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Analysis of temperature dependence of fat proton magnetic resonance signal for
quantitative temperature imaging
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In order to execute high intensity focused ultrasound (HIFU) therapy for breast
and bone marrow safely and effectively, we planned to establish a noninvasive and quantitative
temperature imaging technique using spin-lattice relaxation time (T1) of proton of methylene chain
observed by magnetic resonance imaging (MRI). Based on a new finding that the signal intensity ratio of
the chemical shift components of fatty acid in bovine and porcine tissues is insensitive to temperature,
we have proposed a novel T1 estimation technique using the ratio among the nine fat signal components as
a prior knowledge in the image processing following multiple-point Dixon and multiple flip angle imaging.
The usefulness and robustness of the technique was demonstrated with numerical simulation.
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Fig 2. Correlation between signal intensities and
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Table 1. Significant level of each fatty acid components

1 2 3 4 5 6 7 8 9
CH=CH CHO  CHO CH,0 0=C-CH, C=C-CH, 0:8;‘(:2"‘7‘ CH, CH,

Bovine -0.659 -0.280 0.945 0.897 0.467 -0.034 -0.109 04177 0.463
(p=0.113) (0.525) (0.001)  (0.003) (0.129) (0.183)  (0.188)  (0.430)  (0.322)

Porcine 0782 -0.768  0.969 0817 0570 0440  0.104 0.548 0.124
(0.014)  (0.053)  (0.006)" (0.060)  (0.147)  (0.281)  (0.413)  (0.165)  (0.495)

Table 2. Amplitude and T1 value by 3 components calculation and 10 components calculation

amplitude T
Components H,0 CH, CH, H,0 CH, CH,
Truth 0.1968 0.4105 0.0445 1200 305 545

3-components  0.1943+0.018 0.407+0.018 0.0442$0.004 1214.3+16.2 308.7+3.1 549.9+55
model
Error [%] 13 0.9 0.7 12 12 0.9

10-components  0.19690.019 0.4100.018 0.0447£0.004 1199.8+15.9 304.942.9 543.1%5.2
model
Error [%] 0.05 0.05 0.4 0.02 0.03 0.3
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