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Effect of Temperature on T1 and T2 Relaxation Time in 3.0T MRI
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Abstract

Purpose : The relaxation times of tissue in MRI depend on strength of magnetic field, morphology of
nuclear, viscosity, size of molecules and temperature, This study intended to analyze quantitatively that
materials’ temperatures have effects on T1 and T2 relaxation times without changing of other
conditions,

Materials and Methods : The equipment was used MAGNETOM SKYRA of 3 0T(SIEMENS, Erlagen,
Germany), 32 channel spine coil and Gd—DTPA water concentration phantom, To find out T1 relaxation
time, Inversion Recovery Spin Echo sequences were used at 50, 400, 1100, 2500 ms of TI, To find out T2
relaxation time, Multi Echo Spin Echo sequences were used at 30, 60, 90, 120, 150, 180, 210, 240, 270
ms of TE, This experiment was scanned with 5 steps from 25 to 45" C. next, using MRmap(Messroghli,
BMC Medical Imaging, 2012) T1 and T2 relaxation times were mapped. on the Piview STAR v5. 0(Infinitt,
Seoul, Korea) 5 steps were measured as the same ROI, and then mean values were calculated, Correlation
between the temperatures and relaxation times were analyzed by SPSS(version 17,0, Chicago, IL, USA),
Results : According to increase of temperatures, T1 relaxation times were 214,39%+0.25, 236.02+0.87,
267.47+0.48, 299,444+0,64, 330.19%+1.72 ms, T2 relaxation times were 180,17+0.27, 197,17%0.44,
217,9240,39, 239,89+0.53, 257,40+1,77 ms, With the correlation analysis, the correlation coefficients of
T1 and T2 relaxation times were statistically significant at 0,998 and 0.999 (p<0.05).
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Conclusion :

we suggest to recognize errors of relaxation time caused local temperature’

T1 and T2 relaxation times are increased as temperature of tissue goes up. In conclusion,

s differences, and consider

external factors as well in the quantitative analysis of relaxation time or clinical tests,
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Fig. 1. Relaxation curve
Table 1. Scan parameter
FOV(mm) ST(mm) TR(ms) TE Tl
(ms) (ms)
IR Spin Echo 128x128 5 2550 10 50, 440, 1100, 2500
sequence
ME Spin Echo 128x128 5 3000 30, 60 ... 240, 270 -
sequence
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(a)

(c) 35° C T1 map (d) 40° C T1 map

(e) 45° C T1 map
Fig. 2. T1 Maps and ROIs

(@) 25° C T2 map

(b) 30° C T2 map

(c) 35° C T2 map (d) 40° C T2 map

(e) 45° C T2 map

Fig. 3. T2 Maps and ROIs
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Table 3. Correlation Anaysis : Temperature-Relaxation

olgAze] BAE AHom BAAL EAY & time
&2 0,057z 3T T1 O|2HAIZH T2 0| kA2t
Pearson 998 999
3. 3 4 ez A0
2T} A&dte] wak zF T1 o] YA 214,39 + FAZHE(p) .000 .000
0.25, 236.02 + 0.87, 267.47 + 0.48, 299 .44 +
Table 2. ROl measurements
T1 relaxation time (ms) T2 relaxation time (ms)
25° C 214.39 +0.25 180.17 £0.27
30° C 236.02 +0.87 197.17 £0.44
35° C 267.47 +0.48 217.92 £0.39
40° C 299.44 +0.64 239.89 £0.53
45° C 330.19 +1.72 257.40 £1.77
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Fig. 4. Analysis : Relaxation time - Temperature
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Muscle Tissue
Spinal Cord

Muscle/Fat Interface

“Normalized 1g SARin dB ' " Normaized 19 SAR in 4B

Figure 5. SAR 1g extracted in two coronal slices.
Hot spots are observed in high conductive tissues, like muscle and the spinal cord, and also in tissue
interfaces.

A

] i 5}0:] x]ago}._ Ho| 2L ﬁgi AEEG ok&E ¢
14 /\_J_ o) o = o] A 5}
Gl B A BARE T AT S 4 A mele T @ Age] o BaE e

2 BEAY YAEgAZR AquAE ALy 1 oYz = o 7 ; el =
2 A8 o|fat oyx B2 Bz AT} o] Wgh7l A tAe= FFE o2y AFEHooF &
AxE o EFFo|tt B AL =2 EHx gig Aot
#ol AUARE el 7], 4, 2 2902 & o

7b Qlth? BAo exk 1 BEA LEuUAR 3 el

L= .
B T P
- . LoAS on) Bt oA T, L% 1, Ray Hashman Hashemi, M.D,, Ph.d., MRI The

guago Mste ours o|gtAzre] T Basic Second Edition, 2004 by LIPPINCOTT

CISAPS) L Aot} WILLIAMS & WILKINS, Part I: Basic Concept,
= A .

2. Weiguo Li, Physics of Relaxation, 81Bones net's

FDAC|A= SARO] & A9 Fs< Adsta 9l
o ol RPol oa FaFd LR sl 24 ML Resources.
oy 2 qrit AL waEm 9t o9 B 3. http://www,coursehero, com/file/2645069/readingl
M ATNE ZFAAE o] Wl Tosks RFO R 0/TEMPERATURE AND MOLECULAR MOTION,
Trabz 2 93, Zamel £wo Walyt ourg & 9 4, Loren A, Zaremba, Ph D, FDA Guidelines for
oo walzT uh(Fig. 5).° Ea B ATAT e Magnetic Resonance Equipment Safety., Center
eEFo|TE 2H3| o|gAzte] WA A= AL for Devices and Radiological Health, Food and
oF 2 9l9it}. Drug Administration

Az"oz 1 A% MR Au YL RFoj 93t A 5. Eugenia Cabot, Andreas Christ, Niels Kuster,
earzo] He I, AARY e o =2 o2 Whole Body and Local SAR in Anatomical
ol g B S9] Argo] Uq—a]-/l-]li._ FrHoZ H Lo Phantoms Exposed to RF Fields from Birdcage
ArssE & gk Feo] Al e T o|ghAlzre] HBIE Coils, Foundation for Research on Information
Wale ol Aol Ol%A]Z_I-E] =70 Wast Technologies in Society, Zeughausstr, 43, 8004
mapping 52 B4 2% ol JFE A Wl parich, Switzerland.

wtata] el ZHo] Wast Arto|AY L 9 6. Marianne Petren—Mallmin, Anders Ericsson,

Wolfgang Rauschning and Anders Hemming-—

Korean J Digit Imaging Med, Vol.15 No.2 November 2013 67



Effect of Temperature on T1 and T2 Relaxation Time in 3.0T MRI

sson, The effect of temperature on MR
relaxation times and signal intensities for
human tissues; MAGMA (1993) 1, 176-184,

7. Joelle K, Barral, Erik Gudmundson, Maryam
Etezadi—Amoli, Petre Stoica, Nikola Stikov and
Dwight G. Nishimura, A Robust Methodology
for In Vivo T1 Mapping. Magnetic Resonance
in Medicine 64:1057-1067 (2010),

68 Korean J Digit Imaging October, Vol.15 No.2 November 2013

. LAURA FANEA, SILVIU A, SFRANGEU, RELA-

XATION TIMES MAPPING USING MAGNETIC
RESONANCE IMAGING. Romanian Reports in
Physics, Vol, 63, No, 2, P, 456-464, 2011,

. F. Koren, A, Schwarcz, J, Pal, P, Bogner, T,

Vajna, G, Vadon, and T, Doczi, Fast method
for longitudinal relaxation time and water
content mapping of the human brain on a
clinical MR scanner, Acta Neurochir (Wien)
(2004) 146: 1341-1346,



