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Gastrointestinal Three-dimensional CT
Toshihiro OGURA

Department of Radiology, Cancer Institute Hospital
1-37-1, Kami-ikebukuro, Toshima-ku, Tokyo, 170-8455, Japan
(Received June 5, 1999)

We attempted to obtain the three dimensional (3D) helical CT scans (3D-CT) of digestive
tract by using the air as a contrast medium, and we assessed the usefulness of 3D-CT in the
diagnosis of gastric and colorectal cancer. Gastrointestinal 3D-CT has several kinds of
visualizing methods depending on the threshold and transparency setting of CT values. In
abdominal study, gastrointestinal 3D-CT images enabled the visualization of cancer and its
adjacent structures in versatile directions, including a view similar to endoscopic observation,
the whole aspect of cancer, proximal aspect of narrowing and obstruction by tumor and also
could get the information about invasive depth of the cancer. The characteristics of our
method are that we can easily make an examination in a short time and with little dependence
on expert technique. Also patients have little discomfort compared to that experienced
during endoscopy and barium X-ray study. Important features are as follows; Dlong calculation
time, 2) insufficient air insufflation, 3)fecal and indigested material in the patient's digestive
tract, 4)whole abdominal scan, 5)spatial resolution. 1In the near future, a multi-slice CT
scanner system will have come into wide use for gastrointestinal 3D-CT. In the present
report we have explain the 3D-reconstruction method, clinical exam method and have also deal
with the advantages and various problems in gastrointestinal 3D-CT examination as well as

countermeasures.
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Fig. 1 Threshold setting of CT values for 3D-CT images. (A) Virtual endoscopy method,
(B) air image method, (C) pseudo-tract method, (D) double-contrast 3D-CT.
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Fig.2 3D-CT stomach images showing
Type 2 advanced gastric cancer,
which was visualized by pseudo-
tract method.

-

Fig.3 3D-MPR-CT image, constructed
with both 3D and MPR
image, shows extragastric
invasion,

Fig.4 Pseudo-tract 3D-CT image of
gastric cancer from the
duodenal side view.

Vol.16 No.3 (1999) — 150 —



Fig. 5 3D-MPR-CT image of same
lesion. This method is possible
to observe both intraluminal
and extragastric findings at
the same time.

Fig. 6 Air image method of 3D-CT
image.

Fig.T Video endoscopic picture showing
many polypoid lesions in a
patient of presenting familial
adenomatosis coli.
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Fig.8 Virtual endoscopic image is
quite similar to a video
endoscopic picture.

Fig.9 The image, visualized by the
air image method, looks like
that obtained by the single
contrast method of a barium
enema study.

Fig. 10 3D-MPR-CT image of rectal
carcinoma.

Vol.16 No.3 (1999) — 162 —



Fig. 11 Virtual endoscopic image from the oral
side view.
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Fig. 12 Pseudo-tract 3D-CT image of the
same rectal carcinoma.

P10 1 2



Fig. 13 Air image method of 3D-CT
image from

of extralumen.

the viewpoint

Fig. 14 Double-contrast 3D-CT Colon-
ography of the same rectal
carcinoma which 1is similar

to a barium enema image.

Fig. 15 3D-MPR-CT image. The polypoid lesion
was partially filled with water(arrow).
There is no information of the mucosal
membrane beneath the water.

Vol.16 No.3 (1999)
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Fig. 16 (a)

Small polypoid lesions (arrows)

beneath the water are observed
in an axial CT image using soft
tissue windowing.
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Fig. 16 (b) Polypoid lesions in the colonic

air (arrows) are most often
recognized with lung window
settings.
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SINGLE SLICE
1slice

1scan: 1sec

slice width: 5mm
table speed: Smm
scan time: 90sec

MULT!I SLICE
4slices

1scan: 0.5sec
slice width: 5mm
pitch: 5(25mm)
scan time: 9sec

Fig. 17T Comparison of the scan times for helical scan in single-
slice CT and multi-slice CT.
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Imaging Diagnosis of Bone and Soft Tissue Tumor

Seiichi MATSUMOTO, Noriyoshi KAWAGUCHI and Jun MANABE
Cancer Institute Hospital, Department of Orthopedic Surgery
Kami-lebukuro, 1-37-1, Toshima-ku, Tokyo 170-8455, Japan
(Received June 5, 1999)

Imaging Diagnosis of bone and soft tissue tumor has shown a great improvement in
these 20 years. Especially the appearence of MRI was epochmaking. However, because of the
expensive cost, all patients complaining with mass should not be indicated to MRI. Screening
of the case which really require MRI is important. In outpatient department, simple and
economic examination is important to select the patient. As for bone tumor, plain XP is
useful tool in screening. However, plain XP has only limited value in the diagnosis of soft
tissue tumor. Computad radiography and ultrasonography were useful tools to diagnose
hemangioma, ganglion and lipoma which are common benign tumor. And schwannoma was
also diagnosed by the characteristic findings which were referred pain, intermuscular mass
demonstrated by computed radiography and biphasic pattern on ultrasonography. If soft tissue
tumor did not show above findings, needle biopsy was required and cytological findings showed
that the tumor was malignant or benign. According to these findings the indication of CT

scan and/or MRI should be decided.
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Abnormal interventricular septal wall motion has been observed in various heart diseases.
To assess the regional contractility of interventricular septum precisely, DANTE tagging cine
MRI of septal slices parallel to the vertical long axis of left ventricle were acquired in 6
normal volunteers and in 12 patients with a variety of heart diseases. DANTE tags were
generated at end diastole with a 8 mm grid with about 60 intersection points on septal slice.
Quadrangle area as a basic unit was calculated at end systole (Sw) and end diastole (Se).
Percent area contraction (PAC) was derived from the following formula: PAC= [(Se— Se) ./
Sen] ¥ 100%. In addition, a quantitative map of the PAC was made to estimate regional
contractility easily by visual inspection. The PAC was 29.4%*1.3% in normal volunteers and
the map of the PAC showed a homogeneous pattern. In patient with anteroseptal myocardial
infarction reduced PAC units were localized at anterior site of interventricular septum, and
in patients with inferior myocardial infarction, decreased PAC units were observed in
inferoposterior site of interventricular septum. In a patient with dilated cardiomyopathy, the
map demonstrated a diffused focal distribution of decreased PAC units. In conclusion, the
PAC derived from DANTE-tagging cine MRI is a very useful index to evaluate regional
contractility of interventricular septum, and the map of PAC can reflect regional abnormal

contractility in accordance with clinical settings.
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Table1 Pulse sequence parameters.

Scan parameter

ECG gated cine FE
DANTE tagging

Imaging Pulse

Preparation Pulse

TE (ms) 22
cine-TR (ms) 50
Number of exitation 2
Slice thickness (mm) 10
FOV (mm) 350
Matrix (pixel) 256 X160
Tag cycle (mm) 8

FE : Field echo

TE : Echo time

cine-TR : Repetitation time of cine imaging
FOV : Field of view

Tag cycle : Tag grid of dark stripes with initial
center-to-center

Fig. 1

Positionning of septal section. To assess the regional contractility of interventricular

septum (IVS), DANTE tagging cine MRI of septal slices parallel to the vertical
long axis of left ventricle (LV) was aquired.

2. 5 &
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LHEERT O MNRIZRTEE PR LI EEZE (Anteroseptal
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i4E (Dilated Cardiomyopathy : DCM) 3
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Myocardial Infarction
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tag

SED

»  |Ses

—

End diastole End systole

Fig.2 Definition of percent area contraction

(PAC).

Sep @ Area of quadrangle unit at end
diastole.

Ses : Area of quadrangle unit at end
systole.
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PACneanl229.41+1.3% (Fig.d), PACspi38.0+1.3
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Fig.3 Representative regional PAC mapping on interventricular septum in normal
volunteer and in patients with anteroseptal and inferior myocardial infarction
and dilated cardiomyopathy. Gray scale map coded according to the value of
PAC was displayed on the end diastolic MR image.
a.Normal volunteer.
b.Anteroseptal myocardial infarction (Ant-MD).
c.Inferior myocardial infarction (Inf-MI).
d.Dilated cardiomyopathy (DCM).
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MTEl, FLDCMBICBWVWT b PACLIZ/NE MIFFT (&1 BE P R U D PAC s thBeg F 1% BE 51
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& D RIS, Ant-MIT (3 i B v [ 6 ek
ICF SR AEIS PSR L TV B T & bR
TEf, IEEECH L TAnt-MIBF O o T ik s
A D PAC R AEIC/NE L . Thid,
Ant-MI#FIZ (ZLADLIA O B i< 85 15 o I 5 3%
HEBDLEFSEGINTEY, BECRELY
W AsthiE T B SR IC IUREB B IR T SR L T
HEEFIMS TN D EZEI OIS,

%
35

a0 L p=1.4x10¢

-

25 |

20 ]-

PACmean

Normal Ant-MI| Inf-MlI DCM

Fig.4 Comparison of mean value of PAC
(PAChea)of whole interventricular se-
ptum amongnormal volunteer, antero-
septal myocardial infarction, Inferior
myocardial infarction and DCM.

20
p = 0.001

151
R
<or T
o

5 -

O L 1

Normal Ant-MI Inf-MI DCM

Fig.5 Comparison of PACs of whole interv-
entricular septum among normal vol-
unteer, anteroseptal myocardial infarc-
tion, inferior myocardial infarction
and dilated cardiomyopathy.
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pAcmean

%
2l '; e
: : % p = 0.00017
i AN
Normal Ant-M|
Fig.6 Comparison of PACn.. between anteri-

or site of interventricular septum and
inferior site of interventricular septum
in each normal volunteer and patient
with anteroseptal myocardial infarct-
ion.

Table?2 Result of post-hoc test (Scheffe’'s F).

Site P
a-Normal vs i-Normal 0.47
a-Normal vs a-Ant Ml 2.0X107
a-Normal vs i-Ant Ml 1.6X 107
i-Normal vs a-Ant Ml 2.7% 107"
i-Normal vs i-Ant MI 92X 107
a-Ant Ml vs i-Ant Ml 0.00017

a-Normal : PACn on anterior site of
interventricular septum in normal
volunteer.

i-Normal : PACnu on inferior site of
interventricular septum in normal
volunteer.

a-Ant MI : PACn.. on anterior site of
nterventricular septum in
anteroseptal myocardial infarction.
1-Ant MI : PACn. on inferior site of

interventricular septum in
anteroseptal myocardial infarction.
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A Study on Blood Vessel Analysis in Fundus Images:
Extractions of Blood Vessels and Their Intersections
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For the purpose of constructing a diagnosis support system in fundus images employing in
mass screening, two new schemes for extracting blood vessels and for detecting their intersections
were proposed. An examination was performed with 24 fundus images from 12
screenees by using a double-ring-shape filter and a band-shape filter. As a result, 78% of
blood vessels were extracted correctly and 83% of the intersections were detected. It was
concluded that our experimental methods were useful to develop a system that could be tested

in clinical situations.
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Fig.1 A double-ring-shape filter for

extracting vessels.

OF ¢

(d)

Fig.2 An example of extracted vessels.(a)
An original fundus image.(b) Process
ed image from (a) by using the filter
shown in Fig.l. (¢) Processed image
from (b) by using dilation and erosion
filtering. (d) Processed image from
(¢) by tracing processing.
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Fig.3 A band-shape filter for detecting
intersections of vessels.
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O :Candidates of intersections /:False-positive

The number of Flags: 12

Fig.4 An example of detected intersections of vessels. A and B are enlarged images
for two false-positive findings in left images.
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Active Region Segmentation of Gray Scale Images
Using Hierarchical Neural Networks and Its Application
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In this paper, we proposed a novel method, which employed a genetic-algorithm (GA)-
based hierarchical neural network in order to establish a general-purpose region segmentation
technique for gray scale images. We also applied the method to medical images. In the
present study we used 6 texture features for segmentation. These features were basically
obtained from a gray-level cooccurrence matrix. During the training phase, three GA operators,
namely, selection, cross and mutation were applied. The training was repeated until the

recognition rate for the boundary of two different regions reached 90%. Our preliminary
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results found that the proposed method is effective not only in the segmentation of conventional

color images but also in x-ray CT images and MR images. Moreover, we noted that the use

of different image features could improve the performance of image segmentation for medical

images.
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(a) (b)

Fig.5 An application example of MR image 1.
(a) original image, (b) extracted image.

(@) (b)

Fig. 6

An application example of MR image 2.
(a) original image, (b) extracted image.
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(b)

Fig.T An application example of MR image 3.
(a) original image, (b) extracted image.

(a) (b)

Fig.8 An application example of MR image 4.
(a) original image, (b) extracted image.

(b)

Fig.9 An application example of CT image 1.
(a) original image, (b) extracted image.
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Fig.10 An application example of CT image 2.

(a) original image, (b) extracted image.

Fig.11 An application example of CT image 3.
(a) original image, (b) extracted image.
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Numerical Calculations of Wiener Spectrum Using a Random-Dot Model
According to Triply Poisson Process for Screen/film System
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Radiographic images using the screen-film system have various noise called quantum
mottle, screen structure mottle and film granularity. It is well known that these noise affect
the detection of the signal in the image. We have presented a random-dot model with triply
Poisson Process(RDM-TPP) to explain statistical properties of radiographic image noise. In
this study, we apply RDM-TPP to theoretical analysis of characteristics of screen speed and
film granularity. By numerical calculations of Wiener Spectrum, we show that parameters of
RDM-TPP can correspond to characteristics of screen speed and Wiener Spectrum of film
granularity can be obtained by use of RDM-TPP. The theoretical results of numerical calculations
show that there are some similarities of the shape between the practical Wiener spectrum

and the theoretical Wiener spectrum.
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Fig. 1 The recording process of the
information contained in subject
with screen-film system.

Fig.2 A random-dot model of the screen-film
system. Large circle, middle circle, and
small circle represent region of
fluorescent light, mottle-containing
photographic emulsion, and grain
respectively. The center of these circle
are distributed according to Poisson
process.
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Fig.3 Numerical examples of theoretical Wiener spectra with different parameters
of RDM-TPP. These parameters represent different screen speed.
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Fig.4 Comparison of experimental Wiener spectrum of x-ray film between
with high speed screen and with low screen speed.
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Fig.5 Numerical examples of theoretical Wiener spectra with different parameters
of RDM-TPP. These parameters represent film granularity.
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Fig.6 Comparison of experimental Wiener spectrum of x-ray film between with screen

mottle and without screen mottle.
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Fig.T Microphotographs of the x-ray film.
(A) is the x-ray film with screen mottle.
(B) is the x-ray film without screen mottle.
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TC-10 | Technical diagnostics 9 9 18
TC-11 | Metrological infrastructures 8 5 13
TC-12 | Thermal and temperature measurement 9 6 15
TC-13 | Measurements in biology and medicine 17 6 23
TC-14 | Measurement of geometrical quantities 35 : | 36
TC-15 | Experimental mechanics 21 3 24
TC-16 | Pressure and vacuum measurement 2 2 4
TC-17 | Measurement in robotics 17 8 25
TC-18 | Measurements of human functions 8 1 9
ST Special topics for IMEKO-XV in Osaka 9 5 14
& il 261 85 346

7£)  Topic 6 E8%.

— 97— B D i £ 7 2 M



Table2 (a) TC-13 Measurements in biology and medicine TO#%, oral session (13.2 [F%&0Y) (% <).
June 15 (Tue.)_ Room B8

10:20-11:20 Oral Session 13.1 Biomedical measurement (1)
Chair: N. H. Nessler, Y. Tomita

13.1.1 Measurement Discovers the Key Issues of Moxibustion, an Oriental Medical Wit
Y. Morita, A. Nakamura, S. Z. Wu

13.1.2 Co-ordinate Measurement Technique for Biomedicine
M. N. Durakbasa, P. H. Osanna

13.1.3 The Buttock Pressure Distribution on the Air Cushion for Patients with SC1
Y. Tanimoto, H. Takechi, H. Nagahata, H. Yamamoto

13:30-15:10 Oral Session 13.3 Mathematical models for biomedical
measurements

Chair: P. Kneppo, K. Fujita

13.3.1 Chaotic Analysis of Heart Rate Variability - Functional Role of Chaos -
Y. Tomita, Y. Muracka, T, Qi, S. Honda

13.3.2 A New Tool for Frequency Analysis and Its Application to Heart Rate Variability
Y. Tomita, S. Kon, S. Honda

13.3.3 Analysis of Compartmental Syndrome Diagnostics Efficiency using Bioimpedance
Measurement

S. Tonkovié, D. Voloder, M. Petrunic, |. Tonkovié
13.3.4 Model Calculation of the Current Distribution under the Neutral Electrode in Electrosurgery
N. H. Nessler

13.3.5 Evaluation of Heart Tissue Damage by Topographic Characterization Using Fractal
Dimension

M. Rackaitis, V. Snitka, M. Kusleikaite, V. Makarevicius
Table2 (b) TC-13 Measurements in biology and medicine TO$ 4%, oral session (§£<).

June 16 (Wed.) Room B8

13:00-14:00 Oral Session 13.4 Special instrumentation in biomedicine (1)
Chair: Y. Morita, K. Deguchi

13.4.1 Recognition of Continuous Syllable Using Neural Network for Recognizing Vowels
Y. Kaiji, T. Moriyama, T. Ushida

13.4.2 Fluxgate magnetopneumography
P. Ripka, P. Kaspar, P. Navratil, A. Tipek, K. Svabova

13.4.3 Measurement of ankle joint intrinsic stiffness during standing
K. Fujita, H. Sato

14:00-16:00 Oral Session 13.5 Special instrumentation in biomedicine (2)
Chair: P. Ripka, K. Watanabe

13.5.1 Formulation of 3-D Gazing Points Detecting System for Human-Machine Interactions
M. Saied, T. Fujita, M. Idesawa

13.5.2 Optical Tweezers Technology for Biological Cells Using Tapered Hemispherically Lensed
Optical Fibers

K. Taguchi, K. Atsuta, H. Ueno, M. Ikeda
13.5.3 Fundus Shape Reconstruction and 3D Display from Fundus Stereo Images
K. Deguchi, D. Kawamata, K. Mizutani, H. Hontani, K. Wakabayashi
13.5.4 Multi-channel high Tc SQUID system for magnetocardiogram
T. Nagaishi, H. Kugai, T. Hirano, H. ltozaki
13.5.5 Problems related to spectral analysis of heart rate variability
D. Mirri, M. Grossi, G. Pasini, C. Offelli, F. Fontana, R. Bugiardini
13.5.6 Non-invasive Biomeasurement for Health Monitoring
H. Watanabe, K. Watanabe, M. Ohara
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Table2 (¢) TC-13 Measurements in biology and medicine TOD# 4, poster session,

13.P

Measurements in Biology and Medicine

P.13.1

P.13.2

P.13.3

P.13.4

Development of a supporting device for surgical planning using superimposition of images
Y. Ohta, H. Kataoka, K. Masamune, |. Sakuma, T. Dohi, H. Iseki, K. Takakura

Measurement of surface roughness of erythrocyte using Atomic Force Microscope for the
estimation of the damage caused by shear stress

H. Okamoto, Y. Ohta, M. Kanno, T. Okuda

Problems of the Measurement for the Determination of Bone Mineral Contents using
Continuous X ray

H. Ito, T. Fujita, N. Nakao, K. Kariya

Discussion of Suitable Deposit Days of the Reagent on Quality Control of Reagent Data of
Blood Chemical Analysis.

Y. Iwaki, T. Inamura, K. Kariya, A. Hamase, H. Ito, M. Fukuchi

P.13.5 Mathematical Model of Wiener Spectrum and The Verification by Measurement

H. Okada, K. Kariya

P.13.6 A Mathematical Model of Signal to Noise Ratio and Internal Noise of Human Visual System
T. Wakamatsu, K. Kariya
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2. Measurement, Analysis and Modeling of
Human Movements and Actions —Task-
Oriented Motor Dynamics— (Koji Ito:
Tokyo Institute of Technology, JAPAN)

3. Industrial Applications of Process
Tomography (David M. Scott: E.I. du
Pontde Nemours and Co. (Inc.), U.S.A.)

4. Quality of Environmental Chemical
Measurements (Philip Taylor: Joint
Research Center of the European
Commission, BELGIUM)
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Fig.4 Opening ceremony,

Fig.5 Reception,
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