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Digital TV Tomosynthesis—It’s System Development, Digital Image
Processing and Clinical Applications

Shusuke Sone
Department of Radiology, School of Medicine, Shinshu University

Research Cord No. : 204.1, 208.1, 500, 501

Key Words : Tomography, Digital tomosynthesis,
Image processing, Spatial frequency filtering,
Dual energy subtraction digital tomosynthesis

We have designed and developed two types of high-resolution digital X-ray TV tomosynthesis
systems which incorporate an X-ray TV fluororadiographic unit with tomographic function and a
digital image processor, which handles image data from the image intensifier-TV camera chain. We
have studied methods of improving image quality of the tomosynthesis images and their clinical
applicability.

As a result of clinical application of this method, a number of advantages have already become
apparent, as listed below:

1) Low patient radiation dose per examination, short examination time, and early display of the

image on the CRT.

2) Reconstruction of the tomograms at any desired depth and oblique tomograms.

3) Spatial frequency filtering to improve the image quality, particularly one-dimensional spatial

filtering process to reduce linear tomographic blur.

4) Digital angiotomosynthesis with and without subtraction.

5) Dual energy subtraction digital tomosynthesis.

6) Electronic storage and transmission of image data.

Clinical effectiveness of this method was shown in such areas as imaging of the ear, spine and
lung, angiography of the brain and abdominal organs, and arthrography.
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Table 1 Digital TV Tomosynthesis system HC

X.ray unit:  Medix-210LS (Hitachi)
Generator: GH-S3-158 (3-phase generator)
X-ray tube: UH-6GC-108DL (0.2/0.8mm dual focal spots, 250 KHU)

II: IT-97THM (4.5, 7 AND 9)
TV camera: V-206A (525 and 1,049 raster-line)
Tomography : swing: 40°, linear movement
Image processing unit : HX 2P-325 (Cybernetics)
Image processor : reconstruction device
spatial filtering (digital filtering processor)

Frame memory : 1,024 % 1,024, 8bit, 30frames/sec, 90frames/3sec

Display : 1,024 lines (interlaced), 14" monitor
Hard Copy : FIM 3,035AG (Imaging camera, Fuji Medical)
Table 2 Digital TV Tomosynthesis system $
X-ray unit:  RS-100 (Shimadzu)
Generator:  XHD 150G-70 (multipulse generator with dual energy capability)
X-ray tube : P39CK-100SF (0.3/0.8mm dual focal spots, 400 KHU)

II: 1A-12VM (6, 9 AND 12™)
TV camera : modified XT-2,100 (1,125 and 2,250 raster-lines,
non-interlaced mode, SNR 1,000 : 1)
Tomography : swing : 40°, linear movement
Image processing unit : IDR-2,000 (Shimadzu)
Image processor: reconstruction, spatial filtering
Frame memory @ 1,0241,024, 10bit, 64frames/2.1sec (max. 96frames/3. 2sec)
1,024 % 1,024, 10bit, (for angiotomosynthesis
32frames/1.1sec) X 3, 2sec pause
2,043 2,048, 10bit, 24frames/3.2sec
1,024 % 1,024, 10bit, 48frames (low energy) and
48frames (high energy)/6.4sec
(for dual energy subtraction tomosynthesis)

Display : 1,380 lines (non-interlaced), 20” monitor
1,125 lines (interlaced), 14" monitor
Hard Copy : FL-IM2,636 (Laser imager, Fuji Medical)
(2) BAERS:E #50% #1125
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Fig. 1 Tomosynthesis images of the normal ear (lateral view), filtered to reduce

blur,

Top left image shows the internal auditory canal with some spotty densities
within it, suggesting nerve structures. Top right shows the semicircular canals.
Bottom left shows the tympanic cavity with the horizontal part of the facial
canal, running along the superior edge of the internal wall of the tyrmpanum
(arrow). Bottom right shows a postprocessed oblique tomogram to make it
easier to visualize the vertical part of the facial canal (arrow) next to the
horizontal part at the right of the image, which was not processed. The vertical
blaclk line limits the posteriorly deflected area on the left hand side of the

image.
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cut 110 mm

cut 110mm cut 95 mm

B
Fig. 2 Angiotomosynthesis images in comparison with selective hepatic arterio-
gram performed on a 7§ year old female with hepatocellular carcinoma.
A : A selective right hepatic arteriogram. B : Angiotomosynthesis images with
15mm gaps between cuts (110mm and 95mm). Arterial phase images (top row)
and parenchymal phase images (bottom row).

(4) HARERKSHE 5505 H12%



iR fEE 1477

YR EEY & > THEAR - Fitkbh, &
THEGRSEHRINhE, 1HE&EARL, Zh
% CRT &R T % ¥ TOREIE, DFP ToME
AT B E91.2%, DFP B A N2 3 £ 3
#Mehs,

TATENLLEY VY ADKRE TS T
BEBRECLHD, Ao RAF AT, Imm U Eoy
FTHEEDEREOR I OMEEYBER T2
(Fig. 1. PeflifEGemikEE b rRcz s

(Fig. 1), & bz, (subtraction) angiotomosynth-

esis it 3 B ¥ CEFGEMHITTE 5 (Fig. 2). —#
DMEEFHEEY CRT LTrx®2— VI g
%E, AEHCIBELCTV, BEF - 2 0E
EHABETH B2

FEY VY REES T R X SR
AT, b, BEYEBEEY AV ABRYBX

T dual energy subtraction digital tomosynth-

esis bfT2 5, X TV H 2 5 13EHM TV # 2
Z GEEML, 1254 £ 2, 250K 0@ 2 &), 7 m
VYT AREYVE—NTHS,

e v ARBIEL T, &4 XERBER
BB 5 ERBREERRN L, ok
EZ FCRADIGA L Thic, BEOEMREED
WrBHmF I X 2 Wi B ELY IP CRE LT, BEO
ZTESEBRAE T, KT 1 A7 BT — %
ZrANEKBEODICEBEIhi- 7 — 2 5T EK

. ‘J‘I“‘\‘.*v

FACOM760M ic#35 L, —;TTA ¥y <R 2
EiTo e MBHDO T — 2 2BV OD tEHL T,
B O FCRT000DBEEEN TR TEHE 7~ 2 2 41
HABEL 7,
4, FET I RIZEIT B EHENISE

X REEGOECDRER, =V FF 2 V3R
BEORREMBEOTREEE X1edh b H, Bxix
EARSEE R B 2 13RI L CEG LR
2Tt EHRE, ERAFEKER IS T,
RAERO 26 RIGEERERS B s 0
T, BEHAC—RTAEY <2 7 WBx 1T - T,
BT — 2 h OERBERSZE U, ZoFER
FE T TIRIIT0EE N, HHE X h, K
DT 42 ANEBECHIGH I ATV 59
B, WAL, —RTE7 4 LA ABICH L7 4
AHMHALICETIhBERLSTWA,

1) PECY 2 REBHC 25 1) 5 EigEE
FRAOD X3 EBEE

A AT a0k, Ei X BB X SHERE Y
RAL TITRY, Zoc X SRER307 L —
LDTF -2 RINELTW5B, £-T, 1/308, /A
BT LT#1.3E (40/30) o X ' E08Z0 T
&7 v —apiRFEEhTWE, ZoOBEOBE I
Lh, B¥EE OLTRBEAERKEGORHEN
ETFT5, £ZTHRAI, E7v—-2825H
T4 =L NEBRT - VI SBEL, 74—

e |

Fig. 3 Comparison among tomosynthesis images of the normal ear (oblique

view).

A A tomosynthesis image reconstructed with original (unfiltered) tomographic
TV frames. B: The same cut as A, but reconstructed with one-dimensionally
filtered tomographic frames. C: An additional one-dimensional filtration was
performed on the same image as B showing the clearer visualization of the
mastoid air cells, cochlear and semicircular canals etc..

SEEL 24R12 5250
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Fig. 4 Comparison of the effect of different filters shown on tomosynthesis

SERC2E12H258

images taken from a 66 year old female with mitral valvular disease showing
pulmonary interstitial edema.

A': Tomosynthesis image reconstructed with original tomographic frames. B
~F: Filtered images with peak intensity ; B: 0 Lp/mm, C: 0.6 Lp/mm, D: 0.8
Lp/mm, E: 1 Lp/mm and F: 1.5 Lp/mm.

In B the low frequency components of the image were emphasized. Most of the
tomographic blur remained and the image signal was poor. In C, D and E the
mid frequency components were enhanced and the high frequency components
were enhanced increasingly from C to E. Anatomical detail was sufficiently
presented in C for the most part but tomographic blur was not adequately
suppressed. In D, anatomical detail was sufficiently presented and tomographic
blur was negligible. E is similar to D however the image has become slightly
noiser. F has enhanced high frequency components resulting in a noisy image
and insufficient anatomical detail. Also blur is stronger..

(7)
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Digital TV Tomosynthesis

Fig. 5 Comparison of the effect of different filters shown on the angiotomosynth-
cesis images, performed on a 29 years old female with A-V malformations

(double arrow).

A : Original angiotomosynthesis image, B : Filtered image (filter 1), C: Filtered
image (filter 2), D: Filtered image (filter 3)

Since specificity of filters 1, 2 and 3 for the lower frequency regions (lower than
1 Lp/mm) are the same, reduction of tomographic blur was similar for all three.
Compare these images with the unfiltered images in A. The image was slightly
noisier when using filter 1 which may indicate that the structure mottle of II
falls in the frequency range which is emphasized by filter 1. Using filters 1 and
2, high frequency components of vascular images are cut off, causing artifactual
“ringing” which makes thin vessels appear thick and reduces image sharpness.
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Fig. 6 Dual energy subtraction digital tomosynthesis image showing a. calcified

nodule in the right lower lung.

A : Digital radiography of the right lower lung showing a dense nodule. B : Low
voltage tomosynthesis image. C: Dual energy subtraction tomosynthesis (bone
image) clearly shows a calcified nodule. D : Dual energy subtraction tomosynth-
esis (soft tissue image) shows the remaining soft tissue portion of the nodule and

not the calcified portion.
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Digital TV Tomosynthesis

Fig. 7 Comparison images to show the effect of one-dimensional filtering on the
linear tomogram taken on a FCR imaging plate, in a case with a solitary
pulmonary metastasis in the superior segment of the left lower lobe.

a, b: Unprocessed tomograms (FCR left image and right image). c~f: Proces-
sed tomograms. c; filter L (low frequency components enhancing), d ; filter M,
(low~mid frequency components enhancing), e ; filter My (mid--high frequency
components enhancing), and f ; filter H (high frequency components enhancing).
Due to the reduced tomographic blur a metastatic nodule is clearly shown,

particularly in d and e.
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