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Incidental findings arising with cone beam computed tomography imaging

of the orthodontic patient
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ABSTRACT
Cone beam computed tomography (CBCT) of orthodontic patients is a diagnostic tool used
increasingly in hospital and primary care settings. It offers a high-diagnostic yield, short scanning
times, and a lower radiation dose than conventional computed tomography. This article reports on
four incidental findings—that appear unrelated to the scan’s original purpose—arising in patients
for whom CBCT was carried out for orthodontic purposes. It underlines the need for complete
reporting of the data set. (Angle Orthod. 2011;81:350–355.)
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INTRODUCTION

Cone beam computed tomography (CBCT) scan-
ners dedicated for oral and maxillofacial use were
pioneered in the late 1990s independently by Arai et
al.1 in Japan and Moshiri et al.2 in Italy. CBCT offers
advantages over conventional or medical computed
tomography in that it can produce excellent submilli-
meter resolution,3 and the radiation dose is markedly
lower.4,5 With most CBCT units the patient sits upright
rather than supine so a more accurate representation
of the soft tissues is obtained.6 The machines often
resemble panoramic units; this provides a more
familiar environment for orthodontic patients, which
may be important, particularly when scanning children.
The literature has already reported on a number of
CBCT applications in orthodontics. A recent system-
atic review7 reported that 16% of their included articles
dealt with CBCT imaging in orthodontics, and they
covered the use of miniscrews in assessing palatal

bone thickness,8,9 safe zones for placement in the
maxillary and mandibular arches,10 fabrication of
surgical guides for their placement,11cephalo-
metrics,12–14 tooth position15 and inclination,16,17 assess-
ment for rapid maxillary expansion,18 determining
skeletal age based on cervical vertebrae morpholo-
gy,19 and three-dimensional evaluation of upper-airway
anatomy in adolescents.20 Other orthodontic uses
include planning surgical exposure of impacted ca-
nines21 and orthognathic surgery in patients with facial
asymmetry,22 temporomandibular joint (TMJ) disor-
ders,23 and obtaining additional diagnostic information
to assist in treatment planning.24

Reports of incidental findings on CBCT are sparse.6,25

In this article, four cases are presented of patients who
underwent CBCT of the maxilla to aid orthodontic
diagnosis. In all cases the scan was carried out on a
Classic i-Cat (Imaging Sciences International, Hatfield,
PA) using the same scan parameters (5 cm height,
40 second scan time, 0.2 voxel size). Subsequent
radiological reporting revealed a foreign body and rare
anomalies of the enamel, condyle, and cervical verte-
brae. The implications for each finding are discussed
and the importance of formal interpretation of CBCT is
highlighted in line with recent guidelines from the
European Academy of Dentomaxillofacial Radiology26

and the Health Protection Agency (HPA).27

CASE ONE

A CBCT scan of a 13-year-old girl had been
requested with regard to the position of an unerupted
UL1 and a possible transposition of the UL3 with the
UL2. The patient had previously undergone an open
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exposure with gold chain to the central incisor, which
had subsequently failed. The scan showed the UL1 to
be unerupted, ectopic, and dilacerated, and there was
a true transposition of the UL3 and UL2 (Figure 1).
Incidental note was made of a cleft in the anterior
and posterior arches of the atlas (Figures 2 and 3).
This patient had no presenting signs or symptoms of
neck pain, and as a result, no further follow-up of the
atlas cleft was arranged.

CASE TWO

A 12-year-old girl was referred for a CBCT scan to
assess the root integrity of both maxillary lateral

incisors associated with unerupted buccally impacted
canines (Figure 4). The scan showed no pathological
resorption of the lateral incisors, but incidental note
was made of enamel pearls on the distal aspects of
both unerupted second permanent molars (Figure 5).

CASE THREE

A 16-year-old girl was referred regarding a transpo-
sition of an ectopic UL3 and UL4. The patient
presented with Class II division 2 malocclusion on a
Class II skeletal base with the UL3 unfavorably
positioned for orthodontic alignment both vertically
and horizontally. Provisional plans were made to
extract the canine under general anesthetic and
expose the unerupted premolar. A CBCT was request-
ed to confirm the position of the canine to aid surgical
planning so that it could be removed as atraumatically
as possible. The scan demonstrated the exact position
of the ectopic teeth and confirmed that there was no
pathological resorption of any adjacent roots (Fig-
ure 6). In addition, a bifid left mandibular condyle was
identified (Figure 7). The patient had no presenting

Figure 1. Three-dimensional reconstruction showing ectopic and

unerupted UL1 and transposition of UL3 and UL2. (GMaterialise

Dental, Leuven, Belgium)

Figure 2. Axial slice showing the clefts in the anterior and posterior

arches of the atlas (see arrows). (Used with permission from Imaging

Sciences International, Hatfield, PA).

Figure 3. Three-dimensional reconstruction of the atlas (viewed from

the anterior aspect). (GMaterialise Dental, Leuven, Belgium)

Figure 4. Three-dimensional reconstruction of the maxilla showing

the buccally impacted canines. (GMaterialise Dental, Leuven, Belgium)
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signs or symptoms of temporomandibular dysfunction,
and as a result, no further follow-up was required.

CASE FOUR

An 11-year-old boy was referred for a CBCT to
facilitate treatment planning in the management of an
unerupted UL1, a supplemental UL1, and associated
midline supernumerary. The scan confirmed the
presence of a midline supernumerary lying horizontal
and palatal to the upper anterior teeth. The UL1 was
impacted into the UR1 but had normal crown and root
morphology. Palatal to the unerupted UL1, the
supplemental incisor showed abnormal crown mor-
phology and marked ridging on all tooth surfaces.

In addition to the dental findings a round spherical
low-density, 6-mm diameter foreign body was seen on
the right side anteriorly between the nasal septum and
inferior concha. This was likely to represent a low-
density foreign body (Figure 8). The patient was
subsequently referred to the Ear, Nose, and Throat
Department for further investigation, and a brightly
colored plastic pellet was retrieved from the nose. The
pellet originated from a toy gun set.

DISCUSSION

Case one demonstrated an incidental finding of an
atlas cleft. The first cervical vertebrae (C1) or atlas can
be divided into three parts—the anterior arch, the
lateral masses, and the posterior arch. It is formed
from three primary centers of ossification initially in
each lateral mass. At birth the bony portions are
separated from one another by a narrow cartilaginous
cleft and the anterior arch consists of cartilage; a
separate ossification center appears at the end of the
first year after birth. This joins the lateral masses, and
ossification is usually complete by the age of
10 years.28

Clefts occur when there have been defects in the
ossification centers of the vertebrae. Anterior arch
clefts are rarer (0.1% of the population) than posterior
arch clefts, which have been found in approximately
4% of adults.6 Such anomalies can occur more
frequently in persons with cleft lip, cleft palate, or
both.29 They may be discovered as incidental findings
or may have a various pattern of presentation ranging
from transient neck pain to different degrees of cord
compression, including myelopathy.30,31 No particular
type of arch defect seems more prone to cause
symptoms than others.30 One important aspect in
diagnosing atlas clefts is that they can simulate

Figure 5. Corrected sagittal slices through the right (a) and left (b)

maxillary alveolus showing the enamel pearl on the distal aspect on

the upper second molars. (Used with permission from Imaging

Sciences International, Hatfield, PA)

Figure 6. Three-dimensional reconstructions of the maxillary teeth

showing the position of the ectopic UL3. (GMaterialise Dental,

Leuven, Belgium)

Figure 7. Corrected lateral (a), coronal (b), and three-dimensional

reconstruction viewed from the anterior medial position (c) of the bifid

left condyle. (Used with permission from Imaging Sciences Interna-

tional, Hatfield, PA)
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fractures. However, fractures show irregular edges
with associated soft tissue swelling and a possible
history of trauma,31,32 whereas congenital clefts are
smooth and have an intact cortical wall,33 as reported
in this case.

Case two reported an incidental finding of enamel
pearls. Ectopic development of enamel on the root
surface has been previously been referred to as
enameloma, enamel drop, enamel nodule, or as in
this case, enamel pearl.34 Their incidence has previ-
ously been reported as between 0.2% of maxillary
molars and 0.03% of mandibular molars.35 The most
common site is adjacent to the furcation of the root,36

and maxillary second and third molars are more
commonly involved than the first molars.37 The
pathogenesis of this anomaly is unknown. Several
theories have been proposed; one such theory is that
the inner cells of Hertwig’s epithelial root sheath fail to

detach from the newly laid dentin matrix.38 The
possibility of a genetic association has also been
postulated from reports of multiple enamel pearls on
bilateral teeth in siblings.39 Enamel pearls can also be
incidentally recognized during routine radiography and
appear as hemispherical dense opacities projecting
from the boundaries of the root surface.37 The
significance of enamel pearls is that they have a
weaker attachment to the periodontal ligament render-
ing these areas more prone to periodontal breakdown
and pocket formation.36

Case three was a rare incidental finding of a bifid
condyle, which is characterized by duplicity of the head
of the condyle. The etiology is not clearly understood,
but several theories have been proposed, including a
developmental abnormality where a retained fibrous
septum or vascular structure impedes ossification of
the mandible,40 trauma,41 or minor trauma to the
condylar growth center that may result in bifurcation
or may lead to insufficient remodeling of the condylar
bony fragment giving rise to the bifid formation.42

Although it is predominately an asymptomatic condi-
tion, it may also present with TMJ pain, sounds, and
restricted mandibular movement. The diagnosis is
usually made on the radiological manifestations, and
treatment for symptomatic patients is similar to that of
TMJ dysfunction—anti-inflammatory analgesics, mus-
cle relaxants, physiotherapy, and splints. Surgery may
be considered if the condition is associated with limited
mouth opening or ankylosis.42

Case four showed a pellet lodged between the
inferior concha and the nasal septum. In this case the
pellet required removal, although it did not alter the
patient’s orthodontic treatment plan.

The Ionising Radiation (Medical Exposure) Regula-
tions 200043 do not explicitly state whose responsibility
it is to report radiographs; it is usually regarded as the
role of the operator. ‘‘Consensus Guidelines of the
European Academy of Dental and Maxillofacial Radi-
ology’’26 suggest that for dentoalveolar CBCT images
clinical evaluation should be made by a specially
trained dental and maxillofacial (DMF) radiologist or,
when this is impractical, an ‘‘adequately trained’’
general dental practitioner. By ‘‘adequately trained’’
the guidelines advise both theoretical and practical
training. For nondental and craniofacial images either
a DMF radiologist or a medical radiologist should
report the scans. The HPA27 suggest that if a dentist
has a CBCT unit with a large field of view then the
images should be evaluated by a dentist with suitable
training or a maxillofacial radiologist. In three of the
cases presented here the incidental findings were
located outside the teeth and supporting structures, so
it would not be appropriate for a dentist without further
training to report. Although in this case series none of

Figure 8. Axial (a), coronal (b), and sagittal (c) images showing the

pellet lodged between the right inferior concha and the nasal septum

(see arrows). (Used with permission from Imaging Sciences

International, Hatfield, PA).
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the incidental findings affected any further proposed
treatment and no further diagnostic tests were re-
quired, this has not always been the case.44

CONCLUSIONS

This case series of incidental findings reported from
maxillary CBCT scans of orthodontic patients high-
lights the need for the complete scan to be interpreted
by a radiologist or an appropriately trained clinician in
line with recent guidelines from the European Acade-
my of Dentomaxillofacial Radiology and the HPA.
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