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In vitro comparison of cone beam computed tomography
with different voxel sizes for detection of
simulated external root resorption
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Abstract: The present study compared the
efficacy of cone beam computed tomography using
different voxel sizes in the diagnosis of simulated
external root resorption. The presence or absence of
simulated defects on buccal, mesial and distal root
surfaces of 20 premolars was evaluated. The defects
were small (0.26 mm in diameter and 0.08 mm deep),
medium (0.62 mm in diameter and 0.19 mm deep)
and large (1.05 mm in diameter and 0.24 mm deep),
equally distributed on each root surface. Images were
obtained using Classic i-CAT cone beam computed
tomography with different voxel sizes: 0.12, 0.20,
0.25 and 0.30 mm. Five oral radiologists evaluated
the images. Accuracy, sensitivity, specificity, positive
and negative predictive values were determined. The
sensitivity decreased and specificity increased as voxel
size increased. Accuracy values were the highest for
the smallest voxel size (0.12 mm). The results for
voxel sizes 0.20 mm and 0.25 mm were similar. Posi-
tive and negative predictive values were similar in all
protocols, except with 0.30 mm, in which they were
the lowest. In conclusion, external root resorption was
more easily diagnosed when a smaller voxel size was
used. (J Oral Sci 54, 219-225, 2012)
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Introduction

External root resorption (ERR) may occur as a compli-
cation after orthodontic tooth movement, dental trauma,
transplantation, pulp infection, bleaching procedures, and
periodontal procedures, with impacted teeth, cysts, and
tumors, and due to pressure from an adjacent erupting
tooth (1).

Apical root resorption is an undesirable sequelae of
orthodontic therapy that may, in some cases, compro-
mise the results of successful treatment (2,3). When root
resorption is detected during active treatment, a decision
must be made as to whether to continue, modify or
discontinue the treatment. After three months, apical root
resorption is usually detected in a few teeth. The number
increases significantly after six months (2). Orthodontic
patients with detectable root resorption during the first six
months of active treatment are more likely to experience
resorption in the following six-month period than those
without it (4). Thus, early detection of root resorption
during orthodontic treatment is essential for identifying
teeth at risk of severe resorption (5).

The diagnosis of ERR is often based on clinical and
radiographic examination, and its detection is a real chal-
lenge to the dentist, especially when there are no evident
clinical signs (6). However, conventional radiography is
not always reliable for the diagnosis of ERR, particularly
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Table 1 Diameter and depth of the root defects

Diameter (mm) Deep (mm)
No cavity (control group) 0 0
Small cavity (ERR1) 0.26 0.08
Medium cavity (ERR2) 0.62 0.19
Large cavity (ERR3) 1.05 0.24

in small defects on the buccal or lingual surface. It is
necessary for a certain degree of resorption to occur before
the defect can be detected by conventional radiographic
examination. Thus small cavities, 0.60 mm in diameter
and 0.30 mm deep, may not be visible in conventional
intraoral radiographs (7). It has been observed that
orthodontic forces induced ERR after the first week of
treatment; however this was not evident in periapical
radiographs (8). When conventional radiographs were
used, defects less than 0.28 mm of depth could not be
viewed (9). Moreover, such images do not present a real
three-dimensional (3D) view of the resorption (10).

Cone beam computed tomography (CBCT) shows 3D
images of dental structures and offers clear structural
images with high contrast; furthermore, examination can
be performed using lower patient exposure doses when
compared to multislice computed tomography (11,12).
Few data is available on the detection of ERR by CBCT
(13-15) or on the effect of voxel size in such diagnosis
(16). Therefore, the aim of this study was to compare the
diagnostic efficacy of CBCT with different voxel sizes in
detecting simulated ERR.

Materials and Methods

This study was approved by the Piracicaba Dental
School — State University of Campinas Ethical
Committee. Twenty single-rooted premolar teeth with no
visible defects or root fractures, which had been extracted
for orthodontic purposes and stored in water, were
used. Four defect possibilities (Table 1) were randomly
distributed over nine regions of each root surface: buccal
cervical, buccal middle, buccal apical, distal cervical,
distal middle, distal apical, mesial cervical, mesial
middle and mesial apical. The root surfaces received
an equal number of defect possibilities (45 no cavity,
45 small, 45 medium and 45 large cavities), distributed
equally in each root third. The defects were created with
a spherical diamond bur (KG, Sorensen, Brazil) using a
cavity preparation machine developed by Soares et al.
(17) to standardize the cavity diameter and depth.

The radicular portion of each tooth was covered
uniformly with a layer of utility wax (Epoxiglass, Sao
Paulo, Brazil), with approximately 0.30 mm of thickness,

Fig. 1 Simulated external root resorption (large cavity)
visualized in the apical third of CBCT images with
different voxel sizes. 1) 0.12 mm voxel: axial (1a),
coronal (1b) and sagittal (1c) slices; 2) 0.20 mm
voxel: axial (2a), coronal (2b) and sagittal (2¢) slices;
3) 0.25 mm voxel: axial (3a), coronal (3b) and sagittal
(3c) slices; 4) 0.30 mm voxel: axial (4a), coronal (4b)
and sagittal (4c) slices.

and inserted into stone type plaster mixed with ground
rice in an equal ratio by volume in order to obtain a radio-
graphic aspect equivalent to the soft tissue (periodontal
space) and alveolar trabecular bone (dental alveolus),
simulating an in vivo situation. The presence of wax
layer reduces the occurrence of artifacts around the root
surface in the image (18).

Images were obtained by means of Classic i-CAT
CBCT (Imaging Sciences International, Inc, Hatfield,
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Voxel Field of view Acquisition time Kilovoltage Milliamperage  Milliamperage-second
(mm) (cm) (s) kV) (mA) (mAs)
0.12 06 x 16 40 120 08 36.12
0.20 08 x 16 40 120 08 36.12
0.25 08 x 16 40 120 08 36.12
0.30 08 x 16 20 120 08 18.45

Table 3 Sensitivity, specificity, accuracy, positive and negative predictive values for different voxel sizes

Voxel (mm) Sensitivity Specificity Accuracy NPV PPV
0.12 0.58 0.58 0.58 0.31 0.80
0.20 0.52 0.62 0.54 0.30 0.80
0.25 0.46 0.71 0.52 0.30 0.82
0.30 0.34 0.73 0.44 0.27 0.79

NPV: Negative predictive value, PPV: Positive predictive value

PA, USA), according to four different protocols (Table 2).
The images (Fig. 1) were evaluated blindly by five previ-
ously calibrated oral radiologists with at least 6 months
experience of using CBCT, under dim light conditions.
The presence or absence of ERR was evaluated in each
of the nine regions of the root. All three-dimensional
slices of the images were analyzed using XoranCat soft-
ware version 3.0.34 (Xoran Technologies, Ann Arbor,
MI, USA). The observers were allowed to use only the
“zoom” tool. After 60 days, all images were re-evaluated.
Inter- and intraobserver agreements were calculated by
the kappa test (poor agreement, 0.40; moderate agree-
ment, 0.40-0.59; good agreement, 0.60-0.74; excellent
agreement, 0.75-1.00).

A decision matrix was used for statistical analysis,
considering the following diagnostic outcomes: true
positive (TP, i.e., clinical presence of ERR with positive
CBCT diagnosis of ERR), true negative (TN, i.e., clinical
absence of ERR with negative CBCT diagnosis of ERR),
false negative (FN, i.e., clinical presence of ERR with
negative CBCT diagnosis of ERR) and false positive (FP,
i.e., clinical absence of ERR with positive CBCT diag-
nosis of ERR). The sensitivity (TP/TP + FN), specificity
(TN/TN + FP), accuracy (TP + TN/TP + TN + FP + FN),
positive predictive (TP/TP + FP) and negative predictive
(TN/TN + FN) values were calculated for each voxel size
and defect using SAS 9.1 software (SAS Institute, Cary,
NC, USA).

Results
The mean intraobserver agreement was very good
(0.91 for voxel resolution of 0.12 mm; 0.87 for voxel
resolution of 0.20 mm; 0.88 for voxel resolution of

0.25 mm and 0.81 for voxel resolution of 0.30 mm).
Considering the very high intraobserver Kappa values,
interobserver agreement was calculated based on the first
readings only. The mean Kappa values for interobserver
agreement were very good for 0.12 mm, 0.20 mm, and
0.25 mm (0.89, 0.82 and 0.82, respectively) and good for
0.30 mm voxel resolution (0.74).

The sensitivity, specificity and accuracy, positive and
negative predictive values are shown in Table 3. The
sensitivity values tended to decrease and the specificity
values increased with an increase in the voxel size. Accu-
racy values showed that the 0.12 mm voxel gave the best
result; the 0.20 mm and 0.25 mm voxels were similar.
Positive and negative predictive values increased with
small voxel sizes, except the negative predictive value in
0.25 mm, which demonstrated the highest value.

Table 4 presents sensitivity, specificity, accuracy, and
positive and negative predictive values of the different
voxel sizes for small cavity (ERR1), medium cavity
(ERR2) and large cavity (ERR3). The results revealed
that as the cavity size increased, sensitivity, accuracy,
positive and negative predictive values also increased.

When correlating the voxel size and root region (Table
5), better sensitivity, accuracy, positive and negative
predictive values were obtained in the apical and middle
third when there was a decrease in voxel size.

Discussion
The aim of this article was to determine the diagnostic
efficacy of cone beam computed tomography in the detec-
tion of simulated external root resorption by changing
scanning parameters resulting in different voxel sizes.
We decided not to use the task specific filters or image
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Table 4 Sensitivity, specificity, accuracy, positive and negative predictive values correlating the voxel size and diameter of the

Accuracy NPV PPV

ERR2 ERR3 ERRI ERR2 ERR3 ERRI ERR2 ERR3

cavities
Sensitivity Specificity
Voxel (mm) ERR1 ERR2 ERR3 ERRI ERR2 ERR3 ERRI
0.12 0.40 0.64 0.69 0.58 0.58 0.58 0.49
0.20 0.38 0.64 0.52 0.62 0.62 0.62 0.51
0.25 0.35 0.51 0.50 0.71 0.71 0.71 0.54
0.30 0.25 0.31 0.44 0.73 0.73 0.73 0.51

0.61 0.63 0.49 0.62 0.65 0.49 0.61 0.62
0.63 0.57 0.53 0.63 0.54 0.47 0.63 0.61
0.61 0.60 0.56 0.59 0.56 0.52 0.64 0.66
0.52 0.58 0.53 0.52 0.54 0.46 0.54 0.65

NPV: Negative predictive value, PPV: Positive predictive value, ERR1: small cavity, ERR2: medium cavity, ERR3: large cavity.

Table 5 Sensitivity, specificity, accuracy, positive and negative predictive values correlating the voxel size and root region

Accuracy NPV PPV

Voxel (mm) Apical Middle Cervical Apical Middle Cervical Apical Middle Cervical Apical Middle Cervical Apical Middle Cervical

Sensitivity Specificity
0.12 0.60 0.62 051 0.60 0.60 053  0.60
0.20 058 0.60 038 0.60 053 0.73  0.58
0.25 0.49 051 038  0.73 0.60  0.80  0.55
0.30 040 042 020 0.67 028 087 047

0.62 0.52 0.33 0.34 0.26 0.81 0.82 0.76
0.58 0.47 0.32 0.31 0.28 0.80 0.78 0.81
0.53 0.48 0.32 0.29 0.30 0.84 0.79 0.85
0.48 0.37 0.27 0.28 0.26 0.78 0.79 0.81

NPV: Negative predictive value, PPV: Positive predictive value

enhancement tools of CBCT because we wanted to focus
on the effect of voxel sizes in the diagnosis of ERR.

The type of ERR simulation produced by drill was
used in this study so that the diameter and depth could
be standardized (19). This may not simulate the real
clinical condition, in which root resorption lesions have
more diffuse edges. However, simulated ERRs are easier
to view by radiographic examination than natural ERR;
future studies to develop standardized simulated resorp-
tion lesions of irregular shape are necessary.

No single two-dimensional (2D) imaging technique is
readily available for accurate diagnosis of ERR. Previous
studies have characterized the difficulties involved
in making these diagnoses (7,20-22). Some studies
demonstrated that when ERR simulations were evaluated
by digital systems, CCD or PSP, similar (21) or better
results (20) than conventional radiographic images were
obtained. However, digital and conventional systems are
still unable to provide precise views of incipient ERR,
because they do not provide a 3D representation of real
resorption. A CBCT image avoids overlapping structures
and is efficient in detecting ERR (13). However, the dose
of ionizing radiation to which the patient is exposed, is
higher than that of conventional radiography and lower
than that of multidetector computed tomography. There-
fore, its application for the diagnosis of ERR should be
further investigated.

In the present study, the evaluation of CBCT revealed
that it was difficult to detect small cavities when higher
voxel sizes were used. Nevertheless, it was shown to

be reliable for ERR diagnosis since the 3D information
increases its detection capability, especially when smaller
voxel sizes were used. Liedke et al. (16) also compared
the diagnostic ability of CBCT in detecting simulated
ERR using the same device used in the present study, but
with different voxel sizes (0.20 mm, 0.30 mm and 0.40
mm). The sensitivity, specificity and accuracy values
obtained differed from those of the present study. They
stated that the diagnostic performances of 0.20 and 0.30
mm voxels were similar (0.97 sensitivity values each).
In the present study, the values obtained with 0.30 mm
and 0.20 mm voxels were very different (0.34 and 0.52,
respectively). This disparity in results may be due to the
size of defects, since the smallest defect was 0.60 mm
in diameter and 0.30 mm deep and the largest was 1.8
mm in diameter and 0.90 mm deep in the previous study.
In the present study, the smallest defect was 0.26 mm
in diameter and 0.08 mm deep, and the largest defect
was 1.05 mm in diameter and 0.24 mm deep. Silveira
et al. (13) also found that the increase in cavity size led
to improved ability of single-slice computed tomography
to identify the defects with a voxel size of 1.50 mm, and
found that computed tomography was highly sensitive in
detecting simulated ERR. They reported a detection rate
of 0.71 for ERR; and sensitivity and specificity values
of 0.89 and 1.00, respectively. However, they also used
ERR simulating cavity sizes larger than those used in the
present study, and showed that the smallest resorption
detected were 0.60 mm in diameter and 0.30 mm deep.
Hahn et al. (15) reported high sensitivity, specificity



and accuracy values when evaluating cavities with
similar sizes as those used in the present study, using a
flat-panel volumetric computed tomography (fpVCT).
Furthermore, the authors concluded that the fpVCT had
a high potential for the detection and differentiation of
simulated external root resorption cavities with potential
pathologic relevance at an early stage. The absence of
cavities was correctly identified in 53% of the cases
only; in 47% it was wrongly classified as a degree 1
cavity (defect 0.30 mm in diameter and 0.08 mm deep).
Consequently, it was shown that there is no ideal image
for diagnosis. The above study used a 0.07 mm voxel,
whereas the smallest voxel used in the present study was
0.12 mm. Thus, it is difficult to make a direct comparison
of the results. The influence of voxel size was confirmed
in the present study; the smaller the voxel size, easier
the ERR detection. Moreover, the authors pointed out
that the radiation dose required for a complete fpVCT
evaluation of the head was too high when compared with
the radiation dose used in conventional radiographs and
multislice computed tomography.

Recently, Algerban et al. (14) compared the efficacy
of two CBCT devices in diagnosing simulated ERR in
maxillary lateral incisors associated with impacted upper
canines. The voxel sizes used in the devices were 0.125
mm (3D Accuitomo-XYZ Slice View Tomograph) and
0.133 mm (Scanora 3D). In cavities 0.16 mm in diameter
and 0.15 mm deep (similar to the medium cavity used
in the present study) and 0.30 mm (similar to the large
cavity used in the present study), only 62.5% and 87.5%
were viewed in Accuitomo, and 50% and 62.5% were
viewed in Scanora, respectively. In the present study,
when the 0.12 mm voxel was used, 64.4% and 68.8%
were identified by CBCT. The values obtained by the two
CBCT devices were similar. Moreover, it was observed
that the voxel size and cavity size influenced the result.
Theoretically, smaller voxel sizes provide a better image
resolution. This could be explained by the quantum
noise, which is fundamentally related to image quality
and dependent on the radiation dose, transmissibility
of tissues and voxel size. Quantum noise is the main
determinant of contrast resolution and spatial resolution,
which constitute the main determinants of overall image
quality (12).

In agreement with our study, Neves et al. (19) found
that the diagnosis of ERR was easier when the cavities
were located in the middle and apical root thirds, espe-
cially with lower voxel sizes. However, these results did
not agree with those of Silveira et al. (13), who observed
that ERR in the apical root third was the most difficult
to diagnose. This difference could be attributed to the
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higher voxel size and computed tomography device used
in the study.

In the present study, positive and negative predictive
values were lower than those reported by others (16).
This can be attributed to the difference in the size of the
cavities. Moreover, they depend on the prevalence of the
disease. Similar to the study by Liedke et al. (16), we
calculated positive and negative predictive values based
on the prevalence of ERR in the experimental setup (in
the present study 77%). In the real clinical situation where
the prevalence is lower, the difference between positive
predictive values with different voxel sizes becomes
lower, as with the absolute positive predictive value.

The Classic i-Cat CBCT images resulted in decrease in
sensitivity without jeopardizing specificity for detection
of ERR. The highest specificity values were obtained
with the voxel sizes 0.25 and 0.30 mm. This can be justi-
fied because the defect dimensions were smaller than the
voxel resolution, which can mask small cavities.

The SEDENTEXCT guideline (Guidelines on CBCT
for dental and maxillofacial radiology. http:/www.
sedentexct.eu/) suggests that CBCT examination should
not be used indiscriminately for all patients. We believe
that CBCT should not be used as a routine method for
ERR diagnosis, but it should be recommended when
lesions were suspected in routine periapical radiographs
pre, during or post orthodontic therapy, especially in the
most susceptible cases such as roots with abnormal shape,
short roots, dental trauma, endodontically treated teeth
and in cases of hypodontia (23). Kapila et al. (24) also
recommended CBCT to be used in selected orthodontic
cases in which conventional radiography cannot supply
satisfactory diagnostic information, like cleft palate
patients, for assessment of unerupted tooth position and
supernumerary teeth, for identification of root resorption
and for planning orthognathic surgery. Furthermore,
according to Estrela et al. (25), CBCT scans were better
than periapical radiographs in detecting ERR when root
region, root surface and extension were impossible to
determine.

The low radiation dose to the patient should also
be mentioned and the principle of ALARA (As Low
as Reasonably Achievable) should always be taken
in consideration. Torres et al. (26) observed that the
radiation dose for CBCT (Classic i-CAT) examination
is directly related to the acquisition time and milliam-
perage. Since we used the same acquisition time, kV
and mA for the 0.12, 0.20 and 0.25 mm voxel sizes, the
radiation exposure was equal. Based on our results, we
recommend the 0.12 mm voxel size to evaluate ERR,
due to high sensitivity and PPV values. Although the mA
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and acquisition time in 0.30 mm voxel size were smaller,
resulting in a lower radiation exposure, the sensitivity
was poor.

An in vitro study has some limitations. Only the
imaging test was evaluated, whereas clinical parameters
such as pulp vitality, history of trauma or orthodontic
therapy, which can aid in the diagnosis of ERR, were not.
Further studies with multi-rooted teeth and other tomog-
raphy devices are necessary. Although it is difficult to
perform, in vivo research could be conducted. Addition-
ally, CBCT image tools were not used in our study; since
they can improve the diagnosis of ERR.

In conclusion, it is important to use the best protocol
in CBCT for detection of ERR in order to obtain early
diagnosis of this pathology and for the most conservative
management. In the present study, ERR was more easily
diagnosed when a smaller voxel size was used.
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