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Effect of additional filter on exposure dose and

performance in whole body CT

Akira Tada

Department of Nuclear Medicine, Scheol of Medicine, Kanazawa University
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Our unit (Delta scan 50) has an additional 3 mm aluminum filter to reduce patient exposure dose.

Exposure dose and performance of this unit were evaluated. Maximum exposure dose in the serial 7

scans of the abdomen was 1.9 rad (19 mGy) without additional filter, and 1.4 rad (14 mGy) with it.

Noise was evaluated by calculating the standard deviation for various scan diameters, and phantom sizes.

In all of our experiment conditions, noise was increased with additional filter. Spatial resolution was

measured by plexiglas hole pattern phantom. Resolving power did not change with additional filter,

and was almost 1.5 times the pixel widths.

Density resolution was measured by solution of CuS0,. Density resolution was decreased in the

low contrast with additional filter,
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FHEH A A vicE T, 45em diameter
<, B, PR, KD S -T& B X 5T ph-
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Fig. 1 Exposure dose for serial 4 scans in the head. 29cm scand diameters. Filter out.

A) in-beam dosimetry

B)scattered radiation dose
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Fig. 2 Exposure dose for serial 7scans in the upper abdomen. 45crn scan diameters.
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1.4rad (14mGy) THb, 74 12— LOBE
O 1.9rad( 19MGY)IZ [L < THI2B % O e Th
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PR o JII%E 1L phantom slice 30 % {fiffj L

Tﬁfgof;. 7 4 & — OUT T 3.7m rad (37
nGy), 7 4 & — IN ¢2.5m rad (254Gy) TH
27,

., phantom slice 20Co | [0l A% » v OfiHEr

WE TREES Y, 7 4 42— IN ORAETHylrad
(10mGy) THoiz.
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Table 1 {78 L7-™% AAPM (American Asso-
ciation of physicists in Mediqine) el e S -1
e CT L@, BOE GG 2 v Toik
BIRHTHHA, Sk, Uniformity (B—4),

Table 1 Performance evaluation and quality
assurance tests for CT scanners.

(1) Noise (Precision)

(2) Spatial Resolution

(3) Patient Dose

(4) Sensitivity (Small Lesion Detectlon)

- (5) Contrast Scale

(6) Artifact
(a) Motion and Alignment Artifact
(b) Spatial Uniformity

(7) Linearity

Noise (§ii5), Contrast scale, Spatial resolution
(2=l #6E), Deusity resolution (JREES) fREE),
Linearity ([EEHE) W2 \WGGEMZ 4 42— k
Y N (e

1) Uniformity

i o i 13, 45A 9% ¢ ~ diameter T K
phantom # 23 5 o/, line-printer %2\~ THE -
B atigfo CT % 7wy P L TfTR 2
7o (Fig. 3).

OB D 2D TH D L, JBLD CT i
D HIALELRD T, BREFILH—ERR L b,
EIN7 4 A Z =T LD TAFYFERKRE LD
e

2) Noise

MEFFOFHMIL, ROI (region of interest) 1=
77 »% vy, JK phantom % A% 4 v LHULE
40> 148point » RMSD* (root mean square de-
viation) - STDM#*#* (standard deriation in the
mean) CIF7IRD7.

A% v diameter % 19cm, 29cm, 36¢m, 45
em rZF(LE+, sk phantom %, 16.5cm, 23cm,
30em, 36em o 4 fEFD EED Px v THE
Lic. Ay v diameter ik E {/piud (4R
pixel k& < 75). MIERMD Lk, Xd—2
# 4 v diameter 4, phantom imj\g W3 e
FIXE T L7z (Table 2),

'WM@:J@JW4)

n

)
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Fig. 3 Profile plot of CI' numkers for uniform water phantom.
Table 2 Standard deviation (RMSD) and STDM for various scan diameters, and
phantom sizes. ( ) with additional filter.
Scan diameter (cm) 19 29 36 45
Pixel size (mm) 0.74%0.74 1.13x1.13 1.4% 1.4 1.75%1.75
Phantom sizu RMDS STDM RMSD STDM RMSD . STDM RMSD STDM
16.5 cm 10.0 0.8 5.6 05 [ 4.8 | 0.4 2.8 0.2
; 3.3) | (1. | (6.8 | (0.6 | (5.00 | C0.4) | (354 | (0.8
S 14.0 L1 9.3 0.3 5.8, 0.5
(14.3) (1.2 (9.8) (0.8 ( &8.00 0.7
16.9 1.4 11.9 1.0
30 i (19.0) | C1.8) | (5.7 | (1.3)
| 20.4 1.7
€ cm | (2.0 | (1.9)
Toble 3 Contrast scale with and without B15.7 2 #930% L8 7-.
additional filter. 3) Contrast scale®
Contrast scale Filter OUT | Filter IN Contrast scale 1 %2.0x 10 %cm=' CThumber
cm™ CT number* | 1.99%10™* | 1.96x10™ LR TEBLDTHED 1, Yopw WAk v
LR =T L AMESO DT=¥12.0.57% 0 50,
%CSpuw* 0.10% | 0.10% (5 I & BREE DM e
68251 7x>7- (Table 3),
o 32,
Zauw 0.57% 0.68% 4) Spatial resolution
* pp—pw=0.24 AW RGE & WIS AARIET A 112 Nuclear ass-
o pw=0.195 ociate ##led CT Jf] phantom % {iffj L 47 /¢
BINTZ 4 £ =i XD THF TN 7= 2. (Fig. 4) 2B fifRET A + phantom )3
A3, 45cm 2 ¥ 4 v diameter #30cm DK phan- plexiglas iz 0.75mm, 1.00mm, 1.25mm, 1.50

tom % AF 4 v UTcBAIci, RMSD 28 11.95 mm, 1.75mm, 2.00mm, 2.50mm OjERO7NE
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Resolution Pattern:

~— 1. distance between holes
equal hole diameter

2. rows 5mm apart

3. drill holes 1.T5"" deep

4. 5 holes per row

5. fill with distilled water

’/_.-l-'—"""—\—-
/’/"'"_"""*-..\
/[hole diameters
2(31111} water hole
{1 ; :
N B
i§§ I(I? 7 14-mil._wire
| 1125
1.75

Plastic pins--1" dia.
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Mat '1: Plexiglas

space between
holes is equal

/ - t——ﬁ—w hole dia.
/@@ N
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/4" @ ©
1/8" @ ©

\ /

rd

—
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a.

Polyethylene "
-Plexiglas
Polystyrene 9 e Lexan
¥ C

Fig. 4 CT performance phantoms.
phantom. C: Plastic lods phantom to evaluate

552 H 1 fobOT, RoBFTERcEL
<, OISR N ADT 5.

SR ALY CRT _LETfiiny, Wik c
b fo. K AF ¢ v diameter T D LfFHE &
Table iIc/RL 7. N7 4 4 X = X % 3 REE
DIE T HRD e 27z, IR X 58 B A% +
v diameter 45cm DL O L TH D7, % pix-
el ORE T LOMMREDBIMRIL, 1.3f%2 HLL.7f%
OETHo7:.

5)

PLRESPfREET A b phantom i3 plexiglas 12 1/8
A VFRL 1A VFETOREY HiT 12 DT,
Z O LR OMERABRR AN TAS v+ VL

Density resolution

A: Spatial resolution phantom.

B: Density resclution
contrast scale and linearity.

Table 4 Summary of spatial resclution.

19 0.74 1.25 (1.25)
29 1.13 1.50 (1.50)
36 1.40 1.75 (1.75)
45 1.75 2.50 (2.50)

fo. BRERSAVATY, [LHE1,0222051,042030F
ClefEiEA . Zhic 12T0.3% 4 55.0%
D2 FFAMNRELENTE ., 25 A
M IS BRI RIR B O OERE TRy T
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Contrast %

Filter OUT

0-2 L T T L]

1131 3 1inch

8 4 & 2 4
Hole diameter

Fig. 5 Density resolution evaluated by pleziglas
hole phantom with various specific gravity of
sulphate solution. Filter out and in.

WATER
+100 '
PLEXIGLAS
LEXAN
+50
NYLON
0 ...........................................

CT NUMBER

+50- /[ ;
(//// —+-—POLYSTYRENE

+100 :

/] !

018 019 020 021 022
LisTKey )
——POLYETHYLENE
Fig. 6 CT number for various types of plastic
plotted against the linear attenuation coefflcient
for 67KeV.

% xrh Fig. 5077 7%ERL =, 1%D
EEZ T AR Tmm T Hh, 0.5%Tik
ISmm o7z,

BINT7 4 & =T X BWEDNHBEDOL L low
contrast ¥/ T HILO7, 1 %OYEX T139mm
THBN0.5% O TIX18mm ThHot-.

HAESRMAELHEE $38% 125

b) Linearity

[EfE o Bgd ik, Polyethylene, Polystyrene,
Nylon, Laxan, Plexiglas ¢ 5 ffi}ic plastic 4
WE ORIBIEK TfTleote, bbb B/l
AR L3, plastic DB ECEM 7 4+ L& —
iz k2T CT {irx 4 88hnL 7= (Fig. 8).

v. & =

LA THDOR GBI IGE O B L S R
BEVHEN, CT HEOLH LW ROBET B
e, EEHNC X 5 enhancement CT, {ff77s
2 X % coronal CT? & i fRBfll%s o f-dic
BB 4T e SWENE b WrHE2 B L,
PROMED 5N TERVHRS Y FTh D
5,

Perry 6,20k, FilficfioTt h %
hoRiE OWmER IR Ehid, £k 1EA
F v VHhoLo T hHot, Ll CT oX
MRISE4IC 2 ) 2 — P ShicP T b 0Tl
WO T, MERXHRAEE D overlap & JHFHA OB
LRI Shh~NETHS.

Horsley %73 EMI SRS AR C177 2 22l
TERGER T, 1 A% ¢ v ORKE B3 2.5rad
@mGy) ThHo7eh, IHLICET2A%+ v
%5 &, oW oMlE#rE4. Srad (45mGy) iz
L, EHRETFT2AFy vEINL A5 A
F g YT, 5.0rad (50mGy) iz %, 7o AUk L
fo. 2ED, 1 AF 4 v OWEREFIEEEOME X
D 4 1.0—3.0rad (10—30mGy) 4 £ FHH L TL
¥ FChB.

AR CRE LB 4 A % + v CORRIE
1%, Bassano b7 MMM T JE L 7ofER & AR
EECThotnnd, Horsley®, shrivastava 5% ¢ EMI
A¥ ¢V, HEOYDHN CT—H T OfFRDY
AT THoLk.

PR & LSRR BT A TR E LT, 2
Y A= YO, AT AEORE, B
7 42—, beans bag d (T K R E 2 Bh
5. BoL TRAAAXBOMR 2, BE, Bt
ZL € 5% X HEMEEOE A &2 TRk
I L B L T2,
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BT 4 — 23 % Yif, photon Fo
WP Tre{, RpPROMHEIR D, X
FBMEE-D F b contrast CF5T D YL BT B
BT T HLA, KEEOMATH D WEERL,
CT fHo LA+ RB TE 2O b0 TH
DT A BEES S .

CT AXRBFTHHUE, BER & MO
BRI T 5 D 2 B, Brooks H'WiLikd
BRI BYRR A RE L.

¢ ()« [yphp) " (1
o (u) t WRIRERECDBEMLIY: (i

W ’ﬁﬁ DREE GILAGC2EE D 7
BED
h: AS54 AKX
Do : JR R AGTXHR (kD
B : EH
Tz bZEE RN —IE & Lo T &
MR AR D BIFR X

=Kl (2)

o
K : EH

LD, MEEEZMGE T ST R
VATEE LS5 2, dncgiiy 2 5oL 7 b
T30 LR TE I WiRTH 5.

CT DRy fEE%R WMl % o i MTF 2L
FLEHGBRTWAR, CT T MTF 5
OILMETPRTE STy, McCullough 513
HOF 4% A% 4 v LT, printout F— % — J D
fligadin T, fhhic LSF i MTF w3k
AHHEARRE L TVAY. Maclntyre Bk A% —
phantom # Hj\ - T # & plastic @ CT (i OIEH
D MTE %R T 5", 7vgE 5 plastic )
Ma gl A% » w LT, partial volume effect
AU CEFHERC X 5 LSF, MTF ofilE
ARG L TWBW.

R BILA 2 — phantom H v THERL, X
HMAFEEAYENE ¥ 5 & MTF 2dgL, B
7 4 a2 =D L oT MTF 248kl
WL TWBY,

L L2EMr BEAE (3, sampling 3L pixel o

1135—( 7)

K& X XoTHRESh, pixel DFYL. 562
s RRTHS 5 .

—7J7, BEEESYREELL photon B[, HEFIipE X
NAH DS £, low contrast {42/t 7 s
13 & DR

BT 4 2 =12 X2 T 9252 DR R
B S hic 2y, HFI0ZHML, 0.5%D low
contrast {i%) TO PR FREEIIHI20% 1L L ic.
GE ofifafi e & iy, wsiihia1.25rad
(12.5mGy) #55.0rad (50mGy) = 5 iC Lo
TN MER 2 g T b Lo 5,

CT {HAVEFE"™ %2 beans bag OFMEIZ 12> TH
b sdr k{muhicfigchrnn, CT fiy
W L ORILT oEZnc v X5 LT 5 G
CASRIEE T 20N H 5. 1 DO,
BEE GBE) LvoL Xie—EoWEE A+«
v LT CT {HOFFIEXITie 5 deT b B0, i
OYitf4e T phantom FERAATCV,  FIFICHE
A&t phantom = CT {f# check -3 23§ 23
HELWwEHbhb,

VL # W

1) Whole body CT #Jfv-C 1 [EEfH 729
OO B R A TE Uiz, B4 2rad20(mG)y, HiY
1. drad (14mGy) TH>7-.

2) BT 4 vz —RERT A3 X0 THYZS
T D PR AR R DR e X i,

3) N7 4 A x - X HHERE A~ O EY
o, MEETIE20—30% haEm L ot ZER A
AERZE L U fndeode, SRS/ ARAE T UL low cont-
rast {0 COH{Lx B>, CT flizEmM> 4 &

= XD TR & A KB LR e 2T,

AEE AWM R T ARSIy T T X AH
fh—BETe B < B L .

KPFED Mav b Faoi 7 NREmEbE
BEmY g, #allhibis, REw v o il
WG, U BRI R B — B e,
CT phantom # it fo v ic Bk o — 4 v A c il %
HLET.
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