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Diagnostic Imaging in Nuclear Medicine
—With Special Reference to Clinical Imaging of

Central Nervous System—

Hiroaki Hosui M. D.

Department of Radiology, Miyazaki Medical College,
5200, Kihara, Miyazaki, 889-16, JAPAN

(Received November 10, 1994)

Diagnostic imaging with Nuclear Medicine has been used in examination of various
types of cerebrovascular diseases. Recently, measurement of glucose metabolism, oxygen consumption
and neurotransmitter function has been developed using PET. Radiopharmaceuticals for SPECT
have been formulated after its clinical usefulness has been determined by the PET. The new
examination with SPECT includes rCBF and receptor imaging. Clinical SPECT and PET which
gives information not only physiological but also biochemical function will eventually play
a vital role in patients examination near future. Clinical application of these examinations

has been presented in this paper.
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Extraction of Heterogeneous Region from Image Data
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Recently, wavelet analysis is applied in various fields, in place of traditional tran-

sient analysis methods such as short time Fourier transform and Gabor transform. In this

paper, we investigate the discriminant accuracy of the heterogenous region from the other

normal area. In order to estimate the capability of discriminant, using the non-stationary

random field as the image data, we carry out the simulation. The experiment results show

the shift within a few pixel from the true boundary. To proceed these realized situations

to the practical uses, some important problems to be settled are pointed out.
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Analysis of Scattered X-Rays using Monte Carlo Method
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We have developed a program to study the interaction between x-ray photons and a phantom, based
on the Monte Carlo method. Using the program, we have calculated primary fraction varying the ir-
radiation field size and the phantom thickness for the x-ray tube voltage of 100kV, and compared the
calculated results with our experimental data. The results of the simulation and the experiment were in
good agreement. We found that a primary fraction was given as a power function of the irradiation field
within the limited range of the irradiation field, and that the scattered photon-angle distribution had a
peak around 35°.
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tered and total radiation.

B 2cme) 2 A L, 54 THE Lodk bR AWRTIE, X#ETFET 7+ ADEF E DM

2, Th¥h, —REGHREE, HEMMEE, BIU, IR AMHEEMEROSIEE LT, AEYDR, Tl

EXMHMEL Lz, WEL, ETHHEEEER LA 70y 7 A2 HE
EERTIE, WEE® 100KV £ L. 30x 30cm?®

7 2 ) vOAKAEIZ 10, 15, 20, F2Hk, 25em T iR

AEANGEALE L, BEEHIL, #5505 100

cm OFET S x 5em?, 7 x 7 em?, 10 x 10 cm?, '“g" d i

15 x 15em?, 20 x 20 cm?,, 25 x 25 cm?, 30 x 30 5 0 ]
cm?® THEE Lice ZRERDHEIONT, — e f ]
KGRI, WERGRRE, BIU, SMEAEEL., B 0S5 I

— KA (D) & ! I
TRDI, Photon energy [keV ]

Fig.2 Incident x-ray spectrum at x-ray tube voltage

22 EXFHAAYIaAL—ar of 100 kV.

=28= B FH i 1 L 22 M



L7zo BFHEILIE, HFFVF—7A1.02MeV
UETEIZ0T, KFRTIHZOBREERV,
F45EORETIE, 77 PAELTKERY
P20 KORTFEFINEVDOT, K77 FAAT
HEYRTEZ LBETIHEXBBIUKE
FRIANEF—PHEL, ZORMXBRP-KRET
DRETIHERSOIZE A LD, BEHREE
C LR TRINENE, LizAi>T, 70y 54
Tit, ABHREZEZ LXBATFOF V¥
BFERTRZ77 P ARRRRESRZbDE LT,
AS X #HTF O 4V F—1%, Birch &£ Marshall
AEHH LM X MR RS P VDT — 7 NI —F
T5 LI —HELEEHWTHE Lz, TOAS
XBAFHARY b V% Fig. 2 2R, BHICME
A L7z AT Xsob T80, BAmiilin 2 5@
(5 x 5 cm?:50 77 fE~30 x 30 cm?:1800 5f8) & L.
XBEELADPS T 7+ AOBEEEAIZE—IC
XBEFVAFHTHL L,

7Fuy 5 AT, HeoXEbToBERE. A

Z

I )
INCIDENT X-RAYS

Y
SCATTER
7 RAYS
SIDE

/ WATER
R PHANTOM
™ SCATTER

/,é, >,;\ RAYS

i 0

PRIMARY RAYS

Fig.3 Schematic diagram illustrating the interaction
between x-ray photons and phantom. (61, 62
: scattering angle)

Vol. 12 Na 1 (1995)

HLEAFHRELL TK7 7 7 b Ad oI RE
H3h, REHRTRINENLD, HDVIE, kT
IANF—H BkeV LITIZ% % ¥ THil} 72, Fig.3
R LA AT, AF LT b HEIER
FRISTILK7Z7 AR ERL b D% —K
i, —BEUEHEEERERILA7 7~ b a0kt
AR b OERFEME L1z, T/, 77 7L
A O HEL X BT AR A E R L, R/
FEEAR, WAEES, BAMRERD 3
BUIHEL ., FHBL 72 B ERERIZ OV TR
AELA B bR 7z, — KB L UHELR DX
FHANRZ L VG, BHBOFHEHRICA>TE
e FhR TR VF— | keV M TR L Tk,
EvFALvOERHWEY I V—Yavit,
L XEERE 2 WET D50 (Fig. 1(B) 12 &b{T
Vi, —RETRE B L HELSGEE T AL TR
Pzo Fio, EEEFME, WYTHEHE 7HE. K77
b AEE10, 15, 20, BLU, 25em EZE R
T, ¥vIalb—=var#ital,.

YIalb—YaviERLLEERIE, Y-V
+ 3 Ezx—4% PCY801AS(NEC &), 7us/ 5
MMERICIZ CEFLEA L. 1 BRI 150 i E
OFF OBHITRETH o7,

3. BREER

3.1 BHERE -KIFEEE
[EE20em K7 7 ¥ b AK LT, —KiGih

BE, WUELEGRIE ., B3 U, & XM6HE % BT %
ZZTHIE L7-#H% Table 1 12773, #IETIE,
— RARBEA S B L 7o 8GR ET T 60.0 [FI([F]
IFEEEET ORI & 2D & 5 IR X MGk
BEXBREL., FURM®E T, HEMEES XU



Table 1 Experimental results of primary, scattered and total fluorescence for a water phantom of 20 cm thickness.

Irradiation field [cm?)

5x5]7x7]10x10 [ 15x15][20x20 [ 25x 25 [ 30 x 30
I,F° [ 600 [ 600 | 600 | 600 [ 600 [ 600 | 600
I || 390 | 670 | 1043 | 1643 | 2100 | 2500 | 280.0
LF) [ 1000]12907] 1670 | 2237 | 2727 | 3100 | 3400

U, +1)1 || 099 | 098 | 098

100 | 09 | 100 | 1.00

* [F]:fluorescence value
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Table 2 Constants and useful range of irradiation field

for appling the equation (2).
Phantom Constant | Useful range of

thickness [cm] | o n field [cm?]
10 180 | 0.27 25 ~ 300
15 205 | 0.34 25 ~ 500
20 220 | 0.39 25 ~ 800
25 230 | 0.42 25 ~ 900
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Fig.5 Plot of the primary fraction as a function
of the irradiation field, for various phantom
thickness.
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Tracing the Mandibular Head Motion from a Cine Radiogram
by Using Subtraction Based on Least Intensity Projection
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The mandibular head has been extracted from a cine radiographic film digitized through a TV camera
system, in order to trace its sagital motion during an opening and closing period of the mouth automat-
ically. A model is given of subtraction based on the cine-film TV-input. An assumption of the additive
property of radiographic images was used to compensate fluctuation of the illuminating light intensity
by equalizing the average gray levels among the frames, as well as to estimate the background image
by LIP, the least intensity projection. The background was estimated by peeping directly through the
moving object at each pixel at an instant when the object did not contribute to the pixel intensity. This
means that, for a sequence of images with both moving and unmoving objects, moving objects can be
extracted by subtraction, even if it is impossible to take any image of the background separately. The
developed method is called LIS, the least intensity subtraction. The mandibular head region was ex-
tracted by subsequent application of standard digital image recognition techniques including connected
component extraction and erosion-dilation. The motion trajectory was obtained by tracing the top end
point of that mandibular head region.
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Fig.1 Schematic illustration of the mandibular head
motion. The shaded part is the mandibular head.
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Fig.3 The processing flow.
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Fig.4 Processed frames displayed in an order from
top-left to bottom-right. (This order applies also
to display of the frames in other figures.) The
top fifteen frames are for the opening period,
while the bottom for the closing period. The
light source intensity has been compensated.
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Fig.5 Comparison among Frame #1 (left), the background estimated by LIP (center), and the subtraction result
(right). The subtracted gray levels are magnified by three for display.
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Fig.6 The result of the subtraction with the trajec-

tory superposed. The top fifteen frames show the

opening trace, while the bottom fifteen frames Fig.7 The connected component extracted after
the closing trace. The subtracted gray levels are thresholding and shaping by erosion-dilation.
magnified by three for display.
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