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Cone Beam Computed Tomography (CBCT), a three- 
dimensional imaging modality, is considered a ground-
breaking advance in the field of dental imaging.  
This case report illustrates how the use of CBCT en- 
abled the correct diagnosis of the cause of the  
impaction of a central incisor in an orthodontic patient.

A 10-year-old male patient presented with the chief 
complaint of a clinically missing permanent upper right 
central incisor. After clinical examination and history 
taking, diagnostic radiographs such as orthopantomo-
graphs, lateral cephalograms and periapical radiographs 
were taken. On examination, the panoramic radiograph 
and lateral cephalogram demonstrated that the central 
incisor was impacted. The clinical signs, symptoms, and 
radiographic features indicated that an odontoma was 
causing the impaction. However, the presentation on 
the periapical radiographic presentation was sugges- 
tive of gemination, a developmental anomaly. 

A CBCT scan was requested to confirm whether there 
were two structures (odontoma and impacted central) 
or one single structure (gemination). The CBCT scans 
helped in determining the correct etiology for the 
clinically missing central incisor and aided the clinician 
to arrive at the definitive diagnosis that a supernume- 
rary tooth was responsible for the impaction. The scan 
also helped in identifying the optimal path for surgical 
removal of the supernumerary tooth. 

Disruptions to normal development may lead to the 
apparent absence of a tooth or teeth from the dental 
arcade. Several reasons are discussed in the literature  
for “missing” teeth, including tooth agenesis, super- 
numerary teeth, tooth malformations or dilacerations, 
cysts or pathological entities such as odontomas in the  
eruption pathway, retained primary incisors, inadequate  
space in the arch and syndromic conditions.1,2 

When there are several possible etiologies for a problem, 
determining the correct diagnosis can be challenging.  
Generating a differential diagnosis whereby one deve- 
lops a list of possible conditions is an important step  
in management. 

Clinical reasoning and diagnostic aids such as radio- 
graphs help to rule out some possibilities and contribute 
to the conclusion of a final diagnosis. In order to arrive 
at an accurate diagnosis and correct treatment plan, 
practitioners may rely on findings from imaging diag- 
nostic aids such as orthopantomographs, peri-apicals  
and lateral cephalograms.3

Conventional radiographs are essentially two-dimensional 
(2D) representations of three-dimensional (3D) objects. 
These 2D images suffer from limitations such as image 
enlargement and structure overlap, leading to a wide 
differential diagnosis. Often, information gleaned from  
two-dimensional radiographs is insufficient and mis- 
leading, especially in cases where structures  may overlap 
such as in supernumerary or impacted teeth.4 

Two dimensional radiological presentations of dental  
anomalies and odontogenic tumours characterized by 
the presence of mineralized dental tissues sometimes  
present a diagnostic dilemma.5 Cone beam computed 
tomography (CBCT) has emerged as a viable 3D imaging 
modality, providing a unique perspective in orthodontic 
diagnosis and treatment planning of clinically missing/ 
impacted teeth. Images can be viewed in coronal, sagit- 
tal, oblique sections and various planes, thus offering 
optimal viewing and avoiding superimpositions.6
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This case report highlights the superiority of CBCT 
images compared with conventional two-dimensional 
radiographs in the diagnosis of the etiology of an  
impacted central incisor. 

In the present case, the findings of the panoramic 
radiograph and the lateral cephalogram suggested the 
presence of an odontoma while the periapical view 
indicated the developmental anomaly of gemination.

CBCT, however, revealed a supernumerary tooth lying 
in close proximity to the crown of the impacted central 
incisor tooth. CBCT narrowed the wide differential 
diagnosis for the etiology of a clinically missing upper 
right central incisor in this orthodontic patient to a 
supernumerary tooth.

A 10-year-old male patient presented at the Depart- 
ment of Orthodontics, Sefako Makgatho Health Sciences 
University, South Africa, with the chief complaint of a 
missing upper right permanent central incisor. The me- 
dical  history revealed that he was a healthy child. 

The dental history reported that the upper right perma- 
nent central incisor had failed to appear, two years  
after the contralateral permanent incisor had fully erup- 
ted into the oral cavity. Intraoral examination confirmed  
that the upper right permanent central incisor was  
clinically missing.

The panoramic radiograph (Figure 1) revealed an impac- 
ted upper right permanent central incisor with a mass 
having the radiological density of a tooth-like structure  
that appeared to be superimposed at the incisal third  
of the permanent incisor tooth. Taking into account the 
dental history, clinical signs, symptoms and radiological  
features a diagnosis of  “odontoma” was considered.7

The periapical radiographs (Figures 2 and 3) of the  
patient demonstrated an unerupted right central incisor 
showing features of coronal gemination. The incisor 
tooth displayed altered shapes of hard tissue and pulp.  
 
Radiopaque enamel outlines and coronal invaginations 
were seen. There was a single pulpal chamber. Since the 
total count of teeth, including the impacted central, was 
normal, a diagnosis of gemination was made.

CASE REPORT

Figure 1. Panoramic radiograph. Note the mass overlying the incisal third of 
the crown of the 11.

Figure 2 and 3. Periapical views of the central incisor region.

Figure 4. Lateral Cephalogram. Figure 5. Magnified view of dentition.
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Examination of a lateral cephalogram (Figures 4 and 5)  
demonstrated, on the lingual aspect of the impacted 
tooth, a radio-dense bell-shaped structure with invagi- 
nations and a central radiopaque spherical mass. It was 
not clear whether it was attached to the tooth or not. 

CBCT imaging was requested to identify whether there 
were two structures (odontoma and impacted central)  
or one entity (gemination).

Radiological investigation was performed with a CBCT 
utilizing the following protocol: 6 cm x 6 cm field of view 
(FOV), 110 kV, 17.73 mA, 5.4 seconds exposure time and 
0.150 mm slice thickness. Axial, coronal and sagittal 
images were evaluated. 

These CBCT sections (Figures 6, 7 and 8) demonstra- 
ted the appearance of a single, unilateral supernume- 
rary tooth infero-palatal to an impacted right central 
incisor that had been displaced labially and superiorly. 
Both the supernumerary tooth and the impacted  
tooth were surrounded by individual pericoronal folli- 
cular spaces.

CBCT proved that the differential diagnoses derived  
from conventional radiographs were inaccurate. It was 
actually a supernumerary tooth that was impeding the 
eruption of the right permanent central incisor.

The final diagnosis for the cause of the delayed eruption 
of the upper right permanent central was confirmed as 
a supernumerary tooth of the tuberculate variety after 
surgical intervention (Figures 9, 10 and 11).9

A correct diagnosis is the key to finalizing a correct 
treatment plan in the management of such cases.  
Accurate imaging and visualization are central to diag- 
nostic and treatment planning processes.

Imaging techniques routinely used for diagnostic pur- 
poses in orthodontics include orthopantomographs and 
lateral cephalograms. The orthopantomograph enables 
the orthodontist to have a general overview of the denti- 
tion and supporting structures and helps to pinpoint 
anomalies or pathologies occurring in this region.

Although orthopantomographs are  invaluable diagnostic 
tools, areas or structures outside the focal trough are  
prone to distortion. Other problems commonly encoun- 
tered are magnification or overlapping of objects. The de- 
finition of structures in the panoramic x-ray is not as  
sharp as that seen on periapical or bitewing radiographs.  
As a result of these deficiencies, additional views may  
be required for patients presenting with a pathology in  
the incisor region.10,11

Lateral cephalograms are used to assess the dental, 
skeletal and soft tissue relations of an orthodontic patient. 
Lateral cephalometric analysis has been used widely in 
orthodontics as an investigative technique to evaluate 
growth and treatment responses.6 The cephalogram also 
helps in the identification of anomalies or pathologies 
present in the jaws as well as impacted teeth. However, 
there are several disadvantages. 

Cephalometric analyses are based on the expectation 
of excellent superimposition of the left and right sides at  
the mid-sagittal plane. Such perfect superimpositions  
are rarely seen due to slight facial asymmetry in individu- 
als as well as faulty head positioning. Major errors are  
also encountered due to the ambiguity in locating 
anatomical landmarks due to poorly defined outlines  
and shadows.12

Periapical views of upper and lower teeth are usually  
taken in orthodontics to determine the root lengths, shape 
and form. A review of the literature shows that these 
features play a role in determining the susceptibility of 
incisors to root resorption.13 Knowledge of these factors 
before commencing treatment helps the orthodontist to  
be prudent with the application of forces. 

Therefore, periapical radiographs of the incisors of  
orthodontic patients are recommended before com- 
mencing treatment. Periapical views, however, are limited  
in terms of the possibility of an overlapping of the 
images of buccally or lingually impacted teeth, leading  
to incorrect interpretations.14

Imaging is a valuable diagnostic addition to the clinical 
assessment of an orthodontic patient. However, intra- 
oral imaging procedures such as periapical views and 
extra-oral procedures including panoramic x-rays and 
lateral cephalograms used individually or in combination 
suffer from the same inherent limitations of all two 
dimensional projections, namely magnification, distortion, 
superimposition and misrepresentation of structures.15  

DISCUSSION

Figure 6. Axial image.

Figure 9. Surgical exposure of central incisor and supernumerary tooth.

Figure 10. Labial aspect of extracted supernumerary.
Figure 11. Lingual aspect.

Figure 7. Coronal image.

Figure 8. Sagittal image.

Fig. 6 Fig. 7 Fig. 8

Fig. 10 Fig. 11
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In this particular case, interpretation of all these two- 
dimensional conventional radiographs failed to produce  
a definitive diagnosis. The differential diagnosis varied  
from “odontoma,” a benign tumour, to “gemination,” a 
developmental anomaly.
              
The World Health Organization (WHO) classifies odon- 
tomas within the category of odontogenic tumours that 
are composed of epithelial and mesenchymal compo- 
nents of the dental apparatus with or without the  
formation of mineralized dental tissues. 

These lesions are considered as hamartomas and not  
as true neoplasms.16,17 Typically, they are divided into  
compound and complex odontomas.18 Complex odon- 
tomas are less common than compound odontomas.  
A dilated odontoma has been described as yet another 
type of odontoma.16 This is a single structure that may 
be a more severe form of dens in dente.

Odontomas are the most common type of odontogenic 
tumours and are generally painless and asymptomatic. 
The majority of odontomas appear before the age of 20, 
hence are discovered during childhood or adolescence. 
They are seen more frequently in the maxillary anterior 
region than in the mandible and are often associated  
with unerupted permanent teeth.19 The canines, followed 
by upper central incisors and third molars, are the teeth 
most frequently impacted by odontomas.20 

Odontomas develop and mature while the neighbouring 
teeth are forming and conclude their development once 
the development of the associated teeth is complete. 
Only rarely does an odontoma erupt into the oral cavity.  
If associated with an impacted tooth, odontomas are 
usually removed by surgical excision. They do not recur 
and after their removal, the impacted tooth usually  
erupts into the oral cavity on its own or otherwise may 
require orthodontic traction.

Radiologically, three stages can be seen in the deve- 
lopment of an odontoma. In the first stage, the tumour  
appears radiolucent due to lack of calcification of  
dental tissues. In the intermediate stage, a partial  
calcification is noted and in the final stage the odon- 
toma appears radiopaque with a radiolucent halo.21 

Compound odontomas are seen as calcified struc- 
tures resembling teeth within a well-defined radio- 
lucent lesion.5,7 

A complex odontoma presents as a more or less 
amorphous mass with the radio-density of a tooth 
structure, but bearing no anatomical resemblance to a 
tooth, and is surrounded by a thin radiolucent area 
with a smooth periphery.5 In some cases, the calcified 
matrix is predominant while in others there are islands 
of pulp tissue along with cords and buds.21

The dilated odontome is considered the most severe  
form of dens invaginatus or dens in dente. The former is 
characterized by the invagination or in folding of enamel 
surface into the interior of a tooth.22 The invagination can 
occur either at the incisal edge or at the cingulum area.  
It is seen most frequently affecting the permanent  
maxillary lateral incisors followed by maxillary central  

incisors, premolars and canines. They are very rarely  
observed in the posterior region. In its most affected  
form, the tooth is severely malformed. Radiologically, 
it presents with a circular or oval form and a radiolu- 
cent interior.16

A differential diagnosis, generated from assessment 
of the periapical X ray, was that of “gemination”.  
This dental anomaly occurs when a single tooth bud 
attempts to divide. This may result in the invagination  
of the crown with partial division. It can occur in  
both primary and permanent dentitions and is usually  
seen in the incisor region. It is commonly detected  
after the abnormal tooth erupts into the oral cavity. 

Radiographic evaluation reveals alteration in the normal 
contour of the hard tissue - namely, clefts and invagi-
nations in the enamel outlines and the pulp chamber is 
usually single and enlarged.16 A geminated tooth in the 
anterior region may produce compromised esthetics.23 

In addition, areas of invaginations are prone to caries  
and sometimes result in pulpal inflammation. In treat- 
ment, the crown may be reshaped or restored or left 
untreated with periodic reviews if esthetics is not a  
concern of the patient.16

In this case, traditional two-dimensional radiographs  
used as diagnostic aids, failed to provide a definitive, 
accurate diagnosis. Studies have shown that CBCT  
scans are useful in refining diagnoses and thus contri- 
bute significantly to a higher confidence level in a  
the diagnostic acumen of the clinician.24,25 A correct  
diagnosis leads to a successful treatment plan and a  
gratified, contented patient.

Clinicians may request additional 3D images using  
CBCT if conventional radiographs fail to provide enough 
information for diagnosis, surgical intervention and  
orthodontic therapy.14  Since CBCT has higher radiation 
doses, the basic principles to which an orthodontist 
should adhere before requesting cone beam computed 
tomography are:

1.	 CBCT examinations should not be used routinely and 
indiscriminately for all patients 

2.	 A history and clinical examination must be conducted 
before doing a CBCT assessment.

3.	 CBCT assessments must be justified for each 
patient. CBCT images must provide new information 
when compared with that coming from conventional 
radiographs

4.	 CBCT field of view (FOV) should be controlled as 
much as possible. This helps to reduce the radiation 
dose and achieve the ALARA principle (As Low As 
Reasonably Achievable).14

In the present case, a CBCT scan revealed that it was  
a supernumerary tooth that was causing the impaction  
of the central incisor. Supernumerary teeth denote those 
formed in excess of the number found in normal series 
and are more prevalent in the permanent dentition.  
Most frequently found in the central incisor region, they 
might be associated with delayed eruption of the adja- 
cent incisors.2,26,27
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Supernumerary teeth in the permanent dentition are 
classified according to their position as mesiodens, 
paramolar or distomolar. Mesiodens are typically found 
between the maxillary central incisors. Mesiodens may 
be single or multiple, unilateral or bilateral, erupted or 
unerupted. Their orientation could be vertical, horizontal 
or inverted. Paramolar is a supernumerary molar found 
buccally or lingually in relation to the maxillary molars or  
in the buccal interproximal space between the second  
and third molars. Distomolar is a small and rudimentary 
molar located distal to the third molar.26,28

Supernumerary teeth are classified according to their 
morphology as conical, tuberculate, supplemental or 
odontoma.26,28 Conical supernumerary teeth are small 
peg-shaped teeth with root formation ahead of or 
corresponding to that of permanent incisors. It is the  
most common supernumerary tooth in the permanent 
dentition. It is termed as a mesiodens and is present 
between upper central incisors and occasionally may 
be found high in the palate in an inverted or hori- 
zontal position. 

Tuberculate teeth are supernumerary teeth, which are 
larger than the conical type and have more than one 
cusp or tubercle. They are short, barrel-shaped teeth 
with normal appearing crown and a rudimentary root. 
Root formation is delayed when compared with the 
permanent incisors. They are characteristically located  
on the palatal aspect of the permanent central incisors,  
are frequently associated with delayed eruption of the 
incisors and rarely erupt into the oral cavity.1

 
Supplemental teeth refers to duplication of teeth in 
the normal series and are found at the end of a  
tooth series. In the permanent dentition, they appear 
most commonly as extra maxillary and mandibular  
lateral incisors. Odontomas have no regular shape.  
This last category is not universally accepted as a  
supernumerary, however.28,29

Similarities concerning their topographic distribution, clini- 
cal features and pathologic manifestations between odon- 
tomas and supernumerary teeth have been quoted.17 
There appears to be some possibility of common genetic 
and immune-histochemical etiologic factors for these 
conditions. From a nosological point of view, odontomas 
and supernumeraries are classified as separate entities, 
but seem to be an expression of a similar process that is 
either malformative or hamartomatous.

Most supernumerary teeth are located in the anterior 
maxillary region.2,30 They may remain asymptomatic with- 
out any clinical manifestations.27 Sometimes malocclu-
sions caused by supernumerary teeth, such as impacted 
teeth, crowding or diastema, particularly in the anterior 
region, may negatively affect the esthetics, mastication 
and speech of children, who might then become objects 
of ridicule in their peer groups, affecting their psycho-
logical development. Early detection, supervision and  
management of supernumerary teeth is crucial in avoiding  
these problems.31

Detection of supernumerary teeth is best achieved 
by a thorough clinical and radiographic examination.  

The application of conventional radiographic tech- 
niques together with CBCT in order to determine the 
position of supernumerary and impacted teeth has 
been studied previously.32,33 

The results show that both techniques are useful as 
initial diagnostic tools but the CBCT images provide 
more detailed information about the position of the  
teeth, the exact dimension of supernumerary and im- 
pacted teeth and the presence or absence of root 
resorption.25,33 A frequent indication for CBCT in ortho- 
dontics is for eruptive disorders like impacted teeth and 
supernumerary teeth.14,34 By using 3D visualization,  
CBCT provides information in all three planes and thus 
enhances diagnostic accuracy. This is an important attri- 
bute when contemplating surgical removal of super- 
numerary teeth which have resulted in impaction of 
neighboring permanent teeth. The need for accurate 
diagnostic 3D information also becomes apparent  
when considering the proximity of supernumerary teeth 
located in the anterior maxillary region to neighboring  
teeth and vital structures like the nasopalatine canal,  
nasal floor or the floor of the mouth.35 

It is recommended that in the case of eruptive disorders, 
including impacted teeth, it is advisable to investigate  
the etiology of the condition by detailed history taking, 
clinical examination and the critical assessment of diag- 
nostic aids like radiographs. If conventional two-dimen-
sional radiographs fail to provide a definitive diagnosis, 
then the use of CBCT scans is recommended. 

CBCT scans should be used only when the potential 
benefits for diagnosis and treatment planning outweigh 
the potential risks of an increased radiation dose.  
In the present case, CBCT imaging led to a change in  
diagnosis and treatment planning and was justified.  
CBCT imaging also assisted the surgeon in determining 
the least invasive point of entry for removal of the 
supernumerary tooth.

The technical support provided by Mxamli BE, Radio- 
grapher in the Department of Maxillofacial Radiology is 
gratefully acknowledged.
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