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ABSTRACT

Nowadays, most digital imaging systems offer different types
of images processing techniques, considering the importance of imaging accuracy and its
wide application. The aim of the current study was to comparison the effect of changing
illumination on the detection of vertical root fracture in conventional digital radiography.
In this ex-vivo study, the root treatment of 24 extracted anterior
teeth of the patients was performed before induction of VRF (Vertical Root Fracture) and
radiographs were prepared. Then, after complete VRF, radiographs were taken again. To
simulate the bone, the teeth were placed in a mold made of plaster and acrylic powder in
an equal ratio. Gentle hammer pressure was used to create induced VRF. The images were
evaluated by changing the degree of brightness (high brightness, intermediate brightness
and low brightness) by 2 observers.

Sensitivity, specificity and overall accuracy were calculated using Roc (Az) curve
analysis, Kappa and MacNemar test. According to the statistical tests performed and the
results obtained, the highest sensitivity, specificity and overall accuracy are related to
images with high brightness and the lowest sensitivity, specificity and overall accuracy are
related to images with low brightness.
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Available Online: 19 Junuary 2025 images with low brightness level. Based on the results obtained from this study, it is
suggested to use radiography with high brightness in the diagnosis of vertical root fracture.
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Introduction

ertical root fracture (VRF) typically develops
V from within the canal wall or may start from

the apex or middle section of the root. Two

proven main causes for the occurrence of
vertical root fractures are the placement of posts and the
compaction of materials during root filling. Other
unproven causes include occlusal forces, the impact of
restorative procedures, corrosion, and the expansion of
metal posts and root-end filling materials during surgeries.
Roots that are predisposed to VRF are typically curved,
wider in the buccolingual direction, and narrow in the
mesiodistal direction, such as mandibular premolars and
incisors, maxillary second premolars, maxillary
mesiobuccal molars, and the mesial and distal roots of
mandibular molars. More resistant roots to VRF are those
that are round, oval, or bulky, like maxillary centrals,
palatal maxillary molars, and maxillary canines. Thirteen
percent of failures in treated and restored teeth are
attributed to VRF. Radiographically, VRF is usually
associated with lateral root resorption and angular
resorption in the cervical area. Features such as the
Hanging Drop, J Shape, or Halo Lake may be present.
Vertical root fractures are the most common form of
longitudinal tooth fractures. They are commonly seen in
teeth undergoing root canal treatment. Predisposing factors
include excessive root canal preparation, additional forces
applied during the packing of root filling materials, and
inter-radicular posts. In teeth that haven't undergone root
canal treatment, VRF may occur as a result of the apical
extension of a coronal crack into the root dentin.
Etiological  factors include  excessive  stresses,
parafunctional habits, and previous restorative procedures.
Vertical root fracture begins at the tooth crown and
chewing surface, extending down to the root and
eventually causing the tooth to split into two pieces. The
fracture line can be quite obvious; however, generally, the
condition is not visible to the naked eye without
radiographic imaging. The radiographic diagnosis of VRF
is challenging due to the variety of fracture patterns, and in
many cases, fractures are not visible on radiographs.
Unfortunately, only one-third of these fractures can be
identified using standard radiography. Conventional
radiography shows only two dimensions of a three-
dimensional anatomical structure. Definitive radiographic
diagnosis of VRF can occur with the presence of a hair-like
radiolucent fracture line within the dentin volume or the
radiographic appearance of root segment separation, often
accompanied by extensive bone loss around the root or
tooth. In most cases requiring radiographic confirmation, a
clinician must interpret the images based on various
patterns of periodontal destruction, which unfortunately
overlap with periodontal lesions and are similar to

endodontic issues. Since root fractures typically extend in
a buccolingual direction, and only the bone facing the
fracture undergoes resorption in the early stages, detecting
related radiolucencies can be challenging due to the
superimposition of the root. There are several image
processing algorithms that enhance the quality of digital
images. Noise reduction, sharpening-smoothing, and edge
enhancement are examples of these algorithms. While
these filters can make images more visually appealing,
their diagnostic value is debated, and their application may
lead to the loss of fine image details. The inversion filter is
used to correct negative images or, in other words, to apply
a reverse algorithm to test the effects of light changes in
dark areas of an image. The negative filter, through
inverting the gray levels of the image, provides a different
perspective of densities, causing black areas to turn white
and white areas to turn black. Given that no studies have
yet been conducted on the effect of lighting changes on the
diagnosis of vertical root fractures, the aim of this study is
to compare the effect of lighting changes on the diagnosis
of vertical root fractures in standard digital radiography.

Methods

In this study, extracted teeth from dental clinics in Ahvaz
were used. Root canal treatment was performed on 24
extracted single-rooted human teeth before inducing VRF,
and radiographs were taken (Group 1). After complete
VRF induction, radiographs of these teeth were taken again
(Group 2). To simulate bone, the teeth were placed in a
mold made of gypsum and acrylic powder in equal ratios.

Results

The study examined the impact of brightness on the
detection of vertical fractures in two different
observers using statistical analyses. overall,
sensitivity, specificity, and overall accuracy were
high with bright images, while performance was
lower with dimly lit images. the observer 1 with low
brightness showed sensitivity 67.66%, specificity
85.87%, overall accuracy 77%, medium brightness:
sensitivity 87.5%, specificity 67.91%, overall
accuracy 90%, high brightness: sensitivity 95.83%,
specificity 100%, overall accuracy 98%. the
mcnemar test showed no statistically significant
difference from reality in all brightness conditions.
observer 2 with low brightness, sensitivity 67.66%,
specificity 67.91%, overall accuracy 79%, medium
brightness: sensitivity 83.33%, specificity 67.91%,
overall accuracy 88%, high brightness: similar to
observer 1 with high accuracy. the mcnemar test also
indicated no statistically significant differences in all
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brightness conditions. the comparison between
observers demonstrated that the highest true positive
and true negative responses were observed in bright
images, while the highest false positive and false
negative responses were noted in low and medium
brightness. the agreement between the two observers
in low and medium brightness conditions was 0.826
and 0.707, respectively, with near-perfect agreement
in high brightness.

Conclusion

The results indicate that the best sensitivity and accuracy
were achieved with bright images, while dimly lit images
showed lower performance. The presence of vertical root
fractures can lead to progressive damage to supporting
tissues, making rapid and accurate diagnosis crucial. Digital
imaging methods and image processing can enhance image
quality and aid in diagnosis. Utilizing these systems in
dentistry not only improves diagnostic accuracy but also
offers benefits such as reduced radiation dose, easier
information exchange, and decreased workflow time.
Software filters and image processing tools can further
enhance image quality under low-light conditions.
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