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Abstract
This study assessed in vitro the diagnostic ability of
cone beam computed tomography (CBCT) scans with
different voxel resolutions in the detection of simulated
external root resorption (ERR). For that purpose, 59
teeth were viewed through iCAT tomography (Imaging
Sciences International, Inc, Hatfield, PA) following three
protocols in which the variation was the voxel resolution (0.4, 0.3, and 0.2mm). A calibrated examiner
blinded to the protocol assessed the images through
the i-CAT View software (Imaging Sciences International, Inc). The chi-square statistical analysis did not
show associations between voxel resolution, section
plane, size of cavity, and radicular third. Sensitivity and
specificity values were similar. However, likelihood ratio values of 6.4 for a 0.4-mm voxel, 16 for a 0.3-mm
voxel, and 12 for a 0.2-mm voxel were found. It was
concluded that CBCT is a reliable method for the investigation of simulated ERR, and a 0.3-mm voxel
appeared to be the best protocol, associating good
diagnostic performance with lower X-ray exposure. (J
Endod 2009;35:233–235)
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xternal tooth resorption is a multifactorial process of irreversible structural loss that
may lead to the loss of the tooth (1, 2). The diagnosis is based on clinical and
radiographic examination (3). Nevertheless, conventional radiographs produce falsenegative results in 51.9% and false-positive results in 15.3% of cases investigated (4).
It has been shown that lesions under 0.6 mm in diameter and 0.3 mm in depth are not
detected by conventional periapical radiography (5, 6).
The main difficulty in the radiographic diagnosis is encountered when the lesions
are on the buccal or lingual tooth surfaces (7). Aiming to evaluate how the elimination
of structure superimposition improves visualization, da Silveira et al (8) conducted an
in vitro study and observed that multislice computed tomography (MSCT) scans offer
high sensitivity and specificity to the detection of simulated cavities on the buccal surface
of axial tooth sections, except for small cavities present in the apical third.
Diagnostic efficiency and correct characterization of the location and the size of
tooth resorption on the root surface are essential aspects to the definition of the adequate therapeutic approach and eventually to success in treatment (6). In this sense,
three-dimensional images have proved to be important tools in dental practice. Some
studies have reported the use of MSCT for this purpose, although more recently cone
beam computed tomography (CBCT) scans have shown other advantages, such as
(1) the presence of a collimator, which confines irradiation to the area of study;
(2) the isotropic nature of voxels, which affords reconstructions of the same
quality of the original image; (3) the speed of conduction (between 10 and 70
seconds); and (4) the low radiation dose the patient is submitted to (around 1/60 of
the MSCT dose) (9 –13). Another advantage is that voxel size bears a positive correlation with image quality and exposure dose.
The aim of imaging in dentistry is to promote the combined advantages of early
diagnosis and reduced exposure of patients to x-rays. With this in mind, the present
study was designed to evaluate the diagnostic capacity of CBCT scans to detect external
root resorption on the buccal root surface. The experimental variables were cavity size,
location on the radicular third, visualization plan (frontal, sagittal, and axial), and voxel
resolution adopted.

Materials and Methods
Sixty human mandibular incisors from the Endodontics Department tooth bank of
the School of Dentistry were randomly numbered from 1 to 60. The teeth were not
sectioned, but their root portions were divided into thirds: cervical, middle, and apical.
A total of 180 thirds was obtained.
For each root third (cervical, middle, and apical), there were 4 simulation possibilities: small, medium, or large cavity or no cavity. Therefore, there were 12 possible
combinations, and, for each combination (third ⫻ size), 15 teeth were randomly
selected.
To simulate external root resorption, the teeth were placed in plaster bases, and
cavities of 0.6, 1.2 or 1.8 mm in diameter and 0.3, 0.6 or 0.9 mm in depth (small,
medium and large cavities) were drilled according to a protocol reported in the literature (5, 6, 14, 15). The cavities were drilled on the buccal surfaces with high-speed
and round burs 0.6, 1.2, and 1.8 mm in diameter (KG, Sorensen, Brazil) and the
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assistance of a pneumatic engine (Roll Air III, Kavo do Brasil, Brazil)
adapted to a device that ensured the accuracy of the diameter and the
depth of the cavity. Simulations in the cervical, middle, and apical thirds
of each tooth root were made randomly. Of the 60 teeth in the original
sample, one was lost because of fracture at the time of removal from the
plaster base. The 59 remaining teeth, divided into two groups of 20
specimens each and one group of 19 specimens, were fixed in 1-cm
thick wax plates and placed on the desk of the i-CAT tomography device
(Imaging Sciences International, Inc, Hatfield, PA; 120 kVp, 3-8 mA) for
image acquisition. The wax simulates the interference of the soft tissues
avoiding differences in density between air and teeth. This reduces
artifacts in the image. Axial, frontal, and sagittal sections were obtained
according to three protocols depending on the voxel resolution desired:
0.4-mm voxel (8-cm field of view [FOV], 20 seconds for acquisition),
0.3-mm voxel (8-cm FOV, 20 seconds for acquisition), and 0.2-mm
voxel (8-cm FOV, 40 seconds for acquisition). Images were analyzed by
using the i-CAT View software (Imaging Sciences International, Inc).
Images were analyzed by a blinded, previously calibrated radiologist. Calibration consisted of identification of the existence of external
root resorption in 10 tomograms that did not belong to the study sample
for each voxel resolution. At a 15-day interval, the same observation was
repeated. Results at the two time periods were evaluated using kappa
statistics to check intraobserver reproducibility. The values obtained for
kappa were above 0.73.
The three voxel resolutions (0.4, 0.3, and 0.2 mm) were analyzed
independently for association with the three planes (axial, frontal, and
sagittal), resorption sizes (small, midsized, and large), and its root
location (cervical, middle and apical third) by the chi-square test. Significance was established at 5%.

Results
Figure 1 shows the images of tomographic sections for each voxel
resolution. Table 1 shows the number of resorptions identified in the
131 resorptions simulated, for the section plane used, the root third
involved, and the cavity size for each voxel resolution studied, respectively. Tables 1 and 2 also show the chi-square test results, which did not
show any association between voxel size (0.4, 0.3, or 0.2 mm) used in
imaging and the tomographic plane (axial, frontal, or sagittal), cavity
size (small, medium, or large), or with the location of resorption on the
radicular third (apical, middle, or cervical) (p ⬎ 0.05).
The diagnostic capacity of CBCT scans to detect simulated external
root resorptions was tested. The results obtained indicated that CBCT
sensitivity and specificity values were similar and did not depend on the
voxel resolution adopted. Nevertheless, the likelihood ratio was 6.4 for
the 4.0-mm voxel, 16 for the 0.3-mm voxel, and 12 for the 0.2-mm voxel
(Table 2).

Discussion
In root resorption cases, either invasive cervical (16) or inflammatory (17), the sooner the treatment is commenced, the less severe
are the short-term consequences. Therefore, the early diagnosis of root
resorption is a key aspect to treatment success. Digital radiographic
imaging systems have introduced many potential benefits to endodontic
practice (18). The evaluation of tooth resorptions using CBCT scans is
confined to the description of clinical cases in which the technique was
used solely during the three-dimension planning in the treatment of
lesions previously diagnosed by means of radiographic investigation
(10). In light of the importance of the early diagnosis for the success of
treatment of this pathological process, this study aimed at assessing
CBCT scans in the diagnoses of simulated external root resorptions of
different sizes and locations in the vestibular root surface.
234
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Figure 1. Root sections showing the presence of simulated root resorption on
the apical third visualized with the different voxel resolutions adopted. With the
0.2-mm voxel: axial plane (1a), frontal plane (1b), and sagittal plane (1c); with
the 0.3-mm voxel: axial plane (2a), frontal plane (2b), and sagittal plane (2c);
and with the 0.4-mm voxel: axial plane (3a), frontal plane (3b), and sagittal
plane (3c).

Previous studies have shown that conventional radiographs fail to
efficiently diagnose external root resorptions. This difficulty is mainly
expressed in the occurrence of small defects located on the buccal or
lingual surfaces (4 –7).
da Silveira et al (8) investigated the MSCT technique and observed
high sensitivity and specificity for simulated external resorptions on the
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TABLE 1. Simulated Root Resorptions Identified from a Total of 131 Cavities Considering the Tomographic Plane, Cavity Size, and Location on the Root Third and
Significance of the Respective Chi-Square Test for Each Association (p Value)
Association
Tomographic plane
Cavity size
Root third
Voxel
0.4
0.3
0.2
Chi-square test

Axial
121
126
127

Frontal

Sagittal

Small

Medium

Large

Apical

131
130
131

122
124
126

131
129
130
p ⫽ 0.99826

127
132
131

123
128
130

128
129
129
p ⫽ 0.998571

buccal root surface. Nevertheless, low sensitivity was verified, with significant statistical difference, when small resorptions located on the
apical third were analyzed separately. Conversely, the results obtained
in the present study, for specificity and sensitivity, were very good,
although without statistically significant differences for cavity visualization, independently of cavity size, location, or plane analyzed.
The results of the diagnostic performance tests revealed values that
are similar for sensitivity and specificity between the different voxel
resolutions adopted. The likelihood ratio showed that the 0.3- and
0.2-mm voxel resolutions were better as compared with the 0.4-mm
voxel resolution, (16, 12, and 6.4, respectively). This shows the greater
probability of correctly identifying cavities when the image is acquired
using the first two voxel resolution parameters.
Apart from the technical advantages concerning the equipment
and the quality of the images obtained (11–13), the most substantial
benefit in preferring CBCT to MSCT scans is the lower exposure to x-rays
imposed on the patient. Some authors report a decrease of up to 13
times in dosages received (9, 16 –18).
The CBCT equipment presents oscillations in the radiation dose
emitted, depending on the device model and on the protocol adopted,
especially because of the variations in scanning time (19). Similarly, the
radiation dose is directly linked to the number of sections. Thus, it is
advised to request the smallest possible number of sections for the
diagnosis (12). The present study shows that the three voxel resolutions
adopted (0.4, 0.3, and 0.2 mm) produced the same results for the
diagnosis of cavities that simulate external root resorptions. Yet, this
diagnosis was made easier when the 0.3- or 0.2-mm voxel resolutions
were used, as the likelihood ratio results confirm. Therefore, for the
investigation of this pathology, the best approach would include a CBCT
scan with 0.3-mm voxel resolution because the protocol offers the same
performance in diagnosis as the 0.2-mm voxel resolution but with
shorter scanning time, which reduces patient exposure to x-rays.
TABLE 2. Results of Diagnostic Performance Tests According to Voxel
Resolution
Voxel resolution
Test (%)
0.4
0.3
0.2
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
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96
85
95
88
6.4

97
94
98
92
16

97
92
97
92.5
12

Middle
130
129
130
p ⫽ 0.997397

Cervical
127
128
127

Conclusion
CBCT is a safe method to investigate external root resorptions, with
excellent specificity and sensitivity. The 0.3-mm voxel resolution is the
best configuration because it associates great diagnostic performance
with lower patient exposure to x-rays.
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