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Introduction
Cleidocranial dysplasia (CCD) is a rare, autosomal dom-

inant form of skeletal dysplasia characterized by abnormal-
ities of the clavicles, skull, and jaws; delayed closure of the 
fontanelles; and moderately short stature.1,2 The worldwide 
prevalence of CCD is generally regarded as being about 
1 per million.3 It has been revealed that mutation of the 
runt-related transcriptional factor 2 (RUNX2) gene is a ma-
jor cause of CCD.4

Hypoplasia or aplasia of the clavicle and delayed or in-
complete closure of the calvarial suture have been thought 
to be key diagnostic features of CCD. Recent detailed clin-
ical investigations have shown that CCD is a generalized 
form of skeletal dysplasia affecting not only the clavicles 
and the skull, but the entire skeleton. Therefore, regardless 
of whether changes in the clavicle or calvarium are ob-
served, CCD can be suspected based on changes in other 
regions (especially jaw manifestations). 

There are several characteristics of the oral manifesta-
tions of CCD, including supernumerary teeth and delayed 
teeth eruption; however, the imaging features of CCD in 
the dentomaxillofacial region have been reported in case 
reports or reviews of cases. Few articles have analyzed 
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ABSTRACT

Purpose: This study aimed to investigate the panoramic imaging features of cleidocranial dysplasia (CCD) with a 
relatively large sample.
Materials and Methods: The panoramic radiographs of 40 CCD patients who visited Seoul National University 
Dental Hospital between 2004 and 2018 were analyzed. Imaging features were recorded based on the consensus of 2 
radiologists according to the following criteria: the number of supernumerary teeth and impacted teeth; the shape of 
the ascending ramus, condyle, coronoid process, sigmoid notch, antegonial notch, and hard palate; the mandibular 
midline suture; and the gonial angle.
Results: The mean number of supernumerary teeth and impacted teeth were 6.1 and 8.3, respectively, and the 
supernumerary teeth and impacted teeth were concentrated in the anterior and premolar regions. Ramus parallelism 
was dominant (32 patients, 80.0%) and 5 patients (12.5%) showed a mandibular midline suture. The majority of 
mandibular condyles showed a rounded shape (61.2%), and most coronoid processes were triangular (43.8%) or 
round (37.5%). The mean gonial angle measured on panoramic radiographs was 122.6°.
Conclusion: Panoramic radiographs were valuable for identifying the features of CCD and confirming the diagnosis. 
The presence of numerous supernumerary teeth and impacted teeth, especially in the anterior and premolar regions, 
and the characteristic shapes of the ramus, condyle, and coronoid process on panoramic radiographs may help to 
diagnose CCD. (Imaging Sci Dent 2021; 51: 271-8)
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the imaging features of CCD systemically using pan-
oramic radiography. Since the early diagnosis of CCD 
is essential for initiating appropriate treatment,5 dentists 
should be aware of the characteristic features of CCD. In 
addition, panoramic radiography is the most commonly 
used type of radiography in dentistry; therefore, it is nec-
essary to determine the characteristic imaging features of 
CCD seen on panoramic radiographs.

The aim of this study was to investigate the imaging 
features of CCD on panoramic radiographs with a rela-
tively large sample.

Materials and Methods
The study was approved by the Institutional Review 

Board (IRB) of Seoul National University Dental Hospital 

(ERI18001). This study was a retrospective, cross-sec-
tional study of patients diagnosed with CCD who visited 

Seoul National University Dental Hospital between 2004 
and 2018.

Patients who received postoperative or postorthodontic 
treatment and patients with poor-quality panoramic imag-
es were excluded. In total, 40 patients were selected from 
43 patients with CCD. Demographic information such as 
age, sex, and surgical history was gathered using electronic 
dental records. Panoramic radiographs were collected after 
removing identifiable patient information using a picture 
archiving and communications system (PACS, G3, Infinitt 
Healthcare Co., Seoul, Korea). If multiple panoramic radio-
graphs were taken for a single patient, the first radiograph 
was included in the present study. 

Panoramic radiographs were analyzed and the imaging 
features were recorded by consensus of 2 oral and maxil-
lofacial radiologists with over 10 years of experience. The 
following characteristics in each image were assessed.

Fig. 1. Typical panoramic radio-
graphs of cleidocranial dysplasia 
patients. A. Note that the anterior 
and posterior ascending ramus are 
parallel. B. This image shows the 
mandibular midline suture (black 
arrow) and the method of measur-
ing the gonial angle on panoramic 
radiographs.

A

B
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Number of supernumerary teeth and impacted 
teeth
The total number of supernumerary teeth in each pa-

tient was recorded. The numbers in the anterior, premolar, 
and molar regions of the maxilla and mandible were also 
recorded. Third molars were excluded from the enumera-
tion of teeth in this study.

Impacted teeth were considered only in the normal 
dentition, including primary and permanent teeth; that 
is, impacted supernumerary teeth were not included in 
the data. A tooth was judged to be impacted if it did not 
erupt past the following reference times: over 10 years for 
central and lateral incisors, over 14 years for canines and 
premolars, over 9 years for first molars, over 14 years for 
second molars. The total number of impacted teeth in all 
patients was counted, and analyzed according to sex, age 
group, and region.

Shape of the ascending ramus, condyle, coronoid 
process, and sigmoid notch
The shape of the ascending ramus was classified as par-

allel or normal. A parallel shape was defined as the anterior 

and posterior border of the ramus showing almost parallel 
borders (Fig. 1A), whereas a normal ramus had a posterior 
slope and a depression in the middle of the posterior bor-
der.

The shape of the mandibular condyle was classified into 
4 types (round, angle, convex, and flattened) according to 
the study of Nagaraj et al. (Fig. 2A).6

The shape of the coronoid process was classified into 4 
types (rounded, triangular, beak, and flattened) according 
to the study of Furuuchi et al. (Fig. 2B).7

The shape of the sigmoid notch was classified into 3 
types (round, sloping, and wide) according to the study of 
Shakya et al. (Fig. 3).8

Mandibular gonial angle and shape of the 
antegonial notch
The mandibular gonial angle was measured using pro-

tractor in PACS (Fig. 1B). 
The shape of the antegonial notch was divided into 3 

types (asymmetrical posterior, symmetrical, and asym-
metrical anterior) according to the study of Dutra et al. 

(Fig. 4).9

Fig. 2. Classification of the shape of the mandibular condyle and coronoid process. A. The shape of the mandibular condyle is divided into 
round, angle, convex, and flattened. B. The shape of the coronoid process is divided into rounded, triangular, beak, and flattened.

A B
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Presence or absence of the mandibular midline 
suture 
When the mandibular midline suture was found, it was 

considered to be present; if not, it was considered absent 

(Fig. 1B).

Shape of the hard palate
The shape of the hard palate was classified into 7 types 

(W shape, wide-angle W shape, V shape, wide-angle V 
shape, concave shape, convex shape, and straight shape) 
according to the study of Damante et al. (Fig. 5).10

The first step of the data analysis was to calculate de-
scriptive statistics, focusing on the frequency of each 
variable. Then the data were examined analytically to test 
for statistically significant differences according to sex, 
age group, and categorical variables. The statistical anal-
ysis was conducted using SPSS version 25 (IBM Corp, 
Armonk, NY, USA).

Results
The mean age of the 40 CCD patients in this study was 

21.3 years, and their ages ranged from 5 to 59 years. Ta-
ble 1 shows the distribution of patients with CCD by age 
group and sex.

Number of supernumerary teeth and impacted 
teeth
The mean number of supernumerary teeth per person 

was 6.1, ranging from 0 to 17. The number of supernu-
merary teeth was slightly higher in male patients (6.4) 
than in female patients (5.5); however, the difference was 
not statistically significant. There was no difference in the 
number of supernumerary teeth between the maxilla and 
mandible, and there were significantly fewer supernumer-
ary teeth in the molar region than in the anterior and pre-
molar region (Fig. 6).

The number of impacted teeth per patient was 0 to 19, 

Fig. 3. Classification of the shape of the sigmoid notch on panoramic radiographs. A. Rounded, B. Wide, C. Sloped.

A B C

Fig. 4. Classification of the antegonial notch. A. Asymmetrical posterior notch. B. Symmetrical. C. Asymmetrical anterior notch.

A B C
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with a mean of 8.3 impacted teeth. The mean number of 
impacted teeth in male and female patients was 9.6 and 
5.8, respectively. There was no difference in the num-
ber of impacted teeth between the maxilla and mandible, 
however the impacted teeth were concentrated in the an-
terior and premolar regions.

Shape of the ascending ramus, condyle, coronoid 
process, and sigmoid notch 
Thirty-two (80.0%) patients showed a parallel ascend-

ing ramus (Table 2). However, there was no statistically 
significant difference between the sexes or among age 
groups (P>0.05).

The greatest number of mandibular condyles showed 
a rounded shape (61.2%), followed by a convex shape 

(18.8%), an angle shape (7.5%), and a flattened shape 

(3.8%) (Table 2).
Overall, the coronoid process was predominated by 

triangular (43.8%) and round (37.5%) shapes, followed 

Fig. 5. Classification of the hard palate line on panoramic radiographs. The shape of the hard palate is divided into a W shape, V shape, 
concave shape, wide-angle W shape, wide-angle V shape, convex shape, and straight shape.

Table 1. Distribution of patients with cleidocranial dysplasia ac-
cording to sex and age group

Age group Male Female Total

1~10 years 4 (10.0%) 4 (10.0%) 8 (20.0%)
11~20 years 8 (20.0%) 5 (12.5%) 13 (32.5%)
21~30 years 10 (25.0%) 3 (7.5%) 13 (32.5%)
31~40 years 2 (5.0%) 1 (2.5%) 3 (7.5%)
Over 40 years 2 (5.0%) 1 (2.5%) 3 (7.5%)

Total 26 (65.0%) 14 (35.0%) 40 (100.0%)

Table 2. Number of patients according to the shape of the ascend-
ing ramus, condyle, coronoid process, and sigmoid notch

Male Female Total

Ascending ramus Parallel 20 12 32 (80.0%)
Normal 6 2 8 (20.0%)

Condyle Rounded 32 17 49 (61.3%)
Angled 2 4 6 (7.5%)
Convex 15 7 22 (27.5%)
Flattened 3 0 3 (3.8%)

Coronoid process Triangular 24 11 35 (43.8%)
Rounded 15 15 30 (37.5%)
Beak 9 0 9 (11.3%)
Flattened 4 2 6 (7.5%)

Sigmoid notch Rounded 27 12 39 (48.8%)
Wide 20 10 30 (37.5%)
Sloped 5 6 11 (13.8%)



Radiographic features of cleidocranial dysplasia on panoramic radiographs

- 276 -

by beak (11.3%) and flattened (7.5%) shapes; however, a 
majority of female patients had a rounded shape (53.6%), 
and none had a beak shape.

The shape of the sigmoid notch was rounded in almost 
half of the patients (48.8%), followed by the wide (37.5%), 
and sloping (13.8%) shapes (Table 2). There were no sta-
tistically significant differences according to sex or age 
group (P>0.05).

Gonial angle and shape of the antegonial notch
The mean gonial angle measured on panoramic radio-

graphs was 122.6°, and there was no significant differ-
ence between male (122.5°) and female (122.7°) patients. 
The most common shape of the antegonial notch was an 
asymmetrical posterior notch (Table 3), and there were no 
statistically significant differences between the sexes or 
between the sides. 

Presence or absence of the mandibular midline 
suture 
Only 5 patients (12.5%) showed a mandibular midline 

suture (Table 3). Among them, 3 patients were under the 
age of 10, and 1 patient was 34 years old. 

Shape of the hard palate
The most frequent shape of the hard palate was a W 

shape (27.5%), followed by the wide-angle W shape 

(22.5%), straight shape (15%), convex shape (12.5%), V 
shape (10%) and wide-angle V shape (10%). The concave 
shape was found in only 1 case (2.5%).

Discussion 
This study investigated the features of panoramic radio-

graphs in a relatively large sample of patients with CCD. 

Table 3. Mean gonial angle measurements on panoramic radiographs, and the number of patients according to the shape of the antegonial 
notch and mandibular symphysis

Male Female Total

Gonial angle (mean) 122.5° 122.7° 122.6°
Antegonial notch Asymmetrical posterior notch 26 13 39 (48.8%)

Symmetrical 11 9 20 (25.0%)
Asymmetrical anterior notch 15 6 21 (26.3%)

Patent mandibular symphysis 1 4 5

Fig. 6. The number of supernumerary teeth according to the region on panoramic radiographs. Most of the supernumerary teeth are found 
in the anterior and premolar regions.
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The most significant feature observed on panoramic ra-
diographs was a large number of supernumerary teeth and 
impacted teeth. The mean number of supernumerary teeth 
was 6.1, and the distribution of supernumerary tooth was 
concentrated in the anterior and premolar regions. Only 
5 patients (12.5%) had no supernumerary teeth. Similar 
results have been reported previously. Richardson et al. 
reported that there were 63 supernumerary teeth in 13 
subjects, mostly in the mandibular premolar and max-
illary incisor regions, and only 2 CCD patients had no 
supernumerary teeth.1 McNamara et al.,11 and Bufalino 
et al.12 reported 1 to 20 supernumerary teeth per patient 
with CCD. The number of impacted teeth was 0 to 19 per 
patient, with a mean of 8.3 impacted teeth. No previous 
report presented the number of impacted teeth; however, 
most articles reported that eruption failure of the per-
manent dentition was found in most cases.11,13 A large 
number of supernumerary teeth (hyperdontia) and the 
impaction of permanent teeth (eruption failure) seem to 
be closely related. The lack of eruption space due to hy-
perdontia may result in tooth impaction. Although several 
hypotheses have been proposed regarding hyperdontia 
and eruption failure in CCD patients,14-18 there is still no 
broadly accepted explanation for this phenomenon. How-
ever, it seems clear that orthodontic treatment, including 
the extraction of supernumerary teeth, is essential for the 
improvement of occlusion and facial morphology.2,5 For 
the proper treatment timing, an early diagnosis of CCD 
patients using panoramic radiography is crucial.

In this study, most CCD patients had a parallel ramus 
shape (80%), round condyle shape (61.2%), a triangular 

(43.8%) or round (37.5%) coronoid process, and a round-
ed (48.8%) or wide (37.5%) sigmoid notch. The shape 
of the ramus in CCD patients has been reported in some 
articles; among them, McNamara et al.11 summarized the 
findings clearly as an abnormal shape of the ascending 
ramus with parallel borders, a U-shaped sigmoid notch, 
and a slender pointed coronoid process directed upwards 
and posteriorly. The morphological descriptions of ra-
mus, condyle, and coronoid shapes are similar; therefore, 
an attempt was made in the present study to divide them 
more specifically. These shapes seem different from the 
normal anatomy of the ramus. It is common that the as-
cending ramus has a slight depression on the anterior and 
posterior surfaces, and the condyle and round coronoid 
process make a rather divergent form at the top. However, 
CCD patients have a rather slender coronoid process and 
a somewhat convergent form, as well as parallelism of the 
anterior and posterior ramus on the whole. A previous pa-

per explained these abnormal shapes in CCD patients as 
resulting from hyperactivity of the temporalis muscle and 
hypoplasia of the masseter muscle.7 Nonetheless, an over-
all explanation and understanding of abnormal musculo-
skeletal development in CCD patients are still lacking. 

Although this has not been specifically mentioned in 
previous reports, the authors observed cases where the 
angle from the inferior border of mandible to the poste-
rior ramus was somewhat vertical, and thought that the 
gonial angle might be different from normal. However, 
the mean gonial angle was 122.6°, which is not meaning-
fully different from the normal gonial angle measured on 
panoramic radiographs.19 The hypothesized morphologic 
impression that the gonial angle would be closer to ver-
tical is probably derived from the morphological charac-
teristics of the posterior ramus without concavity, and this 
issue should be clarified through further research on the 
concave form of the anterior and posterior ramus shape 
between normal and CCD patients. In further studies, the 
shape of ramus should be compared to panoramic radio-
graphs of healthy, normal participants, and the presence 
and extent of the antegonial notch should be analyzed. 

According to this study, 5 out of 40 CCD patients (12.5%) 
showed a mandibular midline suture, which is a lower pro-
portion than in other reports.11 Although not all the patients 
had a patent mandibular symphysis, it is a very important 
imaging finding that triggers suspicion for CCD, because 
the suture normally closes before 1 year of age; therefore, 
it is not usually observed on panoramic radiographs. 

This study has some limitations. First of all, there was 
no control group; therefore, the analyzed imaging features 
cannot be compared with panoramic imaging of normal, 
healthy individuals. Furthermore, this study did not eval-
uate the diagnostic ability of these specific imaging fea-
tures. In further research, it will be necessary to extract 
pathognomonic imaging features using logistic regression 
and conduct an accuracy test for the diagnosis of CCD. 
Nonetheless, this study is meaningful in that it analyzed 
several imaging features with a relatively large number of 
CCD patients’ panoramic radiographs and extracted fea-
tures that may be helpful for diagnosis. The key to CCD 
management is early diagnosis, because dental and max-
illofacial treatment strategies depend on the patient’s age 
and an early diagnosis can help ensure that physicians do 
not miss the most suitable time for treatment given the 
patient’s trajectory of development and growth. Although 
not all of the features in this study were significantly 
helpful, it is expected that further research will identify 
ways to improve diagnostic accuracy by combining im-
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aging patterns based on the imaging features analyzed in 
this study. 
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