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REVIEW ARTICLE
Diagnosis of cracked teeth using cone-beam computed
tomography: literature review and clinical experience
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Cone-beam computed tomography (CBCT) has been widely used in diagnosis of vertical root
fractures (VRFs) in recent years. According to the American Association of Endodontists
(AAE) classification, there are five types of cracked teeth and VRF is one of them. Due to the
variability and overlapping of the cracks and fractures, some narrow fractures on the roots
of VRFs could not be detected by CBCT, and some wide cracks on the crown of cracked
teeth could be detected by CBCT. In this review, we firstly discussed the value of CBCT in
the diagnosis of the AAE five types of cracked teeth and presented CBCT manifestations of
some typical cases. Secondly, we summarized the factors influencing the diagnosis of cracks/
fractures using CBCT, namely, CBCT device-related factors, patient-related factors, and
evaluator-related factors. The possible strategies to improve the diagnostic accuracy in the
clinic practice are also discussed in this part. Finally, we compared the differences of root
fractures with lateral canals and external root resorption on CBCT images.
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Introduction

Cracked teeth is a general term for a series types of tooth
fracture with quite variable and complicated clinical
signs and symptoms. Several different terminologies,
definitions, and classifications for cracked teeth have
been proposed. The most widely used classification is
the American Association of Endodontists (AAE) clas-
sification, which divides cracked teeth into five types:
craze lines, fractured cusp, cracked tooth, split tooth,
and vertical root fracture (VRF).! It should be noted
that these five types are not entirely mutually exclusive.
Linear cracks tend to grow and change over time,>* and
so, one fracture type can progress into another type over
time.

The accurate diagnosis of cracked teeth is of great
importance because it influences the treatment strategy.
It is difficult to reach a definitive diagnosis on the
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basis of signs and symptoms alone because these are
non-specific and mimic the clinical manifestations of
endodontic and periodontal disease.>*® The ease of
diagnosis also varies according to the position and
extent of the fracture.”'

Cracked teeth is a perplexing diagnostic problem,
especially in the early stage. Cracks/fractures in teeth
may occur in both the horizontal and vertical directions
and may involve the crown and/or root. Conventional
periapical radiographs (PRs) can only provide a definite
diagnosis of obviously displaced root fractures. Cone-
beam computed tomography (CBCT), which provides
precise three-dimensional images with high spatial reso-
lution, is now widely used for the diagnosis of VRFs.
Many in vitro and in vivo studies have explored the
validity of CBCT for the diagnosis of root fractures.! !5
However, no study has systematically reviewed the use
of CBCT for the diagnosis of cracked teeth. There-
fore, in this review, we first present the typical CBCT
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presentation of the five types of cracked teeth. Secondly,
we summarize and discuss the factors influencing the
diagnosis of cracks/fractures using CBCT and discussed
the possible strategies to improve the diagnostic accu-
racy. Finally, we discuss the differential diagnosis of
fracture lines with lateral canal and external root resorp-
tion on CBCT.

CBCT features of cracked teeth

Except for VRFs, all other AAE fracture types occur in
or involve the crown. Therefore, the role of X-ray exam-
ination in the diagnosis of these four types of cracked
teeth is not as important as in the diagnosis of VRFs.
In the case of cracked tooth, split tooth, and VRF,
X-ray examination is mainly used to determine whether
cracks/fractures are present in the root and to assess the
periodontal and periapical bone in a non-destructive
fashion.

Craze line

Craze lines are visible cracks that are contained within
the enamel. In the posterior teeth, craze lines are usually
evident crossing marginal ridges and/or extending along
buccal and lingual surfaces. Long vertical craze lines
are often found in the anterior teeth.! These lines are
confined to the enamel and are a natural occurrence.
Craze lines located on the crown are asymptomatic and
narrow.> These are diagnosed by direct visualization and
transillumination, and CBCT is not required.

Fractured cusp

Fractured cusps are usually caused by large intracoronal
restoration or devastating occlusal trauma. This type of
crack often extends in the mesiodistal and buccolingual
directions, commonly involves one or both marginal
ridges as well as a buccal or lingual groove, and termi-
nates in the cervical region either parallel to the gingival
margin or slightly subgingival.? Fractured cusps are rela-
tively easy to diagnose, and may be found incidentally
on CBCT images (Figure 1). CBCT is occasionally used
to determine whether pulp involvement is present and to
assess the pulp-periapical status.

Cracked tooth

The term cracked tooth is defined as a crack extending
apically from the occlusal surface of the tooth without
separation of the two segments. The clinical signs, symp-
toms, radiographical findings and test results of cracked
tooth are highly variable and depend on numerous
factors, which makes their diagnosis challenging.*® As
the crack initiates from the crown, direct inspection
combined with staining and transillumination are effec-
tive for diagnosis.!® Because this fracture extends in the
mesiodistal direction, it is not visible on PRs.? Even on
CBCT, incomplete cracked lines are usually too narrow
to be detected. Therefore, CBCT is rarely used to diag-
nose cracked tooth, and studies evaluating CBCT use in
cracked tooth are far less numerous than those evalu-
ating CBCT use in VRFs.'” Nevertheless, as the width of
the cracked line is variable, cracked tooth may occasion-
ally be detected on CBCT images (Figure 2). Although
the crack can be detected on direct inspection, it is diffi-
cult to determine the extent of the crack in this way.>!$1°
Thus, CBCT examination could be used to determine
the extent of the crack and assess the pulp-periapical
and periodontal status.

Split tooth

Compared with cracked tooth, split tooth indicates more
severe damage and a complete fracture. Split tooth is the
end result of the evolution of cracked tooth (Figure 2).
Split teeth with obvious separation of segments are easy
to identify. For incomplete split tooth, CBCT is some-
times used to determine the extent of root involvement
and the periapical and periodontal status. However, in
the critical period between cracked stage and split stage,
there is no apparent separation of segments. Moreover,
endodontically treated split teeth presented serious arte-
facts; the artefacts make the diagnosis on CBCT more
challenging (Figure 3).

Vertical root fracture

VRFs are defined as a complete or incomplete frac-
ture that initiates from the root at any level and usually
extends faciolingually.? The characteristic clinical find-
ings include a narrow periodontal pocket and crestally
located sinus tracts.! However, it is difficult to reach

tion images showing that the fracture initiates from the crown of the tooth and extends subgingivally (arrows).
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Figure 2 A case of cracked tooth progressing to split tooth (tooth 36). (al) Periapical radiograph (PR) showing extensive bone resorption around
the root. (a2) Axial image showing a mesiodistal hair-like hypodense line (arrow) that is present on the crown but disappears on the root. (a3)
Coronal reconstruction image showing severe buccal and lingual alveolar bone resorption around the root. Cracked tooth with acute inflamma-
tion was diagnosed after an incision was made on the periodontal abscess; however, the patient did not undergo further treatment. (b1) PR taken 1
year after the primary referral at our hospital showing more extensive bone resorption around the root. (b2) An obvious mesiodistal fracture line
(arrow) can be seen on the occlusal surface. (b3) The extracted tooth has split completely (arrow).

a definitive diagnosis on the basis of signs and symp-
toms alone because they are not specific to VRFs and
are very similar to endodontic or periodontal disease.?
For the detection of VRFs, two aspects should be care-
fully noted. First, the fracture line is located on the
root, and so, it cannot be directly inspected without
periodontal exploration. Therefore, the diagnosis of
VRFs is more dependent on X-ray examination than
that of the other four types of cracked teeth. Second,
like the other four types, the ease of diagnosis of VRFs
also varies with the extent of the fracture. Incomplete
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VRFs and hairline VRFs without obvious separation
of the fracture fragments are more difficult to detect
than VRFs with extensive displacement of the fracture
fragments.?” Some extensively displaced VRFs may even
be visualized on PRs. CBCT has been used to over-
come the inherent disadvantages of conventional PRs,
for example, magnification, distortion, and anatomic
superimposition.?! Numerous studies have assessed the
utility of CBCT for the detection of VRFs both in vitro
and in vivo.!"'*?2 However, many subtle VRFs cannot be
detected on CBCT.%
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Figure 3 A split tooth (tooth 25). (al, a2, a3) Axial image showing a mesiodistal hair-like hypodense line (arrow) that is present on the crown but
gradually disappears on the root. (a4) Coronal reconstruction images showing a fracture line extend from the occlusal surface to the pulp cavity
(arrows). (b1, b2, b3, b4) A fracture line could be found from occlusal surface to the 2/3 root (arrows).
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Figure4 (a, b) Axial images clearly showing a complete and displaced
fracture (arrows) of the mesial root of tooth 36 with alveolar bone
resorption around the root. (c) Sagittal reconstruction image showing
broadening of the mesial root canal (arrow).

CBCT classification of VRFs

Many authors have proposed different terminologies,
definitions, and classifications for cracks in teeth.!
Previous classifications were mainly based on the loca-
tion and extent of cracks/fracture lines and clinical
characteristics. As CBCT plays an important role in
the diagnosis of VRFs, we propose the following clas-
sification of VRFs based on their CBCT appearance:
displaced VRFs, subtle VRFs, and hidden VRFs.

Displaced VRFs

Displaced VRFs are complete fractures with obvious
separation of the fracture fragments (Figure 4), and
they are all easily diagnosed on CBCT.

Subtle VRFs

Subtle VRFs are mostly incomplete, narrow or hairline
fractures without obvious separation of the fracture
fragments (Figure 5). Since the fracture lines are narrow,

Figure 5 (a) PR showing a low-density shadow around the distal
root of tooth 46. (b) Sagittal reconstruction image showing alveolar
bone resorption around distal root (arrow). (c) The extracted tooth
showing the fracture line (arrow). (d1-d3) Subtle irregular hypodense
line (arrows) on the distal root without displacement of the two frac-
ture segments.
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diagnosis is more difficult than that of displaced VRFs,
and the experience of the evaluator considerably influ-
ences the diagnostic accuracy.

Hidden VRFs

Hidden VRFs cannot be detected on CBCT mainly due
to the following reasons: (a) the fracture line is narrower
than the voxel size of the CBCT scanner,” and (b) arte-
facts induced by endodontic fillings severely interfere
with the diagnosis. VRFs are often found in endodon-
tically treated teeth. Artefacts induced by endodontic
fillings appear as hypodense lines that mimic or overlap
with root fracture lines.”*** Although this type of VRF
cannot be directly demonstrated on CBCT images,
localized vertical buccopalatal (lingual) bone loss could
be an important indirect diagnostic sign® (Figure 6).

Factors influencing use of CBCT to diagnose cracked
teeth

Although CBCT offers clear advantages over conven-
tional PRs for the diagnosis of VRFs, the use of CBCT
for the detection of VRFs remains controversial.”® In
the case of other four types of cracked teeth, CBCT use
is limited. Many factors influence the accuracy of diag-
nosis. These factors can be divided into three categories:
CBCT unit-related factors, patient-related factors, and
evaluator-related factors. In this section, we also discuss
how to improve the diagnosis accuracy (Table 1).

CBCT unit-related factors

The main unit-related factors influencing CBCT image
quality are as follows: voxel size, field of view (FOV),
exposure parameters (kV, mAs, and number of basis
images), receptor technology (flat panels, complemen-
tary metal oxide semiconductor, and charge-coupled
devices), and reconstruction algorithm. Although there
is no standard classification scheme for FOV size, it is
useful to categorize FOVs into four ranges: large (>15
cm), medium (10-15 cm), small (8-10 cm), and dentoal-
veolar (4-6 cm).?® For cracked teeth, the dentoalveolar
FOV is preferred. Small FOVs are sometimes used if
the dentoalveolar FOV cannot be selected.?! Voxel size
mainly ranges from 0.075 to 0.4 mm among the majority
of CBCT devices. Exposure parameters, receptor tech-
nology, and reconstruction algorithm all depend on
the manufacturer and cannot be selected by the dental
practitioner.

Voxel size

For the CBCT diagnosis of cracked teeth, voxel size is
considered the most important parameter. In the meta-
analysis by Corbella et al®® the investigated teeth were
divided into four groups based on voxel size, and the
authors found that the smaller the voxel, the higher the
sensitivity. However, the reported effects of voxel size on
the diagnostic accuracy for root fractures varies.'*?”-* We
believe that the following two aspects must be considered
when evaluating the influence of voxel size on diagnostic
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Figure 6 (a—c) No obvious fracture lines can be seen in the cervical, middle, and apical thirds of the mesial root of tooth 36 on axial images. (d)
Coronal reconstruction image showing vertical alveolar bone resorption on the buccal side. (e) Periodontal examination reveals deep periodontal
pockets on the buccal side-of the mesial root measuring approximately 11 mm. (f) Periodontal exploration reveals a longitudinal fracture line on

the buccal side-of the mesial root.

accuracy: (a) all other parameters must be constant, and
(b) the relationship between voxel size and the width of
the crack/fracture line must be taken into account. For
example, in the case of a wide fracture line (>300 um),
there may be no differences between voxel sizes of 0.3
and 0.075 mm because these fractures are easy to detect,
while in the case of narrow fracture lines (<75 pm), there
will be also no difference between voxel sizes of 0.3 and
0.075 mm because these fractures cannot be detected.
Finally, in the case of moderate fracture lines, the rela-
tionship between voxel size and diagnostic accuracy
could be quite complex and variable.'?

Field of view

Theoretically, for the same CBCT device, a smaller voxel
size is more helpful for the diagnosis of cracks/fractures.
In contrast, the FOV size does not influence the resolu-
tion of CBCT images. However, many manufacturers

couple reductions in voxel size with reductions in FOV
size, leading to the false impression that smaller FOVs
result in higher-resolution images. In fact, voxel size, not
FOV size, is the decisive factor for image resolution. Some
researchers have focused on whether the position of the
object in the FOV influences diagnostic accuracy because
radiation scattering and noise are not homogenously
spread across all FOVs.? Valizadeh et al*® found that the
centre of the FOV is the most suitable position for the
accurate detection of VRFs in teeth with intracanal posts.
Therefore, for particularly small cracks, small FOV and
small voxel size should be used and that the tooth should
be positioned in the centre of the FOV.!

Exposure parameters, receptor technology, and
reconstruction algorithms

Guo et al also found that the detection of VRFs in non-
root-filled teeth depended not on voxel size but on the

Table 1 Summary of influence factors and possible strategies improving accuracy in the diagnosis of cracks/fractures using CBCT
Influence factors Possible strategies improving accuracy
CBCT Unit Voxel size Choose smaller voxel size for narrower cracks/fractures
FOvV Choose dentoalveolar FOV
Exposure parameter Increase mAs and number of basis images if possible
Receptor technology Inherent property of CBCT units, unelectable
Reconstruction algorithm Inherent property of CBCT units, unelectable
Patient Motion Artefact Keep patients as still as possible
(teeth) Beam hardening artefacts Take off removable metal materials
Develop artefact reduction algorithm
Width of the cracks/fractures Congenital property of teeth
Observer Experience Advance training
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CBCT unit used.'® This suggested the influence of expo-
sure parameters, receptor technology, and reconstruc-
tion algorithms. However, these factors are inherent
properties of CBCT devices, and cannot be changed
during the examination. For devices that allow selec-
tion between a low and a high radiation dose for the
same FOV and voxel sizes, an adequate increase in mAs
and the number of basis images will be helpful for the
diagnosis. However, this will also increase the radiation
risk for patients. The principle of “as low as reasonably
achievable” should always be followed.”!

Patient-related factors

In the CBCT diagnosis of VRFs, patient-related factors
are common and non-negligible. The two main patient-
related factors are artefacts and fracture line width.

Artefacts

Motion artefacts and beam-hardening artefacts are the
two most common artefacts in the diagnosis of cracks/
fractures. If the patient moves during CBCT exam-
ination, the final images usually have motion artefacts
such as stripes/streaks, double contours, and overall
blurriness.?>* Spin-Neto et al** reported movements >
3 mm had a significant impact on image quality and
interpretation ability. Although there is no relevant
literature on the impact of patient movements in the
diagnosis of cracked teeth, reducing motion artefacts
is a common consensus.’>*73¢ Recently, Santaella et al’’
reported there were motion artefact correction systems
that could enhance image quality, however, they worked
only for CBCT units with aligned detectors and were
less effective for those with lateral-offset detectors.
Moreover, it is just an in vitro experiment and there
are still no in vivo studies on the cracked teeth diag-
nosis. Therefore, having the patient keep still as much
as possible is still an important prerequisite for CBCT
examination.

High-density materials, such as metal implants,
intracanal posts, metallic crowns, and amalgam
restorations, are other main causes of artefacts. The
influences vary with the type and position of the mate-
rial.*¥3* Many studies report a decrease in the diagnostic
accuracy for VRFs in the presence of endodontic fill-
ings.?*442 These materials may cause beam-hardening
and streak artefacts that might mimic fracture
lines.*#3# Artefact-reduction algorithms and filters are
applied, however, the results are not satisfactory.*
The use of metal artefact reduction (MAR) algorithm
and increased of kVp were reported could reduce arte-
fact, however, more studies are still needed in order to
assess the influence of them in cracks/fractures detec-
tion with metal artefact.*’*% Artefacts and crack/frac-
ture lines may be differentiated as follows: an artefact
line is not tridimensional, homogenous, and contin-
uous, and a cracks/fracture line is more likely to have a
defined pathway.*

Dentomaxillofac Radiol, 50, 20200407
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Width of cracklfracture line

The terms crack and fracture can be confusing.
According to the review by Rivera,? the term ‘crack’
implies an incomplete break in a substance, while the
term ‘fracture’ implies a complete or incomplete break
in a substance. This means that crack lines could be
narrower than fracture lines. VRFs might be too narrow
in the early stage and may not be detected. Brady et
al® reported a high diagnostic accuracy of CBCT in
detecting VRFs > 50 um in non-endodontically treated
teeth. Other in vitro and in vivo studies have reached
similar conclusions that the detectability of VRFs on
CBCT depends on the fracture width.! Currently, the
smallest voxel size of CBCT devices is 0.075 mm. There-
fore, the diagnosis of cracked teeth and early VRFs is
still quite difficult. Furthermore, using a smaller voxel
size might improve the diagnostic accuracy, but it also
increases the radiation dose. Therefore, a balance must
be sought between the benefits and potential risks of
CBCT.

Evaluator-related factors

The diagnostic accuracy for cracked teeth varies consid-
erably between evaluators, especially for early subtle
fractures. Researches usually used inter evaluator agree-
ment (K values) to compare the consistency of different
evaluators and the results vary.®!101L14154 Ap experienced
radiologist could have higher accuracy than a junior
radiologist.” For cracked teeth with extensive displace-
ment of the fracture fragments, the diagnosis may
be easy, and the influence of the evaluator negligible.
However, for early and subtle fractures, the diagnostic
accuracy may vary considerably among evaluators.
Advance training for those interpreting on CBCT image
volumes and offering a CBCT imaging and reporting
service are necessary.?!

Although CBCT have been adopted to overcome
the inherent disadvantages of conventional X-ray
radiographs, for example magnification, distortion and
anatomic superimposition,’! this does not mean CBCT
should be approach of choice if available. Some exten-
sive displaced cracked teeth and periapical or peri-
odontal bone resorption could also be evaluated with
2-dimensional X-ray radiographs. Considering of the
radiation risk, CBCT examination is always for further
diagnosis when 2-dimensional X-ray radiographs could
not provide enough information. Moreover, for patients
with CBCT examination, operators should choose the
most appropriate parameters of CBCT units to reduce
the radiation dose, the principle of “as low as reason-
ably achievable” should always be followed.*!

Differential diagnosis of root fractures with lateral canal
and external root resorption

The diagnostic sign of VRF on CBCT is a hypodense
(radiolucent) line on the root. In most cases, this sign
is characteristic and not easily confused with other
diseases. Sometimes, however, lateral canal and external
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Figure 7 (a, b) Axial images of tooth 16 showing a hypodense line (arrow) extending from the root canal to the surface of the palatal root, similar
to a VRF; however, the hypodense line is present on only one slice and appears as a round hypodense canal closer to the surface of the root on the
next axial slice. (c) Coronal reconstruction image clearly showing a lateral canal (arrow) of the palatal root.

root resorption mimic fracture lines on CBCT images.
In this section, we discuss the differential diagnosis of
these three conditions.

Lateral canal

Lateral canals are a type of accessory canal, which the
AAE Glossary of Endodontic Terms (2016)°? defines
as “a branch of the main pulp canal or chamber that
communicates with the external root surface”. Lateral
canals are often found incidentally on CBCT images.
When the lateral canal is perpendicular to or almost
perpendicular to the main root canal, it may appear as
a hypodense line on axial images (Figure 7). Moreover,

similar with root fracture (arrows). (c) However, sagittal and coronal
reconstruction images show an irregular absence of root surface,
which indicates external root resorption of palatal root (arrows) and
not a vertical root fracture. (d) The extracted tooth shows that the
palatal root has external root resorption(arrow).

alveolar bone resorption can be found surrounding
lateral canals. Thus, a misdiagnosis of VRF could be
made in such patients, especially by inexperienced
doctors. A careful inspection of the CBCT images can
distinguish lateral canals from fracture lines. On contin-
uous axial images, lateral canals usually appear as a
round or elliptical hypodense tubular structure and that
gradually move to the root surface; therefore, we come
to the conclusion that “movement” is an important
feature.®* Although lateral canals appear as hypodense
lines, these lines are present on only one or two axial
images, are incomplete, and extend from the root canal
to one side-of the root surface.

External root resorption
External root resorption usually appears as apical short-
ening or defects in root surfaces.’ When the resorption
and defect of cementum and dentin extend across the
pulp, external root resorption might appear as root frac-
ture with two segments on CBCT images (Figure 8),
leading to a misdiagnosis. Moreover, bone resorption
can usually be found around the root resorption region.
Comprehensive evaluation of axial, coronal, and
sagittal images is crucial, as by integrating the informa-
tion from these images, external root resorption can be
differentiated from root fractures.’!-

Summary

This article summarized the usage of CBCT in the
AAE five types of cracked teeth. Except for craze
lines, the typical CBCT images of fractured cusps,
cracked teeth, split teeth, and vertical root fractures
were presented in this article. And we classified VRFs
into displaced VRFs, subtle VRFs, and hidden VRFs
based on their CBCT manifestations. There are so many
factors (device-related factors, patient-related factors,
and evaluator-related factors) influence the diagnosis
of cracks/fractures using CBCT. Dentoalveolar FOV
with small voxel size and increased radiation dose could
improve the demonstration for those quite tiny cracked
lines theoretically; however, a balance must be sought
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between the benefits and potential risks for patients

in

clinic practice. Furthermore, advanced training is

necessary for those who interpret the CBCT images.
Although there are some similarities between the root
fractures with lateral canals and external root resorp-
tion on CBCT images, comprehensive evaluation of
axial, coronal, and sagittal images could be helpful for
the differential diagnosis.
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