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goooOoboooObooObOmobbOo,00b0o0ooo
O T1-00 0000@O TIWSE), 000000 OOOO
(00O PDWSE), T2-00 O000OO(@MO T2WSE), OO0 O
O0o00oO0@o Tse) oobboOo,00oboooooo o
000000 (multiplanar gradient-echo, 0 0 MPGR), 30 O
000D 0000 (3D steady-state gradient-echo, 0 O 3D-
GRE) 300 OO0 O0O0O0O (3D spoiled gradient-echo, 0 O
3DSPGR)O O0OO0OO. 00O PDWSE, T2WSE, TSE, MP-
GR, 3DGREO OO 0000 OO (magnetization transfer con-
trast, MTC)D OO0OO OO OO OOC OO OO, TIWSE
0 3DSPGRO OO OO0OO (fat suppression)dd OO OO O
000000 00,00000000000000000
oooooo.

0 00000000000 oo oooooooooo
(FOV) 150 cm, 00 0O O (matrix) 256x 205, 000 0O/0 O(s-
lice thickness/gap) 5mm/05mm O 0000 OO0, 000 O
0000 TIWSEO O 450/15/90°(TR/TE/flip angle), 2excita-
tions, PDWSE T2WSED O 2500/ 20,100/ 90°, lexcitation,
TSEO O 3000/100/90°, 4excitations, MPGRO O 600/14/35°, 2
excitations, 3DGRED O 45/14/35°, 2 excitations, 3DSPGRO O
45/14/60°, 2 excitationsO O 00 (Table 1). 0000000 OO
O off-resonance, 700°pulse angle, 1500 Hz offset, 250 Hz band-
width, 10 msec lengthO OO, O0O0O0C OOO0OO0OOOO
00 O (frequency selective fat suppression)d O OO0 O.

oo0o0 100000 MROOO 14000,0 1500 O

Table 1. Scan Parameters for Variable Pulse Sequences

ugbod 00000 oboogao

0000 21000 MROOD OOOOO,0 0000 000
000000000 O00000.00000000 000
0 0000,0000000,000,0000(subchondral
bone) OO DO O0O-0-00 0O (signal-to-noise ratios, O 0O S-
NR)O 0000 O0D000-000000 D00O0-0000
0 000-0-000 (contrast-to-noise ratios, 0 0 CNR)O [
0000((213). 00 00000000 0000 oooa
000 00000.000 0000000000 0000
00000 0000 000 5000, no identifiable;1, poor;2,
average;3, good;4, excellent)D OO0 O0OOO0O, 0 000OO
00000000000 000OO00 000D 0 oooo
O 400 (0, no effect;1, mild;2, moderate;3, marked)(D O 0O O
ooooa.

g g
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Table 2. Mean Scores of Articular Cartilage by Qualitative
Evaluation

Sequences without MTC with MTC Effects
(scores, 0-4) (scores, 0-4)  (scores, 0-3)
PDWSE 12 1.6 0.8
T2WSE 16 1.6 0
TSE 14 14 0
MPGR 0.8 3.0 2.2
3DGRE 1.2 2.2 1.2
withoutFS withFS Effects
(scores, 0-4) (scores, 0-4)  (scores, 0-3)
TIWSE 2.6 4.0 3.0
3DSPGR 3.2 4.0 3.0

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TAIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

Sequences TR(msec) TE(msec) Flip angle(degree) Number of Excitation Scan Time

PDWSE 2500 20 90 1 4 min 18 sec
T2WSE 2500 100 90 1 4 min 18 sec
TSE 3000 100 90 4 2min 51 sec
MPGR 600 14 35 2 3 min 18 sec
3DGRE 45 14 35 2 2 min 50 sec
T1WSE 450 15 90 2 2min 29 sec
3DSPGR 45 14 60 2 2min 50 sec

Note : All scans were performed with parameters of a FOV of 150 cm, a matrix of 256x 205, a slice thickness of 5 mm, interslice gap of

0.5 mm. The echo train length in TSE was 11.

Abbreviations : PDWSE=proton density-weighted spin-echo, T2WSE=T 2-weighted spin-echo, TSE=turbo spin-echo, MPGR=multipla-
nar gradient-echo, 3DGRE=3 dimensional steady-state gradient-echo, TIWSE=T1-weighted spin-echo, 3DSPGR=3 dimensional spoiled

gradient-echo.
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O00 OO00O (negative contrast)d PDWSE, T2WSE, TSE, ooooobobOoboooobbOobooobo oboogo o
MPGR, 000 3DGREOO OOO0OO, 0000 OO0 O 000000 000 3DGRE(score 3.0)0 TIWSE (score
000000000 0000 (positive contrast)l] TIWSED O O00,0000 00000000000 MPGR (s-
3DSPGRUD OOOODO. 000 000 0000 0000 core 2.2), 3DGRE(score 1.2), PDWSE(score 08) OO0 OODO
0O 0000 OO0 3DSPGR(score 3.2)00 OO O0OO OO0 00000 000.000 T2WsSED TSEODOO OO
MPGR(score 08)00 OO O0O0O. 0000 O ODOOO O 0000000000000 00O ((Table 2) (Fig 1 and

' Fig. 1. Axial images of articular cartilage of pigs without and with magnetization trans-
fer contrast(MTC).

A. Proton density-weighted (2,500/20) image.

B. (A) with MTC.

C. T2-weighted (2,500/100) image.

' D. (C) with MTC.

E. Turbo spin-echo(3,000/100) image.

F. (E) with MTC.

G. Multiplanar gradient-echo(600/14, with flip angle of 35°) image.

H. (G) with MTC.

I. Three-dimensional steady-state gradient-echo(45/14, with flip angle of 35°) image.

J. (1) with MTC. Note evident visualization of cartilage in (H) and (J) in contrast to oth-
er sequences. These findings indicate that MTC increase the negative contrast of cartilage and, therefore, to be helpful in depiction
of cartilage. (black and white arrows indicate superficial and basal margins of cartilage, respectively)
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00000 000000 MPGR 00 3DGREDO 00
00 SNRO 0000, 00000 SNRO 3DGRE (202.2+
300)0 MPGR(198.1+ 223)00 00 00O T2WSE(54.3+
14500 00 000 (Table 3). 0000 SNRO TSE(427.8
+ 84), 3DGRE(307.0+ 6.7), T2WSE(2282+ 28), MPGR(216+
25), PDWSE(1732+ 28) 000 00O TIWSE(58.1+ 15),
3DGRE(425+ 19)0 00 00000 SNRO O 00O (Table
4). 00000 SNRO TIWSE (2020+ 163), PDWSE(136.4+
8.9), TSE(119.8+ 92) 00D 00O MPGR(36.6+ 4.4)0
T2WSE(324+ 34)00 00 000 (Table 5).

000000000 000000000000000

Table 3. Signal-to-Noise Ratios of Articular Cartilage

ugbod 00000 oboogao

00 0000 00,0000 0000000 0OD0O0OO O
00 000000,000000000000 000 MP-
GRODO OO ODOOOOO O ODOOO 3DGRE, PDWSE,
T2WSE, TSEO OO O. 00O 0O O (magnetization transfer ra-
tio)D 000 00,0000,000 OO0O00O0,0 000
0000 MPGROO OO OO0OO,0 OOO 3DGRE,
T2WSE, PDWSE, 000 TSE OO0OO(Table 7). OO OO
000000000 00000 0000 ooo0ooa 3o-
SPGROO TIWSEDO O0OO0OO0O OO0 OO0 OO0OOO
(Table 3-6).

00000 0000000 O00 000 OO0 ooDb0oo
00 0000-0-000CNRO OOOOO.0000-0-0

Table 4. Signal-to-Noise Ratios of Normal Saline

Sequences without MTC with MTC Difference Sequences without MTC with MTC Difference
PDWSE 138.7+ 13.4 130.7+ 15.7 -8.0 PDWSE 173.2+ 1.8 180.9+ 1.8 7.7
T2WSE 543+ 145 48.2+ 13.3 -6.1 T2WSE 228.2+ 2.8 232.3+ 2.7 4.1
TSE 102.3+ 16.9 103.3+ 184 1.0 TSE 427.8+ 8.4 457.1+ 6.8 29.3
MPGR 198.1+ 22.3 1134+ 184 -84.7 MPGR 216.1+ 25 208.9t+ 2.6 -7.2
3DGRE 202.2+ 30.0 184.4+ 27.5 -17.8 3DGRE 307.0+ 6.7 328.9+ 9.9 21.9
without FS with FS Difference without FS with FS Difference
T1WSE 111.5+ 10.3 116.4+ 9.8 4.9 T1WSE 58.1+ 1.5 52.0+ 3.6 -6.1
3DSPGR 119.4+ 14.1 136.1+ 16.1 16.7 3DSPGR 425+ 1.9 46.5% 3.7 4.0

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TAIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

b

-

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

Fig. 2. Axial images of articular carti-
lage of pigs without and with fat-sup-
pression(FS) technique.

A. T1l-weighted (450/15) image.

B. (A) with FS.

C. Three-dimensional spoiled gradi-
ent-echo(45/14, with flip angle of 60°)
image.

D. (C) with FS. The positive contrast of
cartilage was more increased in FS
imaging, as compared with (A) and
(C). More clear visualization of carti-
lage in FS imaging which provide the
cartilage-only image. (black and white
arrows indicate superficial and basal
margins of cartilage, respectively)
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000 CNRO 000 0000 TSE(-35L1% 153), T2WSE
(-1863+ 10.7), 3DGRE(-1455+ 183), MPGR(-96.2+ 159) 0 [
0 PDWSE(-506+ 142)00000, 00000 00000
0000000 TSE(35L1+ 153)00 00 00, 00000
00000 00000 3DSPGR(925+ 127)00 000, O
00000 000000000 00000000000
00000000 000 MPGR(CNR 00=-747)000

Table 5. Signal-to-Noise Ratios of Subchondral Bone

Sequences without MTC with MTC Difference
PDWSE 136.4+ 8.9 134.6+ 9.5 -1.8
T2WSE 32.4+ 3.4 31.4+ 3.1 -1.0
TSE 119.8+ 9.2 117.1+ 7.7 -2.7
MPGR 36.6+ 4.4 34.1+ 4.6 -2.5
3DGRE 726+ 11.6 85.2+ 13.0 12.6
without FS with FS Difference
T1WSE 202.0+ 16.3 50.1+ 3.1 -151.9
3DSPGR 66.5+ 12.8 13.9+ 3.9 -52.6

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TAIWSE=T 1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

Table 6. Signal-to-Noise Ratios of Muscles

Sequences without MTC with MTC Difference
PDWSE 123.1+ 2.6 111.7+ 25 -11.4
T2WSE 343+ 23 30.3£ 2.2 -4.0
TSE 60.4+ 3.6 61.4+ 2.8 1.0
MPGR 176.5+ 3.4 89.6+ 2.7 -86.9
3DGRE 165.8+ 7.9 139.2+ 5.3 -26.6
without FS with FS Difference
T1IWSE 93.4+ 2.3 96.2+ 1.9 2.8
3DSPGR 101.7+ 4.7 103.9+ 5.5 2.2

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

Table 7. Magnetization Transfer Ratios(MTR, %)

Sequences Muscle(%o) Cartilage(%) Saline(%)
MPGR 46.9 40.1 -1.2
3DGRE 21.7 14.9 0.1
PDWSE 9.3 5.8 -4.5
T2WSE 10.1 8.7 -4.7
TSE 5.2 5.3 0.3

Abbreviations : MPGR=multiplanar gradient-echo, 3DGRE=3
dimensional steady-state gradient-echo, PDWSE=proton density-
weighted spin-echo, T2WSE=T2-weighted spin-echo, TSE=tur-
bo spin-echo.

0 000 3DGRE(CNR O0O0=-343)000. 0000 OO
O TIWSEO 3DSPGRUOOO OOOO OOOO O0OO OO
00 0000000000 ooooo((Table 8).
Oo0O00-0-00000 CNRO PDWSE, TSE, 00O
TIWSED OO0 OO ODOO0OO0OO0OO0O ooOo0oo oooo,
uooood o000 0og oogd bogooogo
MPGR(161.9+ 17.7) 00 OO OO0 CNRO OOOO OOO
000 OO0 CNRO OO0 OO ODO(CNR O0O=-818)0
OO0 (Table 9). OO0DODOO0O OO ODOOOOCOOOOOO
3DSPGR(1229+ 123)00 OO OO CNRO OO0 (Table 9).
oo00ooooOooO0 0O0o0 oo oooooooo-o-
OO0 CNRO OO0 OOO OO,0000000 0000
ggoogoogo-0o-00 CNRO O00O00O0O.
0000000000000 0O0-0-00 CNRO OO
00000000 MPGR(CNR OO=-818)00, 0000
000 TIWSE(CNR 00=1569)00 OO0 OO0 0D0O0O0OO
(Table 9). 0ODOO0OOO0 OOODOOOO ODODO OOOO
oo ouoouooooooooo oo oood.oodo

Table 8. Cartilage-Saline Contrast-to-Noise Ratios

Sequences without MTC with MTC Difference
PDWSE - 354+ 11.9 - 50.6+ 14.2 -15.2
T2WSE -176.3+ 20.2 -186.3+ 10.7 -10.0
TSE -329.1+ 16.7 -351.1+ 15.3 -22.0
MPGR - 21.5+ 19.7 - 96.2+ 15.9 -74.7
3DGRE -111.2+ 25.9 -145.5+ 18.3 -34.3
without FS with FS Difference
T1IWSE 547+ 9 65.5+ 6.5 10.8
3DSPGR 76.4+ 13 92.5+ 12.7 16.1

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.

Table 9. Cartilage-Bone Contrast-to-Noise Ratios

Sequences without MTC with MTC Difference
PDWSE 23+ 45 -39+ 6.2 -6.2
T2WSE 22.7+ 19.6 17.4+ 10.3 5.3
TSE -19.8+ 8.6 -14.7+ 10.8 5.1
MPGR 161.9+ 17.7 80.1+ 14 -81.8
3DGRE 137.0+ 20.6 101.2+ 15.0 -35.8
without FS with FS Difference
TIWSE -90.3+ 6.2 66.6+ 6.7 156.9
3DSPGR 54.4+ 12.3 122.9+ 12.3 68.4

Abbreviations : PDWSE=proton density-weighted spin-echo,
T2WSE=T2-weighted spin-echo, TSE=turbo spin-echo, MP-
GR=multiplanar gradient-echo, 3DGRE=3 dimensional steady-
state gradient-echo, TIWSE=T1-weighted spin-echo, 3DSP-
GR=3 dimensional spoiled gradient-echo, MTC=magnetization
transfer contrast, FS=fat suppression.
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0,00000 000 TIWSEDO O0O0O.

a d

00000 000000 400 000 000D OO0 O
000 00000 OO0 0000 00 o000 oooo
00000 0000 0000 O0o0o0o0 0o ooo
MROOO 00000 OO0 000 000000 0000
000,0000000 00000000000 OO0
00 00000 0000000000000 ooOoo
.

0000000 00 00 000000 oooooo 11
004, 00000 T200 0000517, 000 O 30
000001819, 000000(@79-11), 00000 0E-
520), 000 MR OOOOORHODO O0ODOOO OO0 O
00000000 00.0000000 00 ODoooo
MR OOO0OOO OO0 OO0 000000 O0OO0DO OO0
0000000000 0,0000000000000
00000 ooooo.

00000 Table1 0 OO0 D00 ODOOOOOOOO
O 000oooo@ov), 0000, 0000,000 00
00 0000 0000O0.00000300o0o00oo0 o
000 0000000 Sswm0 00 0000300000
000 000 0000 00 00 0oo,o00000 2-3
mmd 00 00 0000 00000 O 00000000
0O 0OSNRO OO0 OO0 OO0 ODO OOD ODoOOO.
000000000000 0000000000000
0000000000000 00O0.0000 0000
0000000000 00000 00000 5mmd0 O
o0o0ooooo.

0000 0000000 0000 oOooo 11,000
0O, T200 00000 000 0000 000 00000
0000000000 00000000 0O 0ooo, o
000000000000 00000 00D ooo oo
0,00000 00000000000 00Q4-17).00
0000000 TIWSED OO 00000 ODOoOoo oo
00000000 00000000000 o000 ooo
00 00000000 SNRO CNRO 3DSPGRO 00O
000 (Table 8 and 9)(Fig. 2). 000 PDWSED OO OO0
00000000 0000, T2WWSED OO 0000o-0-0
000 0000 0000 000000000 ooo oo
000 000000000000 0DO0O0o0O0 oooo
000000000000 00 0000 (Table 2)(Fig 1).

0000 00000 00000000 o0oo0ooooo
OO0 TSEO OO0 180°refocusing RF pulsed OO0 OO0
0000 00000000000 O00DOO0ooooao
000000000000 000 00(2223). TSEODDO
000000 0000000000000 O0OoOOoaoo

ugbod 00000 oboogao

000 T2WSED 000 OO0 00000 O00O0,0000
0000000 O00O0OC00O00 D000 oo oO0e@.
0 00000 TSEOO ODO0OO0-0-0000 0O0OO0O O
000000000 00000 00000000 ooo
00 0000,0000000C0O0O000C0DOOCOO O
0 000 00000 O00O00O0 OoOOoOoOo(Table
8)(Fig. ). 0000 TSEOO O0OUOOO ODOOO oOOO
000000000 O0OOO0DOODOOOO@»n) oooo
00000000 TSEOODO ODO0OOOOO OOoOooo
000 SNRO 00 000 O 000000 OOO0OO O
O0.0000 00000000 TSEODOO ODOCOOO
00000000 0ooo0bO0do0oboob0 obooooo
000 0000000 000000000 0oog.
300 Jobobo0o 0o Ooobobo boooo ooob boo
0000 000000 (partial volume effect)C OO0 O O
0,2000000 SNRO OO0 00000 OO0 OO0
00000 0000@). 00000000 o0oo0o(ry,
OO000O(E), O000OMip angle)J 0 OOOOO OOO O
00000000000 0000000 ooooo oo
O (optimization)D 00 OO0O0O(). 0 OOOOO OOOO
000000 0000 000D 000 SNRO CNRO OO
000 0000 15° 25°, 35°, 45°, 60°0 OO0 OOO OO
0000033000000 o000b0obooobOon »°,0
OO0 O0O0O00OC0Oe0’0 OOOODOOOO OOO OO
0.00000 0000000000 000000 0O
oooo0o0oOoboooooOoobooboOoooooo
0.

000000000000 TI000000O 00 00O
00000 T20000000 0000000 ODOOOOO
0 000000000 OO0 000 oOoboo Tiooooo
0000000000000 0000000 ooooaa
o000 00,000 120000000 ODOOOO OOO
000000 00.000000 TI00000o0o oooo
0000 0000000 00000 ooog, 120000
OO0 O0OO00Obo0oOob0 obooooob oooboo oo
000 O0O0O0CDO OO0O0 OO0 O OoOd(Table 8 and
9)(Fig. 1 and 2).

TIOODOO0OOO0O 0000000 o000 0oo0ooo o
000 0o0O00Oo0 OoboUo boo oo o ooo,
Totterman 0 (11)0 0000 O0O0OOOO, Recht O(7,9),
Peterfy O (10), O OO Disler 0 (26)0 30 O spoiled OO OO
00000 O0O00 OOo0oo O O0oobOboOooo oo
O.00 00000 00 00000000 (chemical shift ar-
tifact)O OO0 O 000 00000 00000 OO0 O
O (7,8,26).

0000000 00000 OO0 000 (bound water)
OO0 (free water)D OO OOOO OOOO (cross relaxation)
000 O0(magnetization)d OO (transfe)0 0 OO0 OO
00 000,0000000QC0C00O0 OO0 oOOOO
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O0@45). 0000 ODOOOO ODOoOObOObO oo, 00
oooo0 ooooooooboo oo oboooooo, oo
utd 000 ocoooo oooodg oo oo oooao
(31020). DOOOOOO OO ODObOObOOoobo ooo oo
00 00000 000 0o00ob0@.oooooobo oo
000 00 OO(subtraction) 0 OOODOO0O OOOOO
00 0000oo0O,0000 3SPGRODDO OO OO0
00 000000000000 0b0Qe2n. 0000

ugoggooooooo oooooboood ooo o 10.

O 0ooooobOO0o oooo0o obobooooooobo
ooo0oo0o, 0000000 ooooOoo oooo oo

0 000 O 000 (Table 8)(Fig. 1 and 2). 11.

000000 0000000000 00000 0ooo0
00 000 MROOOOD OO OO OOUOOOOOOOO
00 00000 (,28) Lehner O(29)0 20 0 O O O (bilami-
na)0 0, Modle 0(28)0 OO0 OO0 OO0OOO OOO
0 300 OO0 (trilaminar)d O, Recht O0(7)0 Rubenstein O
(GO0 00 00 000 000000 OO0 ooOooOo o 14
0000.0 00000 0000000000 o000 oo
000000230000 00 0000000000 ao
000000000000 ooo.

0000 00000000,00000 000000

15.

00000 o0b 00000 ooooo oobo oo oo 16.

0,00,000000000000000,00,3000
ggoogooooooooo ooooo ooog o, oo,
oo00boo0ooo0O 00 ooo0oooobo oooooo

vobob oooou boboo Oob Ooooobo ooooo 18.

goocoooooO0OobO.000b0b0oooogoooo
o000 o0ooobo o0 o000 oooobo oooo.
ooooo oooooooo obooobooogo MPGROO,
Ooo0000 TIWSEDO 0000 OO0 00O 0ooo o0oo
U0 0o ooo,000000000 000000000
OO0 0000000 3DGREOD OO OOOOO 3DSPGRO
gooooo.cooobooooooogoooooo
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MR Imaging of Articular Cartilage : Comparison of Magnetization Transfer
Contrast and Fat-Suppression in Multiplanar and 3D Gradient-Echo,
Spin-Echo, Turbo Spin-Echo Techniques!

Young Joon Lee, M.D., Eun Young Joo, M.D., Choong Ki Eun, M.D.

‘Department of Diagnostic Radiology, Pusan Paik Hospital, College of Medicine, Inje University

Purpose : The purpose of this study was to evaluate the effects of magnetization transfer contrast(tMTC)
and fat-suppression(FS) in variable spin-echo and gradient-echo sequences for articular cartilage imaging and
to determine the optimal pulse sequences.

Materials and Methods : Using variable 7-pulse sequences, the knees of 15 pigs were imaged Axial images
were obtained using proton density and T2-weighted spin-echo (PDWSE and T2WSE), turbo spin-echo (TSE),
multiplanar gradient-echo (MPGR), and 3D steady-state gradient-echo (SDGRE) sequences, and the same
pulse sequences were then repeated using MTC. Also T1-weighted spin-echo(T1WSE) and 3D spoiled
gradient-echo(3DSPGR) images of knees were also acquired, and the procedure was repeated using FS. For
each knee, a total of 14 axial images were acquired, and using a 6-band scoring system, the visibility of and
the visibilities of the the articular cartilage was analyzed. The visual effect of MTC and FS was scored using a
4-band scale. For each image, the signal intensities of articular cartilage, subchondral bone, muscles, and
saline were measured, and signal-to-noise ratios(SNR) and contrast-to-noise ratios(CNR) were also calculated.

Results : Visibility of the cartilage was best when 3DSPGR and T1WSE sequences were used. MTC
imaging increased the negative contrast between cartilage and saline, but FS imaging provided more positive
contrast. CNR between cartilage and saline was highest when using TSE with FS(-351.1+ 15.3), though
CNR between cartilage and bone then fell to -14.7+ 10.8. In MTC imaging using MPGR showed the greatest
increase of negative contrast between cartilage and saline(CNR change=-74.7); the next highest was when
3DGRE was used(CNR change=-34.3). CNR between cartilage and bone was highest with MPGR(161.9+
17.7), but with MTC, the greatest CNR decrease(-81.8) was observed. The greatest CNR increase between
cartilage and bone was noted in TIWSE with FS. In all scans, FS provided a cartilage-only positive contrast
image, though the absolute value of CNR was lower than that of MTC imaging.

Conclusion : The most prominent effects of MTC and FS were seen in MPGR and T1WSE, respectively,
though for cartilage, optimal high signal intensity and contrast can be achieved using 3DGRE with MTC, and
3DSPGR with FS.
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Knee, ligaments, menisci, and cartilage
Magnetic resonance(MR), fat suppression
Magnetic resonance(MR), magnetization transfer contrast
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