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ABSTRACT

Aim To analyse the prevalence and the distribution
of displaced, buccal/palatal maxillary canines, and
the association with sagittal and vertical skeletal
relationships in a southern Italian population.
Materials and methods Consecutive records of
patients were examined. Inclusion criteria were: age
7-12 years, 1-2 cervical vertebral maturation (CVM)
stage, initial dental casts, intraoral photographs,
panoramic, lateral and periapical radiographs.
Subjects with at least one canine in Lindauer /I, Il
or IV sector and/or a. angle >31° were included in
displaced maxillary canine (DMC) group, whereas
those with both canines in sector | and o angle <37°
were used as control group (CTR). According to canine
bulges and/or x-ray examinations, DMC were then
divided in palatal and buccal displaced canines (PDC/
BDC). Sagittal and vertical skeletal relationships were
evaluated using ANB and SN/GoMe angles. Chi-square
tests were performed to compare the prevalence rates
of skeletal features.
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Results The sample consisted of 123 children, 40
DMC and 83 CTR. The DMC group included 11 PDC
and 29 BDC subjects. The M:F ratio was 1:3 in PDC
and BDG, 1:1 in CTR group. The unilateral-to-bilateral
ratio was 1:1 and 3:1 in PDC and BDC subjects. The
most common sector combination regarding unilateral
and bilateral displacements was “ll” and “Il,II". PDC
occurred more in Class | and in hyperdivergents,
whereas BDC in Class | or Il and in normodivergents.
Conclusions DMC occurred more often in females
than in males. BDC was more common than PDC and
unilateral displacements occurred more frequently
than bilateral ones. No significant correlation with
skeletal features was observed.

Keywords o. angle; Displaced maxillary canines;
Lindauer sectors, Skeletal relationships.

Introduction

A frequent problem in clinical orthodontics is the
impaction of the maxillary permanent canine, involving
approximately 2% of patients seeking orthodontic
treatment [Shapira and Kuftinec, 1998; Ericson and
Kurol, 1998; Perillo et al., 2012; Lagana et al., 2013;
Lucchese at al.,, 2012]. Maxillary canines with an
open apex root, an anomalous intraosseous position
prior to the expected time of physiological eruption
and an incomplete morphological development,
can be defined displaced [Peck et al., 1994; Baccetti
et al., 2007). Displaced maxillary canines (DMCs)
are classified according to their position in palatal
displaced canines (PDCs) and buccal (BDCs). PDC
characteristically leads to tooth impaction, while BDC
usually results in eruption. DMC is more common in
females than in males due to a possible involvement
of sexual chromosomes in the etiology of tooth
malposition [Peck et al., 1994].

BDC and PDC are considered as different entities.
BDC are strongly associated with crowding [Mucedero
et al., 2011] and insufficient space in the upper arch
[Jacoby, 1983]. Two hypotheses have been proposed to
explain the PDC aetiology: the “guidance” hypothesis
and the “genetic” one. According to the guidance
concept, the dental anomalies, frequently involving
lateral incisors, lead to a canine displacement [Litsas
and Acar, 2011; Becker et al., 1981; Becker et al., 1984;
Brin et al., 1986; Zilberman et al., 1990; Becker et al.,
2002; Sacerdoti and Baccetti, 2004]. Otherwise, Peck
supported a genetic aetiology of PDC, validated by the
concomitant presence of further tooth anomalies and
familial occurrence [Peck et al., 1994].

Nevertheless, the correlation of PDC and BDC with
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craniofacial skeletal features on sagittal (skeletal Class
[, Il or lll) and vertical (normodivergent, hypodivergent
or hyperdivergent) planes has been rarely described in
the literature.

Thus, the aim of the present study was to analyse the
prevalence and the distribution of PDC and BDC in a
sample of mixed dentition children, and to investigate
the association with sagittal and vertical skeletal
relationships.

Materials and methods

Consecutive records of patients who were seeking
orthodontic treatment at the Division of Orthodontics,
University of Campania “Luigi Vanvitelli”, Italy,
between January 2013 and January 2014, were
collected from the available files in order to be
examined. Approval for this retrospective study was
granted by the Institutional Review Board of the
University of Campania “Luigi Vanvitelli” and the
parents of all children involved in the study signed an
informed consent to the privacy (Aut.n.9/2013). The
inclusion criteria were age: between 7 and 12 years,
mixed dentition, cervical vertebral maturation (CVM)
stage [Baccetti et al., 2008] between 1 and 2, initial
dental casts, intraoral photographs, panoramic, lateral
x-ray and periapical x-rays when necessary.

Mixed dentition was defined as a period in which
the maxillary canines were unerupted and at least the
primary second molars were still present [Lindauer
et al., 1992]. The exclusion criteria were craniofacial
malformations, cleft lip or palate, history of dental
trauma, oral neoformations and other oral cavity
pathologies or inadequate records.

For each subject, the following parameters were
analysed:

— presence of palatal and/or buccal DMCs;
— sagittal and vertical skeletal relationships.

Initial dental casts and intraoral photographs were

used to verify the absence of canines in the upper

arch and/or the presence of canine bulges. Panoramic
x-rays were used to confirm these data and to classify
canines according to the sectors of Lindauer (Fig. 1)
and a angle of Power and Short (Fig. 2) [Lindauer et
al., 1992; Power and Short, 1993].

Subjects with at least one canine in sectors Il, Ill, IV
and/or a. angle >31° were included in the DMC group,
whereas those with both canines in sectors | and a
angle <31° were used as control group (CTR). DMC
were divided into PDC and BDC groups, according to
the presence of canine bulges and/or the periapical
x-rays [Jacobs, 1999; Ericson and Kurol, 1987], which
were performed when clinical palpation was not
sufficient. Sagittal and vertical skeletal relationships
were evaluated using the lateral cephalometric
x-ray considering the ANB and SN/GoMe angles.
The sagittal skeletal relationship was defined Class
[, I or Il if ANB was between 0° and 4°, >4°, and
<0°, respectively. The vertical skeletal relationship
was defined normodivergent, hyperdivergent, and
hypodivergent when SN/GoMe angle was between
28° and 36° >36° and <28°, respectively [Schindel
and Duffy, 2007].

All the measurements were hand-traced, under
natural light, using 0.5 mm lead on 0.003 mm matte
acetate tracing paper by one investigator (GF). The
examiner did not exceed to analyse eight cases per day
to avoid eye fatigue and to minimise subjective errors.

Statistical analysis

Means and standard deviations of all measurable
variables were calculated for each group. Chi-square
tests were performed to compare the prevalence rates
of sagittal and vertical skeletal features of each group.
P values less than 0.05 were considered significant.

Method error study

Reproducibility of x-ray measurements was estimated
by duplicating the determination of all measurements
in 20 randomly selected cases and by using the
Dahlberg’s formula to test the error study.

FIG. 1 Sectors of Lindauer.
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FIG. 2 o angle of Power and Short.
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Groups Total Male Female Age Groups Total Male Female Age

n (%) n (%) n (%) p+SD n (%) n (%) n (%) p+SD
Total 123(100) | 54 (43.9) | 69(56.1) | 9.21 +1.66 Total 40 (100) | 11 (27.5) | 29(72.5) | 9.67 £1.92
CTR 83(67.5) | 43(51.8) | 40(48.2) | 9.00 +1.49 CTR 11(27.5) | 3(27.3) 8(72.7) 11.81+1.10
DMC 40(32.5) | 11(27.5) | 29(72.5) | 9.67 £1.92 DMC 29(72.5) | 8(27.6) 21(72.4) | 887 +1.49

TABLE 1 Characteristics of the samples; CTR (Control Group),
DMC (Displaced Maxillary Canines); n=subjects.

TABLE 2 Characteristics of the DMC (Displaced Maxillary
Canine) samples; PDC (Palatal Displaced Canine), BDC (Buccal
Displaced Canine); n=subjects.

Unilateral n (%) Bilateral n (%)
Sectors | | Il 1l \Y Total | 1,1 (Al I, 11,1 I, IV 1,1 Total
DMC 4(14.8) 15(55.6) | 6(22.2) |2(7.4) 27 3(23) 2(15.4) |5(38.5) | 1(7.7) | 1(7.7) 1(7.7) |13
PDC 1(16.7) |2 (333) |1(16.7) |2(33.3) |6 1(20) 0 1(20) 1(20) 1(20) 1(20) 5
BDC 3(14.3) 13(61.9) |5(23.8) | 0 21 2 (25) 2 (25) 4 (50) 0 0 0 8

TABLE 3 Unilateral and bilateral distribution of DMC (Displaced Maxillary Canine), PDC (Palatal Displaced Canine), BDC (Buccal

Displaced Canine); n=subjects.

Sagittal relationship n (%) | Vertical relationship n (%) Sagittal relationship n (%) | Vertical relationship n (%)
cll cn crn Normo | Iper Ipo cll cn crm Normo | Iper Ipo
CTR 39 38 6 40 36 7 CTR 39 38 6 40 36 7
(47) (45.8) |(7.2) (48.2) | (43.4) | (8.4) (47) (45.8) | (7.2) (48.2) |(43.4) | (8.4)
DMC 23 16 1 24 13 3 DMC 23 16 1 24 13 3
(57.5) | (40) (2.5) (60) (32.5) | (7.5) (57.5) | (40) (2.5) (60) (32.5) | (7.5)
P 0.649 |0.837 | 0.554 | 0.604 | 0.559 | 0.851 P 0.649 | 0.837 |0.554 |0.604 |0.559 |0.851

TABLE 4 Prevalence and distribution of sagittal and vertical
craniofacial features. CTR (Control Group), DMC (Displaced
Maxillary Canines); n=subjects.

Results

Records of 150 patients were selected, 27 subjects
were excluded for craniofacial malformations, cleft lip or
palate, dental trauma, oral neoformations or cysts, other
oral cavity pathologies and incomplete or inadequate
records. One hundred twentythree patients met the
criteria and were included in the study. The characteristics
of the sample are reported in Table 1 and 2.

The error study was 0.4°, 0.3° and 0.4° for ANB, SN/
GoMe and o angle, respectively. All values are considered
very low, unlikely to be clinically significant. Uni- and
bilateral distribution of DMCs is shown in Table 3. In
DMC, PDC and BDC groups, unilateral-to-bilateral ratio
was approximately 2:1, 1:1 and 3:1, respectively. The
most common sector for unilateral displacements was
“Il”, whereas the most common combination for bilateral
displacements was “ll, II"”. The distribution of sagittal and
vertical craniofacial features is shown in Table 4 and 5.
No statistically significant differences were found in both
vertical and sagittal craniofacial features between DMC
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TABLE 5 Prevalence and distribution of sagittal and vertical
craniofacial features. CTR (Control Group), DMC (Displaced
Maxillary Canines); n=subjects.

and CTR groups as between PDC and BDC groups.

Discussion

The aim of the present study was to analyse the
prevalence and the distribution of displaced, either
buccal or palatal, maxillary canines, in a sample of
consecutive mixed dentition children, and to investigate
the association with sagittal and vertical skeletal
relationships. According to a previous research study
[Schindel and Duffy, 2007], the optimal timing to
evaluate DMC is during the early mixed dentition when
the canine begins its intraosseous movement into the
dental arch. As reported in Table 1 and 2, the prevalence
of DMC was 32.52%. Considering the DMC rate, 27.5%
were PDC and 72.5% were BDC. These values confirm
that BDC is more common than PDC with a ratio of 3:1.
The M:F ratio was approximately 1:3 in DMC, PDC and
BDC groups, whereas it was 1:1 in controls. This data
confirmed that DMC occurs more frequently in females
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than in males, thus supporting the genetic hypothesis
of DMC aetiology [Peck et al., 1994; Sacerdoti and
Baccetti, 2004]. In addition, results showed more DMC
subjects with unilateral (67.5%) than bilateral (32.5%)
displacements (Table 3), as reported in literature
[McConell et al., 1996]. The distributions of unilateral
(54.5%) and bilateral (45.5%) displacements in PDC were
similar, while unilateral displacements in BDC (72.4%)
exceeded the value of bilateral (27.5%) according to
the literature value [Mucedero et al., 2001]. Moreover,
sector Il was the most common for both unilateral and
bilateral displacements, according to another research
study [Sacerdoti and Baccetti, 2004]. Sagittal and vertical
skeletal relationships showed the same distribution in
DMC and CTR. No statistically significant differences
were reported (Table 4). The comparison of skeletal
features between PDC and BDC indicated that skeletal
Class | occurred more frequently in PDC (81.82%)
than in BDC (48.28%), whereas skeletal Class Il were
less frequent in PDC (18.18%) than in BDC (48.28%).
However, no statistically significant differences were
found, in agreement with previous studies [Mossey
et al., 1994; Basdra et al., 2001; Franchi et al., 1989].
Moreover, normodivergents occurred more frequently in
BDC (68.97%) than in PDC (36.36%), hyperdivergents
occurred more frequently in PDC (45.46%) than in BDC
(27.59%) and hypodivergents occurred more frequently
in PDC (18.18%) than in BDC (3.44%). These results
did not confirm the existence of significant differences
in vertical craniofacial features between BDC and PDC,
contrarily to what has been reported by Cernochova
[2012].

These data confirmed the difficulty to compare
different samples and methods [Perillo et al., 20113;
d'Apuzzo et al., 2013; Perillo et al., 2011b]. A limitation
of this study is the use of panoramic x-rays to determine
buccal or palatal displaced maxillary canines. Previous
research suggested that 2D and 3D images of impacted
maxillary canines can produce different diagnoses
and treatment plans [Haney et al., 2010]. Moreover,
a randomised clinical trial was not performed in this
retrospective study because it was unethical to expose
patients to CBCT without clinical or radiological reasons
[Algerban et al., 2014]. Finally, multicentric research
study should be useful to gather wider samples by
applying the same methodologies.

Conclusions

¢ DMC occurred more often in females than in males

e BDC was more common than PDC

¢ Unilateral displacements occurred more frequently
than bilateral ones

¢ No statistically significant differences between the
groups according to sagittal and vertical skeletal
features were found.
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