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UEHNOREE N AT 4 v 77V 2y 7 WEST

SRR

&

MRI B AIC 510 2 EE SRR & LT, #
BREOH I L LHEORPETONS. O
UE MRI 2R AICEZE S T bkt n s
HEE LT BBRICEDLLEE R ELE TS,
ZOREE LT, EREER G RIFE, (OFE
FD 5 W HEREOEESFEN TRINTE/
B, FU—=FF7OMELD D, FEFNC LD
W BLEDR D > 7.

IT4E, BLADE &\ S lQIENBIFES N, B
SREOEE PRIERTRE L 72 0, ERIRICFIH S
B Tw%. BLADE Bidm#E ALYV T a—%
ERAL, —2DEh IV 2p HIE S 7z echo
train length ICH 4§ 25 OF (blade) % k-
space O HLL % B [B]HR X & 7255 B k-space &
FHEL TV EWDSFETH D, PROPELLER
(periodically rotated overlapping parallel lines
with enhanced reconstruction) ¥ & [AEEDF
BETHhAHVD. D, gridding #fT\y, 77—
JIBHWAELTD. SHIZ, —D2HO blade ¥ —
X hHIT, FOBRITIE SN S blade 7 — X
2, EROEE IR L THIEZ 2T 528D
nEETH A.

BLADE (O HIC L 0, BT 585k
TLE—Va VT —F 777 PRkl

Jll]

SRR R BT

TW5B KD R e fiit 45 C L ATRER C &
B, ERIKAICIER IS D @ ~10),

L2 L7236, BLADE Btk OE#H A
VIA—E LT, OB R R L
TWBLEWDBRENFEET S, T7habb k-
space trajectory (FEIEIE) DOEWIZ L - T,
BRICEPE L7256, SHNICLEET LI L
PEEEIN%. BLADE O HEE LT, #
Bl OB) X PRI & e A EICTHRE L Ll
M358, HREOBHEHTFUTELR VW
O, BRYIDPOHERT 25605 5. KIS, /Ek
@ k-space trajectory ¥ & B {4 I AL 23 75
WOTHNIE, m#IH» 5 BLADE & L
T i BRTHAZ ENTHETES. £D7:
O, WHEOEGEROE Y, 7T—F7 77 b
bEo, kL 7.

vzl *=

A MY k-space trajectory i D 7 LA D
77 7 X3S /IR NT A — 2 Bl
LT, mETHEL/A. /27201, blade I&IC
FOEKEELPTFRINLG &L, BEEHOT
U—FIRIC LD w17 - 7. (EAEED,
Siemens ##! Magnetom symphonyl.5T % {#
L7z R0, v—rr vy v )Visiek

*—rJ— K PROPPELER, BLADE, artifact, SNR, contrast
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@ k-space trajectory 7= (Cartesian #5) % FSE
LERRLT S, A IIRE 5 A0 OB % HEbk
57D, TVA4 a4 )VEHEHES, CP &
Ny RaA)VaEFERL -, Rk %17 - 725
Hix, F5#% (SNR), v 5 A M4
Y, g, 7—F 7727 F GTORLT —
F7 57, MAEY TN T—F T 7T b,
Flow 7 =57 7 7 I, BtXT—F7 77 )
O THA. LTI, ZOFFMETIRT 5.
1. BEEL

77/ EAELT, HET v AV APVA S
W77V LD —T 7/ AT Vs
VERER L. 7y v ARESMN T2 mRE
L, &40 % T signal to noise ratio (LA
T, SNR) #HH L. 7V —FOIEZLY,
SNR AL % Z &R TFHISh A7, FFE
D blade TEIC L D K% 1T > 7. blade 18
(Number of blade) (3 echo train length (ETL)
IR 5728, ETL % 7726 31 £ T
H TG AT 7. 7a%, ETLOZEIC LD,
%) TE 2L 5. WG 4&EOFM % Table
(R ARG A 5E < VRL, BLADE &
FSE #:CO& O SNR % #E L 7-. %4 51
@ SNR {E LV, Wilcoxon signed rank test {2
FOBERERE ZAT- 7.
2. av S AMEMS

77V EFAELT, HET7 v AV APVA X
W77/ FLANO1I OOV ST ATV 5V
AERAL /2. RELE 5 HEE EIE & F &
(Table) T, BLADE & FSE 5 T3 17 -
7o &9 MOBE®WMEICKL T, Falilk
DavEFSALERE L. &, CORITHA

R OEEIZ 1S CNR @ GVC (global  vari-

ance with respect to coarse pixel) 5| L 7-.
GVC=13x (.Ui_ > Mi/N)Z/N .................. (1)

722l w3 EETEE (=1~9), Nidvv
TV (N=9)

Table. The Scanning Parameters of the BLADE and
FSE Sequence using in this Study

TR TE ETL BLADE
(ms) (ms) (Number of BLADE) coverage
5000 120 31 100
5000 60 23 100
3000 60 15 100
1000 30 7 100

matrix size =256 X 256, band width=260 Hz/px,
slice thickness =5 mm

%5 EFODEG AT, GVCELD, Wil
coxon signed rank test I L D HEERE %
ﬁo 7o
3. fR{GFE

MR 0.8 mm DM 1 7 —F IVNIC K& Fe il
L, B—F7 7V ANICEEL T, BLADE
% & FSE 5T %47 7=. TR/TE: 5000/
120 ms, ETL31, matrix 256 X256, FOV128
mm, number of blade=13 & L7=. 77V A
ERIZ LT/ 17 7 A )L /1—7% LSF (Line
spread function) & LT, Zha 77—V TAH#
452 LIk Y, MTF (modulation transfer
function) %7z,
4. 7—F 757 F
D WORLT—F7 771

BLADE # & FSE &2 5\W\W T, FOV % 120
X120 mm [CEREZIT, AV FTART 7
F A %E{T > 7. TR/TE % 5000 ms/90
ms T ETL23, < F YU vy 7 A 256x256, /N
FigE 260 Hz/px, A5 4 A& 5mm & L7, 7%
5, FSEgiIcsWTid, BMERTva—FJ
MIZ %t L C over sampling (7 — 1 TZ5¥#a i &
DELABEDOIVT VU T wPilicd, A
A=Vl & O RELRERTI T VI %
T2 T ko Tnb. WHOBEIR %
L7
Q) AT VT —=FT 7 7T

2008 410 A 3 HZH 2008 4F 11 A 7 HUGT

AIRIGERIE  T604-8845 Hi#lifi bt FA s HET 1-2

ST RBERATREE AR
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%y 7 FHAHBELRLTWE ST, TR
HR TNV Figa/h S <EEL/. TR/TE X
700 ms/41 ms € ETL13, < F U v 7 A 256 X
256, /N FiiE 100 Hz/px, A5 A AJ& 5mm,
FOV256 mm & L 7z. FSE ZEic W\ Tid, @
FRTVa—F oy a—FDAT vy ¥V
TR, 2ERBET- 7. BivE o
F AL T 7V AOBRGEAT, BB E K
L7z
3) Flow 7—F7 77 |

B 50 mm O M & ORI MNICER % RIH
L, ZOHICHE LS mm OF . — 7 #[EE L
Joth, Fa—T7OF% 05ml/s TKEZHL K&
755 BLADE #: & FSE ZRiIC B W THE %17 >
7z. TR/TE % 5000 ms /90 ms T ETL23,
FOV128 mm, < F VU v 7 A 256 X 256, /\/
F g 260 Hz/px, A5 4 AE 5mm & L 7.
Flow compensation <° pre-saturation pulse (I
# ML T\ixvy. BLADE IZH\Tid, motion
correction (ByEHIEY 7 ) &ML =56
OB BT - 7. FEEE HE L /2.

4) WALRT —F7 77 b

IVESANT 7V FAD EITNEIR A X)L
h a7 R TG %17 > 7. TR/TE iE
5000 ms/90 ms ¢ ETL23, FOV256 mm, < |
Uy 7 A 256%256, /N FiF 100 Hz/px, A
SA AE5mm & L7z, WEOE G A HEL 7.

] R

1. FoMEHT

SNR D% %4, Fig. 1127%9. BLADE i
& FSE ¥ H5\W\WT, SNRIZ ETL7 25 311
BWT, WINLAEEAKEE0.05 THEEITA
bNsp-o7e.
2. av 5 A M

OV S AMEETHE S GVC OfER %,
Fig. 2 12779. BLADE # & FSE ¥k T,
GVCIX ETL7? 56 311CBWVWT, WFhih
BKHE 0.05 THEZEITALNL» - 7.
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BLADE-120 FSE-120 BLADE-90 FSE-90 BLADE-60 FSE-60 BLADE-30 FSE-30

Fig. 1. Comparison of signal to noise ratio
(SNR) of BLADE sequence and FSE sequence.
The error bars indicate the SDs of the five times
measurements. The SNR was not significantly
different between BLADE and FSE sequences.

BLADE-120 FSE-120 BLADE-90 FSE-90 BLADE-60 FSE-60 BLADE-30 FSE-30

Fig. 2. Comparison of the contrast of BLADE
sequence and FSE sequence. The GVC (global
variance with respect to coarse pixel) is an in-
dex to show contrast. The contrast was not sig-
nificantly different between BLADE and FSE
sequences.

3. MR

MTF OfER % Fig. 312779 . MTF DK%
I RERERIE TlE, MAEICETRONRd 7
N, B2 AP HHEKIC 85T, FSE &H
BLADE & X 0 @iz L 7.
4. 7—F7 77k

WORLT—F 7727 FICBAL T, FSE #
T3 over sampling &L T\ WAL T
I—FHHICEWT, fIVRLHPAGN. £
NS L ¢, BLADE ZEiIZk W Tid, HEiffaefik
I L CRLA RO FEOT —F7 7 7 F o3 A
bNn7-. EfR%E Fig. 4 IR
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by 7 b7 —F7 727 FICBIL THigL 72
B{§% Fig. 51277, 77V FALELEORAH
TaRTREID NGRS T 525, FSE % TlE P
Brva—FHMIZY 7 F LTS DR
T%5%. —J, BLADE & CldHORE 7 »
VI ABOBARGIRICHH SN T, $
EREKITGL CTT—F 7 77 FRE BN,

WNAWEEICK T % Flow 7—F7 7 7 FIC
BAL T, FSE T3 flow void iC X A5 D&

~CFFSE
0.8 ~e—BLADE [

0.6

MTF

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8
Spatial Frequency (cycles/mm)

Fig. 3. Comparison of a spatial resolution
characteristic by BLADE sequence and FSE se-
quence. For MTF, the BLADE sequence indi-
cates lower value in a high spatial frequency.

BLADE

THRR6N/. L L, BLADE T Fig. 6
IRT &I, Fa—THICBEEHHFEL, £
NEBEHEOFEII LD O TR TEL.
WAtR 7 —F7 7 7 MIZBL Tid, WHIC A
VRIS, BE KB EEBROBAB RS
N7-. 7z, BLADE & CI3EBREMEIC /4 A
HRAELT:.

% £

BLADE # & FSE #: 12 % L T, k-space
trajectory D7D KT K B B {EEHE OEICE]
L TR %475 72 BAAMIC, BLADE #:(38)
EWIEARE AT 52 LIk, X0
DERENT L TEN /A ER AR 720, [
RICEWTIEMA T 25604\ 75, 4t
B & fli (EALPE % 1 hn 4 9%, k-space trajectory
DFED LD AT - 7. BRI BITE{R O
MaRH T H7/-OIC0E 7 SNR, @ GE:M,
aV/FS AN, T—FT7 77 &L

%9 SNR T# %7, BLADE 7 k-space ©
FLELTRESTS E WS EE2 5, SNR A
FWEWSIERHRT ALY, LrL, £h
HOBEHT W TiE, BRGINEERR2 BLADE
DIPRALAFEINTEY, HY SNR ORHL

FSE

Fig. 4. Comparison of the wraparound artifact by BLADE sequence and

FSE sequence.
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BLADE

Frequency encode

(@)

FSE

Frequency encode

(%)

Fig. 5. Comparison of the chemical shift artifact by BLADE sequence and FSE sequence.
The phantom to show with an arrow is fat. The frequency encoding direction is oriented left-right
for the figure center, and is oriented top and bottom for the figure right.

BLADE MC (+)

BLADE MC (-) FSE

Fig. 6. Comparison of the flow artifact by BLADE sequence and FSE sequence. There is a tube
in the center of the phantom, and water flows in 0.5 ml/s.

The figure left is BLADE sequence using the motion correction, and the center is BLADE se-
quence without the motion correction. The flow void signal loss was seen by FSE sequence, but

was not seen by BLADE sequence.

B, FTZWERIC LS DD, trajectory 1T
FAHLDONEP TR\, ZTDe, KBFET
13, MWHEZRE—ERHEE L TEREL. £D
R, Fig. 1ITR T LOICSNRICHFEEIIAE
U7 -7=. §7btH, BLADE i & FSE &
“ClZ k-space trajectory O#E\WZ LV, SNRIZ
FZERET 72\ ML 7.
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BLADE

FSE

Fig. 7. Comparison of the susceptibility artifact by BLADE sequence

and FSE sequence.

. 7272 L, FSE #:iC3\ T k-space D FlH
ALK 3 %5 5% TE OFEZROZEIC LSV B
SAFOEALIZE 25N BH, SEOBR T
i, BREICHR TE X7z,

ZE o REEICBI L T, Fig. 3ITmRd LI
MTF 7 0.5 cycles/mm Ll | o522 R f& i 5 58
123\ T BLADE (MW R L /2. O
DJREA & L Tid, BLADE #:3 k-space O JH
WO T — 2 PpLie T & &, gridding IZ
#ERT 5 blurring BE 26N 5. LirLEN
5, EEOHKEGIC I\ T3, BLADE i
MTF OISR HEK TES RN L &, BED
FHIE DS AT R 2 72 OB BAR DB X1 L B IR MR
BINHZLITED, L0y ey—TICfiich
LTHHD.

7T —F7 57 FICBL Ti&, BLADE #i34F
B sRE R AR L7z, FOV B R L /s
TG EICELAFHVDRLT—F 777 M,
Fig. 4 [TR ¥ XD ICHBEEEITH LT, #r0iR
LIUT7OATHELSHABECEREBIAOA
7o fb%EY 7 P T —F T 7 7 FICOWTE,
Fig. 5 ITR ¥ K5 IBH 7 7 v F A BHEOIK
DE L Tt S h -,

F /MR DB HEE L /- flow 7 —F 7 7
7 FEBOKRIE, Fig. 6 127”9 & 512 FSE
FEICB W T flow void IC X AESE FA RGN

JoDITx LT, BLADE £ TCidiiifi T\ 5
Fa—TOAEOFFE T B R ENL - 7.
Z#hid, BLADE T3, dephase &% 2347
W FSE #: D@D echo 73 k-space DHLOLITHE
F 57 L% 2 %. Flow void (ZFEKRZ I
WCHEELHETHYD, TRICEDIREDOE
i A |7+ % /2%, BLADE O HIC LD
dephase R PPAEI NS Z & 7Bk L Tk <
CEREETHAL. KIS, lowll kBT —
F7 57 b3 BLADE 5O F 37w % 2
bihs. E£72, WLRT—F7 7 7 MITBILT
4, BLADE {ECIIWALER DR A RFT DA T
37 <, BEBREEKITH L THIER R BN,

DEox>ic, 7—F 7727 FICELT
BLADE (B3I CTH A 720, HGpE LU
ZWIEML, ZOEMAY THHEEL Tl 2 &
DLELEZ .

& Ei

LAk, BLADE O E{GHEICE] L TR %
fT-7-. BLADE ki3, BEOBICHE VT, B
& OWHIAASA] e 7 s OIS/ LT, %
COBEBREREZBHENTE LD, K&
T REAETRTEE2SL. SNRRAV TS A
i3, WERREAR—THNIE, WO FSE &
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Effect of the k-space Trajectory on the BLADE Sequence
on Image Characteristics
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Patient motion during clinical magnetic resonance (MR) imaging often reduces image quality and
causes diagnostic information to be lost. The BLADE sequence effectively compensates for motion
during MR imaging scans. Based on PROPELLER (periodically rotated overlapping parallel lines
with enhanced reconstruction), BLADE uses a multi-shot, fast spin echo (FSE) strategy to acquire
each data segment as a single rectilinear blade along a propeller-shaped k-space trajectory.

We compared images acquired with standard k-space sampling techniques and BLADE sequence
for signal-to-noise ratio (SNR), contrast, spatial resolution, and various (wraparound, chemical shift,
flow, and susceptibility) artifacts using the same scanning parameters except k-space trajectory.

We saw no difference in SNR and contrast, but with BLADE sequence, spatial resolution deterio-
rated at high spatial frequency and some artifacts were seen.

The BLADE sequence is very effective for non-cooperative patients, but visualization of artifacts
may affect data acquisition and image diagnosis.
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