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Phantom-based quality testing for spectral computed tomography technology
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Abstract: Objective To discuss the quality testing method for spectral computed tomography (CT) technology. Methods
Based on the conditions for head scan, we used a self- produced iodine reagent phantom to carry out energy scanning
experiments on SIEMENS force dual-source CT and GE Discovery CT750 CT. The obtained images were quantitatively
analyzed by the post-processing workstation of the two CT systems. Results In the single-energy mode, the spectral CT
images under the energy of 60, 70 and 80 keV were obtained, and the obtained images on the two CT systems had
agreement CT values. The iodine radical content in iodine solution with different concentrations was distinguished and
quantitatively analyzed with the spectral imaging software such as equivalent atomic number matrix histogram, matrix
scatter diagram and CT value- energy curves. Conclusion The energy scanning experiments using self- produced iodine
reagent phantom on SIEMENS force dual-source CT and GE Discovery CT750 CT verify that using the proposed self-
produced iodine reagent phantom for the quality assurance of spectral CT technology is feasible.
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AR AETE CT fEsAR A2 Wb &I 1R Rl
LB B AR Bz — BP0 T RS CT BISE
RESE AR O M AR E R A o PRI, 3T RETE AR
G JRER, REAS DL L 4T ER B IEAG RERE CT
HIEHEPERE BT R ARSI A R AR T AR DGR )
BT CT M EIR I G485 75 FEAREELL T LA ERE
ZRCYIBE s TRE ) RRE R EIR (LRifL L8R
thie) ReRk Mk AR TP RO R RS RS b T H
ek CT MR LIAAE T RENE AT IEN) T 2%
B R A BN A RESAFAN R ke V 7K F R I EARE ]
15, TSR AR LR AR bl X 2B KO- (ke V)
PR Al U R 0, DT 7 A i e A AR ZH BURIUAS [R] 5 A8
AL RETE M2k | [RIEHAR B TS R RE TG Hh 2145 i
ZH BUR AR R AT 50U F 7 2 (Effective-Z) ™', AR
PERETE A 0BT A L, FRAT TR UR KV E R S
B0 [ H RN 2 e B i A5 1) S B A
ST AR CT MRS ™ . AWFFE kit 1741
2\ E] ) BB AR CT (245 : SOMATOM Definition
Force) fll GE /A &) I 5 £ BE % CT (%! 5 ; Discovery
CT750) Pl R e HAT AR g RS CT #F 1 /2
Bracss,

1.2 Ak

Ji AR S S 5 T3 M CA AL 38 il VE A 25 0
[BATEAA, & 195 mm, M 200 mm, N42 194 mm, 5B
A3 TICE P2 32 AL 5 ) R A 4, R A 48
B P42 A 194 mm, P54 108 42 A 32 A4 13 FL 26 B0 X
I, S AR ) S ) Rk 5 705 TR AT A G 0 N A BE
[ o 324 BFLAFLARAAIE] , 378 20 mm, AT 4353
B 31 ARG N AME 20 mm K 160 mm 25 2 30 mL
FYE 5w 73RS o AR R SE IR R, FRATT A 52 56 % e
T4£405.08.1.0.2.0.5.0.10.0,12.0,20.0.30.0
50.0.100.0(mgl/mL ) BB RS HEA T 62, 73 MR
Jn—AN gt B K (HU S bR i 0) AR A
1.2.1 BGERE S FE (1) 3 M 320 mgl/mL 1)
A B 78U X S it s R A A SRV IR AL R 5 (2) i
PR — 5 i (<20 mL) By 4 i 2K, A2 RS W
AR WERR A 43 I AGE S BILIA E 320 15 R, Ok
BRIV TR S 30 mL; (3) D B 4T 0 B W
R B S0 L

L AT B TC 7 v A A TP LY R ST
TR « X=ab/c, Horfra g UUBC & A BLA WO FE 5 b
R E 2 30 mL; ¢ R FEvERD B LA 320 mgl/mL;
XA 320 mgl/mL A LA R 2 & (£ 1),

AR S AE T, 1T DL BE R AR 4 S 00 75 B

F1 TEREHBAETLEXR

Tab.1 Configuration of different concentrations of iodine in test tube

Todine concentration (mgl/mL) X/mL a/mgl - mL"
0.5 0.046 875 0.5
0.8 0.075 000 0.8
1.0 0.093 750 1.0
2.0 0.187 500 2.0
5.0 0.468 750 5.0
10.0 0.937 500 10.0
12.0 1.125 000 12.0
20.0 1.875 000 20.0
30.0 2.812 500 30.0
50.0 4.687 500 50.0
100.0 9.375 000 100.0

T AR A O . IS, A
TERLAR P AL S AN IET 1 iR, H B2 AT DB 21 fE
A AR A RE R, A F TR N AT DL B W
A CT AL . 381, ] RLINAS [l e B
VA BT i 1E s sl B E A . J34h,
TEBETTRETE 25 bR O 2 S gt , al DURE S A A
BEANETHUE T

1 force i) 2 g2 2 [E
Fig.1 Single—energy image of SIEMENS force dual-source CT

122 BEECTHEAZEMSE (1D)RMATETTFAH
T H B BUR CT(SOMATOM Definition Force ) X
BT RE A R SRR, R AR T - A
BRAS L T 9 80 kVp, Eff mAs Sh 221 ; BERE 1y,
JEAE A 140 kVp, Eff mAs >4 221; FOV=250 mm, |2 /&
5 mm, 2B A 5 mm; T8 A+B+M, BR
R 0.5 s/r
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(2) K H GE 2~ vl s 85 19 % 41 CT (Discovery
750HD ) %} JEU AR AR S E A7 € H oA e e, S 2
FEARTR - B Bk I kvp D)4 BE 3 CT HE A7 4345
FOV=25 cm, JZ/E K 5 mm, JZ [0 #5 K 5 mm, $2
1.375:1, BRAS TR 5% URE 0 0.5 s/r; R FHRE I RAZ 4
X (R FLHE S 80 kVp/140 kVp 45 L FE BRI ) 5 22
L HBBE 630 mA.

(3) LB R A& A B RE 0 BT A 21, 75
PG b, FATT e s R ) 2 T, A ] R/ N 2%
[X (Regions of Interest, ROI) , ROI=20 mm?, I & H:
CTAE X T [A]—1al A8, Wi 5 0, O BIE AR iz ik
JEMOA WP CT ., AR5 HiEH 60,7080 keV
X 3w AR R A RE A A T S8 e
1.3 git=EsE

K H1 SPSS 17.0 Geit 4k b4 7 o0 A , FHER A 0] )
IR EE S CTEZ B KE R, P<0.05 H 25 A5

PEIS9E

2.1 TV Fforce LR LR
FRAEVE]F force FIRETE SL 50, F e85 , =
A BN, il ) 4 50 & 45 5 CTDIvol (16 cm)

25.32 mGy, DLP:409.3 mGy*cm, it B force ¥ XL HE &
FI R SRR . 953 80 A1 140 kVp FiR
ERem I EMR)E B EE % A WorkSpace T-1Eufi
| FH Monoenergtic /4 7] A & 4 H (40~190) keV 3
159 BB EMS (1) . 50 mgl/mL DA | 5 Rl
RALE 80 F1140 kVp If, CTHE £35%) 1 000 HU, #
1 38 1l R A 9 CT {8 Bl (-1 000~+1 000 HU) ,
PR UAT AT 2253

(1) Hr 22 1 2 0] DL, 75 J9r 32 4 5 70 o A ] 7
BT 53] 80 F1 140 kVp # MR S RERFIM T
A A B A5 Y CT (B 240 bt 2 ok B8 1 s
CT{ET & ; [ —ia4E 1Y CT{E A TR A g =t A3 KM
/N, A ERRE A EUR AN R A Y CT(E R A
B B B Y T s, CT (R T 5 TRl — I 1 CT (A B
FRE R A RN (2) 2 2 4 HE ] L, 80 kVp
F160 keV T , B W BT % B CT {E A 5 140 kVp Fl
80 keV v, AR ) CT{EAHIT . (3) I 2 W] LB #
1RA g it 80,140 kVp FIHLE I 60,80 keV 44T 119
CT 5 MU B 2 ko R R B IR A B 15 3
(RARER 5 ARG R Y B BE 1 ke V RETIE BIZ A0 AR AR
WHAL HIR A HER 80,140 kVp 9 CT {5 At 2 14

2 TI)F force A SRR N EBUKEARAI CTEMHU, 7+5)
Tab.2 CT value of iodine solution with different concentrations on SIEMENS force CT (HU, Mean+SD)

Iodine concentrations (mgl/mL)

Energy
0.0 0.5 0.8 1.0

2.0

5.0 10.0 20.0 30.0 50.0

80 kVp -1.742.2 16.6+£1.9  32.3+32.3  40.6+2.3 89.8+3.0  184.242.1 369.4+2.1 732.8£3.0 1 152.8+3.1 1979.1+4.6

140 kVp -0.3+2.4 8.3+2.3 17.0£2.3  21.5£2.1 47.5£1.7 108.6+£1.4 204.0+1.8 403.0£3.3 627.9+2.2 1058.543.1

60 keV -1.4+1.8 14.7+1.8 29.0£1.6  36.5+2.0 80.8£2.5  167.9+1.7 3259+1.9 661.8£2.8 1039.6+2.8
70 keV -0.7£2.1 10.0£2.0  20.4+2.0  25.8+2.0 56.9+1.6  1253+1.2 238.3+1.7 475.8+£3.0 743.9£2.0
80 keV -0.1£2.6 7.0£2.5 14.8+£2.5 18.842.4  41.6+2.0 98.0+1.7 182.2+1.9 356.7+3.6 554.4+2.5

j)

% 1000 / ——80kvp
%’ 800 — 140kvp
; 600 60kev
&) 80kev

400 /
200

5 10 15 20 25 30
lodine concentration (mgl/mL)

2 #l]Fforce CTRAGHEEMBFEE T EMREMR RN CTE
TUXRAR
Fig.2 Variations of CT value of iodine solution with different
concentrations under mixed—energy and single—energy of
SIEMENS force CT

2.2 GE 750 LG 45 R

H4 GE 750HD CT ffg s, Sl & s,
)44 R GSTEH 57 F 484 CTDIvol 43414 55.90 F11
38.42 mGy, [ Wt GSI 4 iy 5 771 i [R A AR X AIR o
GSI Viewer J /1 TEARE B EHE E A, nI15540~140 keV
1014~ HpE R R (E13) , il ad GSTA TR o3 H 4R
B B A A RO I e R 2 P (T 4) IS R (]
5) AR F P BB TR (K 6) o

(D ME 4 REREIM RS R AT, BT 50 mgl/mL
DL BB BGRAE CT A2 7E 40 ke VI, CT{HE £
iK% 3 000 HU , H: g vk B2 ) il s v 48 CT (EL 7
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Fig.3 Image of GE 750 under single energy of 70 keV
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Fig.4 Energy spectrum curve of GE 750
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5 GE 750 i GSTBUE K E B S [E
Fig.5 GSI iodine—based and water—based scatter diagram of GE 750

40~60 ke V i Bl N [RIBE R T H 8 Im PR A CT{E_ L
FR (-1 000~+1 000 HU) , FrIAT TG 24500 AR

11 12
Effective-Z @)

6 GET50 NEMEFHFHESE
Fig.6 Equivalent atomic number histogram of GE 750

W F A1 %E+#% 7 0.0.0.5.0.8.1.0.2.0.5.0.10.0 .
20.0 . 30.0 mgl/mL B BIRAE 7E 60~80 keV (1) FfiE &
BEUGIEA T SEBERAE 43T (3R 3) , 43 il B A ik
B CTEAWREE . (2) MBI 3R 4K
AR K EEFIIE 5 i CT{ERE X STk e A fb AYiG 2k
3/, GE 750HD CT 1Y GST U ARRERSHERf X 43
AR S AR . MR 4 BYBERS -hZR AR i s, 3047
ATLUE MR keV T, b Mk 09 T, CT (HREZ T
T s A A B IR A v, BES keV HARER AU TR, CT(H S
RS AR 1) CTHAS L S i 4 2 ke V 1Y
BRI (3) AL S RS I A Afr e, FRATTRT A
THITE 2 i #5359 300,190 ,90 .46 .17 .9 .
7.5.0(100 pg/em?®) AYRILIE 5 S E FIARFRIE 30.0 |
20.0.10.0.5.0.2.0.1.0.0.8.0.5.0.0(mgl/mL)dE ¥ Al ,
A5 5 T UE B D A AR s i A ) B Tl 54
MR (4) B 6 538U ARCE [T AT DL, 7K i e
A3 T 7.8, HE K B A AR T P A L SAE 7.4

AR 4 TTHN, 3 P ECRE TS CT 72 I R 5 FH A B
AE AR X 70 keV T X SR AL 4 LS YR CT (B K
W25 AR B T, PR AL CT (B 24 A 1 b S e st
VW) o 2 FE AR A

33t i

S VL ERETESEER , AT TRIIESE , BERS RSB A
HRLCT DO 3 ML CT 33, 3R A i IR G RERE X
SEEF I RYIBUS  IRBEE A X LG8 2 e i
YIS 2, PRI ZF A U A e B X 2k
T 2 TRRERE XL, Bl R Y X ORI 25
M E U R, AR W U R AN o 2\
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R3 PRSI T AEBKE AR CTE(GE 7500 (HU, 7+s)
Tab.3 CT value of iodine solution with different concentrations under single—energy scanning (GE 750) (HU, Mean+SD)

Iodine concentrations (mgl/mL)

Energy/keV

0.0 0.5 0.8 1.0 2.0 5.0 10.0 20.0 30.0
60 -13.07+4.00 9.30+2.50 13.29+4.80 38.30+2.20 56.80+3.80 152.00+3.60 294.40+2.80  581.80+9.00 850.30+5.50
70 -1.72+£3.90 8.30+2.50 12.42+2.70 24.30+2.50 46.44+2.60 118.02+3.20 223.81£2.90 456.16+4.00 720.30+4.50
80 3.07£5.58  6.70+1.80 14.54+2.10 17.72+£3.90 44.16£1.60  95.70+£3.90 180.32+2.10  357.80+4.30 540.72+4.90

%<4 GE 750 B3 CT A T[] F force FUE CT 70 keV TR KA CTE(HU, x+5)
Tab.4 CT values of iodine solutions under 70 keV on GE 750 spectral CT and SIEMENS force dual-source CT (HU, Mean+SD)

Iodine concentrations (mgl/mL)

CT systems
0.0 0.5 0.8

2.0 5.0 10.0 20.0 30.0

GE 750 spectral CT

-1.7243.90 8.30+2.50 12.40+2.20 24.30+2.50 46.44+2.60 118.02+3.20 223.81+2.90 456.10+4.00 720.30+4.50

SIEMENS force dual-source CT ~ -0.742.1  10.0+£2.0  20.4+2.0  25.842.0  56.9+1.6  125.3+1.2 238.3+1.7  475.8+3.0  743.9+2.0

80,140 kVp IREA BE RIS 2 ARR 5 HAR TR 1l 2R
fiE 60 .80 keV AEIE R I RPRAE T BAlL  (HIR A BE R
A M O 2R T B R AL 30 45 R B ) T IR A RE
I H L CT 94 M RE I H AR (Y A BE it UGN 23
WU R AP LR Z B0, AR5 T —3K
P UEBHRE I B AR BUSANES 5 32 B0 45 P ALY
SR, Zeaditt—4 SPSS G2 R LS SRR
- ULRETE TS CT {85 WUk B =2 (A1 349 g B . 2k 5%
Fo WAL, IR A REE A E L CT B Cik I TR HE
HIE TS, T ELHE CT (B S5k 3 (i ) ) S249F
MR, R R A CTER R Lo TTRETS %4
ARATPIMRA S 155 (mg/mL) Y& FH45 58, HCT A
A xR S, AT TUER 4 28 B HTS W

M GE 750HD CT FRETE 44 5L 55 PR EIE T fig
T G AT T E AT IS Wi MERaPE . T
R E /e AR R RS 2 G 1 B
i CT{HRE X HH 2 a8 AR L 1 BB Hh 22 /1 3 /1~ A
B , GE 750 [1) GSI i {5 #B BE 4% HE A IX 43 A [R] L 25 1t
VR o M\ s — 5 T UE BH S AL A s i A 1) vk
JE O A A 2 e . R 4TS, X B RE RS CT ¢
I PR I 5 FH 1) BARE AR 3K 70 ke V I X R BRI 11
L CT (BRI 45 SR AR & #2230, PR 4L CT (54 1y
FEDHG T b Sz e PO VR P o FE R 8 Ak R R FRATT AT
DAIE BFDAS B AN ) ¥ 5 1) T YR A 5 PR B
i CT RS

FREIA TR CT REMARECX IR L2 5
e R EAI LG ) (GB17589-2011) , 1ZhR A FH

T CTHLAYEI TP RS RIS E AN . F AL CT
RN B2 LR LA : CT AR 20Dt
FRPRGEE CTEOK) R RIS )0 2R ARl p e
[0 a7 AN (190 N a1 E7 1151208 IN O W =112 o o S 21
JERENGE CT P IRECUn - e it L PR e |
REIENZ TS B CT B bR
AETE CT HYSH A FRE PERR AR e I % 58 CT
KM TTIEIEA T , I IHARA BN L RERE CT B ik
JERTR , TR BRI B BG4 T A A B
FVEANY . D35k, S80S CT BFUR i L A T A 0T
Wi E R AU B = — M S BB B N S RES:
BARIER IR . AR A D RERII A (n 56
PMI/A F]AE 771 Catphan 500 4545 ) #2 k T i iR
Fid CT RN S Bk i, s Z 41X RETE CT Y DIRE
ZHRONFNES AR D) BRI H o PRI, A 3C
B RITFAR 1 — i & RE T CT ARGl A i A A A
X TESEE T RERE CT GRS AN AR IR A
AR EZE L.

4 4 it

28 3o JE AR AR 43 53] X P ] F force XLIE CT F
GE 750 fig % CT My BETE S5 50, AT AT AR R PIR CT
T 3 BT Th BE 1 AR BE B R A T R CE B
S, S RN AR E) CT(H. WA —MERE,
AR VRSB0 1 SR BB AR 8 15 A 4 CT M BEIE 7 A il
BTG A . 5 H PR A RE T 4
FIrIAS 9 CT {EAH LA, BB CT 545 21 1% B AR it
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