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Low-voltage Radiography of the Chest with Industrial
X-ray Film and its Magnifying View

by

Takeshi Yamazaki, Katsuhiko Fujimi, Tatsumi Hamada and Toshio Makino

Department of Radiology, Osaka University Research Institute for Microbial Diseases

1) Industrial medium-speed or high-speed non-screen x-ray film equivalent to Kodak AA or KK.

2) Ordinary medical intensifying double screen.

3) A newly designed small focus low-voltage radiography unit, of which soft x-ray out-put is about
five times as much as general units.

Combining these three factors, chest of the patients can be radiographed with the lowest kVp as pos-
sible. This low-voltage radiography of the chest renders far superior details than either the general radio-
graphy or the high-voltage technique does. Fine structures delineated on this low-voltage radiogram may
not be depicted also by usual tomography. Our own chest-phantom experiment revealed that the low-
voltage radiogram might resolve minute structures 1/2.3 in size compared to the general radiogram, and
resolving power for the soft tissue (Nylon chart) and the contrast media (Au chart) was 230-400 . and 23—
30 . respectively. Authors suggest a new concept of magnification coefficient, that is, an effective mag-
nification ratio, I

Then, the low-voltage chest radiograms of 80 patients were viewed, 3--4 times magnifying optically
with lens, and more detailed diagnosis could be made than by using usual routine radiograms. Exposure

for a patient of 20 cm in thickness is 0.25 R/exp.
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A. FEERE  BREEREERELER - B
F43k, 500mA, Circlex 1/, UZ-20, 43 1m
A, FFD 1.5~2m, 59%kVp, 300mA, 0.1
Fh. iAo Motion Blur %/ Nc3 AT,
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Fig. 1 X-ray Out-put in Roentgen of the New
Low-voltage Radiography Unit Compared
to the General Unit.

Field Size: 20 x20cm?®

Focus Chamber Distance: 40cm

mA: Dial set

Victoreen 570: Chamber 651, 131, 326
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Fig. 2 X-ray Quality in mmAl HVL of the

New Low-voltage Radiography Unit Comp-
ared to the General Unit.

Field Size: 5 X 5cm?

Focus Chamber Distance: 40cm

Victoreen 570: Chamber 651, 131, 326

48KVp |KX+FS|200+FS| RR+MS|RR+FS
Relafive | 6.6 | 3.0 | 1.4 ] 1.0
y |22 |30]48]48

Q37 N 3 370 mR

) K+ F\‘? 7 /RR.+Fé.

s § %

0 7 40KVp
0l 1 10 100 mAs

Fig. 3 Characteristic Curves and Constants of

the Industrial and Medical X-ray Films Co-
mbined with Medical Double Screens.
Low-voltage Radiography Unit.

Time Scale Recommended Developer 20°C
5 min.
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k5 Cardiophax SCX-201 # F\~Dipds) T-P
OB EH%4T 5 . Filter /e L. @0 X &
B OEREZ R O—AFER LT, B 1),
ChzmT. B EH T EEgsREE, Contrast 35 ko8
REZ L HIcED 5 BT, TEAXBZ ML A
S {HBRRFIVEL 200FITHEAELF S &
TEM S %2 frde % . Time Scale |z L 54
PERRER & B2 R BT, BT, & v
7Hi{&, 20°C, 6~10%.

B il - BEL e AT, B4
I, 500mA, Circlex !/, UC-ODD 150R % %-i%
RX-21. 2452 mfE S, #1682 mmAl. FFD 2
m, 60kVp, 400mA, 0.05F). BEHEHIE LK
X4 FS, Kodak X-OMAT. #8 T L.

C HofiEsEdsy « ALk, A 1mES, FF
D 1.5m, 130kVp, 100mA, 0.05f», 12: 1%
isF, KX+FS. HE.

Ol fiaEnEERRICE T 3 Phantom
B

A, FAFF ¥ —}

HRETHLELH 2 L T 983~ 7604 @ 8FEED &
S D6-71 v (EREELL) F72% Lm
Acrylite )7 e 4% 4 A%, K%L WHEIFCE
NRT, BEAKTESL . 3TDFFH 1 v VT « —
Mok, ¥LEFAREOEBRTFESRLEL
T, BARMSHEEROEHIE Au F+— + R-
4 (Ex15p) wHviz, #irhos~ 1300, 254k
A 1.2,

B [fg#l Phantom X SEERH:

Phantom JEX17cm, TiifgBse LT 3 enfE X,
Wt L LT 4 enfEX D Acrylite J7% 8 X, dhihit
4R DFRELSMNIZESE. D Phantom D7 4
A s flIFET, XEERIERS X oty 4
N AT BI0emDAEIZ T A FF % — PRI E,
B ER L Ticot:. K Geometry ¢ Pha-
ntom ¥, Fo— FHEMCHLERLE.

P T A YRR 0.5~ 4.00(ET 5~ 8 fi
OB ETew, BWIRE XU —-2(x 2 ~50)
ZRAWT, FEREOTTHREL UEEOMET
Offi% L ofc. {2 v 5 A Fo Nylon F 4 —

BAREFRHHRFE WS W30% 75

FOSE, BIBECREY SR TER7 s v %

2005~505 rix OERETHZT 5 L, EiERE
ORI DL IMVLDETRMTES . 5
RAZIMETERBT 5 HEL L TR O L 0%
y

(1) Au F & — F DA 3AKD HAELRTETR
T & A#/N% Upper Resolution Limit(URL),
EFloF o — FA—T LD ELTEDBRBIRA
% Lower Resolution Limit (LRL) » 1, f#
& 7E RP (32 O FHETEH L. (BLEEMRE:
w4 U DBEORPEIR, LR LARHEEL D
UR L{E#CHEI L. HEOEEILE104E
ELrEzbhS.

(2) Nylon 4+ — b DA Au LRigD,
MIRBiEravrsa P AELRAHLBIC, 4
AOIFERTER T ¥ %5/ vk & % Resolution Li-
mit (RL), ¥72 1 &1 AKiLiz2o& b LiguLpiib:
~FRCFIDDEET D LT 2% B/ kK &%
Contrast Limit (CL) X LT, f#f£ IR P{EILR
L, CLOPE%: Lot HESREL, +20%8
EEBihb. Au, Nylon L%, WERIGLTH
7, IMEFTicot.

C HROHERA

®"H 1.00 2 ADHGETIE, WHEER:SmT,
BE2 VS A D Au ¥ — FEEOR PIL60
# (URL8OM, LRLAOY) EET, B4 L
I AHLERPETOL[ICT: % . Nylon 4 - } D
FORE=2VISAMOEER, BE=vF5A
FORRETH R LI 1204, 2544 2 E - &
220 iz b e % .

D SERfER

1. Nylon &+ —}

£ (D, B (QuERERs—c, EMicr
Pf&E, THcMCE (#ad) #7~3. 4, B
¥R, Phantom (4) T3 (=) 04
D 1.5~2fF0REERPEHEEINBICLES.
WEMOR P AR T5012 X & LT REFR
% (Absorption unsharpness) “C# % . Phantom
(+) OBEFREEFEF «— b o 7 4 2 s[EEERE
17cm & THEDHY, Geometry OB % R 27
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Table (1) Resclving Power RP in g and
Magnification Coefficient MC in times,
for the Nylon chart

(a) Phantom (—), Chart-film: contact
(b) Phantom (4), Chart-film : contact
(c) Phantom (-4), Chart-film distance: 17cm

()
RR RR+ | 200+ K+
No-scr, F S F S IS
120 210 240 260
D,
x4.4] x2.3 x2.2| x1.9
Low:volt. 170 230 320 380
Radiogr. x3.1 x2.2  x1.6] x1.3
G er al 230 260 350 10
Radicgr. x2.1 x1.9 x1.5
High-volt. | 280 310 460 610
Radiogr.
Gr. (=) x1.8  x1.6 x1.1] x0.8
(b)
RRH [ RR+ | 200+ [ KX+
FS| MS| FS| Fs
270 360 460
D,
x3.2 x2.4 x1.9
Low-volt. 400 480 640 670
Radiogr. x2.2  x1.8 x1.3 x1.3
Gem_aral 570 LY :;0
Radiogr. x1.5 %1.3
High-volt. 770
Radiogr.
Gr. (+) . 1.1
(e
RR+ | RR+ [ 200 [ KX+
FS MS FS FS
D,
Low-volt, | 200 |40 620 | 780
Radiogr. x2.3 x2.1| x1.5 x1.2
General | 610 820 o0
Radiogr. x1.5 x1.1
High-volt. 880
Radiogr.
Gr. (+) x1.1

\». Phantom (—) @#41% RR No-screen =R
R+F SOk 5#BENOEBRIREET, B
fHiEELI7en X Db LD E W, EE0 x,y HREK X 5
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H D, D, General  High-volt,

=

Fig. 4 Resolution of the Nylon Chart.
KRR No-screen

Phantom (—)

Nylon Chart-film Contact. x 1

D, Be Tube No Filter 10 kVp

D, Be Tube 0.3mm Al Filter 29 kVp

HENDECGERE TR bR\, D), RR No
screen, #3% (Microradiograpny HR) o #E
DBECER, 831 2B HETS. D,
RR No-screen, Phantom (—)i Mammography
DRI, ZhTH1208 2 CHETS. I
HMEEHRE (RR+F S, MS) Tit, —fkiw
RERMIC ST e~ s K EEC, A (200
+FS) Th¥Ysm kS FTHEC% %, Phantom
BTOREC L OTRLY, BERMI—RRY
EREER . Dy BIEOBXE 2 ) 5 EERE
Tik, Phantom OFMITHE=T, 270~ 2104
¥ CRET 505, —RE DO s~ s DK E X
ETHIHTE %M, T0R/exp. (12,000mAs) DH:
MEREEL, BRI, — e FgE
SRR+FS<RRHAMS<] 200+ F S<K X+
FSoic< B UREHE R bzl
WL, BEHA7 2 L ATEBEY D, 0L 51
N <THI DI THERY 4 L AaTHEY
LNEDIR LTI B, B UHENCREHSE
B T sd . HEnbT5E, BEoEE
B T o BEAEL © HERAR PE 12,
Phantom D X2 Jii 0T 230~ 4004 TH Y, —
HeHREs, SERY ik Fhrh 490~ 8504,
610~ T7OLTH 5 .

2. Au F4—
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Z OBV X b 4 Geometry A3 &
B . XBEEAD x, vy i@ (F ¥ — F O
BrXEEoRELEACT Y x L T5) TR
b, BErRbRS. £ (2), M GRS
Ro—ifxmrT.

a) WEOHE

Au OR Pk Nylon 0 /yo~*/is CET 5.
[EFE#SY T3 Phantom oOJF i L T23~30
K, AU —# R TIX52~T04, BERE T

Table (2) Resolving Power RP in p and

Magnification Coefficient MC in times,
for the Au chart

(a) Phantom (--), Chart-film: contact
(b) Phantom (-}), Chart-film: contact

(¢) Phantom (), Chart-film distance: 10cm
((x~y) URL)

(d) Phantom (—), RR No-screen ((x~y)URL)

@
[ —‘R'RL | RR+ | Zﬁﬁﬁi{?{—il_
No-scr. | FS | FS F S
|<25 | | |
D, (URL) !
[ >X2.5 | B I R
T <25 23 [
Low-volt. (URL) [
Radiogr.
| >x2.5 x2.3
1<z 95 137 s |
General [URL) [
Radiogr. | (UPE?})w
| >%2.5 x2.1] x1.4 I
A e _
H1gh volt. | 32 |
Radmgl |[-LRL}| [ |
Or (D1 x25] x1.4 | x0s
(b)
RR+ RR+ | 200+ | KX+
) F S MS | F S F S
20 |25 39
D, |
_ | x3.5 | x2.8 xI1.8
| Low-volt. ‘30 o3 (46 l
| Radiogr. | x2.3 x2.1 x1I 5
. Gcnt_':ral 139 83 70
Radiogr. «1.8 ><1.3‘
High-volt. | T 97
Radiogr.
Gr. (+) _ |  x0.7

HARRESERFRFESMERE M08 BHTF

(e
|RR+[RR+| 20-U+'|' KX+
;_F‘>| MS | FS| FS_
D, '
1(66~48)|( '-5?) (90~75)|
Low-volt. 57 : 70 83
Radiogr. |
X1.8  x1.5 % 1.3
General | (108~99)
Radiogr. i 104 |
High- volt : (14?56156)
Radiogr.
Gr. () | | xoq]
(d)
Chart-film | Chart-flm |
Distance Distance
— | _loem | 17cm
" Low-volt. Radiogr. | (60~43) | ( 130~T5)
| FFD: 1.5m | 56 : 103
|_Low-v01t. Radiogr. | (55~36) | ( 108~62)
FFD: 2m 46 85

. Cyo—— (66~57) |( 130~ 108)|
General Radiogr. 62 119

High-volt. Radiogr. - (48~52) (75~175)
 Gr. (=) | 80 | T

Low-volt. General

Fig. 5 Resolution of the Au Chart.

Low-volt. Radiogr.
General Radiogr.

Au Chart-film Contact. % 5

Phantom (4) <

68~97 4 TH B . Nylon Elign bl 5 &, bk
sfie> Mammography O 4Tk 124, Microra-
diography Ti%8 uLATFeExbhD. Au D
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A1k Nylon %k & BoTEHERRY 3 —lHE
WE 030505 5. KERE C —BEE 0.~
Yo sOKE S ETHHET D C L1k Nylon r[EfET
BB, BHLEE ORI oT 4 Nylon &
[ Uisamn 8 Hh s . Phantom (4) Tk (—)
DHED 1 AEEET, Nylon i3 Siiilig o
DA < Blbhiow . Eio70 Riexp. O#E{EEHE
#cix Phantom (4) THH204 D FEN® B
2

b) Fa—1F « 740 AEEEEEIO~1TcnDE 2
# (2) (d)1% RR No-screen “TH 5 o 4805 i
HLicboT, ThiEERMEOREBERATH
5. mESEZ AR, Ef17en T, Phantom
DA RICH B O ] % >3 Geometry D
THREBRAI RED. Fo— b h7 4 L ARED
% RO OENR T 5. 1 BERY,
— iR €l Phantom DFMIC X > THEIER
I EAEELT (RPEDEILIOZLLT), Bl
BoRErEHcEs. Lr LEERECIRT
AL TH50% 4L, #HiloFEIIKE
W IR RIERRY & — g2 e~ 5% &, B 7en
~10emT30~B0 % FEEHHEIh HITI-& b, BH
DOHFE X Y SHEERE . WEHm & EE A
E 2 BT IE, JRE - 7 4 v AREREEEA 10cn
TFiec&s e lmiEs, FFD2moO{EE
P ECATRE T, 7 4 A ATHIDH10cn®
Au 7+ — + OFERA (URL) it RR + FS,
Phantom (—) TiLx~y:62~40, 5511
Th5. FFD% 2.5mizCE iy, URLLx
~y 152~38u, FHASLETTHFH5H. 20X
51, URL : 3EH45~51 u BB IEDEERM
B AHBETRVWHEOMERALE2S. Th
R0 LR D LT, BEOSE
W E D odEEcin b . BRI 3 SR
X s, 9,900, EKEXSEXHE %5
EBERT CTRIER T, 1 mEEs, 59kVp, 500mA,
FFD2 ~ 2.56m, 0. 1FREETFELT5.

C) 5Efie o

Phantom (+) OIFEIC, —REY, @ERY
TRRDLRIWY, HEHOERIEERE T
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m Y X

Fig. 6 Spurious Resolution Found in the Ge-
neral Radiography of the Chest.
RR No-screen
Phantom (-—)
Au Chart-film Distance 17cm. % 5

s b, RR+FSTMETHD. i
—Frv{ Phantom #Pi\ T, RR No-screen |z
THEERHCHBETS. K BBE. Fx— 1 -
7 o A ARREHECIG U C SR MR WA ~BE)
L, 10~17cn® i Ci1x25~75 1 C KifE LT
5. x, y HATREEOB LA GLERD, T
HEofghoEcELTh, PNEROEERY
Tk, BEAEXx=YTEDLY, AERO—BHR
¥, LEERE T, iy bb40%b
5. —iCEERHE 4 U A IRE TG O FEBUEN
EL, kVplnZo%(kic XoT URL {EH A1k
T5.
IV SReSpdEA & IR HRE

Nylon o X 5 7 Wif##IL, EERE Lo
THILKEZE Y T 5RO MRS I E S hic
WL 2 OREE TS ERRORERFCE L
M, BAEELFRI DL KRR N —ilE
LB ERE T, T03~4fF0kEED
LOETCLIHEIRTE BT, EERY~i
fhTE, FRRBEEZEELL ImBLThi
BARTHETCESRBETHS. LrL Aunk
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SEBEFHFESOL ORI, EERF LoTHR
DORBRFDY;LLFOKRE S EFCTHEZR, Th
FHHT HINFENT 3 LU Lo kR BET
H5. —HEY, SERETIHBROERRR X
HhRRPI WL DETHEIRTWS. B —
FIEAIL Nylon 2 Au oL BT, ¥%5Eic
WX 3DIRTCHESTHEDETZLD. DL
BB Lo TERL I R Ry BT %5 0k
HETH D00, bhbhil R EETEO Y
B REHZ T oW T®kD X S L T\ 5 . B
PR, BHEILR CEFEKR) ofThic LTd, ik
KR TRS 2 bR Lo T—RE IR E ST
Rl RIS R S e biev, 45—
B RDOMEIR A% RPo kL, IKKIEHROM
@R % RPm L L, WEOLAEMC &3,
M C =RPo/RPm
M CIX AR ORI A & dmBtRic, M E
HY, BEO—BIY TR L AREOHE L <1
CHcbFTORBERMERTH Y, FEERE
TIREFHOIEFMIERICE L fER e FEbHT. M
C# -k (Magnification Coefficient) } 58
F#TD. FOEARR L IR 2L 5. —lciEIM
Cit 2 oD% Response B & L TERE
ERBHRETHAH S5 . MCIHILHEHE DR THS
TRBY, XERERTE—RERETEEDD
DR EWMCHEE R Db, 2 00REROM
ELTR, BER I s RERETE bR,
# (1), Q)T Ll &G T 5MCfE % 5
T . MEEREOM ClficownT, BEOSHE
» Nylon b Au % H~TYH, HERYABRGT
iR EAEEL., YRR 1R b X
1.6~X 2.5TiH % . EE LI KOLDONE
FOBEE, RBSMEERHEETAHEX3I~X4
RREEAGHEY & E S |
V EELKIREE S OLE

BIE— T T B 2 ~ 4 fEE Y
Blbhbholfkbi b5 L, HFor—=
RUEE L, WEAHF 7 1+ 42BN iR
% 5 Geometry IR S . X HITRRE
DIDHER DR T HIBR S h 5 D3R K DR 5

HAESRHBESMERE 8308 H78

Tho. ety —Er—Ko 7 1+ VAl
TE& DT LOHYR D Geometry ji— R Boifisi
LEFUTHhHZ LR FBETHS. Beh e
DT, ERD S R A LA, S - b
TETKER DD D kb hbh o Fxh el
£EBES5TLHHN, 4% X 51 Phantom 1=
S O LR gD o\
VI BEERMIGH

BIAE & Cre ol DB 2 T2t bh
PIILEERS & & bR Y B ofiEl
HLLTTie2T w5, BEEXO#VE EEESio

(a) Low-voltage Radiography x5

I ‘— - |i

(b) General Radiography x5

Fig. 7 Emphysema; male, age 81.
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(a) Low-voltage Radiography x5

Bl

(b) General Radiography x5

Fig. § Silicosis P,; male, age 56, caster,
40 years in occupation.

XZEHS EThHicL, NEOKFIRE il L B
b . EAM~REEOZL, ARLEZELAED
FERMERE OG- PGS, H DR v
WO NS0~ 100 1t Dk se 7e i —is ik
e TRf e R2VME bh % . —RHRE TR
AR N EENTRS AT (6 300~ 4004) RhE
ORIFRER R TE 5. Wh BilEE (A
£2 5001, BER 200 4 Lo/ NERIHES) 1 XEER
FilE cEE S h, ToKETNaEE G0
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(a) Low-voltage Radiography x5

(b) High-voltage Technique x &

Fig. 9 Pulmonary Embolism; 20 hours after
Lymphography, Malign. Lymphoma,
female, age 58.

KW ESThs . W (D~ (10) wHFiE
Flo x & K K E . BEHEBRIIE S 13~
25emC0.17R /exp.~0.29R fexp., HE#EQ. 25R /exp.
ThighHuh, BEIck~s &4 <, DHhHH
ChioERBEZ R T2 T BEERcBE L Tk
Ry &8
AZLEE

TEEMPREE ~5RE Non-screen 7 4 /- A

(Kodak AA or KK #f24) 1o —fifB i A 18 RHE



650—(60)
(a) Low-voltage Radiography X 5

(b) General Radiography x5
Fig. 10 The Same Case; 14 days after
Lymphography

Tl G, WX % RS 2 RE L
HT UM YR 3518 4 A C B o i s i
W wATIRS &, —RIWERY, SERY, W8
el CRARTTRE A A s & W5 <2 5. B
Phantom iz 10T, —BIEIRIZD s s0K
ETETHEIRTNBE L ote. FOMY
G (Nylon 5 & — }) OFYEIR L 230~
400 1, FEHIO BN (Au v — 1) oF
AUR23~301TH 5. IKEEH (Magnification
Coefficient) —JZhL KK DRER— D 2 1wt

HAREZB I HE RS B30% H7%

T, ZTOFEHEEEFINC X 3 ~x 4 bk LT
BULKR, ERX D UM RSB oh 2%k
Z80BID BEMIC X o THEN Dz BB
0.25R /exp. (20em/EX) TH%.

AWM LOBER L, WMR2E6HEISER I 1 HES,
WAFN434E 4 7 4527, [HAN444E 4 F 45281, FEAnd54E 3
RE2910, HABEZEBENGY 2BV TREL A,

e, RBEFARLEIE OMIRY, @HMICE ¢
L ETS E b, SEHE, A, kB, HE3
BWoWBHCBEH LYy T2 5.,
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