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Skeletal Anomalies and Normal Variants in Patients with
Palatally Displaced Canines

Rosalia Leonardia; Ersilia Barbatob; Maurizio Vichic; Mario Caltabianod

ABSTRACT
Objective: To test the null hypothesis that there is no increased prevalence of skeletal anomalies
and/or normal variants as evidenced by the cephalometric radiographs of patients with palatally
displaced canines (PDC).
Materials and Methods: The treatment records of 38 white subjects between 14 and 20 years
old with PDC were collected and evaluated retrospectively. Inclusion criteria for the study required
that the case records include good-quality panoramic radiographs and lateral cephalometric ra-
diographs with the first four cervical vertebrae clearly visible. The anomalies recorded for each
case included sella bridge, atlanto-occipital ligament calcification or ponticulus posticus, and pos-
terior arch atlas deficiency. A control group consisted of 70 consecutively treated subjects who
had no other dental anomalies and whose maxillary canines had erupted normally. Fisher’s exact
test and Pearson’s chi-square test were used to determine possible statistically significant differ-
ences in the incidence of skeletal anomalies and/or normal variants between the group of patients
with PDC and the control group.
Results: The prevalence of skull anomalies and normal variants seen in cephalometric radio-
graphs was increased in patients with PDC. Because of the presence of ponticulus posticus
(Pearson’s chi-square, P � .050; Fisher’s exact test, P � .052), sella bridge (Pearson’s chi-
square, P � .042; Fisher’s exact test, P � .042), and posterior arch deficiency (Pearson’s chi-
square, P � .047; Fisher’s exact test, P � .039), statistically significant differences were observed
between subjects with PDC and the control group.
Conclusions: The null hypothesis was rejected. There is an increased prevalence of skull skeletal
anomalies and/or normal variants in patients with PDC. (Angle Orthod. 2009;79:727–732.)

KEY WORDS: Palatally displaced canine; Skeletal anomalies, normal variant; Cephalometric ra-
diograph

INTRODUCTION

Cephalometric radiographs are used in orthodontics
to evaluate the development, growth, and morpho-
metric relationships of craniofacial and dental struc-
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tures, but they also include other diagnostic informa-
tion about the skull, face, and upper cervical spine.
Various occult pathologies and rare normal variants
involving the head or spine have been reported thanks
to this information.1–8

On the other hand, most of these pathologic condi-
tions, developmental abnormalities, or normal variants
are associated with a significant problem in other sys-
tems.4,9,10 Interestingly, some of these findings are de-
tectable very early in life11 and often precede other
signs or symptoms in syndromes. Therefore, in some
cases, they could potentially be valuable for an early
diagnosis.

Recently a higher incidence of interclinoid ligament
(ICL) or sella turcica bridge calcification has been as-
sociated with palatally displaced canines (PDC).5 Thus
the occurrence of a new sign in craniofacial skeletal
anomalies, concomitant with PDC, has been estab-
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lished. This relationship may be based on the involve-
ment of neural crest cells (NCCs) and/or homeobox or
hox genes during the development stage.12 It appears
that tooth formation and eruption and sella turcica
bridge calcification, as well as neck and shoulder skel-
etal development, are influenced by NCCs.13

The aims of this study were: (1) to describe the skel-
etal anomalies and normal variants of the cervical col-
umn (partial cleft of the posterior portion of the arch of
atlas and ponticulus posticus) in patients with PDC, (2)
to evaluate the presence of ‘‘sella turcica bridge’’ in
patients with PDC, and (3) to compare the findings of
the PDC group with those found in subjects with nor-
mal craniofacial morphology and no obvious dental
anomalies. The null hypothesis that there is no in-
creased prevalence of skeletal anomalies and/or nor-
mal variants seen in cephalometric radiographs of pa-
tients with PDC was tested.

MATERIALS AND METHODS

The treatment records of 38 white subjects (16 male
and 22 female subjects, ages 14 to 20 years; mean
age 16.3 years) with PDC were collected retrospec-
tively from a large number of patients seen over a 24-
month period in the Department of Orthodontics, Uni-
versity of Catania, Italy, and the Department of Ortho-
dontics, University of Roma ‘‘La Sapienza,’’ Italy. The
diagnosis was made on the basis of clinical exami-
nations and standardized radiographs and confirmed
visually during surgery according to established stan-
dardized techniques.14

To be included in the study, the case records need-
ed to include good-quality dental panoramic and lat-
eral cephalometric radiographs with at least the first
four cervical vertebrae visible. The exclusion criteria
were the presence of a cleft lip and palate or other
dental or craniofacial anomaly or syndromes, trauma,
and multi-reagent chemotherapy.

A power analysis suggested that a control sample
size of 70 patients was sufficient to evaluate significant
differences in the skeletal anomalies between subjects
with PDC and a control group. Thus the control group
consisted of 70 subjects (41 female and 29 male sub-
jects ages 15 to 19 years; mean age 15.5 years) who
had no other dental anomalies and whose maxillary
canines had erupted normally. This group represented
randomly selected white subjects treated at the ortho-
dontic clinics of both universities during the previous
24 months. The exclusion criteria were the same as
those for the study group. The study was approved by
the ethical committees of the relevant institutions.

Visual assessment of skeletal anomalies and nor-
mal variants of the cervical column on lateral profile
radiographs and measurements to evaluate a ‘‘sella

turcica bridge’’ was performed by two of the authors.
The tracings were made on ultrathin 0.003-inch trans-
parent acetate sheets using a Pentel 0.5-mm lead
pencil.

The cephalometric radiographs were evaluated on
a masked, illuminated viewbox in a room with reduced
lighting and were measured manually. Before starting
the study, the authors calibrated themselves by scor-
ing the first 30 radiographs together to establish agree-
ment. Radiographs were interpreted and scored in-
dependently.

Skeletal Anomalies and Normal Variants of the
Cervical Column

Visual assessment of the cervical column consisted
of the first four cervical units that are normally seen on
a standardized lateral skull radiograph. Data regarding
posterior arch deficiency and atlanto-occipital ligament
calcification were collected. Regarding cervical column
anomalies,15 only data on posterior arch deficiency
was recorded and processed with the statistical anal-
ysis because cervical vertebrae fusion cannot be di-
agnosed—only suspected—using lateral skull radio-
graphs.16 Atlanto-occipital ligament calcification (arcu-
ate foramen or ponticulus posticus)17,18 was recorded
and scored according to a standardized scoring scale;
this meant evaluating the extent of ossification in the
atlanto-occipital ligament. Ponticulus posticus was
scored as Class I (no calcification), Class II (incom-
plete calcification), or Class III (complete calcification).

Sella Turcica Bridge

The extent of a sella turcica bridge was quantified
from each profile radiograph as previously de-
scribed.5,19 Briefly, the sella turcica length (the distance
from the tuberculum sella to the tip of the dorsum sel-
la) and anteroposterior greatest diameter (from the tu-
berculum sella to the furthest point on the inner wall
of the pituitary fossa) were measured.

A standardized scoring scale was established by
comparing the measurements taken for sella turcica
length and diameter. If the length of the sella turcica
was greater than or equal to three fourths of the di-
ameter, it was scored as Class I (no calcification); if
the length was less than or equal to three fourths of
the diameter (ICL partially calcified), it was designated
Class II; and a Class III rating was given for a radio-
graphically visible diaphragma sella (ICL completely
calcified).

Reliability and Error

The reliability of a visual assessment of morphologic
characteristics of cervical vertebrae (posterior arch de-
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Table 1. Age and Gender Distribution of Patient Sample

Age Class (y) N Mean SD

Male

N %

Female

N %

14–16 43 14.7565 0.42 18 41.9 25 58.1
16–18 45 16.5438 0.55 18 40.0 27 60.0
18–20 20 19.3515 0.54 9 45.0 11 55.0

Total 108 13.1669 1.49 45 41.7 63 58.3

Figure 1. Lateral cephalometric radiograph from a patient with pal-
atally displaced canines. A sella turcica bridge can be appreciated.

Table 2. Interclinoid Ligament Calcification Among Patients and Control Subjects

Calcification of the
Diaphragma Sellae

Control Group

N %

Subjects with PDC

n %

Pearson’s Chi-Square

Value P

Fisher’s Exact Test

Value P

No calcification 48 68.6 18 47.4 6.336 .042 6.175 .042
More than half calcified 18 25.7 13 34.2
Completely calcified 4 5.7 7 18.4

Total 70 100.0 38 100.0

ficiency and ponticulus posticus) was determined by
interobserver examinations by the authors. This
showed ‘‘very good’’ agreement (kappa � 0.79).

To calculate the error of the method for measuring
sella turcica ‘‘bridge,’’ 25 radiographs were selected
randomly and measured. Two weeks later, the mea-
surements were repeated and the same distances be-
tween two set of recordings were calculated. Random
error was calculated using the Houston method.20 No
systematic error was detected between the duplicate
measurements of the conventional variables. Differ-
ences between duplicate measurements ranged from
0 to 0.7 mm. The coefficient of reliability ranged from
95.8% to 98.5%. The random error (the square root of
half of the variance of the difference between duplicate

measurements) ranged from 0.15 to 0.22 for both
length and diameter and was not particularly signifi-
cant.

Statistical Analysis

Skeletal anomalies and/or normal variants were tab-
ulated for both groups. Descriptive statistics were
computed and the groups were compared. Fisher’s ex-
act test and Pearson’s chi-square test were used to
determine the possible statistically significant differ-
ences in the incidence of skeletal anomalies and/or
normal variants between the group of patients with
PDC and the control group. All statistical analyses
were done with the software Statistical Package for the
Social Sciences (SPSS Inc, Chicago, Ill).

RESULTS

Data regarding the age and gender distribution for
the study sample are reported in Table 1. The preva-
lence of incomplete and complete (sella bridge) ICL
calcification (Figure 1) in the subjects with PDC was
higher than that in the control group. In fact, 34.2% of
patients with PDC versus 25.7% of control patients
showed an ICL that was more than half calcified. Com-
plete calcification of the ICL (sella turcica bridge) was
observed in 18.4% of subjects with PDC and only
5.7% of the control subjects. These differences were
statistically significant according to Pearson’s chi-
square test (P � .042) and Fisher’s exact test (P �
.042) (Table 2).

More PDC subjects (18.4%) showed complete cal-
cification of the atlanto-occipital ligament (ponticulus
posticus), as opposed to the control group (4.3%) (Fig-
ure 2). Incomplete calcification of the atlanto-occipital
ligament was observed in 15.8% of patients with PDC
and 15.7% of the control subjects. These were statis-
tically significantly different according to Pearson’s chi-
square test (P � .050) and Fisher’s exact test (P �
.052) (Table 3).

The prevalence of partial cleft in the posterior por-
tion of the neural arch of the atlas was also increased
in patients with PDC (15.8%). This difference was sta-
tistically significant according to Pearson’s chi-square
test (P � .047) and Fisher’s exact test (P � .039) (Ta-
ble 4).
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Figure 2. Lateral cephalometric radiograph from a patient with pal-
atally displaced canines. A complete calcification of the atlanto-oc-
cipital ligament or ponticulus posticus can be appreciated.

Figure 3. Lateral cephalometric radiograph from a patient with pal-
atally displaced canines. A partial calcification of the interclinoid lig-
ament (partial bridged sella), ponticulus posticus, and a probable
fusion of the first and the second cervical vertebrae can be ob-
served.

Table 4. Posterior Arch Deficiency among Patients and Control Subjects

Posterior Arch
Deficiency

Control Group

N %

Subjects with PDC

N %

Pearson’s Chi-Square

Value P

Fisher’s Exact Test

Value P

Absent 67 95.7 32 84.2 4.267 .047 4.039 .039
Present 3 4.3 6 15.8

Total 70 100.0 38 100.0

Table 3. Atlanto-occipital Ligament Calcification among Patients and Control Subjects

Atlanto-occipital
Ligament Calcification

Control Group

N %

Subjects with PDC

N %

Pearson’s Chi-Square

Value P

Fisher’s Exact Test

Value P

No calcification 56 80.0 25 65.8 5.978 .050 5.636 .052
Incomplete calcification 11 15.7 6 15.8
Completely calcified 3 4.3 7 18.4

Total 70 100.0 38 100.0

However, no statistically significant associations
were observed between bridged sella and ponticulus
posticus (chi-square � 2.736, P � .615); bridged sella
and partial cleft of the atlas (chi-square � 3.484, P �
.179); and ponticulus posticus and partial cleft of atlas
(chi-square � 1.181, P � .736); although these char-
acteristics were observed in some patients (Figure 3).

DISCUSSION

Anomalies of the cervical vertebrae have been de-
scribed in several syndromes,9 and associations be-
tween cervical vertebrae and maxillary malforma-
tions15,21,22 and condyle and vertical craniofacial mor-

phology (deep bite)6,7,23 have been reported more re-
cently.

On the other hand, a greater frequency of sella tur-
cica bridge has been described in patients with severe
craniofacial deviations4 and tooth anomalies5 and has
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also been noted in some patients with other disorders
and syndromes.10,24–26 The results of the present study
demonstrate an increased prevalence of posterior arch
deficiency, ponticulus posticus, and sella turcica
bridge in patients with PDC.

With regard to ponticulus posterior or arcuate foram-
ina, we observed an increased prevalence (34.2%) of
complete and incomplete arcuate foramina in subjects
with PDC, in contrast to the prevalence (15.8%) ob-
served in the control group. This finding is consistent
with the literature.11,17,18 An increased prevalence of
complete and partial ICL calcification was also detect-
ed in patients with PDC compared to the control sam-
ple. These results are consistent with the reported ra-
diographic data of sella turcica bridge in patients with
dental anomalies.5

Posterior arch deficiency of the atlas occurred more
frequently in individuals with PDC (15.8%) compared
to the control sample (4.3%). In fact, no anomaly was
detected in our sample of orthodontic patients without
PDC. In this study, we deliberately did not evaluate
cervical vertebrae fusion, as this is best determined
with the use of flexion and extension radiographs,
which can demonstrate a change in the distance be-
tween vertebrae if they are not fused.16 Thus, to avoid
false-positive or false-negative results, these data
were recorded but were not evaluated from a statistical
point of view.

Overall, these findings indicate that some skeletal
anomalies and normal variants seen in cephalometric
radiographs are associated not only with malforma-
tions of the jaw, craniofacial morphology, and occlu-
sion15,21,25 but also with tooth anomalies such as PDC.

This relationship seems to be based on the involve-
ment of NCCs and/or homeobox or hox genes during
the developmental stages12,27 and formation of teeth
and sella turcica. Therefore, neck and shoulder skel-
etal development27 is influenced in the same way; in
fact, homeobox gene mutation may be responsible for
congenital cervical spine anomalies. Because the
teeth, the head, and the cervical spine are influenced
in their development by NCCs, it is conceivable to as-
sume that any disturbance of NCCs might interfere
with the development of one or more systems that are
under their influence.

The etiology of PDCs has been debated for a long
time. Data from multiple sources support a genetic eti-
ology.28,29 Tests of genetic influence have focused on
bilateral PDC, sex and population differences in the
incidence of PDC, familial occurrence of PDC, and the
occurrence of other dental anomalies concomitant with
PDC.28 Bearing this in mind, our findings broaden the
concept somewhat that PDC is seen only in conjunc-
tion with other dental anomalies29 or skeletal anoma-
lies and normal variants of skull and cervical vertebrae

in patients with PDC. In fact, PDC is associated with
other clinically recognizable features that often occur
together and could be considered part of a ‘‘syn-
drome.’’

We believe that future research into the molecular
basis of dentofacial abnormalities could benefit from
the reporting of new clinical interrelationships such as
those presented here. Our findings are consistent with
the hypothesis that a common pathogenesis probably
relates to a simultaneous embryogenesis of some
skull structures. Moreover, from a clinical point of view,
these skeletal anomalies and/or normal variants may
be considered risk factors that could enable the clini-
cian to make an early diagnosis and thus treat the
eruption disturbance at an early stage.

CONCLUSIONS

• The null hypothesis was rejected. There was a sta-
tistically significant increase in the prevalence of
skeletal anomalies and/or normal variants in patients
with PDC versus the control group.

• Because many of these skeletal anomalies and nor-
mal variants are present early in life, their early de-
tection can be used to forecast the presence of PDC
later in life, enabling the clinician to adopt preventive
measures.
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