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3D water excitation fast field echo Z:iZ &k 5
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MKk, kAL B - FL BT
iy SR EES AR L

UHTRIRHRBE AR AL 2RISR

FL&®IC

B &k B ¢ MR (magnetic resonance) [Hi{&
LT, BRAGRBENRIBEI N TW S0,
RFE 7RG E LT, BIFHIOFAE 3D GRE
(three dimensions-gradient recalled echo) @
Ty imFaEe (3D 5Nl T 55 field echo (FS-
FE) #) 73 AV25~1 = o F g3 Bk
FrmiEs, BEERCEGEE I T A&k
THhY, 3D TF—=RPWEICLD, AT A
THMrmRE e {52 EMWTESL. L2L, B
HitkE 1 MTC (magnetization transfer con-
trast) R AIFFHICZT LT VWA TH 5 72
&, EIEIE OV 2 XA MTC 23z L D B
HBOBEMEFLTWELDEEZLN
BV 2 TTH A OV A% 7 B B
18Tl 7% < binomial /L A % FH N 72 KGER
FhE R R R T 5 3D water-excitation
fast field echo (WE-FFE) 3 CTOBIHMkE O
HaERA, ZOFAKIC OV TR AT - 7.
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(B34, 44 ;20 5%~53 m (CEFHE
W 34.35%) ). EBR2 TlREBEE RS VT T 7

SHE AT ¢ NIV AT N AEMRI BAFEH

% B4 4, @34 ;20 %~51k (P
b 33.1%) | Thorz. TXRTOBFERT
FATER LAV T x—LF - avtev baE
TIRB*1T-7-. i MR 2%&(3, 1.5T EX-
CELART pianissimo XGS (BRZ A5 « 1L
AT AAKAS ) T, FEh 1 Tid 3D WE-
FFE % » 3D FS-FE i CHBE & OB % 17
W, BAETRE, BIETR, EREPIIRNE O SamE
HHEIEL, W—ASA ADNy 7757/ F )/
A AOEERZEZRE L, PIMEkE, BIATK,
EEEER @ SNR (signal to noise ratio), B
SRR E-BA TR ] s & O B SRk 8- H P g BT
CNR (contrast to noise ratio) #HIEL 7-.
SNR & MEDEEMELX /NNy 7 757/ F
J A XOEHEERZ CTEl - 72 fi# i\, CNR
i%, BAfikE O SNR & B s X O EH IR
[ifio> SNR D7 % F 7z, A BEHEIC T Wil
coxon signed-rank test & F\ 7z,

1% 1% 4 ##12 3D WE-FFE #: 7% TR = 38 ms,
TE=9ms 3L 12ms, 71U v /A =20°,
FOV =200 mm, matrix=192 x 256, A5 A{ A
E=2mm, A5 7E=52mm, HEEH=2
5 51 #C, 3D FS-FE 7 TR=38ms, TE=
9ms, 7Y v /A =20°, FOV =200 mm, matrix
=192x256, A7 A AJE=2mm, AT TE=
52 mm, G =2 52 Th - 7.

*—J— K MRI, water-excitation, magnetization transfer contrast, fat suppressed pulse, cartilage

165



FE 2 Tk 3D WE-FFE it kW T 7 v
T 16" 5 30° % T2° T LIcE LS ¥R
HiowmB AT, BIEKE, PR O SNR
F U BTk BB S ) CNR & llE L 7. %
%41z TR=23.1ms, TE=9ms, 7V v/
f4=16°~30°, FOV =200 mm, matrix =192 x
256, A5 4 AE=2mm, A5 JJE =52
mm, RERE=1245Th - 7.

FRAR BRI 35\ THRB 4855 D 49 5o tEioxt
L#kE O % 3D FS-FE & &L gL, &6
ICHKE B O 43 KB 1 LU E T R HiiE
D 77 BT R L BTk E K & PRI & O
a2 b5 A% MTC #ifg & el L 7.

1% 413 3D WE-FFE #:7 TR =23.1 ms,
TE=9ms, 7Y v /fA=28", FOV =130 mm,
matrix =192 x 256, A5 4 AJE=2mm, A5
TE=72mm, BBKHE=54% 39%, 3DFS-
FE %3 TR=38ms, TE=9ms, 7Y v/
=50°, FOV =130 mm, matrix=192 x 256, A
FAZE=2mm, A5 7E=84mm, KRG
fl=54% 36 #, fine reconstruction f§ffH. MTC

g1 F‘T_*——ll .
T

BFS FE(TEY)
B WE FFE(TE9)
WE FFE(TEL2)

1T

Joint fluid Bone marrow

* :p<0.05

Cartilage

(Wilcoxon signed-rank test)

Fig. 1.

525% 35 (2005)

W% s L ClsIEIOFH fast spin echo (FS-
FSE) # TR=2000ms, TE=36ms, 7 U v
- =90°, FOV = 120 mm, matrix = 224 X
320, A5 A4 AJE=3.5mm, MERH=37%
46 FTH - 7-.

& R

FEE 112 %\ T 3D WE-FFE # & 3D FS-
FE #:3tic, BAfilk®E o SNR %, BISIWR, &
BEPRSIE I b N T SNR R L, BIfikE
NEETEL Tt S/, 3D WE-FFE T
OB, BRI, BRI, T
BWT3DFSFEHELDAEILHV SNR (p<
0.05) Z7RL7z. FRICBAMTEKE O SNR i3 15%
WL, BIEIED 10% L0 L@V EEZRL /2.

%72 3D WE-FFE #: i3, BIfIW & BAENIk
H® CNR (L 3DFS-FE & £ D B EICE Wl
(p<0.05) #7=L, 3D WE-FFE (T 5\ C
TE=9ms i3 TE=12ms L DV FHEICE\ CNR
DOfEi (p<0.05) #mRL7- (Fig. 1).

60 X e — | BFSFE(TED)
3 |’NS‘||‘ -l @ WE FFE(TEY)

BWIFFI(T1E12)

D

Cartilage-joint fluid Cartilage-bone marrow

* :p<0.05

(Wilcoxon signed-rank test)

a) SNR of the articular cartilage, joint fluid, and bone marrow acquired using 3D WE-FFE (TR/
TE/FA=40/9 and 12/20) and 3D FS-FE (TR/TE/FA=40/9/20).

b) CNR of the articular cartilage versus joint fluid on 3D WE-FFE (TR/TE/FA=40/9 and 12/
20) and 3D FS-FE (TR/TE/FA=40/9/20). The 3D WE-FFE technique has shown significantly
higher SNR of the articular cartilage and considerably higher CNR between the articular car-

tilage and joint fluid as compared to 3D FS-FE.

20044212 JJ 24 B 200544 ] 4 HEGET
ARG R
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Water excitation #:1Z J: 5 BASHkE O #h

FE 2 2B\ T SNR O#ETIE, 77U v S
A ORI BEEIR & BTk & o SNR (33%
KT L 7. CNR DT, 7V vy 7AHD
B PR 22° % CIIBIET R L BRSO
CNR i34 508 2Dk 28°FTE /5 +—
Lz ETIEF LA (Fig. 2).

B DR B #2112 35\ Tid 3D FS-FE ¥ Hei L
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SNR
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flip angle(degrees)
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Fig. 2.

16° 18° 20° 22° 24° 26° 28° 30°

BIAIRE T HRICRE s /- (Fig. 3). %7
P ETHE R ANCEI L T MTC g & [FARBIE
it s (Fig.4). LaL, MEEoOR
A 7 & A PRI 0 A OGS T U &
DA+ 5 A E MTC E{RICH# L TR+5
Td»-7- (Fig. b).
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16 —&— Cartilage-joint fluid

16° 18> 20° 22° 24° 26° 28° 30°
flip angle(degrees)

b

a) Relationship between SNR and flip angle on 3D WE-FFE (TR/TE/FA=40/9/20).

b) Relationship between CNR of the articular cartilage versus joint fluid and flip angle on 3D
WE-FFE (TR/TE/FA=40/9/20). For CNR between the articular cartilage and joint fluid, the
flip angle of 22 to 28 degree has shown the highest value.

Fig. 3. A 49-year-old woman with chondral fracture

a) 3D WE-FFE (TR/TE/FA=23.1/9/28) sagittal image of a knee joint. b) 3D FS-FE (TR/TE
/FA=40/9/50) sagittal image of the knee joint. The contrast of the articular cartilage and joint
fluid is improved in a) as compared in b).
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Fig. 4. A 43-year-old man with chondral fracture

a) 3D WE-FFE (TR/TE/FA=23.1/9/28) sagittal image of a knee joint. b) fat-suppressed in-
termediate fast spin echo (FSE) sequence (TR/TE/FA=2000/36/90) sagittal image of the
knee joint. The surface of the articular cartilage in a) is better delineated as compared in b).

Fig. 5. A 77-year-old man with knee osteoarthritis

a) 3D WE-FFE (TR/TE/FA=23.1/9/28) sagittal image of a knee joint. b) fat-suppressed in-
termediate FSE sequence (TR/TE/FA =2000/36/90) sagittal image of the knee joint. Contrast
in a) is insufficient for depicting the degeneration of meniscus.
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Water excitation #:1Z J: 5 BASHkE O #h

% £
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5 A M ek o 3D FS-FE 1 feX[A) E L 7=
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25 &Ik D Bk E-B AR H O @ 3 v
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Three-Dimensional Water-Excitation Fast Field Echo for Articular Cartilage :
Preliminary Study

Hiroshi KaTo!, Norio OoTaNI!, Kazuhide TOMARI?,
Shinya UEDA!, Yayoi KoNDoU!, Mitsue MIYAZAKI®,
Shinichi KITANE3

1Department of Radiology, >Orthopedics, Shinbeppu Hospital
3898 Tsurumi, Beppu-shi, Oita 874-0833
SMR Systems Design Group, Toshiba Medical R&D Center

Magnetic resonance (MR) imaging of articular cartilage was evaluated using three-dimensional
(3D) water-excitation fast field echo (WE-FFE) and 3D fat-suppressed field echo (FS-FE). Com-
pared to 3D FS-FE images, 3D WE-FFE images showed significantly higher signal-to-noise ratio

(SNR) of the articular cartilage and considerably higher contrast-to-noise ratio (CNR) between the

articular cartilage and joint fluid. In patients with chondral fracture, 3D WE-FFE provides higher sig-

nal intensity and contrast, enabling better delineation of the articular cartilage. The 3D WE-FFE

technique is useful in depicting the articular cartilage, providing less signal suppression from the

MTC effect.
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