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Aims and objectives

Diffusion weighted (Dw) magnetic resonance image (MRI) is used for analysis of tissue
characterization, i.e., intravoxel incoherent motion [1]. Some reports have been published
being demonstrated the analysis method, e.g., q-space-analyzed Dw MRI [2], diffusional
kurtosis imaging [3], and modified tri-exponential analysis [4]. These most analysis
methods have been required high-b-values data of Dw MRI. On the other hand, the signal
intensity (SI) tends to become progressively lower as the b-value increases since long
Stejskal-Tanner diffusion gradients prolong echo time (TE) [5].

MR images are visualized as magnitude images after applying a pulse sequences.
The pulse sequences have reported various methods to improve image quality, e.g.,
signal-to-noise ratio (SNR), contrast, and imaging artifacts. Particularly, SNR assessment
is important for image analysis not to occur systematic error. The noisy MRI data is
indicated by Rician statistical distribution [6]. The correction scheme based on the Rician

distribution were applied in low signal image analysis, R2* estimation [7], and diffusion
tensor imaging [8].

Thus, there might a possibility of evaluation of signal of high-b-value Dw MRI between
some pulse sequences. To improve SNR on high-b-value Dw MR images, we developed
to signal correction method of noise estimation using Rician probably distribution function
(PDF).

Methods and materials

Correction method

Fig. 1 on page 5 shows an outline of signal correction methodology in our study.
The probability density function (PDF) for the Rician distribution for the measured pixel
intensity M is given by
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Fig. 8: Equation (1), Rician probability distribution function.
References: Health Biosciences, Tokushima University - Tokushima/JP

where A is the true pixel intensity, I0 is the modified zeroth order Bessel function, µ
is mean, and # is the standard deviation (S.D.). When the SNR is high, the Rician
distribution is approximated by Eq. (1) [6]:

Fig. 9: Equation (2), Assumption of of Rician probability distribution function as
Gaussian distribution.
References: Health Biosciences, Tokushima University - Tokushima/JP Then, it was
possible to reduce noise by using the following relationship [6]:

Fig. 10: Equation (3), correction signal.
References: Health Biosciences, Tokushima University - Tokushima/JP

where Ã is the corrected SI. We applied equation (3) as correction scheme in Dw MR
images.

Fig. 2 on page 5 shows schematic procedure for estimation of noise signal. True
signal values were calculated using curve fitting of Rician distribution function from
each Dw MR data. Then, we evaluated the correction factor µ between measured and
estimation values of different imaging sequences. The correction factor µ were described
as follows:
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Fig. 11: Equation (4), correction factor.
References: Health Biosciences, Tokushima University - Tokushima/JP

Then, we compared between phantom signal and background (BG) signal.

MR imaging

On a 1.5 T MR scanner system (Signa HDxt, GE Healthcare, Waukesha, WI, USA), Dw
MR imaging data of sucrose (Suc) samples (10, 30, and 50 wt%) were acquired. Different
imaging sequences of single shot echo-planner imaging (SS-EPI) and dual spin-echo EPI

(DSE-EPI) were performed with multi b-values (0 - 7000 s/mm2). Table 1 shows detailed
imaging parameters. All imaging analysis were applied by using an in-house program
from MATLAB (MathWorks, Natick, MA, USA).

Table 1 Imaging parameters of Dw MRI in
our study

Imaging
parameters

Setting values

Sequences SS-EPI & DSE-EPI

b-values [s/mm2] 0#20#200#500#1000#2000#3000#4000#4500#5000#5500#6000#6500#7000

TR/TE [ms] 5000/129

Slice thickness
[mm]

10

FOV [cm2] 12.8 × 6.4

Band width [Hz/
pixel]

166.7
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Images for this section:

Fig. 1: Outline of signal correction methodology with Rician distibution in our study.

© Health Biosciences, Tokushima University - Tokushima/JP
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Fig. 2: Schematic noise estimation procedure.

© Health Biosciences, Tokushima University - Tokushima/JP
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Results

Fig. 3 on page 8 shows relation between b-value and correction factor in Dw MRI
of SS-EPI. Mean correction factors of SS-EPI data were Suc 10 wt%, 0.99; Suc 30 wt
%, 1.00; and Suc 50 wt%, 1.00.

Fig. 4 on page 9 shows relation between b-value and correction factor in Dw MRI
of DSE-EPI. Mean correction factor of DSE-EPI data were Suc 10 wt%, 0.99; Suc 30 wt
%, 0.98; and Suc 50 wt%, 1.00. At these high values, the ratio of mean signal value to
standard deviation value, i.e., SNR were all less than 3.

Fig. 5 on page 9 shows poor correction case of 10 wt % sucrose SS-EPI Dwi MRI.
Fig. 6 on page 10 shows poor correction case of 10 wt % sucrose DSE-EPI Dwi MRI.
Fig. 7 on page 11 shows poor correction case of 30 wt % sucrose DSE-EPI Dwi MRI.
In all poor correction case, these indicated that SNRs of phantom were lower value than
BG.

Images for this section:
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Fig. 3: Scatter Plots shows relation between each b-value and correction factor in Dw
MRI of SS-EPI.

© Health Biosciences, Tokushima University - Tokushima/JP

Fig. 4: Scatter Plots shows relation between b-value and correction factor in Dw MRI
of DSE-EPI.

© Health Biosciences, Tokushima University - Tokushima/JP
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Fig. 5: Poor correction case of 10 wt% sucrose SS-EPI Dwi MRI. The correction factor

indicated 0.93 at b-value = 5500 s/mm2.

© Health Biosciences, Tokushima University - Tokushima/JP
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Fig. 6: Poor correction case of 10 wt% sucrose DSE-EPI Dwi MRI. The correction factor

indicated 0.92 at b-value = 3000 s/mm2.

© Health Biosciences, Tokushima University - Tokushima/JP
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Fig. 7: Poor correction case of 30 wt% sucrose DSE-EPI Dwi MRI. The correction factor

indicated 0.80 at b-value = 4000 s/mm2.

© Health Biosciences, Tokushima University - Tokushima/JP
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Conclusion

Signal correction method of noise estimation with Rician PDF makes it possible to obtain
more detailed information on Dw MR image having high-b-values.
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