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Abstract: The purpose of this study was to investigate the characteristics and the detection ability
of vertical root fractures in endodontically treated teeth by intraoral radiography and cone-beam
computed tomography (CBCT). CBCT images of 50 patients with root fractures in endodontically
treated teeth were reviewed, and 36 vertical root fractures were taken in this study. The cause of
fracture, core construction, kind of teeth, and fracture direction (bucco-lingual and mesio-distal
fractures) were investigated. Detection ability of vertical root fractures by intraoral radiography
and CBCT was also examined. Statistical analyses concerning the characteristics were performed by
χ2 test, and the detection ability was analyzed by cross-tabulation. All of the fractured teeth were
nontraumatized teeth. The vertical root fracture occurrence was not differed by core construction.
The vertical root fracture number was largest at the premolar teeth (p = 0.005), and the number of the
bucco-lingual fracture was larger than the mesio-distal fracture (p = 0.046). Vertical root fractures
were detectable using CBCT, while undetectable by intraoral radiography (p < 0.001). Vertical root
fractures occurred easily in premolar teeth with bucco-lingual direction, and CBCT is an adequate
radiographic method to diagnose vertical root fracture.

Keywords: root fracture; diagnosis; vertical root fracture; cone-beam computed tomography;
endodontically treated teeth

1. Introduction

In recent years, the prevention of caries or periodontal disease was developed, and
causes of tooth loss changed from caries or periodontal disease to root fractures [1]. The
causes of root fractures are trauma, occlusion, and so on. Root fractures easily occur in
endodontically treated teeth compared to that of nonendodontic-treated teeth [2]. The
characteristics of the root canal anatomy that would influence the occurrence of root fracture
differ among the kind of teeth. For example, incisor is single canal for the most part [3].
In the maxillary premolar, the most prevalent root canals were the two canals, while most
mandibular premolars have one canal [4]. Most of the maxillary first molar has three
separate roots [5], and the mandibular first molar mesial roots have two canals [6]. The
number of vertical root fractures is reported to be greater than that of horizontal root
fracture [7]. Endodontic retreatment had the highest risk of vertical root fracture within
1–8 years [7]. Tooth loss by the vertical root fracture increased, and the percentage of
extractions due to vertical root fracture is 31.7% [8]. It is important to diagnosis the vertical
root fracture timely to avoid progressive alveolar bone loss [9]. Additionally, diagnosing
the vertical root fracture in a timely fashion enables to treat the root-fractured tooth and
avoid extraction.

On the root-fractured tooth, the specific clinical signs and symptoms are often unclear,
and it is difficult to recognize the fracture before the tooth is extracted [10]. Among the
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radiographic methods to diagnose root fracture, periapical radiography is the primary
means. However, the detection ability of periapical radiography is limited because it
produces a 2D image with anatomical noise or geometric distortion [11,12].

Cone-beam computed tomography (CBCT) provides a 3D image that largely elimi-
nates anatomical noise and suffers minimal geometric distortion. CBCT has higher accuracy
compared to that of periapical radiography for the detection of vertical root fracture [13,14].
However, the accurate detection of vertical root fracture using CBCT is still under dis-
cussion [10,15,16]. One report mentioned that the fracture orientation of the vertical root
fractures in teeth with intracanal metal post plays a role in the detection accuracy of
CBCT [17]. Other reports showed that radiopaque materials used as root canal filling,
such as gutta-percha, cause artifacts in CBCT images by causing beam hardening, and
the diagnostic quality is therefore reduced [18–20]. On the other hand, CBCT successfully
detects root fracture in both endodontically and nonendodontically treated teeth with
higher sensitivity and accuracy [21–23].

The purpose of this study was to investigate the characteristics and the detection
ability of vertical root fractures in endodontically treated teeth by intraoral radiography
and CBCT.

2. Materials and Methods

We reviewed CBCT images of 50 patients (18 males and 32 females; age range of
16–86 years; mean age 58.7 ± 16.0 years) with confirmed root fractures in endodontically
treated teeth after extraction. They were examined for root fractures by CBCT in our
university hospital from January 2017 to August 2019. Ten nonendodontically treated teeth
were also examined at this time; however, they were excluded from this study as we were
concerned with analyzing root fractures in endodontically treated teeth. The root fractures
of all patients were confirmed after the extraction of tooth. All patients received intraoral
radiography before CBCT for the diagnosis of root fracture, which was doubtful from the
clinical observation but not certain without radiography. The intraoral radiography and
CBCT images were independently evaluated by two radiologists, and any discrepancies
were resolved by consensus. This study was approved by the Ethics Committee of the
Nippon Dental University School of Life Dentistry at Niigata (ECNG-R-318).

Intraoral radiographs were obtained by an intraoral machine (HELIODENT Plus;
Sirona Dental Systems, Tokyo, Japan) with a dental protocol: tube current, 7 mA; tube
voltage, 70 kV.

CBCT image was acquired using a CBCT unit (Fine Cube; Yoshida, Tokyo, Japan)
using the CBCT parameters with the standard mode: tube current, 4.00 mA; tube voltage,
90.00 kV. The field of view was 81 mm × 81 mm, and the rotation time was set at 16.8 s. The
protocol was set to the thickness of 0.144 mm, and the axial, cross-sectional, and parasagittal
multiplanar reformation (MPR) images and 3D images were obtained [24].

Fracture directions of the 50 root fractures in endodontically treated teeth were inves-
tigated at first, and we then divided these into vertical and horizontal root fractures. Of
the 50 root fractures in endodontically treated teeth, 36 root fractures were vertical root
fractures, and these were the fractures used for this study. Characteristics of 36 vertical
root fractures in endodontically treated teeth were investigated. Cause of fracture was
divided into traumatized teeth and nontraumatized teeth according to trauma history, and
the numbers of each tooth were counted. Most of the coronal restorations were followed
by crown regardless of the kind of core construction. Core construction was investigated:
the number of metal cores, composite resin cores, and absence of cores were counted.
Concerning the kind of teeth, the number of vertical root fractures at the anterior, premolar,
and molar teeth were counted. Fracture direction in the vertical root fracture was divided
into bucco-lingual and mesio-distal fractures, and each tooth number was counted. Bucco-
lingual and mesio-distal fractures in 36 vertical root fractures were further investigated
concerning the position of teeth (upper and lower teeth) and the kind of teeth (anterior,
premolar, and molar teeth).
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Detection ability of vertical root fractures in endodontically treated teeth by intraoral
radiography and CBCT was examined by counting the number of detectable and un-
detectable vertical root-fractured teeth, including both bucco-lingual and mesio-distal
fractures. The detection ability was decided according to the consensus of two radiologists
at the time that each radiograph was taken.

Statistical analyses for the characteristics of vertical root fractures and characteristics of
bucco-lingual and mesio-distal fractures were performed by χ2 test in the case that expected
number was larger than five. Detection ability for the vertical root fractures using intraoral
radiography and CBCT were analyzed by cross-tabulation. Regarding the cross-tabulation,
Yates’s correction was used for the continuity correction. When there were statistically
significant cross-tabulations, residual analysis was performed. Statistical analysis software
(SPSS 17.0, SPSS JAPAN, Tokyo, Japan) was used for the statistical analysis, and differences
of α < 0.05 were considered significant.

3. Results

Table 1 shows the fracture direction of the 50 root fractures in endodontically treated
teeth. The number of vertical root fractures was larger than that of horizontal root fractures
(χ2 (1) = 9.68, p = 0.002).

Table 1. Fracture direction of 50 root fractures in endodontically treated teeth.

Parameters Number of Root Fractures p Value

Fracture direction 50 (100%) 0.002
Vertical fracture 36 (72.0%)

Horizontal fracture 14 (28.0%)

Characteristics of 36 vertical root fractures are shown in Table 2. All the vertically
fractured teeth were nontraumatized teeth. The occurrence of vertical root fracture was not
different among metal core, composite resin core, and no core (χ2 (2) = 1.17, p = 0.558). The
number of vertical root-fractured teeth differed significantly among the anterior, premolar,
and molar teeth (χ2 (2) = 10.50, p = 0.005), and the number of vertical root fractures
in premolar teeth was largest. The number of vertical root fractures was significantly
different between the bucco-lingual fracture (Figure 1) and mesio-distal fracture (Figure 2)
(χ2 (1) = 4.00, p = 0.046), and the number of the bucco-lingual fractures was twice that of
the mesio-distal fractures.

Table 2. Characteristics of 36 vertical root fractures.

Parameters Number of Root Fractures p Value

Cause of fracture 36 (100%) -
Traumatized teeth 0 (0%)

Nontraumatized teeth 36 (100%)
Core construction 36 (100%) 0.558

Metal core 14 (38.9%)
Composite resin core 9 (25.0%)

No core 13 (36.1%)
Kind of teeth 36 (100%) 0.005
Anterior teeth 9 (25.0%)
Premolar teeth 21 (58.3%)

Molar teeth 6 (16.7%)
Fracture direction 36 (100%) 0.046

Bucco-lingual fracture 24 (66.7%)
Mesio-distal fracture 12 (33.3%)
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investigated for the position of teeth (upper and lower teeth) and the kind of teeth (ante‐
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upper (χ2 (1) = 0.89, p = 0.346) and lower teeth (χ2 (1) = 3.56, p = 0.059). There were statis‐

tically significant differences between the bucco‐lingual and mesio‐distal fractures in the 
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Figure 1. Cone-beam computed tomography (CBCT) image of vertical root fractures in endodontically
treated teeth (bucco-lingual fracture). (a) Axial image; (b) cross-sectional multiplanar reformation
(MPR) image; and (c) parasagittal MPR image. Arrow indicates part of root fracture.
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Figure 2. CBCT image of vertical root fractures in endodontically treated teeth (mesio-distal fracture).
(a) Axial image; (b) cross-sectional MPR image; (c) parasagittal MPR image. Arrow indicates part of
root fracture.

Bucco-lingual and mesio-distal fractures in 36 vertical root fractures were further
investigated for the position of teeth (upper and lower teeth) and the kind of teeth (anterior,
premolar, and molar teeth) (Table 3). The number of vertical root fractures was not signifi-
cantly different between the bucco-lingual and mesio-distal fractures, both in the upper
(χ2 (1) = 0.89, p = 0.346) and lower teeth (χ2 (1) = 3.56, p = 0.059). There were statistically
significant differences between the bucco-lingual and mesio-distal fractures in the premolar
teeth (χ2 (1) = 5.76, p = 0.016), and the number of bucco-lingual fractures was larger than
that of the mesio-distal fractures.

The results of the abilities of intraoral radiography and CBCT in the detection of
vertical root fractures were shown in Table 4. Concerning the bucco-lingual fracture, the
detection ability was statistically significantly different between intraoral radiography and
CBCT (χ2 (2) = 19.29, p < 0.001, V = 0.68). The residual analysis results illustrated that
bucco-lingual fractures were detectable using CBCT but were undetectable by intraoral
radiography (p < 0.05). Regarding the mesio-distal fractures, the detection ability was also
statistically significantly different using radiography (χ2 (2) = 20.17, p < 0.001, V = 1.00). The
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residual analysis results showed that mesio-distal fractures were detectable using CBCT
but were undetectable by intraoral radiography (p < 0.05).

Table 3. Bucco-lingual and mesio-distal fractures in 36 vertical root fractures.

Parameters Number of Bucco-Lingual Fractures Number of Mesio-Distal Fractures p Value

Position of teeth
Upper teeth 11 (61.1%) 7 (38.9%) 0.346
Lower teeth 13 (72.2%) 5 (27.8%) 0.059
Kind of teeth
Anterior teeth 5 (55.6%) 4 (44.4%) -
Premolar teeth 16 a (76.2%) 5 b (23.8%) 0.016

Molar teeth 3 (50.0%) 3 (50.0%) -

Note: Significant difference was found between a and b (p < 0.05).

Table 4. Detection ability of vertical root fractures.

Detection Ability Intraoral Radiography CBCT

Bucco-lingual fracture
Detectable 6 (25.0%) a 22 (91.7%) b

Undetectable 18 (75.0%) c 2 (8.3 %) d

Mesio-distal fracture
Detectable 0(0%) e 12 (100%) f

Undetectable 12 (100%) g 0 (0%) h

Note: Significant differences were found between a and b, c and d, e and f, and g and h (p < 0.05).

4. Discussion

Root fracture is an increasingly more prevalent cause of tooth loss than that of caries
or periodontal disease [1]. In this study, the characteristics of vertical root fractures in
endodontically treated teeth were investigated, and the detection abilities of intraoral
radiography and CBCT were examined. The results showed the adequate radiography for
the diagnosis of vertical root fractures in endodontically treated teeth.

The CBCT parameters at our hospital were as follows: standard mode (tube voltage,
90.0 kV; tube current, 4.00 mA; rotation time, 16.8 s; field of view, 81 mm × 81 mm; thickness,
0.144 mm), high-density mode (tube voltage, 90.0 kV; tube current, 4.00 mA; rotation time,
33.5 s; field of view, 81 mm × 81 mm; thickness, 0.144 mm), and high-resolution mode (tube
voltage, 90.0 kV; tube current, 4.00 mA; rotation time, 16.8 s; field of view, 56 mm × 56 mm;
thickness, 0.099 mm) [25]. High-resolution mode was sharper than both standard mode and
high-density mode for the analysis of surgical specimens in segmental mandibulectomy [26].
However, standard mode was used for patients as the oral and maxillofacial protocols at
our hospital because evaluation of another dentomaxillofacial lesion was necessary for
diagnosis and treatment planning in dental practice [24].

Fracture directions of the 50 root fractures in endodontically treated teeth were in-
vestigated, and it was shown that 72% of the root fractures were vertical and 28% were
horizontal. Therefore, this study put the vertical root fracture in endodontically treated
teeth into focus. One report indicated that vertical root fracture was the third most common
cause of extraction in endodontically treated teeth [27]. In endodontically treated teeth,
dentin exhibits more plastic deformation than that of nonendodontically treated teeth,
and the dehydration of dentin increases stiffness [28]. Furthermore, excessive removal
of dentin during coronal enlargement [29] might lead to root fracture. Number of ver-
tical root fractures is reported to be larger than that of horizontal root fractures [7], and
our results supported this report. When teeth are endodontically treated, a spreader is
added to create a wedging effect during lateral condensation, and this can cause vertical
root fracture [30,31].

Characteristics of 36 vertical root fractures were investigated. All the vertically frac-
tured teeth in this study were nontraumatized teeth. It is reported that vertical root fracture



J. Imaging 2022, 8, 51 6 of 8

is larger in nontraumatized teeth, and traumatized teeth tend to have horizontal root
fractures [32]. The result of this study supported the previous report [32]. Concerning the
core construction, the numbers of metal cores and those with no core were larger compared
to that of the composite resin cores in this study. The occurrence of vertical root fracture
did not differ among the core construction. This result was inconsistent with previous
studies that found that metal cores easily cause root fracture compared to that of cores
with lower modulus of elasticity, such as resin core or fiber post [33,34]; conversely, the
result supported a report that showed there were not significant differences in root fracture
incidence between metal core and fiber post [35]. Regarding limitations of this study, the
core construction did not influence the occurrence of vertical root fracture; however, the
influence of core construction on vertical root fracture should be investigated owing to the
increasing number of fractured teeth.

Vertical root fractures occurred easily in premolar teeth, and the number was larger in
bucco-lingual fractures compared to that of mesio-distal fractures. Some reports mentioned
that the frequency of vertical root fractures was larger in premolars [36,37]. The anatomy of
the premolar teeth is flat, and its roots are thin, with a smaller mesio-distal diameter; namely,
an oval diameter in bucco-lingual direction [7]. Therefore, vertical root fracture would
easily occur in the premolar teeth, and the fracture direction tended to be bucco-lingual in
our study.

Bucco-lingual and mesio-distal fractures in 36 vertical root fractures were further
examined regarding the position and type of teeth. The results showed that the number
of bucco-lingual and mesio-distal fractures did not differ in either upper or lower teeth.
However, the number of bucco-lingual fractures (76.2%) was larger than that of the mesio-
distal fractures (23.8%) in premolar teeth. The numbers of bucco-lingual and mesio-distal
fractures were not different in the anterior or molar teeth. This result suggested that vertical
root fracture was more common in premolar teeth, and most fractures occurred in a bucco-
lingual direction. The anatomy of the premolar teeth with smaller mesio-distal diameter
and an oval diameter in a bucco-lingual direction may cause the bucco-lingual fracture [7].
Additionally, canal preparation was performed roundly in the oval canal, and the remaining
dentin thickness decreased; therefore, the susceptibility to fracture increased [30].

The detection ability of vertical root fracture was greater in CBCT compared to that
of intraoral radiography, both in the bucco-lingual and mesio-distal fractures. Most of the
vertical root fractures were difficult to diagnose via intraoral radiography; therefore, CBCT
is needed for the diagnosis of vertical root fractures. Concerning the mesio-distal fracture,
all the vertical root fractures could not be diagnosed by intraoral radiography. On the other
hand, 25% of the bucco-lingual fractures were detectable by intraoral radiography. This
result suggested that if the fracture direction of the bucco-lingual fracture was parallel to
the propagation direction of the radiation, the bucco-lingual fracture could be detected
by intraoral radiography. Therefore, we recommend setting the propagation direction
of the radiation parallel to the direction of the bucco-lingual vertical fracture if possible.
Two cases of bucco-lingual vertical fractures could not be diagnosed by CBCT because of
metal artifacts. A limitation of CBCT is with metal artifacts because they make examination
results difficult to interpret [38]. The bucco-lingual fracture was detectable in 91.7% of
fractures, and mesio-distal fracture was detectable in 100% of the fractures by CBCT in this
study. These results were similar to that of previous reports that mentioned that CBCT can
be used successfully for the detection of vertical root fracture, both in endodontically and
nonendodontically treated teeth [21–23]. However, it was reported that visualization is not
always possible in root-filled teeth via CBCT imaging [39]. In this study, it was sometimes
impossible to diagnose vertical root fracture using CBCT because of the interference of metal
artifacts. Therefore, it would be recommended to remove the metal before conducting
radiography using CBCT. The results of this study suggest that CBCT is an adequate
radiographic method for the diagnosis of vertical root fracture, both in bucco-lingual and
mesio-distal fractures.
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The limitation of this study was that the sample number of root-fractured teeth was
small. In future studies, a greater number of teeth should be examined to clarify the
characteristics of vertical root fractures.

5. Conclusions

This study investigated the characteristics of vertical root fractures in endodontically
treated teeth and the detection abilities of intraoral radiography and CBCT. The results
made it clear that vertical root fracture occurs easily in premolar teeth with a bucco-lingual
direction, and they also suggest that CBCT is an adequate radiographic method for the
diagnosis of vertical root fractures in both bucco-lingual and mesio-distal fractures.
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