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ABSTRACT

The digital radiography offers a variety of image processing techniques. Due
to the importance of the accuracy of this method and its widespread applications, in this study we aim
to investigate the diagnose of vertical root fracture (VRF) by conventional digital radiography with and
without unsharp masking (UM) filter.

Radiographs were taken from 24 extracted anterior teeth before and after
VRF induction. The root canal was prepared with passive step-back technique, and then the teeth
were divided into two halves buccolingually with a very thin disk. The two halves were re-attached to
each other and mounted in a mixture of gypsum and sawdust. After processing by the UM filter, the
radiographs were evaluated by two observers to detect the presence or absence of VRF.

(ST For the first observer, the sensitivity of both methods was the same, while the specificity of the
UM filtering mode was higher. For the second observer, the sensitivity of the unfiltered mode was higher,
while the specificity of the two methods was the same.

[T There is no significant difference between digital radiography with and without the UM filter
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Extended Abstract

Introduction

he diagnose of vertical root fracture (VRF)
using radiographs is complicated due
to the presence of different fracture pat-
terns, and sometimes fractures cannot be
observed on radiographs; only one-third
of these fractures can be diagnosed by standard radiogra-
phy, because it can only show a two-dimensional aspect
of anatomical structure. Nowadays, modern digital imag-
ing systems offer multiple image processing techniques.
The emergence of digital imaging have had a significant
impact on radiography by transforming it into a more
modern approach. Digital radiography eliminates the use
of chemicals and other risky waste substances that were
previously needed. In the dental industry, various intra-
oral digital radiography systems have been introduced
in recent years. The primary function of the sharp filter
is to enhance the details of image by removing blur or
noise. The unsharp masking (UM) tool is utilized to cor-
rect the loss of detail in specific areas of radiographic im-
ages and enhance the information contained in each pixel.
The presence of an area in radiographic images that is too
sharp or too blurry can produce unwanted artifacts that
may lead to incorrect diagnoses. The UM filter, by elimi-
nating these artifacts, can improve the accuracy of diag-
nosis by radiographic images. This in vitro study aims to
examine the diagnosis of VRF by conventional digital
radiography and digital radiography (UM filter).

Method

In this study, 24 extracted teeth were obtained from
dental clinics in Ahvaz, Iran. Before inducing VREF, radio-
graphs were taken from the teeth (group 1). Radiographs
from these teeth were taken again after inducing complete
VREF (group 2). The teeth’s roots were cleaned using K-
File (Mani, Japan) ranging in size from 15 to 80. Subse-
quently, a gutta-percha with appropriate size was used for
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preparation and obturation with a manual spreader using
the passive step-back method, while applying side com-
pression. To induce VRF in the extracted teeth, they were
halved longitudinally using a thin disk in the buccolin-
gual direction until a complete VRF occurred. The two
halves of each tooth were reattached using an adhesive
wax and mounted in a gypsum-sawdust mixture. To sim-
ulate the periodontal ligament space around the tooth, it
was covered with a thin layer of red wax. Phosphor plates
were used to obtain indirect digital radiographs in the DI-
GORA optime system (Soredex, Finland). The resulting
digital radiographs were subjected to the UM in Scanora
software (astara 32 version 3.00, Soredex, Finland). Two
maxillofacial radiologists assessed the radiographic im-
ages for the presence or absence of VRF. The evaluation
was performed twice, once using the images processed
using the UM filter and once for those without the UM
filter. The test reliability criteria used in this study were
sensitivity and specificity. The overall accuracy was also
determined through ROC curve analysis.

Results

The first observer’s true negative responses were mainly
from the images processed using the UM filter, but the
number of true positive responses was the same in both
filtered and unfiltered conditions. The second observer’s
number of true negative responses was the same in both
conditions, whereas the number of true positive responses
was higher in the unfiltered condition ( 21 vs. 20). Statisti-
cal analysis of the images processed using the UM filter
by the first observer indicated a sensitivity of 83.33%,
specificity of 91.67%, and overall accuracy of 88%. For
the second observer, the values were 83.33% for sensitiv-
ity, 91.67% for specificity, and 88% for overall accuracy
(Table 1). The level of agreement between the first and
second observers when using the UM filter was 0.832,
based on the Kappa test results.

Table 1. Agreement between the first and second observers with the sharpe filter

e e Positive Negative The Area
Qe S8/ SpzdiEy Predictive Value Predictive Value Under the ROC Curve
) 0.88
First 83.33% 91.67% 90.91% 84.62% (0.75, 0.95)
observer (62.62%, 95.26%) (73%, 97.98%) (70.84%, 98.88%) (65.13%, 95.64%) P<OI 06 1
0.88
Second 83.33% 91.67% 90.91% 84.62% (0.75, 0.95)
observer (62.62%, 95.26%) (73%,97.98%) (70.84%, 98.88%) (65.13%, 95.64%) P<OI 061
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Table 2. Agreement between the first and second observer in viewing images without filters

. e Positive Negative The Area Under
Ol Sensitivity S Predictive Value Predictive Value The Roc Curve
o o o o 0.88
First observer 83.33% 91.67% 90.91% 84.62% (0.75, 0.95)
(62.62%, 95.26%) (73%, 97.98%) (70.84%, 98.88%) (65.13%, 95.64%) P<0, 0(') 1
0, 0, 0, 0, 090
Second observer 87.5% 91.67% 90.91% 88% (0.77,0.97)
(67.46%, 97.34%) (73%, 98.97%) (71.96%, 98.93%) (68.78%, 97.45%) F;<0’/06 1
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Statistical analysis of the first examiner’s responses us- Authors contributions
ing unaltered images revealed a sensitivity of 83.33%, a
specificity of 79.17%, and an overall accuracy of 81%. The authors contributed equally to preparing this paper.

For the second examiner’s, the results showed a sensitiv-

ity of 87.5%, specificity of 91.67%, and overall accuracy Conflicts of interest
of 91.30% (Table 2). The Kappa test indicated that the
agreement between the two observers used unfiltered im-
ages was 0.792.

The authors declared no conflict of interest.

Conclusion

Based on the findings from the first observer, both meth-
ods had an equal sensitivity but the specificity of the UM
filtering method was greater. For the second observer,
the sensitivity of the UM filtering was higher, while the
specificity of two methods was similar. There was no sig-
nificant difference between the methods with and without
UM filtering. However, since the UM filtering method
had higher sensitivity and specificity, the observer used
this filter to diagnose VRF based on personal preferences.
The area under the ROC curve of the two methods was
compared, but no notable difference was observed. Over-
all, both methods demonstrated high levels of sensitivity,
specificity, and accuracy for diagnosing VRF. Therefore,
the specialist can use the UM filter for diagnosis based on
persoanl preferences.
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