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Abstract: This study aims to evaluate whether or not there is a higher prevalence of skeletal
abnormalities in subjects with maxillary canine impaction (MCI). This retrospective study was
performed on 67 subjects with maxillary canine impaction (test group) and on 67 patients
without dental displacement (control group). Sella turcica bridging (SB), ponticulus posticus
(PP), atlas posterior arch deficiency (APAD) and the morphology of sella turcica and pterygopalatine
fissure were evaluated on lateral cephalometric radiographs. Statistical analysis was performed using
chi-square, Mann-Whitney test and multivariate logistic models; the level of significance was p < 0.05.
Results showed that in the test and control groups 87% and 62.7% of patients had SB, respectively.
PP was observed in 60% of patients in the test group and in 16.4% of patients in the control group.
APAD was observed in 9% of test group and in 4.5% of the control group. Skeletal anomalies were
significantly increased (p < 0.05) in subjects with MCI. A significant difference between the groups
was observed in regards to the shape of the pterygopalatine fissure, found to be less wide and longer
in the test group. SB, PP and APAD were higher in subjects with MCI; furthermore, an elongated
pterygopalatine fissure was significantly associated with MCL
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1. Introduction

Maxillary canine impaction (MCI) is an anomaly that indicates the absence of the dental arch of
the dental elements that remain included beyond the physiological age of eruption.

The etiologic factors may be genetic, systemic or localized. Cephalometric radiographs are
indispensable for an orthodontic diagnosis but they also include other important information about
craniofacial abnormalities. Different skeletal alterations have been observed, including: ponticulus
posticus (PP), atlas posterior arch deficiency (APAD) and sella-turcica bridging (SB) [1]. PP is an
abnormal bony bridge that arises from the posterior portion of the superior articular process and the
posterolateral portion of the superior margin of the posterior arch of the atlas [2]. It was observed that
anomalies of the skeletal atlas posterior arch can be detected in fewer than 5% of patients without
any pathology; furthermore, it was stated that it can be linked with different symptoms [3]. SB has
a prevalence of 1.1-22% and is defined as the fusion of the posterior and anterior clinoid processes;
an increased ossification of the dura mater between the two clinoid processes is often linked to this
anatomical variation. Furthermore, it was noticed that an abnormal embryological development of the
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sphenoid is often associated with this skeletal alteration [4-6]. SB might be associated with different
systemic diseases [7] and tooth agenesis [8]. Some of these skeletal variations and developmental
pathologies could be detected in children and adolescents and often precede other skeletal and dental
alterations (i.e., dental inclusion) [9]. This is the reason why these characteristics have attracted the
attention of orthodontists in order to verify their possible association with some dental problems.
Indeed, a higher incidence of SB has been associated with MCI and this association may be caused
by activation of neural crest cells or homeobox genes in growing children [10]. In fact, it was found
that neural crest cells are involved in dental formation and can determine the alteration of tooth
eruption [11].

SB, PP and APAD have been previously reported in literature for MCI while other skeletal
parameters, including sella turcica length, were not associated with MCI, even if some results are
partially contradictory in particular for APAD—Ghadimi et al. observed that PP and SB were
significantly increased in the subjects with MCI while APAD was not associated with this dental
anomaly [5]. However, in a previous study, APAD was significantly associated with palatally displaced
canines [1]. Furthermore, Scribante et al. found a posited correlation between dental anomalies
including MCI and SB, while the Sella Turcica dimension was not different in patients with MCI [6].

The purpose of the present retrospective study was to verify a correlation between skeletal
anomalies and MCI in adolescents and the novel aspect of the study is that a new parameter was
introduced: pterygopalatine fissure morphology. The null hypothesis is that there is no association
between skeletal variations and MCI.

2. Materials and Methods

2.1. Study Design and Participants

This retrospective study was conducted on pre-treatment lateral cephalometric and panoramic
radiographs of 134 subjects who consecutively visited the Department of Orthodontics; the entire
patient sample in the period between 2015 and 2019 was investigated.

Lateral cephalometric and panoramic radiographs were performed for each patient before any
orthodontic treatment.

The sample size calculation was based on the results of a study [5] that found prevalence rates for
PP of 42.9% and 18.7% in subjects with MCI and in the control group, respectively. The sample size
required to achieve 85% power at a 5% level of statistical significance was determined to be 64 patients
in each group.

The test group included 67 patients with a confirmed diagnosis of unilateral MCI while the control
group included 67 patients matched for age and sex and skeletal class prevalence without any dental
anomaly. Moreover, the diagnosis of MCI was confirmed visually during dental surgery and it was
recorded in the clinical file of each subject.

The inclusion criteria were: Caucasian subjects, diagnosis of unilateral MCI during the orthodontic
treatment and the fact that the shapes of the skeletal variants needed to be clearly detectable, as well as
at least the first four cervical vertebrae. MCI was diagnosed using the same X-ray imaging machines.
Lateral cephalometric radiographs were taken with teeth in centric occlusion, lips relaxed and head
normally positioned.

The exclusion criteria comprised: incomplete patient files, poor quality images, nonstandardized
cephalographs, systemic syndromes, dental anomalies, previous orthodontic treatments or
maxillofacial surgeries.

2.2. Instruments and Variables

Cephalometric measurements were performed by a single-blind orthodontist using Delta-Dent®
software (version 2.0, Outside Format, Cremona, Italy, 2020).
Panoramic radiographs were used to collect information about possible anatomical abnormalities:



Appl. Sci. 2020, 10, 5638 30f12

- Alpha angle [12]: angle between the midline and the long axis of MCI. Grade 1: 0-15°—grade 2:
15-30°—grade 3: >30°.

- Vertical height of the canine crown [12]: Grade 1: the crown of MCI is located coronal to the
cementoenamel junction (CEJ) of the incisor. Grade 2: the crown is located apical to the CE]J but
coronal to the middle root area of the incisor. Grade 3: the crown is located apical to the middle
root area of the incisor but not beyond its root apex. Grade 4: the crown is located apical to the
root apex of the lateral incisor.

- Opverlap sector [13]: Sector 1: MC is located medially to the central incisor axis. Sector 2: MC is
located between the central and lateral incisor axes. Sector 3: MC is located distally to the axis of
the lateral incisor, between the axes of the lateral incisor and the first premolar.

In the test group, panoramic radiographs were also used to measure the ratio between the available
space in the alveolar arch and the maximum width of MC.

Lateral cephalometric radiographs were used to measure skeletal relationship angle (ANB) and
evaluate PP (Figure 1), sella bridging (Figure 2) and atlas posterior arch deficiency (Figure 3).

The extent of PP osseous anomaly of the atlas vertebra was estimated following the classifications
of Cederberg and Stubbs [14,15]: Grade 1—the absence of calcification, Grade 2—the presence of
calcifications which extend for less than half the distance between the posterior segment of the upper
articular process and the lateral and posterior segment of the superior portion of the posterior atlas arch,
Grade 3—calcifications which extend for more than half the distance between the posterior portion
of the superior articular process and the posterolateral portion of the upper margin of the posterior
arch of the atlas but which do not form a complete ring, Grade 4—calcifications forming a complete
bone ring.

The evaluation of the sagittal length of the radiographic image of the atlas posterior arch was also
made, so as to define its level of formation: fully formed or deficient.

Figure 1. Ponticulus posticus (PP) full ring.
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Figure 2. Full sella bridging.

Figure 3. Deficient posterior atlas arch.

Sella turcica bridging measurement was performed measuring interclinoidal distance (from the
upper portion of sella tuberculum to the sella turcica dorsum) and the greatest distance/diameter
between the tip of sella turcica tuberculum and the posterior sellae contour.

The standard scoring scale by Leonardi et al. [7] was used: the absence of bone calcification and
sella bridging (type I), partial calcification (type II), complete calcification (type III).

The sella turcica and pterygopalatine fissure morphologies were analysed by evaluating the
measurements according to the criteria by Axelsson et al. [16]: the width/length was considered as
the measurement from the tip of the dorsum and the tuberculum while the height/depth of sella and
pterygopalatine fissure was a perpendicular line to w-line to the deepest point on the floor of the sella
or pterygopalatine fissure. The ratio between h-line and w-line of both anatomical parts was measured
(Figure 4).
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Figure 4. Sella Turcica (a) and pterygopalatine fissure morphology analysis (b). Reference lines: h-line
(height/depth) and w-line (width/length).

2.3. Ethical Approval

All subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of University of L’ Aquila (L’ Aquila, Italy) (Project identification
code: 12/2020, date of approval: 11 May 2020).

2.4. Statistical Analysis

All parameters were measured twice by the same operator, 15 days after the first measurement,
in order to calculate intra-observer reliability by using Cohen’s Kappa coefficient (K). K coefficients
obtained were as follows: 0.9 for SNA (anterioposterior position of the maxilla), 0.92 for SNB
(anterioposterior position of the mandible), 0.89 for PP, 0.93 for SB, 0.95 for APAD, 0.9 for sella shape
and 0.91 for pterygopalatine fissure.

Furthermore, inter-observer reliability was evaluated for each patient by using K coefficient and
the values recorded were as follows: 0.88 for SNA, 0.9 for SNB, 0.88 for PP, 0.9 for SB, 0.91 for APAD,
0.88 for sella shape and 0.89 for pterygopalatine fissure.

A blinded statistical analysis was performed.

The intergroup comparison was made with Fisher’s exact test and Pearson’s chi-square test for
APAD, for PP and SB prevalence and grades (%) and for prevalence in males and in females while
Wilcoxon rank-sum (Mann-Whitney) test was adopted for shapes of sella turcica and pterygopalatine
fissure. Univariate logistic regression models were used to verify the potential association between
all measured parameters and the presence of MCI. Significant parameters were then included in
multivariate logistic regression analysis to identify factors independently associated with MCI.
Multinomial logistic regression was performed to determine the association between severe MCI
(defined as a grade 3 for grade of inclusion, grade 3 or 4 for vertical height and grade 3 for overlap
sector) and PP, Sella, Atlas and presented relative risk ratios (RRRs) with 95% confidence intervals
(95% CIs). All data were analysed with Stata software (version 12; StataCorp, College Station, TX,
USA) and the level of significance was set at p < 0.05.

3. Results

Demographic information of the test group and of control group matched for age, sex and skeletal
class are reported in Table 1. In the test group, 19.4% of patients had at least one dental agenesis and
9% of patients had at least one tooth included in addition to the canine.
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Table 1. Demographic information of the two groups.

Test Group Control Group
NUMBER OF PATIENTS 67 67
MALES 25 25
FEMALES 42 42
AGE (YEARS) 145+ 4.8 145+ 4.8
SKELETAL CLASS I (%) and number (n) 58% (n:39) 58% (n:39)
SKELETAL CLASS II (%) and number (n) 30 (n:20) 30 (n:20)
SKELETAL CLASS III (%) and number (n) 12 (n:8) 12 (n:8)

The results of the analysis of the anatomical abnormalities in the test group are shown in Table 2.

Table 2. Descriptive results of the test group.

Percentage % and Number

Parameter Grade
(n)
G1 13.4% (9)
Grade of inclusion
G2 26.8% (18
(Stivaros—Mandall) (18)
G3 59.8% (40)
1 1.5% (1)
Vertical height of the canine 2 41.8% (28)
(Stivaros—Mandall) 3 50.7% (34)
4 6% (4)
1 7.5% (5)
Overlap sector (Baccetti) 2 44.8% (30)
3 47.7% (32)

In the test group, MCI was moderate or severe as regards the angle between the canine axis and
interincisive midline and more than half of the inclusions were located particularly apical inside the
maxillary bone. Evaluation of the index about the overlap sector showed that inclusions were severe
only in a small percentage of cases.

The mean percentage derived from the ratio between the space available in the arch for the
eruption of the canine and its maximum width was about 71%.

Table 3 shows the values recorded in the two groups for the following skeletal parameters: PP,
SB and APAD.

The statistical analysis showed a significant difference (chi-square test, p < 0.05) between the two
groups for PP: in the test group, a higher mean value of PP was observed with greater severity grade
than in the control group: grade 1 was significantly lower in the test group comparing with the control
group while grades 2 and 3 were significantly higher in the test group comparing with the control one
(chi-square test, p < 0.05). A slightly higher prevalence of grade 4 was also observed in comparison to
the controls, however, the difference between the groups was not statistically significant (p > 0.05).
The multivariate analysis showed a significant difference between the two groups, only for grades
2 and 3.
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Table 3. Descriptive statistics and results of Univariate and Multivariate logistic models for the
following skeletal parameters: PP, sella turcica bridging (SB) and atlas posterior arch deficiency (APAD).

Univariate Logistic Model Multivariate Logistic Model

Test Group
Skeletal Parameter Prevalence Control Group p-Value Odd Ratio Confidence Odd Ratio Confidence
(%) and Prevalence (%) (OR) Interval (OR) ° Interval
Number (n)
Ponticulus posticus, (%)
Grade12 40.3 (27) 83.6 (56) <0.001 * 1 1
Grade 2 313 (21) 9.0 (6) 0.002 * 7.26 2.63-20.07 5.49 1.89-15.91
Grade 3 14.9 (10) 3.0(2) 0.030 * 10.37 2.12-50.66 9.26 1.81-47.23
Grade 4 135 (9) 44(3) 0.128 6.22 1.58-24.86 3.60 0.84-15.45
Sella Bridging, (%)
Grade 12 134 (9) 37.3(25) 0.003 * 1 1
Grade 2 56.7 (38) 493 (33) 0.489 3.20 1.31-7.81 247 0.90-6.78
Grade 3 30.0 (20) 13.4(9) 0.035 * 6.17 2.06-18.45 457 1.32-15.83
Atlas posterior arch %
deficiency, (%) 0.008
Improbable @ 80.6 (54) 95.5 (64) 1 1
Possible 19.4 (13) 4.5(3) 5.14 1.39-18.97 5.18 1.18-22.70

* p < 0.05; Significant ORs are shown in bold; ?: reference category; °: OR adjusted for the other factors in the model.

The test group exhibited a higher percentage of sella bridging compared with the control group
(chi-square test, p < 0.05). Furthermore, grade 1 was significantly lower in the test group compared
with the control group while grade 3 was detected in higher prevalence in the test group compared with
the control one (chi-square test, p: 0.02, OR (odd radio): 0.36, CI: 0.15-0.88). No significant differences
(p > 0.05) were recorded for grade 2. The multivariate analysis exhibited a significant ORs for grade 3.

A higher percentage of APAD was found in the test group and the difference between test and
control group was statistically significant both with univariate analysis (chi-square test, p < 0.05) and
multivariate analysis. A significant difference (Wilcoxon rank-sum (Mann-Whitney) test, p < 0.05)
between the two groups was also recorded for the shape of pterygopalatine fissure (the fissure in
patients with MCI was elongated than in patients who do not have dental abnormalities) while the
difference for the shape of sella turcica was not significant (Wilcoxon rank-sum (Mann-Whitney) test,
p > 0.05) (Table 4).

Table 4. Descriptive statistics and results for the shape of sella turcica and of pterygopalatine fissure in
the two groups.

Skeletal Parameter Test Group (Mean + SD) Control Group (Mean + SD) p-Value
Shape of sella turcica
(height/diameter) 0.88 + 0.66 0.83 +0.15 0.64
Shape of pterygopalatine fissure 450 + 1.05 3.96 + 0.69 0.004 *
(lenght/width) e R ’

*p <0.05. SD: standard deviation.

We did not observed any significant difference (chi-square test, p > 0.05) between males and
females as regards PP, SB and APAD (Table 5).
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Table 5. Prevalence of skeletal measurements in males and in females.

Skeletal Parameter Male (%) Female (%) p-Value
Ponticulus posticus, (%)
Grade1? 54.0 66.7 0.198
Grade 2 28.0 15.5 0.118
Grade 3 12.0 7.1 0.363
Grade 4 6.0 10.7 0.534
Sella Bridging, (%)
Grade1? 26.0 25.0 0.999
Grade 2 54.0 52.4 0.999
Grade 3 20.0 22.6 0.830
Atlas posterior arch deficiency, (%) 0.571
Improbable ? 86.0 89.3
Possible 14.0 10.7

Shape of pterygopalatine fissure

(lenght/width), (mean + SD) 4.16 +0.82 4.28 +0.99 0.804

* p < 0.05; ?: reference category.

The univariate logistic analysis for severe MCI exhibited a significant difference (Chi-square test,
p < 0.05) only for one parameter (SB grade 3). However, with multivariate logistic analysis, we did not
record any significant difference (Table 6). Furthermore, relative risk ratios of having severe or not
severe MCI by multinomial logistic regression were calculated and a significant association (p < 0.05)
was found for PP (grade 2 and 3) and for APAD, while for SB, we did not observe any significant
difference (p > 0.05) (Table 7).

Table 6. Descriptive statistics and results of univariate and multivariate logistic analysis with not
severe/severe maxillary canine impaction (MCI) for the following skeletal parameters: PP, SB and APAD.

Univariate Logistic Model Multivariate Logistic Model

Skeletal Parameter Not Severe Severe p-Value Odd Ratio Confidence Odd Ratio Confidence
Prevalence (%) Prevalence (%) (OR) Interval (OR) ° Interval
Ponticulus posticus,
(%)
Grade 12 38.5 429 0.803 1 1
Grade 2 359 25.0 0.428 0.62 1.92-2.04 0.62 0.17-2.20
Grade 3 12.8 17.9 0.731 1.25 0.29-5.34 1.37 0.31-6.19
Grade 4 12.8 14.3 1 1 0.22-4.56 0.85 0.16-4.50
Sella Bridging, (%)
Grade1? 10.3 17.9 0.474 1 1
Grade 2 51.3 64.3 0.326 0.72 0.16-3.10 0.77 0.17-3.55
Grade 3 385 17.9 <0.001 * 0.26 0.05-1.40 0.29 0.05-1.58
Atlas posterior arch
deficiency, (%) 0.326
Improbable @ 84.6 75.0 1 1
Possible 15.4 25.0 1.83 0.54-6.02 2.20 0.58-8.03

* p < 0.05; Significant ORs are shown in bold; ?: reference category; °: OR adjusted for the other factors in the model.
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Table 7. Estimated relative risk ratios of having severe or not severe MCI by multinomial
logistic regression.

MCI (Not Severe) MCI (Severe)
RRR IC 95% p-Value RRR IC 95% p-Value
Ponticulus posticus, (%)
Grade 1?2 1 1
Grade 2 1.86 0.70-3.03 0.002 1.45 0.14-2.77 0.030
Grade 3 2.05 0.26-3.84 0.024 241 0.62-4.20 0.008
Grade 4 1.26 1.25-4.15 0.124 1.48 —0.43-3.06 0.140
Sella Bridging, (%)
Grade 12 1 1
Grade 2 1.06 -0.22-2.34 0.105 0.74 —0.50-1.99 0.241
Grade 3 2.00 0.54-3.45 0.007 0.71 —-0.90-2.34 0.384
Atlas posterior arch
deficiency, (%)
Improbable @ 1 1
Possible 1.25 -0.39-2.91 0.014 1.96 0.40-3.53 0.014

2: reference category; RRR: relative risk ratio. Significant ORs are shown in bold.

4. Discussion

Our findings showed that PP, SB and APAD were significantly correlated with the occurrence of
MCI and this is in agreement with other studies [1]. The lateral radiographs only provide a sagittal
view while a computed tomography examination may be helpful to confirm this diagnosis; however,
Sonnesen et al. [17] demonstrated that the presence of skeletal variations in the cervical vertebral
anatomy exhibited a high concordance between lateral radiographs and CBCT (cone beam computed
tomography) radiographs, therefore the lateral radiographs are often sufficient to identify skeletal
abnormalities in the cervical vertebral section. Moreover, it is important to highlight that each subject
was not treated orthodontically before the radiographs were taken; in fact, orthodontic patients may
exhibit some anatomical variants but not MCI because of the improvement due to the orthodontic
treatment. Furthermore, patients of the control group had some orthodontic problems; however,
a normal control group without any orthodontic problem was not included since, in a retrospective
study, only the patients with orthodontic problems were allowed to perform lateral cephalograms.

Since these skeletal anomalies seem to be detectable radiographically at an early age, this could
help the clinician to suspect a possible dental displacement.

Tripodi et al. stated that the presence of PP was independent of age, therefore PP cannot be
considered exclusively as a process of calcification or ossification due to aging but it is congenital in
origin [18].

Ortiz et al. [19] found a non-statistically significant association between increased sella bridging
and palatally displaced canine while Leonardi et al. [7] observed an increased SB in subjects with MCL
It was observed that the sellae length was almost immutable, whereas the depth and diameter changed
with growth, thus the morphological aberration about its length occurs during pre-natal growth while
post-natal modification is responsible just for the variations in size [20].

Sella turcica shape does not depend on patients” age in the age range of 6 through 21 and there
could be an x-linked genetic disorder behind SB as it has been shown for the MCI- However, most cases
of SB are detected at early stages in life calcification may continue over time [16].

The atlas develops during the seventh week of gestation, the fusion of the posterior arch
synchondrosis usually occurs at age 5 years and the ossification is complete at 7 years of age [2].
Morphological defects of atlas (C1) are therefore congenital and they can be found in patients’
radiographs at an age that is considered the minimum age for collaboration and the minimum age for
requiring radiological investigations.



Appl. Sci. 2020, 10, 5638 10 of 12

PP, SB and APAD can be related to medically relevant signs and symptoms: patients with APAD
may show head and neck pain [3].

Several endocrinological and neurological disorders are associated with SB; higher prevalences
of sella bridges have been recorded in subjects with severe craniofacial deformities and with dental
transpositions [21]. Becktor et al. found a significant association between SB and severe cranial
malformations, the patients of which required surgical therapy rather than the subjects treated only
with orthodontic treatments [22]. Compression of the nervous and vascular structures passing through
arcuate foramen may result in a combination of symptoms forming a picture of vertebrobasilar
insufficiency. This consists of cervical migraine, neurosensory-type hearing loss, neck pain, vertigo,
shoulder/arm pain, and in some instances, even loss of postural muscle tone and consciousness and
surgical excision of such an arcuate foramen appears to alleviate these symptoms [2].

Therefore, a syndromic picture characterized by skeletal anomalies and MCI could be supported
by genetic theory.

Moreover, in this study, we found a decreased width of the pterygopalatine fissure. Nevertheless,
in previous studies, it was observed that in patients with an abnormal direction of maxillary canines
eruption, the vertical height and sagittal length of the maxilla were reduced [23]. A decreased sagittal
width of the pterygopalatine fissure may be caused by a deviated maxillary growth which in turn is
linked to a deviated skeletal cranial growth while, on average, the space available for the eruption
of the maxillary canines seemed sufficient to suggest a non-existent cause of mechanical obstacle to
the physiological eruption. The relationship between skeletal anomalies and MCI may be linked to
the activation of neural crest cells and homeobox genes during growth [1]. Neural crest cells undergo
a transition from ectoderm to mesenchyme due to some biological signals such as bone morphogenetic
protein BMP2 and BMP4, as they migrate to the pharyngeal arches to form the bones of the face,
and are necessary for the formation of odontoblasts, dental pulp and periodontium; furthermore,
paired box genes PAX9 mutations have been reported to be associated with dental agenesis [7]. Indeed,
their expression is important to direct the tooth eruption but also to mediate the interaction between
notochord and sclerotomes [8], from which the vertebrae are formed, and this could explain the
association with the deficit of the posterior arch of C1.

Axelsson [16] also found that sella turcica bridging was more common in females, while we did
not find any differences according to sex. Regarding the association of specific variants with different
degrees of MCI, univariate and multivariate logistic analysis did not show any significant results,
while multinomial logistic regression exhibited that PP and APAD were significantly increased in
patients with severe MCI in comparison to subjects without severe MCI. Therefore, a slight association
of the specific variants (PP and APAD) with higher degrees of MCI may be suspected and further
studies will be necessary in order to confirm the results of the present study.

5. Conclusions

The occurrence of SB, PP and APAD were positively associated with MCI and the null hypothesis
of the study was rejected. Furthermore, an association between MCI and an elongated pterygopalatine
fissure was demonstrated.

Since these skeletal anomalies are detectable in cephalometric radiographs at an early age,
they can be considered by orthodontists for a precocious diagnosis of MCI. It is also important that
the orthodontist reports the presence of these skeletal variants in the medical record as they may be
related to some medically relevant symptoms.
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