mm) (Table 2), and 4.29 mm between the
control and the palatal groups (53.79 mm) (Table
3), P < 0.05. Concerning APMW measurements,
there were also significant differences between the

control group, the labial and palatal groups (2.82
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and 3.8 mm, respectively; P< 0.05). No significant
differences were recorded in the BPMW and PVD
measurements among the 3 groups. Also, there
were no statistically significant differences between
labial and palatal groups regarding to all variables
(Table 4).

TABLE (3): Comparison of maxillary transverse width measurements and palatal vault depth between

control and palatal groups

Control Palatal t. test p. value
Range 57.99 —76.87 54.8 - 68.18
BMW 2.698 0.011%*
Mean = S. D 66.14 491 61.59 £4.45
Range 54.7-64.05 47.8 -60.31
AMW 3.354 0.002*
Mean +S.D 58.08 +3.06 5379 £4.02
Range 32.37-42.85 29.35-47.92
BPMW 1.300 0.204
Mean = S.D 3749 +3.22 3527 +£598
Range 42.62 - 53.05 38.51 -49.57
APMW 2918 0.007*
Mean + S.D 47.72 +3.21 4392 +4.03
Range 1571 -322 15.13-2442
PD 0.152 0.880
Mean = S.D 21.39+£3.83 21.57+2.79

TABLE (4) Comparison of maxillary transverse width measurements and palatal vault depth between labial

and palatal groups.

Labial Palatal t. test p. value
Range 55.56 - 67.49 54.8 - 68.18
BMW 1.031 0.311
Mean +S.D 63.03 £3.10 61.59 £4.45
Range 48.82 -59.12 47.8 -60.31
AMW 0.853 0401
Mean +S.D 5497 +3.53 53.79 +4.02
Range 31.75-43.05 29.35-4792
BPMW 1.764 0.089
Mean = S.D 38.54 +3.94 3527 +5.98
Range 39.32-47.77 38.51 -49.57
APMW 0.817 0421
Mean +S.D 4490 +2.38 43.92+403
Range 18.07 — 24.55 15.13 -24.42
PD 0.502 0.620
Mean +£S.D 21.12+£2.08 21.57£2.79
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DISCUSSION

The aim of the present study was to compare
the maxillary width and the palatal vault depth in
subjects with labial and palatal impacted maxillary
canines versus subjects with normal maxillary
canine eruption as a control, using CBCT. Although
many studies have been directed to assess the
relationship between impacted maxillary canines
and the morphology of the maxilla, their results are
controversial and sometimes, contradictory >7!1.

Only patients above 12 years of age were in-
cluded in this study because radiographic examina-
tion before the age of 11 years does not allow an
accurate prognosis for maxillary canine eruption
path because the root of the maxillary canine begins
to deflect buccally and occlusally at the age of 10
years 2.

Cone beam computed tomography (CBCT)
is considered the most accurate diagnostic tool to
locate impacted teeth with lower exposure dose,
lower cost, and better image accuracy than conven-
tional CT. Also, it overcomes the blurring of image,
overlapping of adjacent structures, and the super-
impositions inherent in panoramic radiographs *2*.

The findings of the current study revealed
significant smaller inter molar and inter premolar
maxillary width in impacted maxillary canine groups
(labial impaction and palatal impaction) compared
with control group (Table 2-3). These results agreed
with other studies ®!'"'>?° that evaluated the maxillary
width and morphology on study models and found
that patients with impacted maxillary permanent
canines had narrower maxilla than subjects without
eruption problems.

Tadinada et al.,” and Aracena et al.,?* demon-
strated decrease in maxillary width on the impacted
sides in subjects with unilateral palatally impacted
canines using CBCT. Also, Ariza et al.,'” measured
the maxillary transverse dimensions utilizing CBCT
and found a smaller maxillary width in impacted
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maxillary canine group compared with normally
erupted maxillary canine group. Guillen et al.!
even stated that, traction of maxillary impacted ca-
nines increases the maxillary inter premolar widths
(first or second) without differences between type
(unilateral versus bilateral) or location (buccal ver-
sus palatal) of impaction.

However, results of the previous studies carried
out with various dissimilar diagnostic records

79.10,13,14,16,18

(study casts, , posteroanterior x-rays ® and

CBCT >!'*!7are in sharp contrast to our results.

Several studies 0131416 fajled to record differ-
ences in transverse width between the impaction
groups (buccal impaction and palatal impaction)
and the control group. So, they stated that, maxil-
lary transverse discrepancy was not considered as
a causative factor contributing to maxillary canine
impaction, in addition, the presence of impacted ca-
nine has no effect on maxillary width.

Al Nimri et al.” found a significantly wider
maxillary arch in patients with maxillary canine
impaction than those with normal canine eruption.
This finding is in contrary to our results may be
because they used different measurement method
on dental casts.

Sambatro et al.? utilized posteroanterior (PA)
cephalograms to report a wider posterior hemi
maxilla with larger intermolar and inter premolar
widths for patients who later developed maxillary
canine impaction.

In contrast to our results, the results of Hong et
al.,’ and Gull et al.,”” showed similar skeletal and
dental transverse maxillary widths in individuals
with palatally impacted maxillary canines
and others without impaction. Therefore, they
concluded that the presence of palatally displaced
maxillary canines was not secondary to skeletal or
dental maxillary transverse deficiency. Additionally,
Ghaffar et al.,'8 revealed no significant difference

in the occurrence of maxillary canine impaction in
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mixed dentition patients with and without maxillary
transverse discrepancy.

This conflict between results can be explained by
the numerous heterogeneity (age, sex, population,
size, methods of

inclusion criteria, sample

measurement) found in other papers.

Results of the present study showed a non-signif-
icant difference between the impaction groups and
the control group regarding the palatal vault depth.
These results agreed with results of Fattahi et al.,"
and Cacciatore et al.,”* who found similar palatal
vault depth in subjects with an impacted canine
whether buccal or palatal and in matched controls.

On the other hand, according to kim et al.,'® the
palatal vault and the intermolar width of patients
with palatally impacted canine was deeper and
smaller respectively, compared with those with
buccal impaction. However, in their study, all
variables were measured directly on diagnostic
digital model not CBCT images. In addition, they
used the relative ratio to evaluate the shape of the
palatal because they believed that a relative ratio
pretends be more appropriate than an absolute value
when evaluating the shape.

In contrast to our study Refaat and El-Desouky'*
observed that the palatal vault was shallower in
females with buccally displaced canine compared
with the palatally displaced canine and the control
subgroups. They concluded the palatal shape of
female subjects is more associated with the presence
and position of impacted canines than the male
subjects. This difference in the results of the shape
of the palatal vault may be attributed to that they
investigate male and female subjects separately and
not as a combined group.

This study has revealed presence of maxillary
transverse discrepancies in subjects with labial and
palatal impacted maxillary canines. Therefore, this
condition should be considered during diagnosis
and treatment plan.
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CONCLUSIONS

Based on the findings of the current study, the
following conclusions can be considered:

e The maxillary arch was narrower in subjects
with labially or palatally impacted maxillary
canines than in subjects with normally erupted
maxillary canines.

e There is no statistically significant difference in
the maxillary transverse measurements between
subjects with labial impacted maxillary canine
compared with subjects with palatally impacted
maxillary canine.

* Subjects with labial or palatal maxillary canine
impaction does not show any statistically
significant difference in the palatal vault
depth compared with subjects without canine
impaction.
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