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In this study, For assessment of triangular fibrocartilage complex (TFCC) injury, we acquired images by fat suppressed 3D fast
spoiled gradient recalled T1 and fat suppressed Isotropic 3D fast spin echo T1 techniques. For quantitative evaluation, measured signal
to noise ratio and contrast to noise ratio and verified statistical significance between two imaging techniques by Mann-Whitney U
verification. And for qualitative evaluation, marked 4-grade scoring (0: non diagnostic, 1: poor, 2: adequate, 3: good) on shape of
TFCC, artifacts by partial volumes, description of the lesions by two radiologist, verified coincidence between 2 observer using
Kappa-value verification. We used 3.0 Tesla MR equipment and 8-channel RF coil for imaging acquisition. As quantitative evaluation
results, signal to noise ratio and contrast to noise ratio value of Isotropic 3D fast spin echo T1 technique is higher in every image
sections, also between two imaging techniques by Mann-Whitney U verification was statistically significant (p <0.05). As qualitative
results, observer 1, 2 marked a higher grade on Isotropic 3D FSE T1 technique, coincidence verification of evaluation results between
two observers by Kappa-value verification was statistically significant (p <0.05). As a result, during MRI examination on TFCC
injury, fat suppressed Isotropic 3D fast spin echo T1 technique is considered offering more useful information about abnormal lesion
of TFCC.
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Table I. The Parameters for the image acquisition.
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< 3.0 Tesla MR scanner(Signa 3.0T HDxt.

Imaging technique

3D FSPGR T1 Isotropic 3D FSE T1
Parameter
TR (ms) 16 600
TE (ms) 2.5 20.2
FOV (mm) 10 10
ETL NA 24
Matrix size (zero filled interpolation) 320*%192 (512) 320*320 (512)
Flip angle 10 NA
NEX 1 1
Slice thickness/gap (mm) 1.0/0 1.0/0
Band width (kHz) 31.25 31.25
Parallel imaging acceleration factor NA 2.0
Acquisition time 2:40 3:30

Note. FSPGR: fast spoiled gradient recalled, FSE: fast spin echo, TR: repetition time, TE: echo time, FOV: field of view, ETL: echo train length,

NEX: number of excitation, NA: not accepted.
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Fig. 1. (Color online) Set-up of ROI for measuring mean value and
standard deviation of signal intensity, fat suppressed 3D FSPGR T1
(a), fat suppressed Isotropic 3D FES T1 (b).

AollA 1.5 mm?e] I Y (region of interest, ROIS A4
3t TFCCS} €= (lunate bone), Hi73415 (back ground)e]
A Al S 7% (signal intensity, SI)2] T 3k(mean value)?} 3%

Table II. Measured SI values of ROI at each imaging technique of fat suppressed 3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1,

respectively.

Imaging technique 3D FSPGR T1 Isotropic 3D FSE T1
No. of Coronal plane  Axial plane  Sagittal plane  Coronal plane Axial plane Sagittal plane
subjects ROI M SO M SD M SD M SD M SD M  SD
TFCC 36 236 32 206.1 33 2216 177 2484 166 221.1 165 2229
1 Bone 35 101.1 30 914 32 967 10 358 8 31.6 8 324
Back ground 7 13.8 6 136 7 13.5 6 105 5 104 6 10.8
TFCC 34 226 30 200.9 31 2056 167  236.5 168.6 2234 167 2248
2 Bone 33 91.7 28 89.1 30 93.1 8 246 l6.1 335 10 349
Back ground 6 12.8 6 129 7 13.1 5 9.7 5 9.5 6 10.1
TFCC 33 225.1 31 210 30 205.1 165 2264 162.1 1963 163 180.1
3 Bone 31 89.8 29 854 29 851 7 261 8.6 251 6 22.1
Back ground 6 11.7 7 115 6 114 6 8.8 6 8.7 5 79
TFCC 38 216.1 35 199.1 34 1897 134 196.1 130 180.5 131 182.6
4 Bone 30 79.1 28 754 27 716 8 247 8 21.1 23.1
Back ground 7 10.9 7 104 6 10.1 7 8.8 6 8.6 6 8.7
TFCC 39 2017 34 1916 33 190.7 79 180.1 75 171.6 77 170.7
5 Bone 31 68.1 29 612 30 621 7 269 5 254 6 24.1
Back ground 7 104 6 103 6 10.1 6 8.6 6 9.1 7 83
TFCC 38 2116 36 200.5 35 2101 186 2574 183 2116 175 211.9
6 Bone 30 1137 28 931 27 916 5 376 5 357 6 339
Back ground 7 10.5 6 104 7 10.6 7 115 6 10.6 7 104
TFCC 40 261.6 36 2214 35  200.6 165  236.1 160 200.6 161 201.5
7 Bone 38 1176 35 96.1 33 971 9 326 8 30.1 9 32.1
Back ground 8 13.5 6 117 7 10.9 7 104 5 10.6 6 104
TFCC 46  276.1 34 2289 36 217 171 2498 165 200.1  160.5 200.7
8 Bone 38 136.8 33 931 34 959 40.1 8 29.7 9 31.6
Back ground 7 14.6 6 127 8 11.8 6 115 5 10.1 6 11.4
TFCC 41 2698 35 226.1 34 216.1 163 235.6 160 198.6 159 197.6
9 Bone 32 130.1 29 925 30 937 8 387 8 26.1 8 30.4
Back ground 6 13.7 6 14 7 12.9 8 104 7 10.0 7 11.1

Note. M: Mean value, SD: Standard deviation.
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Fig. 2. (Color online) Distribution of SNR value at each imaging
technique of fat suppressed 3D FSPGR T1 and fat suppressed
Isotropic 3D FSE T1, respectively.
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Fig. 3. (Color online) Distribution of CNR value at each imaging
technique of fat suppressed 3D FSPGR T1 and fat suppressed
Isotropic 3D FSE T1, respectively.
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Table III. SNR values at each imaging technique of fat suppressed 3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1, respectively.

Imaging technique

3D FSPGR TI

Isotropic 3D FSE T1

No. of subjects Coronal plane Axial plane Sagittal plane  Coronal plane Axial plane Sagittal plane
1 17.01 15.15 16.41 23.67 21.15 20.63
2 17.65 15.57 15.69 2438 23.51 22.25
3 19.23 18.26 17.99 22.86 22.82 22.79
4 19.71 19.14 18.24 2228 20.93 20.98
5 19.39 18.60 18.88 20.94 18.85 20.56
6 20.15 19.27 19.82 22.38 19.92 20.37
7 19.37 18.92 18.40 22.70 18.92 19.37
8 18.81 18.23 18.38 21.72 19.81 17.39
9 19.69 16.15 16.75 22.65 19.86 17.80
M =£SD 19.00+£1.96 17.69+1.52 17.84+1.12 2262+1.00 20.64+1.53 2023+1.70

Note. M: Mean value, SD: Standard deviation.
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Table I'V. CNR values at each imaging technique of fat suppressed 3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1, respectively.

Imaging technique

3D FSPGR T1

Isotropic 3D FSE Tl

No. of subjects Coronal plane Axial plane Sagittal plane  Coronal plane Axial plane Sagittal plane
1 14.49 8.43 9.25 23.67 18.21 17.63
2 10.49 8.66 8.58 24.38 19.98 18.80
3 11.56 10.83 10.52 22.86 19.67 20.00
4 12.56 11.89 11.09 22.28 18.53 18.83
5 12.84 12.66 12.73 20.94 16.06 17.62
6 8.64 10.32 11.17 2238 16.59 17.11
7 10.60 10.70 9.49 22.70 16.08 16.28
8 9.54 10.69 10.26 21.72 16.87 14.83
9 10.19 9.54 9.48 22.65 17.25 15.06
M £SD 1121+1.82 1041+130 1028+1.18 22.62+1.00 17.69+139 1735+1.64
Note. M: Mean value, SD: Standard deviation.
Table V. Statistical significance evaluate of SNR value using Mann-Whitney U verification.
. Imaging technique Statistical significance (p < 0.05) 3D FSPGR T1 Isotropic 3D FSE T1
Imaging plane
Coronal plan Mean 19.00 22.62
oronal plane p-Value 0.01 0.01
. Mean 17.69 20.64
Axial plane p-Value 0.01 0.02
Saittal plane Mean 17.84 20.23
eifal p p-Value 0.02 0.01
p-Value was less than 0.05.
Table VL. Statistical significance evaluate of CNR value using Mann-Whitney U verification.
. Imaging technique Statistical significance (p <0.05) 3D FSPGR Tl Isotropic 3D FSE TI
Imaging plane
Coronal plane Mean 18.62 22.62
P p-Value 0.01 0.01
. Mean 10.41 17.69
Axial plane p-Value 0.01 0.02
. Mean 10.28 17.35
Sagittal plane p-Value 0.01 0.01

p-Value was less than 0.05.
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Table VII. Evaluation of the images by the observer 1 using 4-point scoring (0: non diagnostic, 1: poor, 2: adequate, 3: good) in fat suppressed
3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1, respectively.

Evaluation 3D FSPGR Tl
item Shapes and continuity Artifacts by partial volumes Descriptions of lesions
NO', of Coronal Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal
subjects plane plane plane plane plane plane plane plane plane
1 3 3 3 3 2 2 3 3 2
2 2 2 2 2 3 2 2 3 2
3 3 2 2 2 2 2 2 2 3
4 3 3 2 2 2 3 3 2 3
5 3 2 2 3 3 3 2 3 3
6 2 2 2 2 2 3 3 3 2
7 2 3 2 2 2 2 3 2 3
8 2 2 2 3 2 2 2 2 2
9 3 2 3 2 3 2 2 3 3
M +SD 251+05 233405 233+£0.5 233+05 222404 233+05 244+0.5 244+£05 233405
Evaluation Isotropic 3D FSE Tl
item Shapes and continuity Artifacts by partial volumes Descriptions of lesions
NO'. of Coronal Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal
subjects plane plane plane plane plane plane plane plane plane
1 3 3 2 2 3 3 3 2 3
2 2 3 3 3 3 3 2 3 3
3 3 3 3 3 3 3 2 3 3
4 3 3 3 3 2 3 3 3 2
5 3 3 3 3 3 3 3 3 3
6 3 2 2 2 3 3 3 3 3
7 3 3 3 3 3 3 3 3 2
8 3 3 3 3 3 2 3 3 3
9 3 3 2 3 3 3 3 3 2
M +SD 277+04 288+03 266+0.5 277+05 288+03 288+03 2.77+04 2.88+03 2.77+04
Note. M: Mean value, SD: Standard deviation.
3DFSPGRT1 Isotropic3DFSET1
3.5
3
25 -
2
15 i
1 | |
0.5
0
&‘6“‘* ‘)\oé‘é’ é}\o“" \\o\d \\,&é, ‘?\o“"
& N & s m\‘o ck\e
& sz\ »\o“" & Qoé\ \o&
R . é;g\ o é{&" R & o y &\Q\
& &
M Coronalplane W Reformatted axial plane Reformatted sagittal plane

Fig. 4. (Color online) Comparing the scoring values of fat suppressed 3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1 from the observer 1.

2.55+0.5, 233+0.5, 2.44+0.50]aL, A7 SAHEES 233 +04, 233+0.5, 2.55+0.59] H7} 3 JERNITE Isotropic
£0.5 233+£05, 2550501, AFA APFHAAE 222 3D FSE TI1 7|HollA #HL 288403, 2.77+04, 2.77
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Table VIII. Evaluation of the images by the observer 2 using 4-point scoring (0: non diagnostic, 1: poor, 2: adequate, 3: good) in fat suppressed
3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1, respectively.

Evaluation 3D FSPGR TI
item Shapes and continuity Artifacts by partial volumes Descriptions of lesions
NO', of Coronal Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal
subjects plane plane plane plane plane plane plane plane plane
1 3 3 3 3 2 2 3 3 2
2 2 2 2 2 3 2 2 3 2
3 3 2 2 2 2 2 2 2 3
4 3 3 2 2 2 3 3 2 3
5 3 2 2 3 3 3 2 3 3
6 2 2 2 2 2 3 3 3 2
7 2 3 2 2 2 2 3 2 3
8 2 2 2 3 2 2 2 2 2
9 3 2 3 2 3 2 2 3 3
M +SD 255405 233+£0.5 222+04 233405 233+05 233+05 244+£05 255+£05 255405
Evaluation Isotropic 3D FSE Tl
item Shapes and continuity Attifacts by partial volumes Descriptions of lesions
NO', of Coronal Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal
subjects plane plane plane plane plane plane plane plane plane
1 3 3 2 2 3 3 3 2 3
2 2 3 3 3 3 3 2 3 3
3 3 3 3 3 3 3 2 3 3
4 3 3 3 3 2 3 3 3 2
5 3 3 3 3 3 3 3 3 3
6 3 2 2 2 3 3 3 3 3
7 3 3 3 3 3 3 3 3 2
8 3 3 3 3 3 2 3 3 3
9 3 3 2 3 3 3 3 3 2
M +SD 288+03 288+03 266+05 277+04 288+03 288+03 2.77+04 2.88+03 2.66+0.5
Note. M: Mean value, SD: Standard deviation.
3DFSPGRT1 Isotropic3D FSET1
3.5
3
25 -
2 | |
15 H
1 -
0.5 | |
0
& &“@d’ e?“’& & e"‘&g a?ﬁ
059‘90 eé\ 0\4 -\0&0\\ 3,@ 'b“.'@v‘ \o“"é\
5 S &5 5 e &
vs‘..{@ Q v{s@ <
B Coronalplane W Reformatted axial plane Reformatted sagittal plane

Fig. 5. (Color online) Comparing the scoring values of fat suppressed 3D FSPGR T1 and fat suppressed Isotropic 3D FSE T1 from the observer 2.
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Table IX. Test of statistical significance of fat suppressed 3D FSPGR T1 using kappa-value.

o L 3D FSPGR Tl
Evaluation item Statistical significance - —
Imaging plane (p<0.05) Shapés fmd AljtlfaCtS by DescrlpFlons
continuity partial volumes of lesions
Coronal plane Kappa value 0.664 0.657 0.645
p p-Value 0.02 0.03 0.03
. Kappa value 0.647 0.664 0.667
Axial plane p-Value 0.02 0.02 0.03
. Kappa value 0.667 0.664 0.647
Sagittal plane p-Value 0.03 0.03 0.02

Table X. Test of statistical significance of fat suppressed Isotropic 3D FSE T1 using kappa-value.

Evaluation item

Statistical significance

Isotropic 3D FSE T1

Imaging plane (p<0.05) Shaps.:s 'fmd Alitifacts by Descrip?ions
continuity partial volumes of lesions
Coronal plane Kappa value 0.764 0.767 0.754
P p-Value 0.04 0.04 0.03
. Kappa value 0.763 0.784 0.783
Axial plane p-Value 0.03 0.04 0.04
. Kappa value 0.767 0.786 0.781
Sagittal plane p-Value 0.03 0.03 0.04
7} dEA H =4 B71EdY Kappa-value 52 of& AUty o g TFCC <49 Zdoles #A-LZGHAA}

St T TR 3F Gt Ae] GAE GBI SAHCE
frefgt A7 (p < 0.05)5 YERNATHTable 1X, X].
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Fig. 6. (Color online) Conventional MR image of the TFCC, T1 weighted image (a), FSE T2 weighted image (b), fat suppressed T1 weighted

image (c).
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Fig. 7. (Color online) Comparing the TFCC injury (arrow) on images
by fat suppressed 3D FSPGR T1 (a) and fat suppressed Isotropic 3D
FSE T1 (b), respectively.
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