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The Comparative Analysis Study and Usability Assessment of Fat Suppressed 3D T2*
weighted Technique and Fat Suppressed 3D SPGR Technique
when Examining MRI for Knee Joint Cartilage Assesment
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In this study, for assessment of degenerative knee joint cartilage disease we acquired images by fat suppressed 3D spoiled gradient
recalled (SPGR) and fat suppressed 3D T2* weighted imaging techniques. To do a quantitative evaluation, the knee joint cartilage was
divided into medial femoral cartilage (MFC), medial tibial cartilage (MTC), lateral femoral cartilage (LFC), lateral femoral cartilage
(LFC) and patella cartilage (Pat) to measure their respective signal intensity values, signal-to-noise ratio, and contrast-to-noise ratio. As
for the measured values, statistical significance between two techniques was verified by using Mann-Whitney U-Test. To do a
qualitative evaluation, two radiologists have examined images by techniques after which image artifact, cartilage surface, tissue
contrast, and depiction of lesion distinguishing were evaluated based on 4-point scaling (1: bad, 2: appropriate, 3: good, 4: excellent),
and based on the result, statistical significance was verified by using Kappa-value Test. 3.0T MR system and HD T/R 8ch knee array
coil were used to acquire images. As a result of a quantitative analysis, based on SNR values measured by using two imaging
techniques, MFC, LFC, LTC, and Pat showed statistical significance (p <0.05), but MTC did not (p > 0.05). As a result of verifying
statistical significance for measured CNR value, MFC, LFC, and Pat showed statistical significance (p < 0.05), while MTC and LTC
did not show statistical significance (p > 0.05). As a result of a qualitative analysis, by comparing mean values for evaluated image
items, 3D T2* weighted Image has indicated a slightly higher value. As for conformance verification between the two observers by
using Kappa-value test, all evaluated items have indicated statistically significant results (p < 0.05). 3D T2* weighted technique holds
a clinical value equal to or superior to 3D SPGR technique with respect to evaluating images, such as distinguishing knee joint
cartilages, comparing nearby tissues contrast, and distinguishing lesions.
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Table I. The Parameter for image acquisition.

Pulse sequence

3D T2* 3D SPGR
Parameter
TR (ms) 57.50 17.15
TE (ms) 25.20 425
Matrix size 288 * 288 288 * 288
FOV (mm) 160 160
Flip angle 15 25
Bandwidth (kHz) 62.50 62.50
Slice thickness/gap (mm) 2/0 2/0
NEX 1 1
Acquisition time 5:00 4:01

Note. 3D: three dimension, T2* (T2 star), SPGR: spoiled gradient
recalled, TR: repetition time, TE: echo time, FOV: field of view, NEX:
number of excitation.



KATF=3> Journal of the Korean Magnetics Society Vol. 26, No. 6, December 2016 -221-

Fa0z A 4 pajomE A7tel 99 239 Gt B
BT DY) B, Az A, 27 b 2%,

SNR caritage = Sleartitage/SDroise 29 BAAEEE 44 HE(1: VR, 20 FJYg 30 22, 4
CNRurtitage = (Slearttage = Slbone marmow)/SDback ground w9 E2)Z HrRsliar, o A3 7ke] XA AHES Hs)

74" SNR¥} CNR S EUIZ 34 Mann-Whitney — & A8 £ SPSS 20.02 1831991, p<0.052 73
U788 o8-8 Rl &l A5 AFsisit Foll SAHCR frefeirial AT

[e]

Table II. SNR value at each ROI of knee joint cartilage using by fat suppressed 3D T2* weighted and fat suppressed 3D SPGR technique,
respectively.

No. of MFC MTC LFC LTC Pat
subjects 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR
1 184.4 925 89.9 61.1 1843 1043 923 90.9 1333 114.1
2 1363 79.8 66.7 68.5 169.0 903 110.0 78.7 223.6 115.8
3 167.0 1183 115.7 98.5 174.0 130.4 93.4 104.3 153.8 80.1
4 2043 92.6 69.2 68.7 141.9 115.6 125.4 103.1 1532 99.4
5 162.6 87.6 95.9 94.5 274.1 123.8 183.8 125.2 105.1 84.3
6 159.9 127.1 113.1 93.1 134.6 108.4 166.2 88.4 146.4 102.7
7 149.1 84.8 73.9 72.1 1612 743 52,0 56.2 1332 86.0
8 208.4 77.7 1343 74.6 152.8 114.0 107.4 101.0 252.9 73.5
9 181.9 87.8 76.6 74.8 145.8 102.7 113.5 91.8 195.7 95.9
10 168.5 97.6 82.4 80.4 183.1 150.1 167.0 129.7 237.6 125.4
11 135.1 64.4 46.1 48.6 185.0 92.6 102.7 82.4 203.6 95.3
12 144.9 106.1 474 793 1732 99.8 82.3 83.2 175.7 108.9
13 136.1 91.7 59.0 72.0 162.7 104.9 87.9 91.1 1492 84.5
14 155.6 126.8 115.0 113.1 101.0 953 66.9 82.8 100.5 108.6
15 181.7 783 85.5 61.7 1342 90.6 653 67.8 206.1 525
16 189.1 124.1 65.2 85.8 256.7 935 130.2 67.1 148.5 105.3
17 213.8 96.0 119.1 76.0 120.1 105.9 101.7 92.0 203.2 113.1
18 177.6 129.1 1012 114.7 114.6 77.9 75.4 64.1 106.9 943
19 1463 142.4 84.4 100.4 149.6 933 121.6 83.3 162.5 117.5
20 159.6 1402 75.3 128.6 162.7 103.5 90.1 85.2 188.8 119.5
21 205.1 86.0 187.6 785 227.1 116.9 141.7 96.3 2114 100.0
2 166.6 129.6 96.3 103.5 215.6 102.1 115.4 87.7 217.7 73.7
23 153.5 87.8 117.4 69.7 170.3 1222 108.6 98.5 138.8 59.3
24 193.0 924 113.8 90.2 161.2 147.3 103.5 144.5 268.9 733
Mean  170.0 101.7 93.0 83.7 169.0 106.7 108.5 91.5 175.7 95.1

Note. SNR: signal to noise ratio, ROI: region of interest, T2* (T2 star), SPGR: spoiled gradient recalled, MFC: Medial femoral cartilage, MTC:
Medial tibial cartilage, LFC: Lateral femoral cartilage, LTC: Lateral tibial cartilage, Pat: Patella cartilage.
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Fig. 2. (Color online) Distribution of SNR value at each ROI of knee
joint cartilage using by fat suppressed 3D T2* weighted and fat
suppressed 3D SPGR technique, respectively.; MFC: medial femoral
cartilage, MTC: medial tibial cartilage, LFC: lateral femoral cartilage,

[Table II].

SNRS] HgS 3D T2* weighted 7152 ¢ MFC
170.0, MTC 93.0, LFC 169.0, LTC 108.5, Pat 175.7 ©|
2tk 3D SPGR 7|W-& MFC 101.7, MTC 83.7, LFC
106.7, LTC 91.5, Pat 95.19] &= X CHFig. 2].

SNR Z7%ks EdIZ g 5+ 7 1] BAA ol
7% Z3} MFC, LFC, LTC, Pat oA BAHcE {231

Table III. Statistical significance evaluate of SNR value using
Mann-Whitney U verification; p value was less than 0.05.

ROI

. MFC  MTC LFC LTC Pat
Imaging
3D T2* 170.0 93.0 169.0 1085 1757
3D SPGR 101.7 33.7 106.7 91.5 95.1
p-Value 0.001 0307 0.001 0.032 0.001

Note. SNR: signal to noise ratio, ROI: region of interest, T2* (T2 star),
SPGR: spoiled gradient recalled, MFC: Medial femoral cartilage,
MTC: Medial tibial cartilage, LFC: Lateral femoral cartilage, LTC:

LTC: lateral tibial cartilage, Pat: patella cartilage.

Lateral tibial cartilage, Pat: Patella cartilage.

Table IV. CNR value at each ROI of knee joint cartilage using by fat suppressed 3D T2* weighted and fat suppressed 3D SPGR technique,

respectively.

No. of MFC MTC LFC LTC Pat
subjects 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR 3D T2* 3D SPGR
1 161.8 80.7 70.5 50.3 1673 74.1 91.7 79.2 1212 96.3
2 115.7 69.4 515 60.2 153.0 95.1 82.0 71.5 201.6 102.7
3 154.5 105.7 103.6 86.1 160.6 79.8 117.7 89.9 142.1 69.0
4 186.7 82.1 513 56.5 131.2 111.9 103.8 90.3 141.7 88.4
5 150.4 75.6 83.1 85.6 255.0 159.9 111.5 112.1 95.7 73.6
6 141.1 108.1 96.1 81.1 1115 150.0 91.7 74.7 135.5 90.1
7 136.8 76.0 59.9 62.4 144.1 36.9 633 43.1 1223 74.1
8 1873 70.7 119.6 67.1 137.7 90.1 953 84.0 2323 583
9 165.6 76.7 60.3 65.8 133.0 100.2 91.9 79.8 179.1 81.6
10 149.8 85.3 69.5 68.8 163.8 147.4 136.9 115.6 219.6 109.6
11 1212 55.1 333 413 171.2 85.6 84.1 70.7 181.0 79.3
12 131.5 90.0 342 63.5 160.1 67.0 88.7 712 163.5 94.5
13 119.0 77.6 48.0 61.5 147.1 73.8 923 77.6 1359 72.0
14 1412 1112 102.1 99.6 90.8 57.2 79.2 71.9 92.0 94.2
15 164.9 67.5 70.2 54.9 1229 522 783 58.2 191.8 458
16 174.0 108.4 50.1 76.3 238.1 107.5 81.7 55.7 138.1 94.2
17 195.4 84.2 105.3 68.0 100.4 85.7 89.9 81.2 187.4 99.6
18 164.6 115.4 87.0 98.3 106.9 65.6 67.0 50.5 98.8 82.5
19 1312 1273 69.7 88.0 130.6 109.8 79.0 73.5 1502 103.6
20 145.1 121.0 65.2 119.3 146.5 76.5 922 75.2 1719 106.6
21 1863 75.5 167.7 68.2 210.4 128.5 103.8 86.3 198.1 88.0
2 149.0 112.4 83.3 91.2 196.7 99.8 89.7 78.6 203.6 64.0
23 142.2 79.6 103.9 61.8 156.5 23 109.6 84.3 127.0 533
24 173.7 79.9 9.5 81.5 146.8 91.8 127.3 131.5 2542 97.2
Mean  153.7 89.0 78.4 732 153.4 933 93.7 79.4 161.9 84.1

Note. CNR: contrast to noise ratio, ROI: region of interest, T2* (T2 star), SPGR: spoiled gradient recalled, MFC: Medial femoral cartilage, MTC:
Medial tibial cartilage, LFC: Lateral femoral cartilage, LTC: Lateral tibial cartilage, Pat: Patella cartilage.
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Fig. 3. (Color online) Distribution of CNR value at each ROI of knee
joint cartilage using by fat suppressed 3D T2* weighted and fat
suppressed 3D SPGR technique, respectively. MFC: medial femoral
cartilage, MTC: medial tibial cartilage, LFC: lateral femoral cartilage,
LTC: lateral tibial cartilage, Pat: patella cartilage.
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3D T2* weighted 7"87} 3D SPGR 7[H< o]&3t zz}
o] GollM £ A= 79 H CNR 32 o 2o
[Table IV].

CNRY HTgS 3D T2* weighted 71 ¢ MFC
153.7, MTC 784, LFC 1534, LTC 93.7, Pat 161.9°]1T}.
3D SPGR 71¥-& MFC 89.0, MTC 73.2, LFC 93.3, LTC

Table V. Statistical significance evaluate of CNR value using Mann-
Whitney U verification; p value was less than 0.05.

. Rol MFC  MTC LFC LTC Pat
Imaging
3D T2* 153.7 78.4 153.4 933 161.9
3D SPGR 89.0 732 93.7 79.4 84.1
p-Value 0.001  0.578 0.001 0.071  0.001

Note. CNR: contrast to noise ratio, ROI: region of interest, T2* (T2
star), SPGR: spoiled gradient recalled, MFC: Medial femoral cartilage,
MTC: Medial tibial cartilage, LFC: Lateral femoral cartilage, LTC:
Lateral tibial cartilage, Pat: Patella cartilage.

Table VI. Evaluation of the images by the observer 1 and 2 using 4-point scaling (1: bad, 2: appropriate, 3: good, 4: excellent) in fat suppressed

3D T2* weighted and fat suppressed 3D SPGR, respectively.

Observer 1 Observer 2
No. of Artifact on Border of Tissue Depiction Artifact on Border of Tissue Depiction of
subj:ects image cartilage contrast of lesions image cartilage contrast lesions

3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D 3D

T2* SPGR T2* SPGR T2* SPGR T2* SPGR T2* SPGR T2* SPGR T2* SPGR T2* SPGR
1 4 2 3 3 4 3 3 3 4 3 3 3 4 3 3 3
2 4 2 3 3 4 3 3 3 4 2 3 3 4 3 3 3
3 4 3 3 3 4 3 3 3 3 3 3 3 4 3 3 3
4 4 3 3 3 4 3 3 3 4 3 3 3 3 3 4 3
5 4 3 2 3 4 3 3 3 4 2 3 3 4 3 3 4
6 4 3 3 3 3 2 3 3 4 3 3 3 3 3 3 3
7 4 4 3 3 4 3 4 4 3 3 3 3 4 3 4 3
8 3 3 2 3 4 2 4 3 3 3 2 2 4 2 4 3
9 4 3 3 2 3 3 3 3 4 3 3 2 3 3 3 3
10 4 1 3 3 3 3 3 3 4 2 3 3 3 2 3 3
11 4 2 2 2 4 3 3 3 4 2 2 2 4 3 3 3
12 3 3 3 3 4 4 4 4 3 3 2 3 4 4 4 4
13 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3
14 4 3 2 3 4 3 3 3 4 2 2 2 4 3 3 3
15 4 3 3 2 3 3 3 3 4 3 2 2 4 3 3 3
16 4 3 3 3 4 2 4 4 4 3 3 3 4 2 4 4
17 4 3 2 3 4 3 3 3 4 3 2 3 4 3 3 3
18 4 4 3 2 4 3 2 3 4 4 3 3 4 3 3 3
19 4 3 2 3 3 3 3 3 4 3 2 3 3 3 3 3
20 3 3 3 3 4 3 3 3 3 4 3 3 4 3 4 4
21 4 4 2 3 4 4 3 3 4 4 3 3 4 4 3 3
22 4 4 3 3 4 3 4 4 4 4 3 3 4 3 4 3
23 4 3 3 3 3 3 3 3 3 2 3 2 3 2 3 3
24 4 3 3 3 4 3 3 4 4 3 3 3 4 3 4 4
Mean 38 3.0 27 28 37 30 32 32 38 29 2.7 2.8 3.7 29 33 32
SD 04 07 05 04 0.5 0.5 0.5 0.4 04 07 0.5 0.4 0.5 0.5 0.5 0.4

Note. T2* (T2 star), SPGR: spoiled gradient recalled. SD: standard deviation.
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Table VII. Kappa value test to evaluate the statistical significance between 3D T2* and 3D SPGR technique by inter-observer evaluation; p

value was less than 0.05.

Evaluation items . .
Artifact on image

Border of cartilage

Tissue contrast Depiction of lesions

Imaging
Kappa value 0.5 0.597 0.789 0.613
3D T2*
p Value 0.011 0.003 0.001 0.001
Kappa value 0.472 0.5 0.67 0.495
3D SPGR p Value 0.001 0.011 0.001 0.015
Note. T2* (T2 star), SPGR: spoiled gradient recalled.
79.4, Pat 84.19] ks EATHFig. 3]. 2 xslel A3 Aol AT 8F B0 AH, T,
CNR 2783ke] BAIA #od A5 23 MFC, LFC, Pat 12 A% & i3t dlo] #8ate] ol A d=st 5
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2. &N 2Y

9] TEAel ot FATIHzte] A4A ot die o
S5} 2t Table VI].

AL 19 3 H7F A 3D T2* weighted 7'He] 73
A W AFY 38+04, AZF9 A 2.7+0.5, T3
HZ= 3.7+05, B9 BAMRE 32+0.59 H7F 23
X331, 3D SPGR 71 9% Ul U359 3.0+0.7,
Zo| A 2.8+04, & I FEE 3.0+05 B B
T 32+049 B} 29= B
22} 20 ofgk Hr} Ay} 3D T2* weighted 7199 7
B W 9Fd 3.8+04, AF] AA 2.7+0.5, 24
HZ= 3.7+05, B4 BAME 3.3+0.59 H7F 23
X3, 3D SPGR 7IHe 4 Wl QAFed 2.9+07,
Zo] A7 2.8+04, 27 F ERE 29+0.5, BAo B
X 32+049 %7t 295 B
71 k] HS vlws] B 3D T2* weighted G/
oM 25 =& 7l AxE X1, Kappa-value testS ©]
B3 7 AR IR HSeME BE HRIEAN T
Aoz o] 9= A3Hp <0.05)2 EATHTable VII].

2o A Ho

>
o

i A o
-

2

>

[

v. i

AhrkEle FRagel solta o) W bt 74
3 19 S g gl met Sy B 282 7k B
AT 7 Soidm gl Agolrt. B4 W A%
o wEe FAFE oY JA AR FIN A 1 79
of wol FQY WsP} Ued Al Ao T2 AF
wol e 9 = 53, TR S0 49 B30
EfaL $2jol7l7) FsolAn Qe WA A9 o

MR 2l T B9 B Agolth4), T8 U9le

o

drtd o=z Fd TH A oo o #HEA
(arthroscopy)@AkeE MRIZ} 78 R AH o2 Al3iEy Qo
A7 e e 2 A5l F88kal DAl ATS @
Flar ok 2t EAL FAIFRQ] Fgo] A HEH
olaL FEZFo] A2 F Ae Dol ATHs, 6]. WHE, MRI
= 9538 A 229 g2=E 7R A AFe] &4
35S Wrksket] A8 WhHoE A FJar qlom wd
A=l At 827 WS Fohfled o] v E83
olth. FAAFS] MR Fd3lolli= thFSh Pulse sequenceZE
o] &3t WhHEe] EAIgE. AR, T1 2 delxe #EA
=o] #49 4ls FEE Ueplv IEAET BEY Apo]
o] Hlart =R 7] Wil RS UeA] ¥ar mEgh
FHE] EqfEdold maEEe gekelr] e ©e] ot
[7]. 4, T2 FxF e Bedde] ud=e] Aeides
Uorug vix] B8 2des Al&s A9 22 g3t Qo]
AU EqtEdolv madEs gopfr] 419y T
ZFdHET I3 ST Sl AsskEd WA= E
o] Z ot =7, 8]. AMA, T1 FE2G gl AW 425 o
A (fat-suppression)” 'HS ARESPH AZsl=y} FEAZE ]
wt Z =A "ok S AT As oA 7PHe 3EdEd]

RESACDIER £

=

q)

P

=

HAE S7MI71aL & 3ehA xo]
(chemical shift) &3-S 2Hs 4 AoH FZ9)o] As A5
ZHke] A=z 218k §-38 3 (phan-tom phenomenonyS
= FOEA, A= = Aol F8o] §oletA HTHI].
s, 114 23 o3 (fast spin echo, FSE)7|HS o] &3P
WA= 79 237 Ao]o] FrHo| GolafA|ar Ajsko]
(magnetization transfer)el] <J3] TEAZ 2] AFHE }o)
2 AE4Es o & B e AHo] da dEF iRy
oPFE He die H oFsitke o]do] glow F&e gt
Azeol 2 < A= AAxdol AT, 10]. THAA, AY Al
S Al 3D SPGR 712 Skx At ofe] 7]He] His|



LATE=7> Journal of the Korean Magnetics Society Vol. 26, No. 6, December 2016

Fig. 4. Chondromalacia(arrow) of medial-femoral cartilage and tibial
cartilage in subject. (a) 3D T2* weighted, (b) 3D SPGR.
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