NG LV MRINZ &3 % CNR @ B: OHE% :
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BRI MR B2 RIHEERE L A

AR S,
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URUECHI N ORBE AR 2R RRE R REAROITER SN A AT 0 v 7 7)) =y 7 WEST
Rt LR Ea S

&

Jll]

JTH, magnetic resonance imaging (MRI)
DR OFLHME +s & CIREURFME R O lEY
[a] 72 1Z parallel imaging AW BN 5 C
LN %L 5. F7-, parallel imaging % i Jf
L7cH L WIRBE LR S, TN O OEEREE
izfT> &bl TWA. ERFHE L L
Cl%, signal-to-noise ratio (SNR), contrast-to-
noise ratio (CNR) AMEHIN 5 T &S\,
BTBBIRANDORE A HE TR 2 —LTA
)l (body coil ® quadrature coil) Till%E L T
W7o ek @ SNR, CNR W #1E, /85 L
MRI £ 0> phased-array surface coil (7L A4 2
AV) TREMIEXTOHEICE, BEEOMH
HICEREALE L3505, &R, X510
JUMRI & CERMmaA IV AEFERL THRET 55
&, WEFEBNOESHRESMARRD I LT
B5H. REMEDID, TnbreHH a1 )L
DREEGATD H NI —MERIIE T VX — % ff
AL, KEFERERY I8 URESMEH
—ICT BT S . RERIERTS, WERER
NOHABHEIIH—Th A2, RERIELEIC
Fo TREFRTHOESHESL LA S H/c
&, XOTVTOMEL LRI LI LTS,

TERS I N HOFMIZRE I TV DD,
¥—Tls7 7V b ARG LIDGE, BEEMER
Y% 50, MFF a4V EOMBERIC
F o TELT 728, TWBBEHHNDOAEIC X -
TSNR % Z LT/ 55.

Z D7z, /X5 )L MRI # i\, EEERIE
AT OBEDH L\ SNR IEERERL I N
WMESINTWDEYD . FLARMITIE, SNR Az
ERGHENTFAES 5720, BRIE 4 5EIEGRT
@D SNR % HIE T HNELD 5.

NZ V)V MRI % FRWEERIE 2T 586 D
CNR O#IEICBI L Tid, HEEOBRSEHME
L 7%, CNR TREROBEEGITICE T 5E
BEOZE L HEMELHAEL T, fHLAET 50
EPEL 5. BICHIEGEFT BN TV 554,
FNZENOHEEN e H728, CNR FHIC
FAVAMEEMEOERPRE L 705, FDI2D,
e, FrLVCNR WIEEEERL, TOH
ERGE & IE 4 JORBESICB L Tt &
ﬁof:.

NZ UL MR ZBUWREMIEZIT S HBED
#L Oy CNRAIZER

2 HfElo CNR Bz g & LT, RMS (root

F*—T)— K CNR, RMS-CNR, paralle]l MRI, root mean square, clinical images
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mean square)-CNR %% L 7-. CNR %l
ETHZOORNEN (A,BEd5) ALK
= IO (RO #R%E LS5 EDOHH
KRELIMITRS

CNR (RMS) = |Sa—Sg|/{(SD2+SDg)/

7272, Sa=ROI-A OSF#{E 5 {E, Ss=
ROI-B O F#415 51, SDa=ROI-A O
7%, SDe=ROI-B OiE#fR£E L+ 5. oV 5
AL EBHOLHT SA—SplIERERL TH A
N, MEFLLC, 2 SHEOBEERFZEO FTY
DOFFH R A9 597, RO-A & ROI-B
3, TNTENHEEERP R D72, arlic
DOEEOMERER EEZEZHENTEAH. =D
DAL L 7-HERER, ] OFH k D5 02 %
ks kb,

Adk=k—ave(k), Adi=i—ave(i),
Af=j—ave(]) «eoeeoeeeoemmeras (2)

72721, Ave(X)IIHERZER x OV
95 L,

Ak=(Ai+Aj)/2 ................................. (3)
L7en,

02=A4K2= 3 Ak?Ri=3 ¥ ((4i+4j)/2)2
PiQi= (024 G;2) /2w veereveerveeieeinnns 4)

MEBNA. 72751, Rkidk OERT HHER,
PQix ZzNZENOLEIHERZ /R T.
L7cid - C, #EE OEERED,

Ok =/ (G2 Gj2) [2) ++rververermmennnnnanns (5)

TRDL I EPTE DY,

ROI OFEE, HMKEGOSE, HRTAL
KIE A RESITREL LOE\WE AT HR
L, B OfMititEZ%#EL 50 Y7 L2
EOKEINEE L.

72, 77V EFLAFOFEBRTY TSV
VNIRRT B EE, MEMEA, E5EGROWE
T O EEHENRE %/ 2 T L 72l R FH D
AR ET L. ES5EG,HEHHE T 5 CNR
(subtracted RMS) AL, LT &8O T
B5.

CNR (subtracted RMS) = [Sa—Sg| /[ {(SDa/
J2)2+ (SDa/y/2)2H /2012 o 6)

7272L, Sa=ROI-A OS5 518, Ss=ROI-
B OF¥E5{E, SDa=2% 1L 7 ROI-A O
#EfF7=, SDe=7£% L 7= ROI-B OEHEfF A% &
+5.

vl *E

CNR (RMS) #lliE#: s LU CNR (subtract-
ed RMS) BIEEDIE S & R OREEIZE L
T, SNR OfZ@EMRAFME & OB, InEE %
(LLF, NSA) 12X 5 CNR fioZ{k, L T
V=27 7 v F AT AVIEERIE & OR
WXL CREM L 7=, 7038, BEFHL 7= MRI Z&:&
(% philips achieva nova-dual 1.5T T 5.
1. SNR OfZE MK & OB, IEEK DL
{LIZHES CNR i & OFHBIRHi

SNR DOLEARAFHE & OB, A BB DOZE
{LIZHES CNR i & OMEBIFEG & LT, BIF
TV EARER L. 77 b ATERE 23
cm, B 6cm OF 7 V)L BL R B I bR
Sy VEiiz L, ZOHRICEE 2m, &S
S5cm O/ e RS EA 8 MEkE L /- (Fig.
1. NERBFHE MMM L, FHICIER
W= V%, &5 —JFITIT BRI K % iz
L7 BT, 77V FADOHD EpZ L THL
O FHICEEL 72 (left, right, center, upper).
Fig. 2l md &2, ¥Y—T A A1)V
(SENSE Flex-M coil) CTHifil7» &3 AA ¢ &
SWCLTFSE TG T-7. BB/

2009 -2 H 23 HZM 2009 45 A 7 HGT

AIRIEERE  T604-8845 it HAEREMNT 1-2  slliazmbeiatiaet amisk

98



/XZ L)V MRIIZ 351 % CNR W EORE

Fig. 1. The phantom using for the CNR meas-
urements. The container is filled with sulfuric
acid nickel solution, and the small bottle which
sulfuric acid nickel and a physiology solution of
salt were poured by a pair arranged in a 4 point
in that.

Fig. 2. The phantom was done setting of to put
it from both sides with surface coil.

A—213 TR 1500 ms, TE 80 ms, ETL13, A
A4 AE 2mm, ¥ LYy 7 AY A X512 X
512, /N F g 197 Hz /px, FOV 256 mm,
SENSE (SENSE factor=2), REHRHIE L T
CLEAR #H\», NSA # 1, 2, 3, 4, 6 [a] » &1k
S, 2[EFOB|BEAEITo o WG L IEGO
#l7% Fig. 31TR¢.

Left, right, center, upper ® 4 /pFHZ DWW T
W= v 7V 7 7/ F 5O SNR JIE % 1T -

7219, F-FLE O CNR (RMS), CNR (sub-

Fig. 3. The phantom image. Signal intensity is
uniform by an effect of CLEAR, but the noises
of a top and bottom direction stands out.

tracted RMS) Z##HIE L, REFEIC LS
CNR fE OAZEARAME & AR O R LD
IZ SNR & OHES % #GE L /2. CNR OHIE T
A A KEIC ROI-A 2, 2= v 7 LI
IZ ROI-B #&%& L 7=.
2. 55K & OB Ol

Gd 0.02 mmol # & EROFIT, HE SO,
2.5, 2.0, 1.5, 1.0, 0.7 mm OV — X% DIAA
7277V LEERL: (Fig. 4). 207 5
F L% LRl EARROBRNOY —7 2 4 A4
NN &R s LU OO 45°
ICHEE L 2. REME S Fig. 5 1SR 7. ¥—
7 2 A A4 )V (SENSE-Flex-M coil) ~CHifl
PHRZAT LI L TR x1T- 72, HRiB4
1% FSE #:C TR 800 ms, TE 40 ms, NSA 1 &
TR 800 ms, TE 40 ms, NSA 2, LU TR 800
ms, TE 120 ms, NSA 1 D=2D % THHR{E L
7o nds, ENDUANOERB ST A— 2T F—
T, A5 4 A& 4mm, ETL 3, FOV 250 mm,
<Yy 7 A512%x512 L L7, ME&EHETDO
CNR HIZED /=8, LFE 7 7/ FAIC 2cme O
77 UIVAEERAL S OO E, EH5ik
HEEL T2 MET DT 7.

99



AL 5829% 3 5 (2009)

Fig. 4. The beads phantom for visual evalua-
tion of signal detectability.

Coil Coil

Fig. 5. The image of positions of the beads
phantom for the study on signal detectability

V=275V FAE, 5 ADOEZEE (MRI
BEERFER S F0 5 204F) IR, EZX— L
T, UAVEE, VRIVEE TN TN &
NOREIHZIT 572, 6 DOBEON, 4T
DEETELHEE6 R,V FELT, BE
WREHF A RA VL L7z, 5 ADFHE
K 2 OFHiARA v k&L

CNR fE{Z, CNR (RMS) # & CNR (sub-
tracted RMS) #I1C k- T, 77 UL LFER
WIZROI #FEL T, AL/, T bHD
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CNRELESHRIERELZRITE—XT7 > VT A
DOBHERHEAR A~ - & OMBIRE & B L 7z

& R

1. SNR & OFLERAFEOHBE, IR OZE
{LICHE S CNR EO B DT

YT r A AT AR ERLZ LT
FL o EHICREIE L 72 (left, right, center, up-
per) % 2D 7 7/ F AOMEEE & AL S
4 7- SNR f#, CNR (RMS) f{&, CNR (sub-
tracted RMS) ffi%# Fig. 6 IZ79. FXTICEH
W, I A VIS left, right TidE\ BE %
<L, center, upper OJHTHAE KT L 7-.
7, WEEEO LA E L LICEEIZ B L.
CNR (subtracted RMS) f#iix CNR (RMS) {&
FD 10X BEESWEZZRL . F0E (cen-
ter) ICIIF A INEEE A Z (L S &7 SNR fE &
CNR (subtracted RMS) fE, CNR (RMS) f&
DOBtR% Fig. 712m 9. MHBIREL R2=0.991
EIRFITE B AR L /2.
2. [FEBHEE & OFEBY DR

V=7 7/ F L%ER LB ERHEIC L5
BHEE L, CNR (RMS) fEiDBItR% Fig. 8 IC
RY. MHBARENL R2=0.975 Th - 7. 7,
CNR (Subtracted RMS) f{if & OBt Fig. 9
ICRTEDICR2=0981 & & B 6 HIEHICH
WHBE R L 7.

% £

Fig. 51779 k91, CNR (RMS) {#, CNR
(subtracted RMS) fEIZHE & b, HREEFIKA
D55 E 55 #i 5 B 75 % parallel imaging D%
FHEOMBERAEZEFEIRLTED,
SNR & & OB REE Fig. 7 1R F L 512 R?
=0.99 FIEFITHVHEE R L. dabb,
CNR (RMS) #, CNR (subtracted RMS) &
i3, HEFEEORM S L CIEMMA DL
MR T&/z. 7z72L, CNR (RMS) f{Eix CNR
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VS TG F v aSF

SNR CNR(subtracted RMS)
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Fig. 6. A value of SNR and CNR (RMS) and CNR (subtracted-RMS) at
each position of different number of signal averaged (NSA). These
showed a similar tendency, but CNR (subtracted-RMS) values were

higher than CNR (RMS) values about 10%.

6 OCNR(subtracted RMS)
4 .
5 | ® CNRRMS)
0 L |
0 10 20

SNR

Fig. 7. The relation of SNR value and CNR
(RMS) value for different NSA in a center posi-
tion. The correlation calculation showed high
correlation with R2=0.991.

(subtracted RMS) fE & D BUE 5 10 %62 E
BAMEZ /RIS EHRE LAY, TORKEIE ROIA
DEBDY 2 —F 4 VI HOMBIILHLD L

EzbNh5. Thbid,

77 kA K AR

THD, BEREGEBWAHEE T LD
206 PRI /NI & 7 B C L ATHIS NS

Z D7, RKE®ZBWL5E3E52H
BNl nECAICROIFRET S L DIT

TRETHS.

IV EF S AT b H CNRAIEED S FO

w A
“n O
T
[ ]

R?*=10.9459

CNR(RMS)
W W
o U ©

_—
O L ©
T T T

detectability

Fig. 8. The relation of detectability using
beads phantom and CNR (subtracted-RMS)
value. The correlation calculation showed high
correlation with R2=0.975.

SHIICEAL Tk, oD 7 vV R ADEBER
HAWTwWa I Enb, ERELR—TH AP,
RHERHIIC L A E 5B HEE & & Figs. 8, 9 IC7R
T EOICHFFITEHVHREZ R L. CNR 5
SHHEEEVHEEE RTINS T END
L, CTNHLORETS CNREBIEYTHSC
EHRESITF N

LIk, 785 )0 MRI % B\ EEEE Al E 41T D
BE&OCNRBEIEEZEELT, 77V L%
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Fig. 9. The relation of detectability using
beads phantom and CNR (RMS) value. The
correlation calculation showed high correlation
with R2=0.981.

4 5841, CNR (subtracted RMS) &2
TIns. &/, BKEGOSEL, 555
B2 2 OB AT D Z L IdmEEAIICR
B H7-%, CNR (RMS) ExHHT 5
MRS L. 2L 2 OYE& O ROLEE
1, EEZOL @A #EIR L, ROI Y
A REMETRELER L T50 V7 IVRE %
#eES%. ROIMLELZ VLT OE27%h D,
B/ NS B R R & AR EIRT 57
LA HHTHSD.

RIS, REFRLAHIRE AV THET S
&, WBIAINEDOMBEIRNE L 2 Ll
ICHEHTH 50, WJx L& < CNR % b
B A AIC RV, B S N EBOMS
%&ﬁs%ﬁﬁét&b fté‘ut,cuﬂﬂﬁzbf%f;u\
EDHEIES NS, ZDOHEICIE, AV TS AR

DAEDFHMBAER 2 5.

] Ei]

/3Z L)V MRI 2@ phased-array surface coil
TREMEZITS%HE O CNR AlEE & LT,
CNR (RMS) #: & CNR (subtracted RMS)
ErREL, ZTOMEEDIE L L E =Gk
EDHBIBILRIC DWW TR 21T - 7o REEIR
BEBHEBNOMEIC BT 25 MEE B <
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L, EE5HHEELLECHEEZRLE. 77V
F AEEIC B\ Ti, CNR (subtracted RMS)
EPHERI NS S, BRERIC BT, U7
FS 7Y avDHO 2 EIREICRIEN D S
728, CNR (RMS) #ERHEREIN DS, T8
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Determining Contrast-to-noise Ratio in Parallel MRI: Root-mean-square Method
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The use of phased-array surface coil systems and reconstruction techniques, such as parallel imag-
ing, influences spatial distribution in the field of view of noise, thus precluding use of common
methods to measure contrast-to-noise ratio (CNR). In particular, in the evaluation of clinical images,
incorrect determination of CNR may lead to inaccurate results.

Therefore, we devised novel methods to determine CNR utilizing subtracted root-mean-square
(RMS)-CNR for phantom and for clinical image study and examined accuracy of measurements in
subjects.

We reviewed correlation of CNR and SNR for cases of changed number of signal averaged (NSA)
and noise level. We also evaluated correlation of CNR values and signal detectability for different
contrast and noise levels at the some positions of field of view.

CNR and SNR values for different noise levels correlated very well, and the coeflicient of correla-
tion with signal detectability and CNR values was also very high. However, it is predicted that the
averaged square CNR method underestimated around 10-20% for the subtracted RMS-CNR method.
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