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Background: External root resorption usually does not present a clinical sign or symptom, and, therefore, diagnosis is main-
ly based on radiographic examination. Many studies confirmed the advantage and accuracy of cone-beam
computed tomography (CBCT) in evaluating root resorptions. We aimed to evaluate the diagnostic accuracy of
CBCT images of chemically induced external root resorptions on extracted human teeth taken in different vox-
el sizes.

Material/Methods: In this in vitro study, 36 maxillary and 36 mandibular human incisor teeth, extracted owing to periodontal dis-
ease, were used. External resorption cavities were created on the buccal and proximal surfaces by using 10%
hydrochloric acid with different application periods of 10, 30, and 60 min. Resorption cavities in different depths
were induced to simulate different levels of external resorption. CBCT images were taken with Planmeca Promax
3D Max CBCT (Planmeca, Helsinki, Finland) in 4 different voxel sizes: 400, 200, 150, and 100 pm.

Results: There was no statistically significant difference between interobserver and intraobserver reliability. Higher ob-
server agreement was obtained for 100-uym and 150-pm voxel sizes. For detection of external root resorption
defects, interobserver agreement was highest for the 100-pym voxel size and when defects were located on
the proximal side of the samples. The highest k values were obtained for samples kept in hydrochloric acid for
60 min.

Conclusions: Chemically induced resorption cavities should be used for experimental studies to better imitate clinical con-
ditions. CBCT requirement is still ambiguous for detection of external resorptions, and more experimental and
clinical studies are needed.
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Background

External root resorption (ERR) is a frequently encountered pa-
thology associated with the physiological or pathological deg-
radation of calcified tissues, such as dentin, cementum, and
alveolar bone, by destructive cells [1,2]. ERR generally pro-
gresses without showing any clinical signs and symptoms;
therefore, radiographic evaluations form the basis of diagno-
sis in clinical practice [3]. ERR can also occur following orth-
odontic treatment, dental trauma, pulp infections, bleaching,
or periodontal disease. Moreover, impacted teeth, cysts, tu-
mors, and pressure of erupting canines applied to lateral inci-
sors can cause ERR [4,5].

Today, conventional films, photostimulated phosphor plates,
and charge-coupled device sensors used in intraoral radiog-
raphy are the most preferred radiological methods for the di-
agnosis of ERR [6]. All of these methods have been only par-
tially successful in accurately diagnosing ERR, especially when
the lesion is on the buccal or lingual aspect of the tooth [6].
Recent studies showed that those lesions less than 0.3 mm
in depth and 0.6 mm in diameter are not detected by conven-
tional periapical radiography [8]. Also, ERR cavities that are lo-
cated on the buccal or lingual surfaces of the roots are more
difficult to detect. Additionally, conventional radiographs can
show these cavities after 60% to 70% of tooth demineraliza-
tion. In some cases, the 2-dimensional (2D) nature of these
images misleads the accurate decision making because of in-
accuracy in diagnosing the location, type, and severity of de-
fects [9]. Accurate and early diagnosis of ERR is very important
in designing a treatment plan and predicting the prognosis of
treatment. As ERR presents no clinical symptoms, it is gener-
ally detected at the advanced stage during radiologic exami-
nation with periapical radiography. However, periapical radiog-
raphy can provide limited information about the correct size,
location, and extent of the ERR [10,11].

In addition, it is desired that ultrasound imaging be used as
an alternative for the diagnosis of lesions in the periapical re-
gion, owing to its advantages, which include not using ion-
izing radiation and obtaining real-time images. However, al-
though it has been found to be successful in the diagnosis
of periapical lesion in the anterior teeth region, the difficul-
ty in obtaining images, especially in the posterior region, ow-
ing to the high cortical bone thickness, suggests that the use
of ultrasound imaging in this region will be limited [12]. Due
to the aforementioned factors, diagnostic radiographic meth-
ods, such as 3-dimensional (3D) images, have an important
role in dental practice. There are studies evaluating whether
MR imaging, which is a noninvasive, 3D imaging method, can
also be used in imaging the root and surrounding structures
of the tooth [13,14].
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Cone-beam computed tomography (CBCT) has been designed
to produce the 3D image of dental structures and the maxil-
lofacial skeleton [15]. The main advantages of CBCT include a
reduction in radiation exposure, a rapid scan time, and few-
er image artifacts [15]. Several studies have confirmed the
advantage and accuracy of CBCT in evaluating root resorp-
tions [17-20]. In 2007, Cohenca et al found CBCT to be high-
ly successful in detecting the location and extent of ERRs.
Accordingly, they concluded that the correct evaluation before
the procedure will contribute to the reduction of the negative
effects that will develop after the treatment [21]. In the study
conducted by Schroder et al in 2018, periapical radiography
images and CBCT images were compared in terms of ERR di-
agnosis, and CBCT images were found to be much more suc-
cessful in terms of diagnosis [22]. CBCT units offer voxel siz-
es ranging from 0.075 to 0.4 mm. Voxel size selection affects
scanning, reconstruction time, diagnostic accuracy, and radi-
ation dose [10,23]. It is stated that the smaller the voxel size,
the higher the odds of visualization of smaller defects [24].

The goal of this study was to evaluate the diagnostic accura-
cy of CBCT images of chemically induced ERRs on extracted
human teeth taken in different voxel sizes. To the best of our
knowledge, no previous study to date has compared the ac-
curacy of different CBCT voxel sizes in chemically induced ERR
lesions that imitate the real ERR lesions more closely than me-
chanically created ones. Voxel size is associated with the im-
age quality and radiation dose [17]. In this way, we aimed to
find the optimum voxel size to visualize the external resorp-
tions with the least amount of radiation dose to the patient.

Material and Methods

In this in vitro study, 36 maxillary and 36 mandibular human
incisor teeth, previously extracted owing to periodontal dis-
ease, were used. Teeth without ERR, caries, and restoration
were included in the study. Teeth with caries, ERR, or resto-
ration were excluded from the study. The teeth were divided
into 12 groups and each group included 6 incisors. The sam-
ples were coded to keep the same teeth in the same group
for every single scan. External resorption cavities were creat-
ed on the buccal or proximal surfaces by using 10% hydro-
chloric acid with different application periods of 10, 30, and
60 min, which is noted to be used as the criterion standard
for radiographic evaluation. An ERR area was created on the
buccal or proximal surface of each tooth. To imitate the natu-
ral defects more closely, we used chemically induced defects;
therefore, the size of the defects were unknown. However, as
the etching time increased, the size of the defect increased.
However, the measuring of the size of ERR defects was not
the scope of our study.
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Resorption cavities in different depths were induced to simu-
late different levels of external resorption. The area where the
defect was planned to be created in the teeth was first cov-
ered with wax. Then, 2 layers of nail polish, which was not af-
fected by the acid we used, was applied to all surfaces of the
teeth. Following this, we removed the wax that we applied be-
fore from the relevant area. Thus, other parts of the tooth were
isolated from the acid, except for the area where we planned
to create resorption. We then obtained CBCT images before
the teeth were immersed in the acid bath to monitor wheth-
er the integration of the teeth was preserved in later stages.
In the next step, we first immersed the teeth in the acid bath
for 10 min and then removed them from the acid bath to ob-
tain CBCT images and evaluate these images. Afterward, we
performed the same procedure for the same teeth in 30 and
60 min of acid applications. The maxilla and mandible of 3 dry
skulls were used to carry and scan the teeth. The teeth were
placed in the anterior sockets of the dry jaws. Dry sockets
were gently adapted for teeth to place 2 groups of teeth in ev-
ery single jaw and then the jaws were also coded to carry the
same teeth in every single scan. CBCT images were taken with
Planmeca Promax 3D Max CBCT (Planmeca, Helsinki, Finland).
Images were taken in 4 different voxel sizes, 400 pm, 200 pm,
150 pm and 100 pym, which were available in the device. A
50x55-mm field of view (FOV) size was used, which was avail-
able to obtain images in all voxel sizes. The jaws were placed
in the CBCT device and positioned according to the head po-
sitioning lights. Two-ply modeling waxes were placed buccal-
ly and lingually to imitate soft tissues and then the jaws were
exposed (Figure 1). After all the images were obtained, one re-
searcher renamed and mixed the images. The researcher per-
formed a randomized data set of CBCT images with the man-
ufacturer’s viewer software (Romexis viewer 3.0.2, Planmeca,
Helsinki, Finland). The images were evaluated by 2 different
observers in all sections. The observers used the following
5-point ranking scale to record their level of confidence con-
cerning the absence or presence of external resorption: 1, def-
initely not present; 2, probably not present; 3, uncertain; 4,
probably present; and 5, definitely present.

Two observers determined the randomized CBCT images and
they were informed to feel free to use all the display settings
of the software as they wished while investigating. All sections
were used to evaluate the ERR cavities (Figure 2). The « sta-
tistic was employed to assess intraobserver and interobserver
agreement using the NCSS 2007 statistical software package
(NCSS and GESS; NCSS, LLC, Kaysville, UT, USA). The x values
were interpreted according to the guidelines of Landis and
Koch as follows: ¥<0.20, poor; ¥=0.21-0.40, fair; ¥=0.41-0.60,
moderate; k=0.61-0.80, good; and ¥=0.81-1.00, very good [25].
All evaluations were compared according to the identified cri-
terion standard. Results were considered statistically signifi-
cant at P<0.05.
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Figure 1. When the CBCT machine became ready to expose,
2-ply modeling waxes were placed buccally and
lingually to imitate soft tissues and then the jaws were
exposed. (Romexis viewer 3.0.2, Planmeca.).

Results

Table 1 shows the « coefficients for the overall interobserv-
er agreement according to voxel size. In this study, we used
4 different voxel sizes. There was no statistically significant
difference between interobserver and intraobserver reliabili-
ty. Higher observer agreement was obtained for voxel sizes of
100 pym and 150 pm.

For detection of ERR defects, the x coefficient for interob-
server agreement was highest for the 100-pm voxel size and
when the defects were located on the proximal side of the
samples (Table 1).

Regarding the detection of ERR defects after using 10% hy-
drochloric acid with different application periods of 10, 30,
and 60 min, induced resorption of 10 min could only be seen
in the voxel size of 100 pm, while resorption of 60 min could
almost be seen in all voxels. Induced resorptions of 60 min in
both sides (buccal and proximal) gave the highest accuracy in
the detection of ERR (Figure 2).

Table 2 shows the accuracy of the observers’ detection of buc-
cal and proximal resorptions on voxel sized images of 100 um,
150 pm, 200 pm, and 400 pm, concerning different acid ap-
plication times. As the voxel sizes increased and the resolu-
tion decreased, the ERR detection accuracy of the observers on
both buccal and proximal surfaces decreased. Similarly, as the
immersion time of the teeth increased and the lesion depth
increased, the accuracy of ERR detection of the observers in-
creased. Table 3 shows the « coefficients for agreement among
our observers in assessing the presence of ERR defects after
using 10% hydrochloric acid with different application periods
of 10, 30, and 60 min, according to the criterion standard. The
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Table 1. The x coefficient for interobserver agreement in the detection of the external root resorption defects.

Compliance between Observer 1 and Observer 2

100 pm 150 ym 200 pm 400 pm

10 mins

30 mins

60 mins

JFigure 2. Cross-sectional views in different voxels and different acid bath periods of the same tooth. (Romexis viewer 3.0.2,
Planmeca.).
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Table 2. Accuracy of observers for detection of buccal and proximal resorptions on different voxel sized images.

Buccal
Voxel size

Proximal

Observer 1 25.8 55.6

100 pm
Observer 2 32.8 62.5
Observer 1 25.7 36.1

150 pm
Observer 2 21.4 31.9
Observer 1 27.2 37.8

200pm (R
Observer 2 21.4 26.4
Observer 1 20.0 30.6

400 pmM
Observer 2 114 29.1

54.5 414 43.1 51.5

""""" s6 415 347 545
""""" 257 ss7 389 622
""""" 318 443 472 500
""""" 34 415 389 424
""""" 334 49 488 470
. 424 466 486 546
a9 457 48 560

Table 3. The x coefficients in interobserver agreement for different application periods of 10, 30, and 60 min, according to the criterion

standard.

Observer 1-Gold standard

Hydrochloric acid application time
(minutes)

Observer 2-Gold standard

highest x values were obtained for the samples that were kept
in hydrochloric acid for 60 min (Figure 2).

Discussion

ERR usually develops without any symptoms and when it is
diagnosed, a severe dental tissue loss might result in tooth
loss. Thus, early detection of ERR is key to having a successful
treatment outcome. Radiographic evaluation is the most im-
portant tool for the diagnosis, planning, treatment, and prog-
nosis of ERRs [10]. Only when ERR is detected in the initial
stage can the affected tooth be treated by repairing the re-
sorption cavity with no pulpal injury. The detection of ERR in
the later stage unfavorably alters the prognosis and might re-
sult in root canal treatment or tooth extraction [11,26]. Some
researchers have thought of using ERR markers in saliva and
gingival cervical fluid as an alternative to traditional methods
because they thought that classical radiography methods were
insufficient to diagnose ERR in the early stage. Although there
have been results showing that ERR markers can be used for
diagnosis in moderate and severe resorption, it was thought
that these markers could be confused with the physiological
remodeling process at the initial level [27]. Similarly, although
a study conducted in 2021 showed promising results for the

use of some biomarkers in gingival cervical fluid in the diagno-
sis of ERR, the authors emphasized that more studies are re-
quired for their use in clinical conditions. This makes us think
that CBCT is the most appropriate diagnostic method that can
be used for early ERR diagnosis in order to prevent tooth loss
under the current conditions [28]. To the best of our knowl-
edge, there is no 2D imaging technique available to provide
an accurate and easy to interpret diagnostic tool for the de-
tection of ERR. A few studies [15,29,30] have compared the
diagnostic accuracy between CBCT, digital sensors (charge-
coupled device, photostimulable phosphor plates, or comple-
mentary metal-oxide semiconductor), and conventional films.
Almost all of them showed that CBCT had an accuracy of over
90% in diagnosing external resorption.

Owing to the increased use of CBCT in dentistry, it is crucial to
find out which imaging protocol can give 3D images with ade-
quate sharpness and resolution for the detection and measure-
ments of small structures, such as natural ERR lesions. Some
CBCT imaging protocols have been proposed for the accurate
diagnosis and measurements of ERR lesions produced artifi-
cially with a bur [31]. However, while assessing chemically in-
duced ERR, which better mimics natural ERR, the present study
showed that the cavities are not as easily visualized and CBCT
has low accuracy regarding cavity detection, especially in the
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buccal region and when the teeth are immersed in the acid
for a short time. Although there is a possibility that MR im-
aging that does not contain ionizing radiation can be used in
the detection of ERR, we think that it will not be practical for
use in current conditions owing to the need for special equip-
ment and personnel, high cost, and unsuitability for use in the
dental clinic setting [13].

Liedke et al [17] reported that higher resolution (0.2-mm and
0.3-mm voxel size) CBCT images showed ERR better than low
resolution (0.4-mm? voxel) images, but with no statistically
significant difference (P>0.05). In our study, both observers
showed the most statistically significant and consistent re-
sults according to the criterion standard in the evaluation of
60-min induced resorption images that were taken in 100-ym
voxel size. On the other hand, proximal defects were identified
better than buccal defects, but there was no statistically sig-
nificant difference between them (P>0.05). The mean accura-
cy was 39.7% for diagnosing buccal defects and 52.2% for di-
agnosing proximal defects.

We assessed the effect of different voxel sizes on the ob-
server’s ability to diagnose ERR by using the smallest avail-
able FOV (55x50 mm) in the machine. Different results and
observer performance may be obtained when using different
FOV and voxel sizes.

Some studies showed that CBCT sections were effective in the
detection of ERR. Sonmez et al [10] reported that the sagit-
tal views were more versatile and user-friendly than the axial
views to measure ERR size. Likewise, Lermen et al [32] showed
that in the diagnosis of small apical ERR lesions (0.3-mm depth
and 0.6-mm diameter), the sagittal section was more accurate
than others. However, while considering these results, we did
not use only the sagittal view to evaluate the images but also
used the other views (coronal, axial, and cross-sectional) to
be able to evaluate the proximal and buccal surfaces of teeth.

Among the CBCT parameters (tube current, milliamperage set-
ting, detector type, FOV, voxel size, and scanning type) affect-
ing the image quality, voxel size is one of the most important
and is closely associated with the scanning and reconstruc-
tion time. The voxel size dictates the level of detail in an im-
age, which is its resolution, as well the scanning mode, which
determines the number of basis images since it is directly
associated with the spatial resolution of the image [23,31].
Therefore, the longer the scan time and the smaller the vox-
el size, the better the resolution details will be. On the oth-
er hand, the use of a small voxel size increases the exposure
time which can result in a higher radiation dose, patient move-
ment artifact, and longer reconstruction time [31]. Therefore,
to reduce the patient radiation dose, the determination of
optimal CBCT protocols is critical. The ideal imaging protocol
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would be a balance between the minimum radiation exposure
and the best resolution achievable [23,31]. Since smaller vox-
els cause higher radiation doses to the patient, different vox-
el configurations should be chosen to decrease the radiation
exposure based on the indication of each examination [31].
Sonmez et al [10] did not find a significant difference between
different voxel sizes (0.075, 0.1, 0.15, and 0.2 mm?) in the de-
termination of the diameter and depth of apical and cervical
ERRs. Similarly, Liedke et al [17] reported no significant differ-
ence between voxel sizes of 0.2, 0.3, and 0.4 mm? in the de-
tection of ERRs. Conversely, Ponder et al [33] reported that a
voxel size of 0.2 mm?3 was more accurate than one of 0.4 mm3
to detect the different sizes (1 mm and 1.8 mm) of ERR cavi-
ties. Goller-Bulut and Ugur-Aydin [26] also reported that de-
creased voxel size gave more accurate results in middle and
coronal region ERR measurements. However, the authors did
not find a significant difference in voxel sizes for the diame-
ter and depth of the apical ERRs. The differences in the above-
mentioned results might be due to different ERR locations and
dimensions, different CBCT machines, voxel size, observer ex-
perience, and performance [26]. In the present study, we did
not find a statistically significant difference between voxel siz-
es of 100 pm and 150 pm in diagnosing different ERR defects.
Thus, considering the generation of higher noise and radiation
dose when a small voxel size with a small FOV is used, CBCT
scans performed with a voxel size of 150 pm may be conve-
nient for the detection of ERR when indicated.

Safi et al [9] and Silveria et al [34] reported that FOV size, ei-
ther large or small, did not affect the imaging accuracy signif-
icantly. Silveria et al [34] investigated FOV size and voxel size
in internal root resorption and reported that the imaging qual-
ity is associated more with the voxel size. Therefore, it may be
advisable that, for the same voxel size, a smaller FOV size be
chosen, owing to less radiation exposure for the patient and
better cost-effectiveness.

In a study done on natural ERR cavities, Schroder et al [31]
demonstrated that the proximal surface had the highest num-
ber of ERR cavities, followed by the buccal and lingual surfac-
es. The authors did not find a statistically significant differ-
ence between different voxel sizes in the assessment of the
ERR location. However, the proximal surface gave the highest
true positive values among other surfaces separate from the
voxel size used. We found a statistically significant difference
between locations, with proximal resorptions detected with
higher accuracy than the buccal defects. Our results agree with
those of Schroder et al [31]

To date, most studies have used artificial ERR cavities that were
only mechanically produced with a bur or both mechanical-
ly and chemically produced, and there are just a few studies
[23] on the accuracy of CBCT on exclusively chemically induced
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defects. Chemically induced defects are a closer representation
of natural ERR defects. Natural ERR cavities might make an ac-
curate diagnosis challenging. Also, it is not ethical or possible
to expose the patient to different CBCT protocols to determine
their accuracy or to measure the ERR cavity volume [31]. The
first ex vivo study that used natural ERR to determine the ac-
curacy of 3 different CBCTs was done by Schroder et al [31] in
2019. The authors compared the sensitivity and specificity of
3 different CBCT machines in the diagnosis of natural ERR uti-
lizing microtomography as the criterion standard. The results
showed that CBCT had a lower sensitivity and specificity for
the detection of natural ERR cavities than those presented in
previous studies using artificial ERR cavities.

The results of the present study showed that the visibility of
chemically induced defects is less than that of mechanical-
ly induced defects. Mechanically induced defects have a cut-
ting edge so that they can be more detectable. However, real
defects have smooth margins, as do chemically induced de-
fects, making them not easily detectable. Visually, chemically
induced ERRs more closely resemble true resorptions than do
mechanically induced ERRs. If we consider that the studies in
the literature have been mostly conducted with mechanical-
ly induced resorptions, then the reason our results are lower
than those in the general literature, contrary to expectations,
may be that mechanically induced resorptions are detected
much more easily with CBCT, owing to their sharp borders.

CBCT images can have artifacts, such as those caused by me-
tallic objects, restorations, and patient motion. In our study,
there was no metallic restoration or motion artifact in the area
of interest; therefore, observer performance was not affected
by these factors. However, a limitation of this study was that
artificial ERR cavities are well-defined and sharper with regu-
lar edges, which are different from natural ERRs. Although we
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used chemically induced ERR cavities, which are a closer rep-
resentation of natural defects, the detection accuracy may be
still higher than in in vivo conditions.

Conclusions

For detection of ERR defects, the k coefficient for the interob-
server agreement was highest for the 100-pm voxel size and
when the defects were located on the proximal side of the sam-
ples. For the detection of ERR defects after using 10% hydro-
chloric acid with different application periods of 10, 30, and 60
min, the 10-min induced resorption could only be seen in the
100-pm voxel size, while the 60-min resorption could almost
be seen in all voxels. Therefore, as the etching time increases,
the ERR can be detected at higher voxel values.

The CBCT requirement is still ambiguous for the detection of
external resorptions, and more experimental and clinical stud-
ies are needed to better understand whether CBCT has a sig-
nificant capability of detecting natural resorptions. This will
prevent unnecessary patient radiation exposure. Chemically
induced resorption cavities should be used for experimental
studies to better imitate clinical conditions.
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