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Clinical Evaluation of Single-Exposure Dual- | .
Energy Subtraction Chest Radiography: BEEEE 74V LK) EABMMHREL Y ¥ — X itfs
with FCR 9501 ES NIZANF—HT DT 7> a S BRLZFCR

9501ES & SRR AP TRATT 2 ahdH - 720
T, HEEHSREZ I OWTILAME 1 B L ¥ —%
TEEFEGL, FORKNERELFML, —o0MmERE

Tsutomu Takashima |

Using the one-shot energy subtraction method, we took

chest radiography of 1,031 outpatients of Kanazawa Univer- | ELTOMERTIIOVWTERELAEOT, Z0MHR%2HE
sity Hospital. Chest radiographs were taken with the FCR 45,
9501 ES system, with patients upright. We studied the clinical - e R Ay B Ry o ) e s
efficacy of this diagnostic method. FCR 950IIE5:'('HLI1T“] AEZ 1| RN 1 L ¥ — 25 3k
The method and usage procedures involved have been suf- DEFRRIGHIZE LT, $H4shl HAREERHRE 28
ficiently lechnologl_cally reflped to permit halndlmg of an | (19864 4 ) DIEEHE, [TESROH LV IEE —X8CT
adequate number of patients in a reasonable time at a per- ) . S e o
missible exposure dose. However, the system can be further & computed radiography (= & % — | s TS HT - 517 5
improved technologically in order to obtain fully consistent 1 [ T L F =303 |V THE LT\ a, FORRCAE

high-quality images, regardless of the patient's physique. For

well-rounded image reading, three kinds of images must be R LML L CORRREL B2 ) BF, <2
generated simultaneously: an original image; soft tissue (bone | T —F I XFREO—2THAH ) EHEH L TWE, L8
subtracted image)and bone (soft tissue subtracted image) Iy Ao o e 1 e 1 17 ) = [ £ F
Some soft tissue image were helpful for detecting non-cal- 2k [E[iif EJ\*’jﬁﬁhhmghﬁ‘DM“ ﬁfﬁ"ﬁeﬁ F"P &0
cified parenchymal nodules that overlapped the rib shadow, NS BSAEX BRI L CTEH L TOBROER L 5 5.
and some bone image served to precisely diagnose the ex-
istence of abnormal ribs, calcified lymph nodes, and calci- |
| fied nodules. Furthermore, the bone images were helpful for 4 4
I revealing that the fine infiltrative shadows in the lung fields MR ETE
in original images were actually pleural calcifications and : . -
that the poorly defined nodular opacities were, in reality, ab- ]995@]0‘)5] 12HE D ILAISH X TOR 1 74 AR HBER
| normal rib calcifications. SRR | 2 SEAZ R IR 52 A A1CHE S 7z h S R 4 E 1,03 1R
In light of the above, we wish to stress the importance of EH A TEEAG] AEES 7 geiE T ) -
clinical efficacy of not only soft tissue images but bone images (TS 1450, LAES170E0, Ifﬁpf /E_'_SEE’ :l::ffJStlﬁF;) =
derived using the energy subtraction method. FCR 9501ES & T, MESIEEHRE 21To72. ZO%EED
The clinical usefulness of this method was confirmed in Y (Fig.1) & OMEMERE % R (Fig.2). Fig 2l &
| 66 of 1,031 patients (6.4%)who had initially been scheduled il SRS e o sl
| for routine chest radiography. This result indicates how fre- | i, [ES0.8mmOGHRAT 2 MOKMH A XIP (& hH > F
quently the method encounters applicable cases when ap- Ay FSNIIRETIRES TN S, R, FAHY
plied non-selectively to general patients who require radio- 4= s e Logb - T S L S e Y
graphic chest examination. The advantages of this method AHTHN, EH @CR@T& EREHTANF —HiR &ﬁl_;r_
will become much more evident with an examination pro- VE-HEBER S NS, €01k, HENWYIZ 2 KD 1P HH
tocol that minimizes unnecessary special examinations or op- Pty FENRBE LW BERI AL F—E5HE s L —
timizes the balance between screening and special exami- | i j [ I ’
nations. FUREBO—DL LT, FEHEARE%RLEE T 1 BEMIZ#305E
FIARATATRE T d - 7.
Research Code No. : 506.9 W M3 100kVp, 200mA, 7 1 )b 4 H & [H PE &

200cm, Bucky grid 40 lines./cm (grid ratio 10 : 1), Photo
Received Aug. 9, 1996 “mfr ’&ﬁ’:;ﬁ L’,S#Eﬁj %ﬂ . o
Department of Radiology, Kanazawa University School of Medicine | CORETHRLO N 3 BLORM YY1 X7 1 V4 (25.7
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Fig.1 General view of FCR 9501 ES

x 36.4cm), T 7bHHTHE IP X 0 ONGE LA IE 5
(LU, CRI%) & MarsriBim (% (5 = {H 2 L - Hfg)
B L UNEE i (B % TH 2 L 22mifg) (BLF, ES
@) xFwict L. FhEhomlgnEEtz
Table 112789, $7z, %2 HOESED / 4 X
DEHBMT7AVT —#HDELE ) 4 XBRrELH
(Filter-Iterative Noise Elimination; FINEALEE?) 7%
WA Eh.

PR HEE R E LAk EE1,03ER O
T, KBy & (s AR B OB T RIG 2 EE 2 15
5 Z L ATHEETH o 72 2 FEF F BIKE L 721,0294E61
2D &, CRIEODHEMEGE, ESIRD 2 BEEFIF,
COWE % XbE72 3 BEEFIFE O 3 BHk HA
BORE L EOME % 17T 3 ADMERBEHHRE
MEDEEIZL 2 HTEEL 7.

FORRIIREL L, WEFHBEOELLOR, £

Table 1 Image processing of original, soft tissue and
borie images

Fig.2 Inside block diagram of FCR 9501 ES showing two imaging plates (for
low and high-energy)and the copper metal filter (0.8m thick).

Table 2 Radiological findings evaluated in this study
CR ES CR+ES

Abnormal findings ( -) 533 475 488
Abnormal findings ( +)
A Soft tissue abnormality 30 29 30

B Bone structural abnormality

(1) Congenital anomaly 3 5 5
(2) Fracture (Both fresh and old) 18 27 27
(3) Osteolytic or osteoblastic change 6 15 14

C Central structural abnormality

(1) Cardiovascular 13 13 13
(2) Tracheobronchial 9 9 9
(3) Calcified lymphnode 21 35 36
(@) Mass shaclow 7 B 7
D Hilar abnormality 11 11 11

E Pleural abnormality

(@ Pneumothorax 3 3 3
(2) Effusion and thickening 59 59 59
(3) Calcification 12 14 14

F Lung field abnormality

original (low-energy) image: 0.8E#1.6-0.204R0.5
soft tissue image : 1.0E#16-0.054R0.5

bone image : 22E#16-0.155R0.2

(1) Homogeneous shadow 44 43 41

(2) Interstitial shadow 45 48 45

(3) Non-calcified nodule 69 116 104

() Calcified nodule 36 36 37

(5) Apical cyst 15 21 21
#Material : 861 cases (All cases except those cases with poor qualily irnages and with
only post operaticn abonormal findings)

HARER &I #B56% #13%



Table 3 Evaluation of image quality
(soft tissue and bone images pairs)

Poor 89 cases (8.7%)
Good 824 cases (80.0%)
Excellent 116 cases (11.3%)

Exception Impossible to evaluate an image quality
because of poor breath holding 2 cases

Total 1,031 cases

FHRD Y O3 5HFICKS Lz, Fhiob s S E Ik
% &B7) v 7OMFE, WEZELREDPHLPZLDTH
b, BREFREGINAZBRVFTAEL, A, HREHEOR
#, B. BUHMIFDORE, C. PREEORE, D. MO

\Jh

Fig.3 Excellent soft tissue (A)and bone images (B)in the quality.

L

Fig.4A, B Poor soft tissue (A)and bone images (B)in the quality.

FHS4FE 11 H25H

911

FH, E. WIEOEE, F. MBORE L45), S56(ITable
202k, FRENOEHEFNCHS LT3 BRI (CR, ES,
CR +ES) TOREH L% Fi#k L 7=,

B X

.

BE DWW (Table 3)

WES (% & FEEICOVTHIE T FRENIZIZTES
IZIHE SN G, HETIEPREELESURITREY
PIRTEEIHESINTEY, 20EBTELGYHRET S
e EEE LB, o2 #@if§oxE BiFE L7z (Fig.3
(A), (B)). F7:, AREIIFGHIEIETHRERE, HICHE
fagehig Ea NI - TR A AHREHE(E, BE Tl
Rz R MR Chh B BB oMM A RO BEE O * RE &

(B)

R
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Table 4 Radiation skin dose of the energy subtraction technique

Exposure parameters 100kVp 200mA 63msec FFD: 200cm
Entrance skin radiation dose 17.7mR (4.57 x 10° C/kg)
[with Bucky grid (40 line/cm}]

Model 1015 radiation monitor (Radcal Corporation)

¥ L7 (Fig.4(A), (B)). LaL, ZOMFIIELE,
L LD DOAFIIREIEND DI LHEITEVD
DFETHY, H—ThL, NF7UFHFELRLNE 20
FEH I Table 312328 {, ANEBEHI(8.7%), {824
FEB(80.0%), BAFI165ERI(11.3%) TH 5.
EBH¥RICOWVWT (Table 2)

Bk U7z 3 B 7 U R Table 21277 . 2 2SR
FTHTRIZL,03UER] & 0 Bk L ZARBhIC & 2 W R R 2 fiEfl
&, PHOBEEEHICTAR &fIE S N7289ER, 2 5 IXHiR
AL D A DTHRER] % B\ 7286 EFIZ 2\ TOFER T, 1E
BHZTFETAFTRIZERTH o TLITRTRALAZ LD TH
5.

zZ B

19834E I BB I 7 1 )L A (k) A5, BREIE %
LA A= 2 77—k (IP) ZFIHT 5 Digital Radiogra-
phy D-—FET% % Fuji Computed Radiography (FCR) % 5§35 ¥,
T, TNEILH LBk -2 L L Tox
FNF—EFHED VB ODPRE SN TNHN240 K
TR E A REE O 2 FHO IR B X A F— T
BONDEMEWERE T2 LT, FFEORINEFEZ 7
STEMEEEETLFHRTH S, TRDEEA-HEAKICH
LT, MIAnF—ige sl ¥—ImEriTv, BRI
BFRDIRARL B 5E0 & PR &Y 2 EARM T
oM, Y7 b7 2 a v (MR ® L CEEcH
BT AEFEHEELLD, FICEHBOFETEHELLZYT
LLDTHEH, Lizh->T, —M&E2 MOHEFLETH
A%, KM, MM, ML EBE0h s &
TR LTIE, 7T—F 777 bhE L RE g%
552 EAHELV, INERITZ2HEELT, | MO
TrE2 EEOEREGLIENTELNE, ThbbE
B7 4V —%28OIP TH > FYqvFL, BHEIPLDY
ORI 3OV F— 154, HEIPL KT AL F—HFRIEE
TTIANT-ENBEZLICEAREIAINTF—IFRETELH
BT, 1 AT RV F =k I T B,

LAL, BEICEVELET—F 7727 FOMBEIIRER
TEBH, REELT,
D EE L T RINF =G HETH 5.
DHIMT 4 NV F — i L7, I P (ET A XML
L HACKIEIC A 15~ 1/100X#E & 7 0 BRRTED
ERALN I} Py N

@ 7 e R Ho 2 ¥ ©

Fig.5A,B,C A false positive nodular shadow in the left upper lung (arrow)of the softtissue (bone-subtracted)image at 1st costochondral
calcification. A: soft tissue image B: original CR image C: bone image

4 HARERZE #56% £135



Fig.6 A, B
Metastatic lung can-
cer with pleura and
ribs.

Pleural or extrapleural
soft tissue shadow
associated with rib
metastasis. Soft tis-
sue subtraction pro-
vides improved rib
defect (arrow) by re-
moving the superim-
posed soft tissue
structures.

A: bone image

B: original CR image
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DINBAELEEIC—B L THESEREFROhTws 2 L
(Fig.5(A), (B), (C)).
3) B¥F O Fk TR MG TRBE RS ) Lo THE S h
EFPR O &,
bk @ 1) LR EE LI 2 o F2ER7 121 false negative Y
AL, 2) & 3)IEIEFEIE T false positive 254 U H & E 2
B, WIEEL O 12 EFHEED OO {EA~ DR
EHLLE RS L EEEEZ NS,
uL,ﬁ%ﬁﬁ&bfﬂﬁﬁu%ﬁfab%aﬁmﬁw
R UREOBHE TIIMS S22/ ERR L
TN TR Z L & L7-.
REDOHERNAFHEIZOWTEELTAL, FOFHHE
T, DEFEIER T2 LEL0NDRERRLEID
D, 2) KO (XBCT, RIBY > F75 71—, 58X
2 &) OWIEFEI O R 25z b o, 3)# a%ﬁﬁu
& DDWERAE RN EZ 5N AL DO, (24000 THT
R& ¥ L THaI.
HREICER T2 L2 O NS ET R % original CRIZIZE
L2 14EB O HRIZESIEOF At 2 320 L7 b i34 mlix
otz L L, BEETERLELZSN5HERIAGR
DFTRAH Y, HREOEBIHETD (THEEI D2 D0
P317ER& - 72 (Fig.6(A), (B)).
RIZ, %%@@?TaLf%%P%%Mffa kit
D, FHICELR > THEELIERRIL ISR S R,
MERCTASHEAT S 7z b DH374ER (Fig.7(A), (B), (C)),
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Fig.7 A, B, C Primary lung cancer of left lower lung(1.5x1.0cm).
With the bone shadow subtraction, the rib shadows are removed, al-
lowing a small parenchymal nodular shadow to be displayed at much
. higher contrast. A: original CRH image B: soft tissue image C: Thoracic
g CT image (soft tissue)

Fig.8A, B The original CR
image (A) shows a poorly
defined nodular opacity
(arrow)in the left lung.

Bone image (B)is helpful for
revealing to be the rib calci-
fication due to the fracuture.

6 HARBE R 2k 555625 @135



7z, —RIFHIKALMERBEEO L IZRZ 5275 Wi T
FRREEOFRLELICL B2 DTHY, ZOHfTE F v
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WA DS - 7o L I & T, $FICEsk X ) oz
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Db, Welfmifg a2 il 4 5 Lk
HHEEDST BT 2 L W) FIEIERLR LAz ZE £, §TI2
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X 5 |ZCRHELHE & BB HI{L 1S D\ T WS FE R LR
[t DR 247V, psychophysiology DA 5 & Z OF| 1T %
BT 5ERE/TABY,

BWHRIZ BT 2RO AR L TO®MEI1EH 5 b
DD, MEEIEEANDHIKEEDEN - Ew, RIFAF v
YEBEBTED L EMEPLETIEIH AP, FWifRiT

FHE 8411 H25H

915

B

Fig.9 A, B The criginal CR im-
age (A)shows the fine infiltrative
shadows in right lower lung.
Bone image (B) provides to be
actually pleural calcification
(arrows).

DFEO—2oDFMTH Y, TOFGMEIFEET LI L%
SNMABRETHEWEEL L, 6|2, HINEXEETOR
B AT HE &£ VA2 At Ty A pulmonary microcaleification! !
DEWZEOTREN R &, EOREMETHMANAITIILDTE
TEAFEETHRINTE 2D VI RDIHIVETH L.

Pll, ZOHMLE2GIKE LTHRILTAD L, WL
—F AL LCiAT L72/BEL,03 HERIC D &, —Ii
L <ATImE Nz i E b 2964ER (9.3%), O TRER
B4 M % 1k L7664 (6.4%) D¥dh - 7o & v i fE SRz %
5.
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THbh, Lizh->T, SIIEREEMRORME R A2
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