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and feature selection.

computer-aided detection

The purpose of this study was to improve an automated scheme for detecting carotid artery calcification
(CAC) in dental panoramic radiographs (DPRs). Using 100 DPRs, the sensitivity of CAC detection employing
our previous method was 90.0% with 5.0 false positives (FPs) per image. This study describes two enhance-
ments. One is the adoption of a new feature for the position of CACs in addition to previous features. The
other is feature selection employing the support vector machine using all combinations. Five of 12 features
were selected. Using our proposed method, the average sensitivity for the same database proved to be 90.0%,
with only 2.5 FPs per image. These results indicate the potential effectiveness of the new positional feature
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(a) Original image
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Extraction of mandibular contour
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(b) Selection of ROIs

!

(c) (d)

(¢) Top-hat transform

!

(d) Binarization

!

| Deletion of cervical vertebra and hyoid bones |

Fig. 1 Outline of the proposed

!

method.

Determination of features (a) Original image, (b)

selection of ROIs, (c) top-

!

hat transform, (d) bina-

Rule-based scheme rization, and (e) result.

!

Upper left: original left

Support vector machine (SVM)

ROI, upper right: result of

left ROI, lower left: origi-
nal right ROI, lower right:

'

(e) Result result of right ROI,

arrows: TP detection,
dotted arrow: FP detection

Mandibular contour

Fig.2 Figure showing selection of ROIs.

Left-hand image: determination of the
ROlIs, d: distance between two inflection
points, circles: inflection points, right-
hand image: calculation of the inflection
point, 6: angle between the vertical line
and the tangent to the contour line. The
thick solid line is the contour line.
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Fig. 3 Position of calcification between the hyoid bone and
cervical vertebra in a panoramic radiograph.
Rectangle: hyoid bone, broken line: border of cervical

vertebra, circle: calcifications
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/ Mandibular contour

d

Fig. 4 The shortest distance is relativized by
mandible width.
d: distance between two inflection points,
I: shortest distance between a calcification
and the mandible contour
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Pixel value difference between the candidate
region and the peripheral region

TP FP

Fig.5 Example of rule-based scheme for the feature of pixel

value difference between the candidate region and the
peripheral region.
Dashed lines are the threshold set by values of pixel
value difference between the candidate region and the
peripheral region. The upper line and lower line show
the maximum value and minimum value respectively.
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Fig. 6 FROC curves for Leave-one-out cross-validation results
for the previous method, SVM with learning all and
selected features.
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Fig. 7 FROC curves for the previous method, with the absolute
positional feature, and with the relative positional
feature.
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Table 1  Figure of merit (FOM) and FP/image of each method
FOM FP/image at FP/image at
90.0% sensitivity 80.0% sensitivity
Previous method 0.66 5.0 1.9
SVM with absolute feature 0.70 3.8 1.5
SVM with relative feature 0.71 3.9 1.2
SVM with learning selected features 0.70 2.5 1.2

Table 2 p-value of each method

1. Previous method

1. Previous method -
2. SVM with absolute feature 0.01
3. SVM with relative feature 0.03

2. SVM with 3. SVM with 4. SVM with
absolute feature relative feature learning selected features
0.01 0.03 0.17
- 0.46 -
0.46 - 0.73
- 0.73 -

4. SVM with learning selected features 0.17

Case 1

Fig. 8 Examples of results.
Arrows indicate calcifications.
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Fig. 9  An example of the improved results.
FPs were reduced using the proposed method. At the top is the original image. The
dashed rectangle shows the ROI. At lower left is an enlargement of the ROI image.
The lower middle image shows the candidates detected using the previous method.
The lower right shows the candidates detected using our proposed method. The
arrows identify calcifications.
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