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Abstract : Most of digital subtraction methods in dental radiography are based on registration using manual landmarks. We have devcloped
ar automatic registration method without using the manual selection of landmarks. By restricting a geometrical matching of images to a region
of interest (ROI), we compare the cross-correlation coefficient only between the ROIs. The affine or perspective transform parameters satisfying
maximum of cross-correlation between the local regions are searched iteratively by a fast searching strategy. The parameters are searched on
the 1/4 scale image coarsely and then, the fine registration is performed on the original scale image. The developed mcthod can match the
images corrupted by Gaussian noise with the same accuracy for the images without any transform simulation. The registration accuracy of the
perspective method shows a 17% improvement over the manual method. The application of the developed method to radiographs of dental
implants provides an automatic noise robust registration with high accuracy in almost real time.
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Fig. 1. Overall procedure for registration of dental implant
radiographs. (@) A ROl selected as a rectangle window in a
follow-up image. (b) The initial ROI created automatically at the

o283 =) - A254, A235, 2004

reformatted from the baseline image using the final parameters.
(d) Subtraction image of the follow-up image from the
reformatted image after contrast correction. It shows guantitative
and qualitative changes of the bone at the alveolar ridge. (e)
Subtraction image showing smaller edge artifacts around the
fixture selected as a ROI than in the surrounding anatomical
structures. (f) Subtraction image showing smaller edge artifact
around the threads of the fixiure selected as a ROl than that
of the not selected.

a8 2 (a) FAMY HEE ™57 6 MEE ROIE
HoiF Us 2l g4k () cist RST #H g mi2fol g et
g s JHXls 2olgMo st HE T Lo{T Hag
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o) JHetEl XtEXel Heturnl ated abiol 25t
SR G A FabollAM AEBE DHUIAE Zetste S5
ROIOIMel detdas = ciga 2ot (o) affine B &k 182, (d)

perspective ¥ &k 177, (e) =2t 1: 187, (f) T2ted2: 21.6.
Fig. 2. (a) Original image including a ROl for measuring the
similarity. (b) A registration image from simulation images with
different combination of RST parameters and noise levels. SDS
(standard deviation of the subtraction image in a ROl is 15.9
gray levels. (c)™(f) Subtraction images for comparing the
registration accuracy between automatic and manual methods.
The registration accuracies or SDS values over a ROl including
the implant fixture are (c) 18.2 by the affine method, (d) 17.7
by the perspective and (e) 18.7, {f) 21.6 by the manual for the
same pair of implant images.
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Fig. 3. Mean SDS values over different simulations for 5
imp:ant images with increasing noise variance. The x axis
indicates the SDS values from imageswithout any transform
simulation, the amount of the noise added to the original
image. The y axis indicates the mean SDS values over 100
simulation images at each noise level.

E 1114 JERE Fool sk s eE 2 (Affine, Perspective
BigHT =2 gk (Manual 1, 2o 213 7‘*§.E(SDS)

Table 1. SDS values for 11 pairs of implant images by affine,
perspective transform and manual methods.

1 11.0 10.7 11.3 15.9
2 25.3 24.9 31.5 27.0
3 18.8 18.8 20.3 22.8
4 11.9 11.8 12.2 12.2
5 17.9 18.1 19.6 21.0
6 16.9 16.4 18.3 20.5
7 26.0 25.0 27.6 39.9
8 24.0 23.7 24.9 26.3
9 21.5 21.1 23.8 22.6
10 1.7 11.5 13.4 14.1
1 22.8 22.5 24.9 30.0
Mean 18.9 18.6 20.7 22.9
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