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Maximum TE Setting Range for Quantitatively Evaluating T2 Relaxation Time
: Phantom Study

Park Jin Seo-Kim Seong-Ho

Department of Radiological Science, Konkuk University Medical Center

Abstract This study aimed to evaluate the range of maximum TE that could measure T2 relaxation time accurately by
setting diverse maximum TE with using contrast medium phantoms, Contrast medium phantoms ranging from low to high
concentrations were made by using Gadoteridol. The relaxation time and relaxation rate were compared and evaluated by
conducting T2 mapping by using reference data based on various TEs and data obtained from different maximum TEs, It
was found that accurate T2 relaxation time could be expressed only when the maximum TE over a certain range was
used in the section with long T2 relaxation time, such as the low concentration section of saline or gadolinium contrast
medium,

Therefore, the maximum TE shall be longer than the T2 relation time for accurately maturing the T2 relaxation of a cer-
tain tissue or a substance
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Fig. 1 MR signal acquisition process
(A) Complex signal (B) T1, T2 relaxation and contrast

Table 1 Characteristic of gadolinium phantom

Vendor Bracco
Source Gadolinium
Commercial name Prohance
Molecular formular 240
Molecular mass(g/mol) G, H,yGIN, O,
Concentration(mol) 0.5
Osmolality(mOsmol/kg) 630
Viscosity(cP) 1.3
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Fig. 2 Gadolinium phantom

(A) Gadoteridal dillution phantom (B) Arangement of each phantom
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Fig. 3 MR scanner and head caoil
(A) GE Discovery 750 3.0T (B) 1 channel T/R head cail
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Fig. 5 Measurement of Relaxation Time and Relaxation Rate by T2 Mapping between Reference and 2 TE
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AE  up and down spin energy level
k : Boltzmann's constant (1,381X107% J/K)

T : temperature in Kelvin (K)

3. Statistical analysis
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Table 2 T2 relaxation

time of phantom using the different maximum TE

T2 relaxation time(ms)
TE(ms) OomM 0.2mM 1.0mM 2.0mM 4 0mM
Reference TE 1219,13+69.21 610.62+10.79 29354143 76 202.9442.55 36,0610, 44
10, 15 data error 908.77+194.16 323.69%17.29 218.8219.59 36.75£0.55
10, 30 792.92+116.68 474 47%+16.67 250,38%5.97 182141229 35,4610, 44
10, 60 1030.77192.44 563.39+17.0 285.50+4.93 197.41£2.43 36.37£0.45
10, 120 1240.13167.08 625.041+10.71 2944613 .66 204.3912. 44 36,4810, 41
Table 3 T2 relaxation rate time of phantom using the different maximum TE
R2(s~1) and error rate
TE(mS) OmM error 0.2mM error 1.0mM error 2.0mM error 4 0mM error
Reference TE 082 rate(%) 163 rate(%) 341 rate(%) 495 rate(%) 2773 rate(%)
10, 15 data error | data error 1.10 32,51 3.09 9.38 4.58 7.47 27.21 1.87
10, 30 1.26 53.6 2.10 28.80 4.0 17.30 5.49 10.90 28.20 1.69
10, 60 0.97 18.29 1.77 8.50 3.50 2.63 5.07 2.42 27.49 0.86
10, 120 0.8 2.43 1.60 1.84 3.40 0.29 4,90 1.01 27.40 1.19
100 I\ 2
: N
% -
30 1
.
13 ? 10, 15 10, 30 10, 60 10, 120 TE
— - OmM 02MM e 1MW e = 2N = g 4mM 4 mmol concentration
(A) (B)

Fig. 6 Error rate of R2 according to the concentration of contrast agent and maximum TE
(A) Error rate of R2 in titrated molar concentration (B) Error rate of R2 in 4 mM concentration only
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Table 4 Statistical significance test of T2 value by the One-way ANOVA

. T2 relaxation time R2 value
concentration

F p-value F p-value
0 mM 54,898 0.000 44,645 0.000"
0.2 mM 34,461 0.000 92.345 0.000"
1.0 mM 89.075 0.000° 118,709 0.000"
2.0 mM 75.747 0.000 101.691 0.000"
4.0 mM 11,409 0.000 11,860 0.000

(*) Statistical analysis : Robustness(Welch) analysis

Table 5 Tukey HDS analysis of T2 and R2 value according to maximum TE

0mM T2 relaxation time R2 value
Group () Group (J) )-(J) p value Group (J) -(J) o value
Reference TE TE 10,15 Error Error TE 10,15 error error
TE 10,30 426,21 0.000 TE 10,30 -0,461 0.000
TE 10,60 188,36 0.000 TE 10,60 0,153 0.012
TE 10,120 -21.00 0.951 TE 10,120 0.015 0.988
02 mM T2 relaxation time R2 value
Group (1) Group (J) ()-(J) p value Group (J) (-(J) p value
Reference TE TE 10,15 -289.15 0.000 TE 10,15 0.468 0.000
TE 10,30 145.15 0.005 TE 10,30 -0.495 0.000
TE 10,60 56.23 0.610 TE 10,60 -0,163 0.021
TE 10,120 -5.41 1.000 TE 10,120 0.013 0.999
1.0 mM T2 relaxation time R2 value
Group () Group (J) )-(J) p value Group (J) -(J) o value
Reference TE TE 10,15 -30.14 0.000 TE 10,15 0.312 0.000
TE 10,30 43,16 0.000 TE 10,30 0,588 0.000
TE 10,60 8.04 0.262 TE 10,60 0,094 0.192
TE 10,120 -0.91 0.999 TE 10,120 0.012 0.999
20 mM T2 relaxation time R2 value
Group (1) Group (J) ()-(J) p value Group (J) (-(J) p value
Reference TE TE 10,15 -15.87 0.000 TE 10,15 0.35 0.000
TE 10,30 20.8 0.000 TE 10,30 -0.563 0.000
TE 10,60 5.52 0.094 TE 10,60 0,101 0.229
TE 10,120 -1.45 0,961 TE 10,120 0.034 0.948
40 mM T2 relaxation time R2 value
Group () Group (J) )-(J) p value Group (J) -(J) o value
Reference TE TE 10,15 -0.69 0.014 TE 10,15 0.522 0.014
TE 10,30 -0.60 0.043 TE 10,30 -0.472 0.032
TE 10,60 -0.30 0.584 TE 10,60 0.232 0.577
TE 10,120 -0.42 0.272 TE 10,120 0.319 0.263
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