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Exploring digital filters for internal root resorption: how can we 
improve the diagnosis of small lesions?
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Objectives:  This study aimed to evaluate the impact of enhancement filters in detecting small 
simulated internal root resorptions (IRR).
Methods: :  Forty-two extracted human teeth were sectioned, connected, and stored in a 
dry human jaw and X-rayed with photostimulable phosphor plates (PSPs), composing the 
control group (CG). In the middle-third of the root canals, IRR lesions were simulated using 
Da Silveira protocol. Later, the specimens were X-rayed to create the test group (TG). All 
images acquired were exported with seven enhancement filters plus the original image. Three 
examiners used a five-point Likert scale to evaluate the images regarding the presence/absence 
of IRR. Diagnostic efficacy was assessed from sensitivity and specificity results. Comparison 
among filters was performed by using receiver operating characteristic (ROC) curve analysis.
Results: :  Moderate values of Kappa interexaminer (0.403–0.620) and high values of Kappa 
intraexaminer (0.757–0.915) were observed. The best performance occurred in the CG (p 
< 0.05). Original images presented the greatest sensitivity and area under the ROC curve 
(0.595–0.750), while the Endo filter presented the greatest specificity (0.952). Inversion and 
Pseudo-3D images produced the greatest doubt in the diagnosis, significant for CG with the 
Pseudo-3D filter (p < 0.05).
Conclusions: :  The Original and ‘Endo’ filters should be chosen as it offers greater diagnostic 
ability and allows more confidence during the evaluation.
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Introduction

The aetiology of internal root resorption (IRR) is 
related to pulpitis,1 and the clinical sign of pain is 
rarely present.2,3 I IRR is the result of dentin loss from 
the root canal due to the action of clastic cells1,4,5 and, 
if  untreated, progression of the lesion may result in 

premature loss of the tooth.1,3 Early detection of small 
IRR lesions is essential to the viability of endodontic 
treatment1,2,5 and higher treatment success rates.1–3

Periapical radiography is the first-choice examination 
for assessment of IRR lesions that may be detected as 
a radiographic finding,6 which demands considerable 
attention from the professional when evaluating images.3 
The radiographic appearance includes the presence of 
an oval radiolucent area surrounding the root canal 
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region.1,3,4 In the event that presence of an IRR lesion 
is detected, radiographs should be taken from several 
different angles1,2 because additional images can provide 
information regarding the location or type of lesion that 
is arising.2 Digital radiographs offer some advantages 
over film-based systems, such as lower radiation doses 
and elimination of the need for chemical processing.7,8 
Enhancement filters have attracted research interest9–13 
because they enable the visual appearance of digital 
images to be improved. Notwithstanding, few studies 
have analyzed the capacity to diagnose IRR using these 
filters.14–18 In general, studies that aim to compare the 
diagnostic capabilities of different imaging systems tend 
to use in vitro samples because of ethical principles and 
the need for radioprotection.14–17 Such studies simu-
late IRR lesions using drills, following the Andreasen 
protocol.19 However, despite the advantages of this stan-
dardization, drills generate cavities with different char-
acteristics to clinical lesions20 and can therefore influence 
interpretation of diagnostic tests as a consequence.

In response to this issue, a new IRR methodology 
for in vitro studies has been developed based on the use 
of acid demineralization21 to generate artificial lesions 
that are more similar to physiological ones. In contrast 
with drill-created lesions, this methodology results in 
lesions closer to those found clinically, with irregular 
borders. Therefore, this study aimed to evaluate the 
diagnostic capability of digital radiography with digital 
filters for detecting small IRR lesions created using acid 
demineralization.

Methods and materials

The Research Ethics Committee at the Universidade 
Federal do Rio Grande do Sul (UFRGS) approved this 
study (No. 23378). The methodology used in the study 
is the same as in Da Silveira et. al.21 Forty-two extracted 
canine and mandibular premolars were acquired from a 
human tooth bank Universidade Franciscana de Santa 
Maria - RS. The inclusion criteria were teeth with no 
restorations, endodontic treatment, signs of fissures or 
root fractures, and with pulp chambers and root canals 
free from any visible changes.

Development of small IRR lesions
The IRR lesions were produced adopting the same 

sequence and steps as used by Silveira et al21 for small 
lesions. This protocol produces artificial IRR lesions 
of around 2 mm in diameter and 0.2 mm in depth, and 
is appropriate for the main objective of testing radio-
graphic detection of minor lesions. Teeth were sectioned 
mesiodistally with a diamond disk (Buehler Diamond 
Cut-Off Wheels, No. 114243, Buehler, Lake Bluff, 
USA) using an electric cutter (IsoMet, Low-Speed Saw, 
Buehler, Lake Bluff, USA). The IRR was simulated 
using a protocol stipulating one day of acid deminer-
alization at the middle third of the root canals. Lesions 
were created using 5% nitric acid for 12 h, 8% sodium 
hypochlorite for 10 min, and 5% nitric acid for 12 h. 

Residues were removed by immersion in deionized water 
for 24 h. Superimposition of the root sections followed 
this stage.

Image acquisition
The corresponding root sections were superimposed 

and inserted into alveoli produced in a dry human jaw, 
which was coated with a 5-mm wax layer to simulate 
soft tissue. A paralleling ring system was used to ensure 
parallelism between the tooth and the phosphor plate, 
with a distance of 30 cm from teeth to the X-ray emitter. 
The vertical angle was perpendicular to the buccal 
surface, and images were acquired in orthogonal (0°), 
mesial (15°) and distal (15°) views. Three image acquisi-
tions were therefore executed for each tooth.

The control group (CG) consisted of all teeth radio-
graphed before the IRR simulation (n = 42). Following 
simulation of the small IRR lesions, each tooth was 
radiographed again, and these comprised the test group 
(TG, n = 42) and the gold standard group (GS). The 
phosphor plate storage system (Vista Scan - Dürr 
Dental, Bietigheim-Bissingen, Germany) was used in 
the same X-ray equipment (Dabi Atlante, Spectre 70X, 
127V, 8A, 50/60 Hz) with an exposure time of 0.4 s and 
20 LP/mm (1000 dpi) spatial resolution. DBSWIN 
software (Dürr Dental AG, Bietigheim - Bissingen, 
Germany) was used to post-process the images using the 
Original (unfiltered) setting and Fine, Caries 1, Caries 
2, Endo, Perio, Inversion and Pseudo-3-dimensional 
(3D) filters. Subsequently, the images were exported in 
Tagged Image File Format (TIFF). Figure 1 shows an 
example of the original image and the filters used for 
a tooth with an IRR lesion. An unblinded researcher 
(P.F.S.) determined the GS using the samples and their 
respective radiographic images.

Imaging evaluation
Eighty-four groups of radiographs taken at orthog-

onal, mesial and distal angles were arranged in coded 
groups. Each group was multiplied by the eight different 
versions of each image (seven filters and the unfiltered 
image), totaling 672 groups of images evaluated. A 
randomized and blinded sequence was prepared for the 
evaluations. Digital radiographs were viewed on a flat 
panel monitor (LG, Screen Size 21.5 inches, Contrast 
30.000:1 DFC, Maximum Resolution 1920 × 1080), 
using the Windows® Image Viewer (Microsoft®) in a 
darkened room. The zoom tool was available. Three oral 
and maxillofacial radiologists analysed the images and 
10% of the sample was reexamined to verify the intra-
examiner agreement. Before starting the analysis, the 
observers were given instructions about the aims of the 
study and the scoring scale database. Evaluations were 
scored on a 5-point Likert scale, as follows: (1) conclu-
sive presence of IRR; (2) probable presence of IRR; 
(3) uncertain presence of IRR; (4) probable absence of 
IRR; and (5) conclusive absence of IRR.

Data analysis
Statistical analysis was performed using SPSS soft-

ware v. 22 (SPSS, Chicago, IL, USA), adopting a cutoff  
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of p ≤ 0.05. The κ index was used to analyze intra-
examiner agreement and pairwise inter-examiner agree-
ment. The mode of the three examiners' ratings was used 
for the sequence analyses. The accuracy for each filter 
in the CG and TG groups was verified. For this assess-
ment, the responses scored on the 5-point Likert scale 
were dichotomized into the presence of IRR (scales 1 
and 2) versus the absence of IRR (scales 3, 4 and 5). 
Sensitivity and specificity values and the area under the 
receiver operating characteristic (ROC) curve (auROC) 
were calculated with 95% confidence intervals (CI) 
for each filter using the generalized estimation equa-
tion (GEE). Diagnostic ability was analyzed using the 
5-point Likert scale ratings by calculating the distance 
from the mean value attributed for each filter to the gold 
standard (GS). This was achieved by taking the mode 
of the three examiners’ ratings and for each case, calcu-
lating the mean value of the modes for all cases per filter, 
and then measuring the distance from this value to the 
GS.

Results

The κ index (Table 1) showed that inter-examiner agree-
ment was greatest between Ex1 and Ex3, and that the 
intra-examiner agreement ranged between 0.757 and 
0.915. Table 2 shows that all of the filters achieved higher 
values for specificity than for sensitivity. It was also 
observed that the original images had higher values for 
sensitivity (0.595) and for auROC (0.750). There were no 
statistical differences between the filters when analyzed 
according to the auROC (p = 0.533). Comparing the 

CG to the TG, the percentages of correct diagnoses 
were significantly different (p < 0.01). The CG presented 
a higher percentage than TG; that is, specificity values 
were statistically higher than sensitivity values, regard-
less of the filter used.

Table  3 shows that the largest distances from the 
mode of  the 5-point Likert scale scores to the GS were 
observed in the TG (p < 0.05). For the CG images, 
the ‘Endo’ filter exhibited the smallest distance 
(greatest diagnostic ability), while the largest distance 
was observed when applying the ‘Pseudo3D’ filter 
(smallest diagnostic ability). In the TG, the original 
image (unfiltered) and the ‘Inversion’ filter exhib-
ited the shortest and largest distances from the GS, 
respectively. Table 3 also shows that, according to the 
Bonferroni test, there were no differences between 
the filters in the TG (the absence of  filter resulted 
in greatest ability to diagnose IRR). In the CG, the 
diagnostic ability of  the ‘Endo’, ‘Caries 2’, ‘Perio’ and 
‘Inversion’ filters was statistically different to that of 
the ‘Pseudo3D’ filter.

Figure 1  Radiographic images; original (unfiltered) and with post-processing filters, showing a tooth with IRR.

Table 1  κ index results for analysis of intra-examiner and inter-
examiner agreement

Inter Ex Ex1 Ex2 Ex3

Ex3 0.620 0.403

Ex1 0.547 0.620

Intra Ex 0.839 0.915 0.757

Gold-Std 0.397 0.591 0.357

Table 2  Sensitivity, specificity and auROC (CI = 95%) evaluating the 
means of mode scores for each post-processing filter

Filter Spec Sen auROC CI 95%

Original 0.905 0.595 0.750 (0.642; 0.857)

Fine 0.929 0.500 0.714 (0.602; 0.826)

Caries 1 0.929 0.500 0.714 (0.602; 0.826)

Caries 2 0.929 0.452 0.690 (0.575; 0.805)

Endo 0.952 0.500 0.726 (0.615; 0.836)

Perio 0.929 0.500 0.714 (0.602; 0.826)

Inversion 1.000 0.452 0.726 (0.615; 0.836)

Pseudo-3D 0.905 0.476 0.690 (0.575; 0.805)

*p = 0.377(>0.05) **p < 0.01 ***p = 0.533(>0.05)

Generalized equation estimation (GEE) model: *interaction factor 
between group and filter (p = 0.377); **difference within TG 
(sensitivity) e CG (specificity) (p < 0.01). ***difference between 
filters as a principal factor (p = 0.533); Spec = Specificity; Sen = 
Sensitivity; auROC = area under the ROC curve (receiver cooperating 
characteristics); CI = confidence interval.
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Discussion

It is essential to detect small IRR lesions to achieve 
successful endodontic treatment.1–3,5 The function 
of the digital filters used in this study is to adjust the 
image parameters by removing undesirable informa-
tion.22 High-pass filters specifically make the ‘edges’ of 
the images more distinct.23 The high-pass filters used 
in the study were ‘Fine’, ‘Caries1’, ‘Caries2’, ‘Endo’ 
and ‘Perio’.11 Three experienced examiners performed 
the evaluations and then the mean was calculated of 
the modes of their results for each case to reduce bias 
introduced by individual interpretations. κ index values 
for intra-examiner and inter-examiner agreement were 
moderate, similar to previous studies.15,17 Intra-examiner 
agreement rates (0.757–0.915) were higher than inter-
examiner agreement rates (0.403–0.620), suggesting 
that, in addition to the image filters, evaluators’ percep-
tions could influence diagnoses.

Kamburoğlu et al, evaluated observers’ ability to 
identify simulated IRR cavities using conventional film 
and digital images and concluded that the photostimu-
lable phosphor method was less effective for detecting 
internal resorption. However, they pointed out that 
maybe the low-resolution system could influence the 
results.24 In our study, regardless of the filter, specificity 
values (0.905 to 0.100) were higher (p < 0.01) than sensi-
tivity values (0.452 to 0.595). The percentage of correct 
diagnoses was higher in the CG, suggesting that providers 
may have difficulty distinguishing small IRR lesions 
from normal morphological variants in root canals. The 
lower sensitivity values are possibly due to the method-
ology based on acid demineralization instead of lesions 

created by drilling, since the former are closer to those 
found clinically, with irregular limits. Previous studies 
evaluating small IRR lesions simulated using drills have 
found higher accuracy values. However, this may have 
occurred because of the well-outlined shape of the cavi-
ties, which perhaps makes identification easier.15,16 The 
site of formation of IRR lesions directly influenced 
their detection, and some studies detected these differ-
ences,17 while others did not.16 The IRR was simulated 
in the middle third of the root, the most frequent site 
in clinical situations.20 In general, the accuracy values 
found were similar between the different filters used. 
These findings support other studies that have evaluated 
diverse clinical conditions.10,14

Radiographs are usually the initial imaging exam 
used when investigating IRR because of the shorter time 
needed and lower cost and radiation dose. However, use 
of three-dimensional images is expanding, especially in 
Endodontics.25 Studies that found low or moderate diag-
nostic accuracy values using 2D radiographs compared 
to CBCT explained these findings because of the diffi-
culties involved in using 2D images, such as superim-
position.15,17,18 However, a study comparing micro-CT 
measurements of IRR cavities with those obtained 
by confocal laser scanning microscope concluded that 
micro-CT underestimated diameters and volumes.26

In this investigation, the original image presented a 
strong trend to superiority, even though statistical signif-
icance was not attained. This result corroborates other 
studies that recommend using these images to increase 
diagnostic ability.9,11,22 It was observed that the inversion 
filter presented the highest mean accuracy in the CG, 
but that the same filter presented the lowest mean accu-
racy in the TG. These results may suggest that use of 
the Inversion filter introduces a high level of difficulty 
for evaluating IRR, causing examiners to diagnose IRR 
less accurately. A study from Nastaran Farhadi et al27 
reported low values of accuracy after evaluating the 
inversion filter for determining endodontic measure-
ments. Furthermore, the inversion filter was not recom-
mended for diagnosis of proximal caries.10

This study’s findings point to the importance of 
professional knowledge, since digital images are usually 
available with some post-processing filters. Presence of 
radiopaque materials, such as restorations and pros-
theses, can cause image artefacts and reduce diagnostic 
accuracy when enhancement filters are used.13 In this 
study, all teeth with restorations or prostheses were 
excluded, which may explain why some enhancement 
filters did not interfere with diagnosis.

The 5-point Likert scale provides a measure of the 
examiner’s level of confidence in the diagnosis defined. 
It was observed that evaluations conducted with the 
‘Endo’ filter resulted in more accurate diagnoses for 
absence of IRR than the other filters. However, the 
Pseudo-3D filter resulted in higher levels of doubt about 
absence of IRR. The greatest capability to diagnose 
IRR was obtained using the original image, while the 

Table 3  Mean distance from the mean of mode 5-point Likert scale 
scores for each filter to the gold-standard.

Group Filter Mean distance SDa SE** BMC

Without IRR
(CG)

Original 0.381 0.91 0.139 AB

Fine 0.333 0.90 0.138 AB

Caries 1 0.333 0.90 0.138 AB

Caries 2 0.262 0.83 0.126 B

Endo 0.238 0.73 0.111 B

Perio 0.286 0.83 0.127 B

Inversion 0.310 0.47 0.071 B

Pseudo3D 0.690 0.64 0.098 A

With IRR
(TG)

Original 1.929 1.49 0.227 A

Fine 2.071 1.64 0.251 A

Caries 1 2.167 1.54 0.236 A

Caries 2 2.095 1.56 0.238 A

Endo 2.119 1.61 0.246 A

Perio 2.071 1.60 0.244 A

Inversion 2.238 1.25 0.190 A

Pseudo3D 2.167 1.23 0.187 A

aSD = Standard Deviation; **EP = Standard Error; BMC = 
Bonferroni multiple comparison; Different uppercase letter indicates 
statistical difference (p < 0.05).
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‘Inversion’ filter was associated with greatest doubt with 
relation to whether IRR lesions were present.

In conclusion, the Original unfiltered image or the 
‘Endo’ filter should be chosen since they offer greater 
diagnostic ability and greater confidence during the 
evaluation. The inversion and Pseudo-3D filters should 
not be used for evaluation of small IRR because they 
increase doubt and probability of diagnostic error.
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