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[WE] BY BELEBHEE,FTE A KA SRR T E W ERS % EE(BMD) &
BIAf¥E. A% R fl GE Revolution FRRIHL, 7 5 MR B MR BAKF (FHRE 120 kV,EH K 40,
60 80, 100 1 120 mA) , Xf BX ¥ RE Mt {82 ( ESP) AT, 3F 43 5 i 47 BRI B8 kL E B (ASIR-
V)(EO, 20% . 40% . 60% . 80% 1 100% ) , #+HI#E L1, L2 # L3 1F &) RN X (ROI) ,
BHCTH. RF FHERE KBS (CNR), RARFEREFZSTHEEASRNEKERAR
ERREWHAZFETHETEER. SR FHCTAEREJ(CIDL,) AR BKERB(DLP) 5F
HRBEMEXXEG=1), EAFABHMNE. [{—%ANET,ESP(L1, 12 1 L3) K BMD % 713
THEIT#EEX(P>0.05); EHFRBHERE . AR EANESRMST,ESP(LL, L2 f1 L3) # BMD %
R TG FEX(P>0.05), ER BMD #HERENE 6% LIN, it ESP JEH BMD #17HE
EHEWE,120 kV. 40 mA EFE LA T, RE 0w BMD #E#HE , THERE R CT(QCT) MR E,
I B EFECE SR E; A, 7 DUE &3 hn ASIR-V I E G, BEERES REEERAR,
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[ Abstract ) Objective To investigate the reproducibility and accuracy of spinal BMD ( bone
mineral density) by low mA using adaptive statistic iterative reconstruction based on phantom model.
Methods European spine phantom ( ESP) was scanned with 5 different tube currents (40, 60, 80, 100
and 120 mA) on the GE Revolution prototype. All data were transferred to the quantitative CT ( QCT)
PRO workstation for measuring the bone mineral density(BMD). And all data were reconstructed using
different adaptive statistical iterative reconstruction veo ( ASiR-V) weighting percentages from ASiR-V 0
filtered back projection( FBP) to ASiR-V 100% , at interval of 20% . Quantitative measurements of CT
value, noise, and contrast noise ratio (CNR) of L1, L2 and L3 were measured in each group. The single-
factor analysis of variance ( ANOVA) was used to compare the bone mineral density values of different mA
and ASiR-V weighting percentages. Results Volume CT dose index (CTDI ;) and dose length product
(DLP) were positively correlated with tube current(r =1). The BMD of ESP phantoms had no statistically
significant differences among the multi-center lumbar spines L1, 12 and L3 at different doses under the
same ASiR-V weighting percentages (P > 0. 05), as well as at the same dose under different ASiR-V
weighting percentages( P >0.05). The error of bone density accuracy was within 6% . Conclusions Low
dosage of 120 kV and 40 mA using ASiR-V without affecting the accuracy of BMD has the potential effect to
reduce radiation dose without compromising image quality.

[ Key words] Quantitative CT; Bone mineral density; X-ray computed; Radiation dosage; Iterative
reconstruction
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B JR i A& AE 7T LASE i K B HE B % BE (bone
mineral density, BMD ) & 2 #4712 W , B % Br o] 2 ik
BREM 5% LA EY", ERBIREBR, FE S0 %
PAL B9 55 4 A0 o 4 BE AR B BB A IE AN E 4 B 2
10.4% f131.2% " S EHEERMNFERES A 3%
e, BEi, EWERKEHERRENET, X
BN & B X B MR R BK T, B BB % 2%
AR CT AR MBS, ABRN B8R
PR« E 2 B B 50 6 B 3 I #E {45 ( European
spine phantom,ESP) , 3 5|%F £ .0 W EHEE B CT
( quantitative CT, QCT) B E B 7 EEH M &,
MEERFRBEHFNEMARERRELALZHGHT
R M T BE AT VAN BRI R B R R A SR AR
Xt QCT &% BB HERH: .

HRE5FE

1. P53 R  EBUR — 1~ ESP( 4% 5 Nol4s,
fEE ORM A R)) #fTWE 4. ER—FEMA
R A B ST, BT P O ot B 2 R O B B AT AR o
A6 F1 A R HE B9, XF SUBE TR i U %€ ¥ (dual X-ray
absorbtiometry ,DXA ) 1 QCT #F:& F , th o] FH & #47
AERREER . ESP 2 W& RS H 6 %
in b A& A B4 3R B K A S B ARk R R,
BEAI MR BEERFOMME, 3 MHEAKL
REHREEBRKATEE DS E LL(50 mg/em’) |
12(100 mg/cm’) 1 L3(200 mg/cm’®) 7,

2. AWM 5EBRER: E Revolution [FRRIH]
(XE GE A &), Discovery HD e6) F#7HH#. A
HWHE EEEHR120kV,EHBF RS 440, 60,
80,100 M1120 mA) , EEHF X . FAB AT EHER
EREBEHE AR (ASIR-V) (L E 0, 20% , 40% .
60% . 80% F1 100% ) ¥R F &, 48N 0.984, 1
HBEE. BREX RS am, EAREE . BERBE® K
0.625 mm, R AGEREHITEREN, X HEE
BERE B F 0.5 s/B, B 512 x 512, B X B
(display field of view, DFOV)500 mm, /K& A% &5 4L
BT E MR (147 mm) H¥E, AR —KEZFEER
#HIT 0 KA, TREFHEN, AMBESE — L&
BB 8% T4 (% E Mindways 24 789 QCT PRO
TAES ) #EAT 4 B AL 3, 43 5 0t ESP & #E & i R
& BMD, D EWI&E,BRIEL BN B REBE, Y
RATEmRE ez, WE3sIENAR. B3
A R X (ROT) %5,

3. ESP BRI 1 & T/ES FUE

RZEH EREMAE L1, 12 A1 L3 hEERMEBX
(ROI) , [l 7% IX 3 T FR 24 & B > B 5 10 AR B9
2/3, I CT 18,120 CT1 ; 76 4 L A 4 B8 80 7
(BB A7K) BCE ROIL, BB X 3 1 AR 4k F HE 4 i
B 529 2/3, B CTH,ick CT2, HAREE/E R
BB H RS ,iC R SD, 58 X ¥ 75 H (contrast
noise ratio, CNR) ,CNR = (CT1 - CT2)/SD,

4. BH A E: A CT &8 % (volume CT
dose index, CTDI, ) 1 7| & ¥ B 7 1 ( dose length
product, DLP) 5 iy 1 6L 6 5178 t .

5. it F A . R SPSS 21. 0 GE it 844 Xt 8
Witfroot. RABRREFEZHMUEBESHER
Fl mA MARERNELFEERHEEEMBE, P<
0.05 AERARITFEL,

g &

1. 120 kV R[F] mA & 44T ESP HA#i A48 51 7
E:E 1+ CTDL, 71 DLP B mA fy3 fin 2 & #3%
BEHNBESERRYBEMX HXEK =1,

7

is

: 5
ot {4 3=
o J:E¢
E 5 E
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045 %0 30 100 20 °
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& :DLP. il & K F A CTDL,,,. 8 CT HRIEH;
ESP. BR 3 RE 1 X
1 120 kV AW mA F ESP $3$# CTOL 1 DLP 3t i,
Figure 1 Comparison of CTDI,; and DLP of ESP scans
at 120 kV under different mAs

2. 120 kV ARE B R MR R & AARE T Ef
A BMD. Nk 1 ~3 #, L1, L2 1 L3 EARR BB
Fl—AXANET ,ESP N BEHEEEERHEKIT¥
B (P>0.05) ; 7 M A& e A A 9 35 AR AL 4%
T ESPHEFEEERTYELEITFEL(P>
0.05),

3. BMD B IR 2 - A AR EHRAARR
B ERRMAT W E A EHE BMD iR 2 M A4
CNR @ 2 fir7~,L1, L2 fil L3 f BMD ¥ 7E 6% L)
W BEARERBARZEANELSLGT, LT
BEHBFS, H+ W& L1, L2 1 L3 # ASiR-V
O i, BEE mA BN W8, P 5 M 75 24 ke K
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L1 B},120 mA H 40 mA & CNR #£5 T 70% ; 12
B IRE T 378% ;13 BY ,BE T 68% , 7 40 mA &
HT HEEERRER L HRUES, B 15 8
BREAK, L1 B, ASiR-V 100% H, 0 # CNR #£55 T
346% ;L2 B, R E T 331% ;L3 B, BB T 334%,
mE 3 5 40 mA,40% LA E &4 F, ESP(L1,
L2 1 L3) M E R .

®1 TRERRMARZRNET LI BMD

Table 1 BMD at L1 under different mAs and different iterations

B (mA) 0 20% 40% 60% 80% 100%
40 49.73 51.96 52.09 51.82 51.96 52.18
60 50.46 50.97 51.39 51.31 51.06 51.39
80 49.75 50.12 50.37 50.69 50.78  50.81
100 50.27 50.58 51.05 51.06 51.05 50.69
120 51.63 51.13 51.66 51.95 51.39 52.02
F{& 1.31 1.44 1.95 1.26 0.76 2.05
P 0.28 0.24 0.12 0.30 0. 56 0.10

LI MEBHE NS0 mg/em’ ;BMD. BFE

®2 AEEBRMAFRZRNET L2 49 BMD

Table 2 BMD at L2 under different mAs and different iterations

BB (mA) 0 20% 40% 60% 80% 100%
40 101.34 102.30 102.42 102.39 101.94 102.29

60 101.18 100.97 100.60 100.76 100.63 100.29

80 101.72 101.86 101.09 100.88 101.10 100.84

100 101.30 100.44 100.81 100.96 100.94 100.41
120 101.63 100.82 101.79 101.09 101.47 101.70
F1{E 0.73 2.02 2.35 1. 64 0.97 2.36
P1{H 0.58 0.11 0.07 0.18 0.43 0.07

L2 R F % E N 100 mg/om’ ;BMD. & %
£3 FRFREMARFRZAMET L3 4 BMD

Table 3 BMD at L3 under different mAs and different iterations

FHMR(mA) 0 20% 40% 60% 80%  100%
40 189.99 189.78 189.26 190.18 190.90 190.62
60 191.95 191.98 192,39 192.69 192.54 192.60
80 190.09 191.35 191.36 190.67 192.05 191.99

100 191.07 191.45 191.58 192.24 192.49 192.17
120 190.16 190.23 189.68 190.73 190.72 190.85
F& 1.59 1.13 .99  0.91 2,22 0.84
P 0.19 0.36 0.11 0.47 0.8  0.51
L3 MR B ®E % 200 mg/cm® ;BMD. B %8
i it
BHRRMEFRETEEAMEZREFEEY

1,60 % L LB ZEARKRBIE 60% ), LIEHT
EEEBAMEREAEEINETERA., BEGHN
AR 2 7 vk B R R B9 2 DXA I QCT,DXA B — %
EREENR BRSZREAMETEE CTR
BEHREEH QCTHEESFEEAKBNYS. #

By EEMRAZ S ERBE R/ DMK S, N
%%ﬁﬁmoﬁDquTEﬂ%Ewﬁtmﬁ
TERS R BB AR, BT UL 7 A B %
WEREMRRT EFERR RN QCT #/ ¥ iy
HA, EHERKZHNESRREBE TRk
FREZRENESNE, SR EENAEREER
BB T BB RKEEBRUTE LT BLW(E
B EEANENNERALTY, HBEHHP
BN (ALARA) B3R, CTDI, W% B EE Lt
Za i Ki2 B B 8 BGRB8 F K17 5,
CTDL, it & , S BA Xt CT W7 )2 8 8 W 75 /K & 1 4 10
Bk wm @& AN ERERLAREE,;DLP
AR, EAFHERES K, N SRARBEEY
BHANBREW. S EEEC RE, ERN
CTDI,, 2% 25 mGy,f& F EH xR FHEHLH (IAEA) &
HA K/ MK 35 mGy, BAK T RS (EC) HEf&k 45 i
70 mGy, APEFE 2015 4E9 HE 2016 £ 3 A4 H
CTESNEZZLHSEKFRED,EHREHNE
CTDL,, ¥ #% 18 mGy, A B 3L &, 7E 120 kV,
40 mA WM& %4 F,CTDI, N 1.63 mGy, 54
BEREHEH B A R BAHLRET 91% , B BFEN
BHERKZK K TR, KRS, EHRELE
FRIEHNESERREENEX, RHERSE
BERAEHERLT, BEERRESEEMNZNGE
REEHNE, SO8EE" RiE—-,

ASiR-V R 2B L EREE, 44T ASR
Ryscet AR S M E T4 8 5% A E 2 (model-
based iterative reconstruction , MBIR ) 9 & 48 & 2 AR
BRABERCHMRE R AR, B AA T B
PHYAEEE MY EER, ASIR-V ARk T
EREGELE TSI, B RR ARG
RET ZHEHRMERBERFEENEREDE
B, RERFEATERTRERA, BEK%
FBEXoF b B, B 43 4 A A gy B R R AT LU O 2 IR R D
g, EME mA BN, BRESHBAE, B
BRI B T R, 5 5 R R, 0o BB BB E T 2
BHENMBREEREROBRT, LW EEEKL
Wi, AN R REHRE, 5E%8 FBP AR
[ ,ASiR-V &% H GE A Al B L M8 s,
SHER B CT BB R % B %, Wi BT LI 3 1
fn CNR, NITARIE T 7E R B &4 F 378 R iF o &
BERE. APFRERBR, 7 120 kV, 40 mA HH#
% F, L1 § ASiR-V 20% . 40% . 60% . 80% ¥
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