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Evaluation of Anti-Scatter Grids for Barium Study of the Stomach

Yoshinori Sugino
Department of Diagnestic Radiology, School of Medicine, Keio University

Research Code No. : 501
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In barium studies of the stomach, we have used a 10:1 grid (40 lines/cm, Al) exposed at 86 kVp.
But the radiographs thus obtained were often very undefined due to scatter radiation even in supine
double contrast studies if the thickness of the patient was more than 23 cm. In right lateral double
contrast studies, fog caused by scatter radiation was marked in almost all cases, and motion blurring
was frequently observed because of prolonged exposure time. Consequently the radiographs exposed at
86 kVp by 10:1 grid were often of poor quality. However, using a high-ratio grid (16:1 or 14:1) and
exposing at 100 kVp with high-density low-viscosity barium suspenson we obtained very clear
radiographs; fog caused by scatter radiation noticeably decreased, contrast improved and exposure
time was reduced. At exposures of 120 kVp the radiographic contrast fell markedly. On the basis of the
above-mentioned data we developed new X-ray equipment using a high-ratio grid and intend to use
another low-ratio grid for fluoroscopy in order to decrease the patient radiation dose.
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Table 1 X-ray equipments and grids

X-ray Equipment Grid (AD
focus-table grid  focussing  strips per
Model distance  ratio  distance centimeter
GCS 57cm 16:1 80cm  40lines/cm
(eptyentio 14:1  80em  40lines/cm
SHZ 65¢m 12:1 100cm 40line/cm
(remote
control 10:1 80cm  40lines/cm
V)

FHLEZY » Fit, TRTT7AL3 =7 sl
EH#Z7V » FTHH, 7 » FEIIZI6: 1, 14:
1, 12: 1, 10: 1o 48T, EREBE, *
hFh80cm, 80cm, 100cm, 80cm TH 5, 7V »
FEER, WTFhddlkR/cm THH, £ LT, 16
1&14: 1 &R TVICEW, 120 1&10: 1
FEMR TV Iz, ok, 7V » FiZ34XT
=HEBNIEFOBAT, 7V vy FOBEDL b
Eixfehote, Eiz, 70y FOFERCHI- 5T
ik, TEHRFEER, XHEELLY ) » FO
LT HbED L DI, KFEEDF =y 2%
Tl -7z,

BERERE, T1200mA TH 5,

B 74 a3 v¥F25—8147 (BX
BM-III, FUJI NEW RX) #{HH L 7.

A0 AR, EE L T140~150%w/v D
b DEE D, FERE T, PRTEH 50,
200%w/v HERLICbDLH 5,

¥, BEI00ASWTHEEGTHE EBE)
RHAL, FhidbiiclTr ) » FBE, £H
BEEE, 7V o N, 70y FOTERESLE,
RZ, TRhEhD7 )y FiCBT5EBEEELHR
Nic, FOKE, B2V oy FHA4: 1, <16
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Table 2 Patient thickness (antero-posterior and lateral direction) in 1000 cases

KK“““HQ%Zlmzsu25%2?%29%31%33%35%37% Total
A-P(em
13 33 1 1 1 9
14 8 5 51211 4 5 2 52
15 1 312121311 411 1 3 71
16 410 21 15 16 10 2 3 2 83
17 4 11 18 21 20 4 15 6 3 1 1 114
18 411 16 17 28 21 11 7 6 1 125
19 2 111 916 17 19 8 3 1 2 89
20 1 8 14 22 16 16 4 10 4 4 99
21 2 918 15 16 22 15 8 105
22 3 2 9141913 7 8 1 1 77
23 3 3 12 10 20 14 6 1 59
24 1 41110 8 5 39
25 1 2 1 8 4 4 7 4 2 2 35
2 2 21 4 5 1 15
27 1 5 1 1 8
28 11 3 1 1 7
29 1 1
30 1 1
31 1 1
Total 1 14 31 45 78 96 99 131 114 106 105 81 45 37 9 5 2 11,000
—75, BRI TERET 28B4 1, R Table 3 Application limits of linear grids
B3 % L86cm (/D) 5 5105cm Bk iwie s, (Grid size : 286X 337mm)
5 = . S PR " ~_s s
BED X5 7estflic & - T, &R TV ofR Grid rartlo Application limits f,—f,(cm)
7'V v FEFEEE O FZ82cm 2 5105cm 27 Focussi
7 . distam::%;. (em) 10 12 4 16
S 75 65—90 65—90 6580 6580
Tr, FARICHET S &, EBETV oKL -7 80 65100 70—100 70—90  70—90
Vv FREEMEDOEMIZT4cm~99cm TH B, 85 70—110  70—100 75—100 75—100
b . 9 75—120 75—110 75—110 80—100
Z [ 7
[:m » B Kjt%ﬁ*ﬁ_ gl X ﬁfﬁi% v Fl 95 75—130 80—120 80—110 8&0—110
JIS Z 4910_ 05 DIt BB B % FHE A0 H 5 &, 100 80—140 80—130 90—120 90—120
PR OER 7 ) » FOFEREERERYIHEL 105 80—150 90—140 90—130 90—130

THBHE, Table 30X 515,

EHR TV T, 7Y » FOEREE®9I5cm i<
TAH5E, 161079 FOFREEBERERT
80—110cm TH B, Fiz, METV TIE, 7V »
FOERERM Y8 emIcT B E, 16: 107 Y »
F o IR EEIR 13 75—100cm TH B,

DXz Emb, Y74 LA wHFE-
TEETA - LieThid, ER TV chaETV
Th, EDEDDOHTI6: 1D Y » FOFEHIX
FRETH B, 1L, 7V v F o centering izt +
SITEBELTRIER B,

FEFI634E11 250
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Trds, BB X BOBBREY X510, A—R&
ZCTEE*E+TRETHZ LI, TEHRETE
e, L, BERECRE R MR MESE T
BEAY TG, LEEXBEYEXTHBEL
7z,

LIFo X 5 hEfmsr & bhi (Fig 2),

A. Supine or prone position

spot device-grid distance - 2cm
III[I‘[IIiIIIIIIIlIIIII"-‘"id .
® « front of spot device
g t 1 patient thickness «--s-ecereeeess 13~31em
8 {anterc-posterior)
& =~ table
R
B
=
b — focus-table distance ««--scueeseennnas §5 €N
Y (57¢em)
g
s, 2 . -
focus

focus-grid distance

2 +(15~31)+65=82~98 cm
(13) (minimum)

B. Right lateral position

'I'|'|'r|'|"|'["|'|'|"l'l‘l’|’|"l’£'ﬂ'|’|’|'

spot device-grid di 2cm

Nt

§ — patient thickness. ..cocommminnnnas 19~38cm
@

©

z

@

§ — table di 65em
2 (57 em)

°
focus

focus-grid distance
2 +(19~38)+65=86~105cm

(maximum)

Focus-grid distance

82ecm~105crn
Tdcm~ 99cm)

Remote control equipment
(conventional equipment
Fig. 1 Determination of focus-grid distance (under-
table tube equipment).
Minimal table-spot device distance : 15cm

(D10 107 Y » FEELX, RBE 10
107 ) » FREHEHLTEH, 80kVp THiE T
2 LBEEESRL th, BEEDO T V4L o
o, OkVpicd 5 & h 7)) BERIC -, 0O
7o, 86kVp THRETH L oICieTe,

(2)12: 17V » ¥ 80kVp THET 5 L,
BRIARTEC A VA B -1, ¥72, 100kVp T
BT s L, » 7V HRERCED SR, £ 2T,
WkVp CIEET A L i ote, T oTh,
0:107) y FREALUEFLIEEXBER
T, A7 VAR, EEIEE LMD
LLlc-Tu 5,

3 16:1KIV4: 17 Yy N EbHiT
100kVp THEE T2 &, » 7 IRREAERL, FE
HWCEHRERE R, Thiex L, 110kVp
TRETHE, H7VREEALRVD, =}
F A P UET LAz, 120kVp CiX, # 7 V3 H
Mo, 2 v b FAMTERIIETL, X
BE Wz o, —F, 0kVp CH¥ T
5&,100kVp THEE LI OIERT, 2 vt Z
A PR U X< 7o B 5, ImERREH1.565 & B <
et

feds, 14 1ickk~iC, 16 107V » VT
BLEEHDE D, 27 )Reebind, av
FFAFRAL I Do,

4, HEBIZIBH T

7Yy FH, BERE, &8 XREEE»S
TiE 7l %,

(1) 10 : 1— 86kVp—65cm

(2) 12 1— 90kVp-—65cm

(3 14 1—100kVp—>57cm

Grid ratio

10:1 80kVp  gg vy 90 kVp
exposure 1:§ne 1 SGkVP scatter radiation 11

121 80kVp I an it 100 kVp
exposure l;%;ne t t__?_ﬂ_ kVp‘ scatter radiation 11

141 90 kVp M 120 kVp
exposure time 1 l 100 kVp I I 110 kVp ‘ contrast

contrast |

16:1 90 kV " 120 kVp

exposure I;1Ir)ne 1 | 100 kVp l [ 110 kVp ‘ contrast

contrast |

Fig. 2 Exposure kilovoltage and radiographic quality. (linear grid, 40

lines/cm, Al)
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Patient thickness (antero-posterior)

~14 15 16 17 18 19 20 21 22 23 24 25~ (em)

14:1

100 kVp

16:1

100 kVp
7%/
259

~14 15 16 17 18 19 20 21 22 23 24 25~ (cm)

Fig. 3 Patient thickness and fog caused by scatter
radiation.
(1) Double contrast study in supine position.
B3 slight fog caused by scatter radiation.
marked fog caused by scatter radiation. Figure
show percentage of cases,

(4) 16 : 1-—100kVp—57cm
DAFTOLT T, BEMIT LD 7 ) 2R LI,
7, BEMIEE_E&E¥E (Fig. 3)icowTH
RTHh5BE,

() 10: 1-—86kVp Tix, HEE (BRI »18
CMITied e 7YV DERRSONRD bbb, 23
cm LB 7e % XGOS Dieh 7 ) NEHC
Hoto.

(2) 121 1—90kVp T, JEE2lcm 26 » 7
Y REBR OB LbRT, 2dem M ETIRL
WD bDIH 7Y HEIFICRD b,

(3 14: 1--100kVp TiX, EE24cm Ll ECH
7YV DERLL DRR LRI TH - T,

(4) 16 1—100kVp Tix, » 7V DZEBR D
DITED Bk -t

A7 VHRERRSORBERSSZE L, 10

FEFI634E11 A 250
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Patient thickness (antero-posterior)

~14 15 16 17 1& 19 20 1‘]‘ 22 23 24 25~ (cm)

10:1
86 kVp

12:1
90 kVp

14:1
100 kVp

16:1
100 kVp

7
Z; 43

~14 15 16 17 18 19 20 21 22 23 24 25~ (cm)

Fig. 4 Patient thickness and fog caused by scat-
tered radiation.
(2) Double contrast study in right lateral position.
#2 slight fog caused by scatter radiation. Hi
marked fog caused by scatter radiation. Figure
show percentage of cases.

1 —80kVp Tix30%, 12: 1—90kVp i%10%,
141 1—100kVp Tix 2 %,16 : 1-—100kVp i
0%&7e5,

Ric, BRI EEFE (Fig. 49)o\WTa
5k,

(1) 10 : 1—80kVp -Tix, HEE (Fi#R) »14
cmitiz b & A 7V DOERL LD H bR, 18
cm P ETREEALEDERTH 7 ) NEEC
Hotz,

(2) 12 1—90kVp =%, 20cm Ll -izir 5 &,
7Y DERLLONRH BN, 23cmicik b &
KEBADS DT H 7 ) BB I » 7o,

(3) 14 1—100kVp TI%, 2dcm Ll Lz ir %
&, A7V RERLSORDEICL SR,

(4) 16 1—100kVp Tl%, » 7V DERL
DITAE LR h oo,
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(msec)
—-10:1 86 kVp
4004 - 12:1 90 kvp] SHZ (65¢m)
—=14:1 100 kVp
e | 16:1 100 l‘vaGCS (57 cm)
E 300
e
£
100
//
et
1'5 2;, 2l5 3ID {em)

Patient thickness (antero-posterior)
Fig. 5 Patient thickness and exposure time.
(1) Double contrast study in supine position.
( ): focus-table distance
% exposure time converted from focustable dis-
tance of 57cm(type GCS) to 65cm(type SHZ ).

H 7Y DERLLOOEEIL, 10 0 1 —806kVp
TI67%, 12 1 1 —90kVp TI123%, 14 . 1—100
kVp Ti%3%,16: 1—100kVp TIX 0% L5,

14: 1—100kVp &£16 : 1 —100kVp & # Hr
THhAE, HFVHRERLLDOIE, ThFh3%
0% ELZEIHEDTIGD, D7 VVRBEEDOLOF
TE»D L, 14 1—100kVp TIEIRBITA LI
feDEF LT, 16 1—100kVp Tk 4 %z L »»
AbBhinh -,

5. fRRER

EREOAFCoOWT, HAAMCEE_—EE¥ &S
X OERIB —ESREORYEMELFRIL, T
oEFE YR, BRYEEEEE & OBRYHR
T &I,

TR —EERE (Fig. 5) T, BRI
16 : 1—100kVpizkt~T, 10: 1 —86kVp Tk
#1.6f%, 12: 1—90kVp TIX #1.4f%, 14: 1
—100kVp T3 1 fFicis - 7o,

ek, BEEEICoWTIE, 7V v PSR
BEDEM, Ea -KKEERELBERLTW3,
i, 14: 108E16: 1 oBFoES - i
BEA57cm 2 5H65cm 125 &, F OBBRFEILET
BHETRWLIMEERT S, ThEWET? L,

(38)
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10:1
(msec)
——10:1 6 kVp ) 1211
400 - 12:1 90 kVp JSHZ (€5em /
—14:1 100 kVp i
Gcs ;
o | e 16:1 100 kVp J (57 S/
g 300 - (57 cm), '
2 S/
2 / L6 1
A d . gk
S a00- g Pl
@ 20 A
S e
P ‘../' /V,:g_n
T
15 20 25 30 (cm)

Patient thickness (antero-posterior)
Fig. 6 Patient thickness and exposure time.
(2) Double contrast study in right lateral position.
( ): focus-table distance
% exposure time converted from focus-table
distance of 57cm(type GCS) to 65cm(type SHZ ).

16: 1—100kVp iol~<T, 10: 1 —86kVp Tix
BRI L1265, 120 1 —90kVp TI3HY1. 1%
Kich,

ARG —EER R (Fig. 6) T, BIURMEI
16 : 1—100kVp iz k~<T, 10 1 —86kVp Tix
#2145, 12 1—90kVp TIX #91.8f%, 14: 1
—100kVp TiX#0.9f% i ote, AU EE-K
FREE#omMELX 35 &, 16: 1 —100kVpicth
AT, 100 1—86kVp TiLiBRFE tL#1.66%,
12 1 1—90kVp T . 4fZcie 5,

Lo AT, ERC, TETV T4 18I
16: 1D7 0 » FEH, JEX15cm, 20cm, 23cm
DT77INT7r V-2 R BEXYEZTEFEL,
TANLDORENI—FE (LD B X5 LTE
R A FHAIL 7225, 100kVp @ & & D IRERER]
1 ET5E, 0kVp Ti#1.5, 110kVp T
0.7, 120kVp TiE#0.512 78 - 7z,

EERMC S, C0 X HREH B L 5 TH S,

6. HgREE L 7 v

XBERZLLhAEEO 7 VL, BEOKE
2 OE# D EHIC, WREEDORTEECHHE
OEER LS ORTHEEL TR, B

BAERSRE 548% H11S
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L, Lal, BEREIAR LD E, Tviis
CAHABNDBDLHFRETHS,

FIC, BMERBHEE S voHBHEE L oBRI-
DWTHANTLBEEFG TDL5Thote, o
B, 7VEOWTR X REECTE ORI L
XBECLTABRTHE L, i, BZ0BhH
¥HBCT, XBEBOEFELTR, 2y 708
Byfele S X BB S v R Lk,

Y, PR\ ER_E&EFE TR, BRERMS
100msec %z 5 &, 7 v o HBEHEENZREN
L, 30%H1#4:550~60%LL izt -7,

wic, BB —EERE T, BEYEET0
msec ¥4 5 &, FrolBSEERSCHENL,
0% BN H60% L B2 L5 X 5 i1cie o,

N—FVDRETIE, BEADERIRTHT
Hotch, BBEORREILNAELTH-7cbT
50T, 7VvOHBAER 0RICTHZ LIZTE
e, BHEMIKZ, 30%<Hvo 7 roHBIRR
D&z e E35 &, HEMLIE I T100msec, 45
BIBAGE TiX70msec % 7 VIHB OB B ik B &
ELTENAS,

ok, 7volHBEEIOWTIE, @E5h0EH
FeNRLE L TRBEOREH X FIE M T o o hs,
BERUERE -,

LIAHhT, BEMIEE_—EE¥E (Fig. 5 T,

100
1004 »
» bl
-§ 60 55 60 60
E 50 - |
c Ell
% 30 i N }‘Iz}b m' -
0 ,}
!.0 20 3\Il 40 SI.'I 60 70 80 90 100 110 120 130 140 150 160
. (msec)
Exposure time
(%) Double contrast study in right lateral position
100
- S 0
1]
£ 5
: @ oo
=3
5 |
50
5 3 3 :y
g 30 """""" N}‘ﬁ“"— 2may
0 /

10 20 30 40 50 60 70 50 90 100 110 120 130 140 150 150

Exposure time

(msec)

Fig. 7 Exposure time and incidence of motion
blurring.

FEFN634F11 A 251

(39)

Al

1355

i X 57 v o B % & L 7:100msec o

ECAIEREICE, 100 1BL0V12: 1 0BT
b, HEEH25cm < BV E Tik100mSeec A F %
. 14 16X V16: 1 0BT, 100msec % #F
2 BHDX2Tcm FIRCTH D, hxBEBE» >
HAHE, 10 1BLT12: 1 OBTIX97%, 14 :
1 B XO16: 1 OB TI299%A100msec LLF ¢
BETcEs LIt s,

e, AHEMI—EERE (Fig. 6) T, 7 v
HBlO B4 & LicT0msec D & & AT X E| <
E, 10 13 XTV12: 1 08T, BEAETN
THT0msec ¥iB2 T3, Fhigil <, 14: 1
BIUL6: 10T, BE Gi#ER) NErhz
f2lem, 22cm Ll Bic/e b & 70msec # = 2.5, B
ERBOORD E, FREIS2%, T5%D b D H
T0msec LT TR CEL - LTl B,

Iv. & fl
REGI 1 685k, Bk, EE25%30cm.
10: 10279 » Fiiu, 80~90kVp THE L

l&‘ﬂ'ﬁﬂ! B

o o
i A
‘“II

Fig. 8 Double contrast study in right lateral posi-

tion exposed at 80~90kVp with a 10: 1 grid.
Patient thickness: 25X 30cm. Just below the eso-
phago-gastric junction, a shallow depression sur-
rounded by faint protrusion is shown. The con-
tour of the depression seems irregular, but
marked scatter radiation obscures it.

Type Ilc+Ila early gastric cancer, 10X8mm,
differentiated adenocarcinoma involving the sub-
mucosal layer.
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Fig. 9 Double confrast study in right lateral posi-
tion exposed at 80~90 kVp with a 10: 1 grid.
Patient thickness: 23x2%cm. Just below the
esophago-gastric junction, a shallow depression is
show. The contour of the depression is ill-defined
due to marked scatter radiation and motion
blurring.

Type llc early gastric cancer, 10 X 10mm, un-
differentiated adenocarcinoma involving the sub-
mucosal layer.

fo. BRIBAZO —E&E# & (Fig. 8) T, RER
BEEMOE W ERBVCERERS D, BAEE
FENRHLLND, BOEEORIBIITET, #HHE
BEROBELALREN, BERDOY 7Y 1E
Bizicd, ROGEBEHORIMBIITHERTS 5.,

FREMHSFT R 10X8mm @ Ilc+11a, S{LE
¥, REE sm,

FEGI 2 © 60%%, Zrtk. BEFE23X29cm,

10 107V » FEHV, 80~90kVp THEFE L
fo. GBI —EEYE (Fig. 9) T, REEE
BEOM L B VBEN R LR EM, BERD
7Y, BLUFUHRERRID, BUBREHOWR
W RBRTH S, UGS T, Hho XREE
o7, WThbRBEOEETH -,

REMEGAT R 10X 10mm o I, F4H{LEEE,
PR sm,

FEGI 3 56wk, Zoik, BEME24X29cm,

(40)

BoXEBREE L7 » FOBR

Fig. 10 Double contrast study in right lateral
position exposed at 100 kVp with a 14: 1 grid.
Patient thickness : 24 < 29¢m. An irregular-shaped
depression with granularity is surrounded by
slight protrusion. Cleanup of scatter radiation
and reduction of motion blurring make the radio-
graph clear and sharp.

Type Ilc early gastric cancer, 17xX16mm,
undifferentiated adenocarcinoma involving the
submucosal layer.

41079 v FEHA, 100kVp TIHREZ L 1o,
AHEG B E (Fig 10) °, B EficiH
ORELLRGER L, o BRIk A
OHABRCBECEGE DS, BHElRO» 7V *
FUBhEEAETRRL, 3V FA MBI D,
M CHBELRER RN,

FEMEGATR | 17X 16mm @ Ile, Ro{LEE,
R sm,

REGI 4 @ 58m%, FiE. ME/E21X29cm,

2X8 i 1orzeAZY v FEHV, ¥EIUMD
FHLCTEEFGYIRY L, BETosEr,
WRIBOAREL, Nigle#rdbh, AECEED
BHIEGED A bR A (Fig. 11-a, b),
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Fig. 11 Double contrast study in semi-upright
position obtained with a 2X8: 1 cross-grid. Pa-
tient thickness: 21 X 28cm. Compared with the
radiograph exposed at 100 kVp(a), the radio-
graph exposed at 120 kVp(b) has obviously poor-
er contrast.

Type Ilc early gastric cancer, 7 X 6mm, di-
fferentiated adenocarcinoma limited to the mu-
cosal layer.
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