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©) 08 . ABSTRACT

Most digital imaging systems offer a variety of image processing techniques.
Due to the importance of the accuracy of these images and their widespread application, this study
aims to evaluate the detection of vertical root fracture (VRF) in indirect digital images by changing their
gamma values.

In this study, 23 extracted teeth were prepared as samples from dental clinics
in Ahvaz, Iran. The radiographs were obtained from the samples before and after VRF induction. After
root canal preparation, a very thin disc was used to divide the teeth into two halves in the buccal-lingual
direction to create a VRF. The two halves were re-attached to each other and mounted in in molds filled
with a mixture of plaster and sawdust. After processing the images by adjusting their gamma values
using low, medium and high settings, the images were viewed by two radiologists for the presence or
absence of VRF.

ST In all three modes of gamma adjustment, the sensitivity, specificity and overall accuracy of im-
ages were high and there was no significant difference between the three modes.
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Extended Abstract

Introduction

ertical root fracture (VRF) may initiates

from the internal root (canal wall) or from

the apex or middle part of the root. Radio-

graphic diagnosis of VRF is difficult due

to various fracture patterns, and in many
cases, fractures are not seen on radiographs. Only one-
third of these fractures can be detected by conventional
radiography. Conventional radiography creates only two-
dimensional image of an anatomical structure. The emer-
gence of digital imaging was a revolution in radiography.
Digital radiography eliminates the presence of hazardous
chemicals and waste used in developing the image. In
recent years, several intra-oral digital radiography sys-
tems have been introduced for dental imaging. The most
important advantages of these systems are reduction of
X-ray dose, ability to exchange information, reduction of
working time, and elimination of the need for using fixer
and developer solutions. In some studies, the resolution
and amplitude of digital images have been reported to
lower than those of conventional images, although the im-
age can be improved by using image processing software
and the factors affecting image quality can be reduced.
There are many processing algorithms that improve the
quality of digital images. Noise reduction, sharpening/
smoothing, edge enhancement, and gamma value adjust-
ment are some of these algorithms. These algorithms can
make the image more pleasant for the viewer, but their
detection ability is debatable and their use may lead to the
removal of fine details from the image. Digital radiogra-
phy does not always effectively use the shades of gray.
The images can be either too dark or too light, or have
very high or insufficient contrast in certain areas. Some
tools provide the possibility to adjust the gamma value.
The gamma value is a feature of an X-ray image, whose
increase can makes dark areas darker and light areas light-
er. So far, no study has been conducted on the effect of
gamma value adjustment for diagnosing VRF; therefore,
we aim to investigate the diagnosis of VRF with digital
radiography by adjusting the gamma value of the images.

Methods

In this study, 23 extracted teeth were used as samples
which were prepared from dental clinics in Ahvaz, Iran.
Radiographs were prepared from the samples before the
induction of VRF (group 1), and again after complete
VREF induction (group 2). Roots of samples were pre-
pared using hand K-Files (Mani, Japan) ranging in size
from 15 to 80 by passive step-back method, and obtura-
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tion was done with gutta-percha of suitable size based
on lateral condensation method using manual spreader.
To induce VRF in the samples, we divided the teeth into
two halves with a very thin disc in the buccolingual di-
rection. Then, the two halves were attached to each oth-
er again using an adhesive wax and mounted in molds
filled with a mixture of plaster and sawdust. To simulate
the periodontal ligament space, we covered the tooth
with a thin layer of red wax. Indirect digital images were
prepared by photostimulable storage phosphor plates in
the Digora system (Optime, Soredex, Finland). Digital
images were processed in Scanora software, version
3 (Astara32, Soredex, Finland) to adjust their gamma
value using low, medium, and high settings. The ob-
tained data were calculated with the gold standard and
used for statistical analysis. The radiation to plates was
done with XGenus DC device (de Gotzen, Italy) with
following settings: kvp=70 , mA=8, exposure time=0.32
seconds, total aluminum filtration thickness=2 mm, and
focal spot=32 cm. An acrylic plate with a thickness of
1.5 cm was placed between the X-ray tube and the teeth
to mimic soft tissue. In Scanora software, two copies of
each image were first prepared. Then, the option of gam-
ma setting was selected for each image, where we used
50 for low gamma, 100 for medium gamma, and 150 for
high gamma. Then, two radiologists examined the im-
ages. They used the same monitor in the same room and
under the same conditions for viewing the images. To
avoid eye fatigue, they were not allowed to view more
than 20 images in each round of evaluation. The images
had been coded and it was known what tooth numbers
had been included in each image.

Results

In digital images with low gamma viewed by the first
observer, the sensitivity, specificity, and overall ac-
curacy were 91.30%, 82.61% and 87%, respectively.
McNemar's test results showed no significant difference
between digital imaging with low gamma rate and con-
trol setting (P=0.688). In digital images with medium
gamma viewed by the first observer, the sensitivity,
specificity, and overall accuracy were 91.30%, 86.96%
and 89%, respectively. McNemar's test results showed
no significant difference between digital imaging with
medium gamma imaging and control setting (P=0.999).

In digital images with low gamma viewed by the sec-
ond observer, the sensitivity, specificity, and overall
accuracy were 91.30%, 73.91% and 83%, respectively.
McNemar's test results showed significant difference be-
tween imaging with the low gamma and control setting
(P=0.289). In digital images with medium gamma level
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viewed by the second observer, the sensitivity, specificity,
and overall accuracy were 95.65%, 78.26% and 87%, re-
spectively. McNemar's test results showed no significant
difference between digital imaging with medium gamma
and control setting (P=0.219). The area under the ROC
curve (AUC) for the first observer was 87% in images
with low gamma, 89% in images with medium gamma,
and 87% in images with high gamma, but there was no
significant difference between these AUCs (P>0.05). The
AUC for the second observer was 83% in images with
low gamma, 87% in images with medium gamma, and
89% in images with high gamma, but there was no sig-
nificant difference between these AUCs (P>0.05).

Conclusion

The sensitivity, specificity, and overall accuracy of digi-
tal images are high in all three modes (low, medium, and
high gamma), and there is no significant difference be-
tween these modes; however, the images with medium
gamma and high gamma are slightly better than those
with low gamma, the best setting for diagnosis depends
on the opinion of the observer.
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