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Proposal of a New Burger Phantom for X-ray CT

OKANO Kazuto and IINUMA Kazuhiro
Abstract

A new Burger Phantom for X-ray CT (BP) has been proposed to visually evaluate both spatial resolution and
contrast, and its characteristics are investigated. The new BP is made of an acrylic disk with 8 different hole
diameters, from 1 to 10mm, filled with 11 different concentrations of NaCl solution. The diameter of the disk is
200mm and its thickness 20mm. The differences between the CT number of the NaCl solution and the acrylic were
set from 5 to 110. The relationship between the concentrations of the NaCl solution and the CT numbers was
obtained experimentally and each hole was filled with NaCl solution corresponding to each CT number. The
difference between the predetermined CT number and the measured CT number of the NaCl solution was within
the range of image noise. It was confirmed that an image of holes with 8 different diameters and 11 different
contrasts was obtained by using only one BP. The C-D diagram has been generated by using images of one BP at
the various X-ray doses and evaluated by 7 observers. However, the data fluctuate between observers because of
each observer’s preconception of the hole arrangement and the subjective conviction criterion. Therefore,
improvement of the BP construction and visual evaluation method is needed.
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6~16mm @ 6 -DDREKI

FROT7 7 M AEAT A AE 10mm THREL, AU R
KB Az R (partial
volume effect) ZFIA LT 6 oD h T X M &{EST
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REINTND, ERIRZMEH L T2 7208 or (K5
RERHY, FHCIT= > b T A FORRBEKORE
P TH D,

EROFETOTNRG, 1 DORELEMEICH LT,
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10mm DL TILORNT 7 U VAR E ERICRY,
X #t CT & TR & ONER ONL &R 8 i % iR
L, 77 UVAROEA X R CT % (& o [aldixh| - e
WZ722 0 & DR LT, BRMERR, M7 7 U Ui & i
2L, METZ VAR CT lEHE LT, SR
1%, NaCl KEKD CT EERDDHLEELERLTH D,
CT EOREHNL, Fig. 2 (ORT X IRl X
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N OERAEDFEIE & LT 50%0ME(5 (1 1987) %
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HEAEDHTZSHAIZIRY  Shaffer 154 AV CTE EEE
EAToT,

m. #E%R

1. #fEL7-BP

BP OO G IR L O CT Eifg % Figd(a), (bITR
T, MM TIEAOERNELL, HEHFMTIE NaCl
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(a) Bl (55

(b) E L7 CTEE
Fig. 4 X#RCTHNN—H—7 7 s 2OHH L
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2. NaCl KFEORE & CT E

IR,
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Fig.5 7>5 NaCl KRR O L CT fEOBIRIZLLT
DI TR I D,
B (%) =0.0757XCT fE+0.0804 --(1)
CTE=132XEE (%) +1.06 —(2)
77 U VIR CT EOMRIER K% Table 1127577,
EIEIL 1219, SD X 44 TH D,
77U NEDCTEAE (ACT) R 5~110 L7225 &5
WZRRE L% E CTE (CTe), RXE CTIEZEFFD 728
(DR K VKD 72 NaCl AKEEIEDOPRE (Dnaer) , B IRE
@ NaCl /KIEHE D CT fEDERIME (CTiness) > 772 (CT,)
% Table 2 127", 3% 7E L7z CT I %9~ 2 FERIfED
FRFEE-2.2~1.6 TH Y, Table 1 |TR L7- SD=4.4 Tt
B L CTHa/hEn,

Table 1 72 U/LFIR® CT EORERSF

HIEME (CT i,/ SD)

ROI 1 ROI 2 ROI 3 ROI 4 ROI 5 R3]

121.4/4.7 | 121.7/4.2 | 124.0/4.4 | 122.7/4.5 | 119.5/4.2 | 121.9/4.4

T UNADES  10mm 727 U/LVEL : 200mm

Table2 CTEZEIZKIT 2% E CT fl, NaCl KIFiK
B, NaCl KIS OFER CT fEF L O E
CT fE & = CT DR

CTffis: |3 CTHE %‘"‘él(;f) S CT 5 | 85
(ACT) (CTea) (Dract) (CTomeas) (CTY)
0 121.9 0 121.9 0
5 116.9 8.77 114.7 2.2
10 111.9 8.39 110.3 -1.6
15 106.9 8.01 107.2 03
20 101.9 7.63 103.5 1.6
30 91.9 6.88 90.8 -1.1
40 81.9 6.12 80.5 -1.4
50 71.9 5.36 69.7 2.2
60 61.9 4.61 61.2 -0.7
70 51.9 3.85 52.0 0.1
90 319 2.33 319 0.0
110 11.9 0.82 11.6 -0.3
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3. BP & WS Table 4 ([ZHLERL 2 T X MEEOXNGE Z R

SD=5, 10, 15, 20 &782% K 5 ICHRGE L= St o T A OB XV, Liko> 4 FEFEHO SD
% Table 3 1Z7° 9, 2B DERESMICH LT, Hdh fE% &> CT E{RIZ DWW T LRI 2Bl A RE e
=% % Fig. 6(a)~(AIZ T, FEEITHREE LIz Be/har b7 A NEFHEL, 74 OVHEEIELOX,
LRIAITBIAIS T, LaRnfifbr Y T LOKER Friedman fR7E O He% Table 512,  Shaffer D FEIC &

T ENTNBEZ ERbnd, HEFICIIT B4 SD M D LLiist % Table 6 1R
Table 3 Fig. 6 {29 X ## CT i S—H— T, T2, B L72 C-D XA 7 75 L% Fig7 IORT,
7 7 v b LGOS
ZIN ¥ — S ~
QD LEERE, ) REMRE AR CV (EIX, SD=5 DOHE{% T 0.11~0.33,

SD=10 D {4 T 0.00~0.45, SD=15 D% T 0.10~0.39,

SD BEE (mA) BRI (mAs)

SD=20 D &4 T 0.00~0.28 T -7,
5 240 300 . )
o p = Fig7 £V, SDB/NEL RBIZHONCDEAT T Z
15 40 50 LARETIZYZ7 FLTWDS, 72, FABRT LI
20 20 25 Friedman #8E X 1T > 72550 1%, TR TCOIBTHEE

(p<0.01) D Z LN o7=, Shaffer tEIZ L 5%

(2) (b) (c) (d)

Fig. 6 EEIREEZ THRE L7z XM CT AN—HT—7 7 h LD CT EfE

[BEE : 120kV, ATA AE : Smm, A%y UHiH : 0.8s,
BER  a: 300mA(SD=5), b:75mA(SD=10), c:50mA(SD=15), d:25mA(SD=20)]

Table 4 fLELRLE = FT AR (CTHE) BEOXIGFER

FLALE
L& (mm) 1 2 3 4 5 6 7 8

10 7.2 11.6 14.7 18.4

8.0 7.2 1.6 14.7 18.4 31.1 414

5.5 7.2 11.6 14.7 18.4 311 414 522 60.7
40 11.6 14.7 18.4 311 414 522 60.7 69.9
3.0 14.7 18.4 311 414 522 60.7 69.9 90.0
2.0 18.4 311 414 522 60.7 69.9 90.0 110.3
1.5 414 522 60.7 69.9 90.0 110.3

1.0 60.7 69.9 90.0 110.3
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CALE
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Table 5 FHMiE |2 K DA ATRe e hod =2 N7 A R & (CT %)
SD 5 10 15 20 HERHE
L [mm)] R sd cv R sd cv R:) sd cv Ra:) sd cv v p-value

10 8.42 215 | 026 | 995 | 363 | 036 | 106 | 344 | 032 174 | 259 | 015 | 138 0.00319
8 8.42 215 | 026 | 995 | 363 | 036 | 11.1 | 435 039 17.9 14 | 008 || 13.0 0.00458
55 95 3.1 033 | 163 | 198 | 012 | 176 | 612 | 035 | 239 | 679 | 028 | 147 0.00213
4 134 2.65 02 206 | 932 | 045 2 62 028 | 385 | 503 | 013 [ 181 0.00041
3 15.8 181 | o1r | 311 0 0 22 | 779 | 024 | 414 0 0 17.4 0.00059
2 2 62 028 | 443 | 112 | 025 | 566 176 | 031 | 743 | 112 | 015 || 188 0.00031
1.5 415 608 | o015 62 346 | 0.06 76 2 0.29 13 | 473 | o004 | 186 0.00034
1 75.6 153 0.2 943 | 11.4 | 012 116 11.4 0.1 P P P 10.3 0.00584

SDIE CTEDIE D D& 2R IIEMER 2, sd 1 TFHIH I DI 62 & 2 RITEERZ, CVIZEEEREL, x 1% Friedman

MEDHAETH D, xl

B OMERIT, 22 b T 2 SR 4mm~10mm fL
£ETIE, SD=5, 10, 15 O THE
3mm LTI, SD=10 & SD=15 ODMOLEE
72<, FOMIT X BENL 72213 EF IS ATEE
RENA T AIPMES Y, KRNI TR
FOFLETHEATE T, Fo, 2 R A MREWV
Imm~1.5mm Ti¥, X#ENPEL < D513 EFBITHR]
AREZR /N R T A RMELS Y, KR a sk
T A hOFLE TR TE I,

X7 o 77, 2mm

V. B8
INET, CD XAT VT L% HWT CT BEfROH
Al 21T 5 720D WL 20D CT F7 7> b A E
RIN TV D, Table 7 \ZHERD ik & AL DI k%
—RERE L TRLE, S (1984) ©ar b7 Ak
BIR D IO RN R AR T 2 H5E1E, 1
DT 7 NATEED A NTARNEH/DLTENTE
, BHRED A T A ALEB LR T A AT K>

Tay 72 MBPEB{EUEEM IR, Fio, 1EfEk
ROV a=r 7TV EFBRMEICLZ UL, HN

ATGAAETIIFERHCTCE WS HERIND, Zatz b
(1987) ORIV AF L HABIZHLEBIT TRk ET V=

X, FRBIRTREZede/ha v b T A R AVHEIT T E RS LTz,

—VOIRIR & A D 5T
5 D2 F TR N EBLIZDIZT VT — L OPRE
DRBRDSWDO7 7 MAELEE L, REICL 565
ORRDND LHEEIND, v /VTF AT A A CT #F
M7 A 77> b (AARBIRBRBIT 2, 1996)
1, OEEIRODFIED L T A NERD D
LRNEETHY, £/ T A NORRL G A
BHARE L2T IR 6720, 205, 77 0 AR
FlCoH D7D AFRRETH D,

PERD LI LT, AEER L7 7 7 > b Al
SOOI L NEHDO A I X MR ILEOT 7Y
JVPRRICTE R SN T WA T EIFHE TiRE T%, 1,
1 e OWHg CRFHCZEMFRE L 22 F T 2 FOfRE
7B FIM 24T 5 Z &N TE D, F£72, oD
RMTRNTZD AT A A% 10mm LINTHBIZZE X
RETHI LN TE D EEZ LD, AEIERK L7z BP
T, BP ERICEREDOT 7 U VMR CT i JIE L
BP D ALIZHifi 7= L 7= NaCl KR O E & CT il & DB
REHOLNUDRELT, 77 U LED CT HEEN S,
,110 & 72 5 NaCl /KR & BP O FLIZETA
L7z, CT HIEEH =R ¥ —, ThbbEEEL L
V7 7 v h AOMBERERR EIRAFT 5. Lichio

, FR P RRERD RT3,

10,15, + - -
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FLEE SD:SD t-value p-value criteria B

520 5.60 9.21E-06 0.0083 %

10220 4.65 1.00E-04 0.0167 %
o 15220 4.26 2.72E-04 0.0167 %

5:15 1.34 1.94E-01 0.0167

5:10 0.945 3.54E-01 0.0250

10:15 0392 6.98E-01 0.0500

520 5.69 7.32E-06 0.0083 *

10220 478 7.35E-05 0.0167 *

15220 4.08 4.35E-04 0.0167 %
8.0mm 5:15 1.61 1.19E-01 0.0167

5:10 0.915 3.69E-01 0.0250

10:15 0.700 4.91E-01 0.0500

520 5.44 1.38E-05 0.0083 %

10220 3.06 5.43E-03 0.0167 %

15220 2.87 8.41E-03 0.0167 *
5.5mm

5:15 257 1.69E-02 0.0167

5:10 238 2.55E-02 0.0250

10:15 0.488 6.30E-01 0.0500

520 7.45 1.08E-07 0.0083 %

10220 532 1.87E-05 0.0167 %
Ao 1520 4.90 5.38E-05 0.0167 *

5:15 2.56 1.74E-02 0.0167

5:10 2.14 4.29E-02 0.0250

10:15 0.417 6.80E-01 0.0500

520 12.0 1.27E-11 0.0083 *

10:20 7.70 6.13E-08 0.0167 *
o 1520 7.17 2.05E-07 0.0167 *

5:15 4.82 6.62E-05 0.0167 *

5:10 429 2.53E-04 0.0250 *

10:15 0.528 6.03E-01 0.0500

520 7.98 3.27E-08 0.0083 *

10220 5.8 2.05E-05 0.0167 %
o 1520 4.58 1.19E-04 0.0167 *

5:15 3.40 2.36E-03 0.0167 *

5:10 2.70 1 24E-02 0.0250 *

10:15 1.88 7.23E-02 0.0500

520 11.4 3.87E-11 0.0083 *

10220 8.10 2.54E-08 0.0167 %
— 1520 5.88 4.55E-06 0.0167 *

5:15 5.47 1.26E-05 0.0167 *

5:10 3.26 3.33E-03 0.0250 *

10:15 222 3.64E-02 0.0500 %

5:15 5.86 1.50E-05 0.0167 *
1.0mm 10:15 3.14 5.71E-03 0.0500 %

5:10 272 1.39E-02 0.0500 *
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T, Yo bFRRT 7 INEMEE L7 7 M A
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