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Abstract— Dental intraoral radiographs are saved random-
ly in a PACS (Picture Archiving and Communication System).
Therefore, dental radiologists have to arrange manually the
dental intraoral radiographs on the PACS in the interpreta-
tion of the dental intraoral radiographs. This task is bother
for dental radiologists. The purpose of this study was to de-
velop a computerized method for identifying a current image
as the corresponding previous image which was taken at ap-
proximately the same position in order to arrange automati-
cally current intraoral radiographs on the PACS based on the
previous images which were arranged in the last interpreta-
tion. Our database consisted of 56 current and 56 previous
dental intraoral radiographs. In our proposed method, the
edges of teeth crowns were first enhanced by applying a Sobel
filter in the vertical direction to images. The edges of teeth
crowns were then segmented by applying a gray-level thre-
sholding technique to the enhanced image. Approximate
straight line for tops of the teeth was drawn based on a least
squares method with the segmented edges. We calculated the
angle between the approximate straight line and the horizontal
line and rotated the original dental radiograph by an affine
transformation to make the growing direction of teeth vertical.
The average pixel values in the vertical direction on each x-
coordinate became low between adjacent teeth because teeth
regions had higher pixel values than other tissues. Therefore,
individual tooth regions were divided by the vertical lines
through the x-coordinates with local minimum values on the
average pixel values. For all combination of current and pre-
vious images for a patient, the correlation coefficients between
two images were calculated based on the pixel values after
aligning images such that the number of the taken teeth be-
comes the same on the comparing regions. The combination
of current and previous images with the highest correlation
coefficient was identified as the corresponding images taken at
approximately the same position. With the proposed method,
identification accuracy was 80.4% (45/56). The proposed
method was shown to have high identification accuracy, would
be useful in the terms of the efficiency of diagnosis in the
PACS.
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I. INTRODUCTION

In dental clinic, dental intraoral radiographs are routinely
taken for assessing the effectiveness of treatment or the
progress of disease [1]. An intraoral radiograph is taken by
inserting a film to a patient’s mouth. Fourteen intraoral
radiographs are usually taken on a jaw area. These intraoral
radiographs are digitized by an image scanner and are saved
in PACS (Picture Archiving and Communication System).
Therefore, dental radiologists need to arrange dental intra-
oral radiographs manually on a PACS monitor in the inter-
pretation of the dental intraoral radiographs because these
image headers do not have the information of the photogra-
phy positions. This arrangement task is bother for dental
radiologists. If it is possible to identify current image as the
corresponding previous image which was taken at approx-
imately the same position, current images will be arranged
automatically on the PACS because the previous images
were arranged in the last interpretation.

In previous studies, some investigators have developed
a computerized identification method for current intraoral
radiograph and the corresponding previous dental intraoral
radiograph. Jain et al. [2] and Ito et al. [3, 4] specified the
deceased by identifying the deceased’s previous dental
intraoral radiograph from the deceased’s current image.
Jain et al. compared the outline of one tooth in each of two
images. Although the outline of individual tooth could be
extracted accurately when the contrasts of teeth were high,
the contrast near the root of teeth is usually very low in
dental intraoral radiographs. It would be difficult to identi-
fy the same person's images because there often are very
similar teeth in different person's image when taking into
account the outline of only one tooth. Ito et al. used the
phase information in two-dimensional discrete Fourier
transformation. The identification accuracy was high when
the taken teeth were the same completely in both current
and previous intraoral radiographs. Although photographer
tries to take an intraoral radiograph at the same position, the
photograph is sometimes taken at the position shifted for
one tooth or two teeth because a film is inserted manually
to a patient’s mouth. Therefore, it would be difficult for
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Figure 1. Dental intraoral radiographs
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Figure 2. Schematic diagram of the proposed identification method for
previous and current dental intraoral radiographs taken at approximately
the same position

this method to identify the same person's images with high
accuracy from such images.

To overcome the problems for these previous studies,
in this study, we developed the computerized identification
method for current dental intraoral radiograph and the
corresponding previous intraoral radiograph by evaluating
the correlation coefficients based on the area of more than
two teeth between all combinations of current and previous
images after aligning images such that the number of the
taken teeth becomes the same in two images.

I1. MATERIALS AND METHODS

A. Materials

Our database consisted of 56 current and 56 previous den-
tal intraoral radiographs that were obtained from 4 patients
at the Nihon University School of Dentistry at Matsudo,
Japan. The average period between previous and current
radiograph examinations was 13 months. A jaw area for a
patient consisted of 14 dental intraoral radiographs, as
shown in Fig. 1. These radiographs were digitized with a
0.05 mm pixel size and a 8-bit gray scale by use of a scan-
ner. The previous image corresponding to each of current
images was selected by an experienced dental radiologist.

B. Methods

Figure 2 shows a schematic diagram of the proposed iden-
tification method for current and the corresponding pre-
vious dental intraoral radiographs which were taken at
approximately the same position.

B.1. Correction of teeth axis direction

In dental intraoral radiography, a film is inserted manually
to a patient’s mouth at the different angle so that teeth
being examined appear clearly on image. The intraoral
radiographs for back teeth are usually portrait, whereas
those for front teeth are landscape. Even if the image is
taken at approximately the same position, the direction for
teeth axis on the image is different slightly every radio-
graph examination. To correct the teeth axis direction, the
edges of teeth crowns are first enhanced by applying a
Sobel filter [5] in the vertical direction to images, as shown
in Fig. 3(b). The edges of teeth crowns are then segmented
by applying a gray-level thresholding technique [5] to the
enhanced image, as shown in Fig. 3(c). Approximate
straight line for tops of the teeth is drawn based on a least
squares method with the segmented edges, as shown in Fig.
3(d). The approximate straight line is given by

y=ax+b
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Here, X; and Y; show the coordinates on the segmented

edges, whereas N shows the number of segmented pixels
as the edge. We calculate the angle between the approx-
imate straight line and the horizontal line and rotate the
original dental radiograph by an affine transformation [5]
to make the teeth axis direction vertical. The affine trans-
formation is define as

a
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Previous dental intraoral radiograph

Current dental intraoral radiograph

Figure 3. Correction of teeth axis direction: (a) original image,

(b) Enhanced edges of teeth crowns, (c) Segmented edges of teeth crowns,

(d) Approximate straight line, (e) Rotation of dental intraoral radiograph
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Figure 3(e) shows the image rotated by applying the cor-
rection of the teeth axis direction.

B.2. Divide of individual tooth regions

Teeth appear as regions which have higher pixel values
than other tissues in the intraoral radiographs. Therefore,
the average pixel values in the vertical direction on each x-
coordinate would become low between adjacent teeth.
Figure 4(b) shows the average pixel values in the vertical
direction on each x-coordinate. Individual tooth regions
are divided by the vertical lines through the x-coordinates
with local minimum values on the average pixel values, as
shown in Fig. 4(c).

B.3. Calculation of correlation coefficient

For a patient, we combine all pairs of each current image
and 14 previous images. Two images are aligned by shift-
ing the image by the unit of area for one tooth such that the
number of the taken teeth becomes the same on the com-
paring regions, as shown in Fig. 5. Here, we give the con-
dition that the comparing regions must have area for more
than two teeth. The correlation coefficient between two
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Figure 4. Divide of individual tooth regions: (a) Rotated dental intraoral
radiograph, (b) Average pixel values on each X-coordinate, (c) individual
divided tooth regions

images is calculated based on the pixel values on the com-
paring regions. Note that more than one correlation coeffi-
cient is calculated for a pair of current and previous images.
The correlation coefficient is defined as
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f(X,y) is a pixel value on the comparing region in a
current image, wheares g(X, ) is the corresponding pixel
value on the comparing region in a previous image.
f(x,y), and g(x,y) shows the average pixel value for
f(x,y) and g(X,Y), respectively. The highest correla-

tion coefficient is defined as the correlation coefficient for
the pair.

B.4. Identification of images

For each current image, previous image with the highest
correlation coefficient is identified as the corresponding
images taken at approximately the same position. If the
same previous image is identified as the corresponding
image for more than two current images, the current image
with higher correlation coefficient is selected.

[1l. RESULT AND DISCUSSION
We obtained the identification accuracy of 80.4% (45/56)
by applying the proposed method to our database. One of
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Figure 5. Calculation process of correlation coefficient

the features of the images which were not identified cor-
rectly was that the same more than one tooth appeared in
two adjacent intraoral radiographs. This was sometimes
seen in the images taken near back teeth. Even if the pre-
vious image did not correspond to the current image, the
correlation coefficient would be high when regions which
contained the same teeth were selected as the comparing
regions. Figure 6(a) shows the image taken at the second
position from the right, whereas Fig. 6(b) shows the image
taken at the most right position. The same teeth exist on
the right in Fig.6 (a), whereas those exist on the left in
Fig.6 (b). Therefore, it might be possible to solve this
problem by taking into account the location of the compar-
ing region in image. Another feature was a treated tooth
between previous and current radiograph examinations. In
general, an inlay made of metal is used to treat a cavity.
The inlay appears as region with very high pixel values in
the intraoral radiographs. Therefore, the correlation coeffi-
cient is influenced greatly from the inlay and would be-
come low because that is calculated based on the pixel
values. This problem will be solved by removing the inlay
region from the comparing regions for calculating the cor-
relation coefficient.

The proposed method was developed as the purpose
of arranging the intraoral radiographs automatically on the
PACS. It is easy to apply the proposed method to the
computerized method for specifying the deceased by iden-
tifying the deceased’s previous dental intraoral radiograph
from the deceased’s current image. In this application, the
feature that the same more than one tooth appeared in two
adjacent intraoral radiographs will be an advantage to im-
prove in the accuracy of specifying the

Previous image

Current image

(b)
Figure 6. Same three teeth appeared in two adjacent intraoral
radiographs.
deceased. The proposed method can also align the same
teeth in current and previous images. Subtle change over
time in normal tissue would become clear by subtracting
the pixel values between the current image and the aligned
previous image. This implies that it is possible to enhance
early cavity and early disease in the subtracted image. In
further study, we will examine these applications.

IV. CONCLUSIONS

In this study, we developed the computerized method for
identifying a current dental intraoral radiograph as the
corresponding previous dental intraoral radiograph which
was taken at approximately the same position. By applying
the proposed method to our database, we obtained the
identification accuracy of 80.4% (45/56). The proposed
method was shown to have high identification accuracy,
would be useful in the terms of the efficiency of diagnosis
in the PACS.
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