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Synopsis
Diffusion imaging has proved to be very important in clinical diagnosis and its exclusive application to numerous medical problems is currently plagued with
some limitations which is most pronounced in heterogeneous voxels. In order to address this problem, we have presented an analytical method with which

diffusion MR signals can be evaluated from point to point within a voxel of interest. The proposed method is shown to be useful in brain tumor diagnosis and
general computational tissue imaging. The interesting part of this method is that only few data are required for image reconstruction.

Clinical Question

Despite the early success of Stejskal-Tanner formulation for diffusion MRI according to equation (1); where S is the Signal due to diffusion, S is the signal
intensity without diffusion weighting, Dy is the diffusion coefficient and the usual b factor is defined as y2g252, it has been shown that equation (1) has serious
limitations, the most critical of which occurs when there is orientation heterogeneity of the fibers in the voxel of interest (VOI).

Impact
To overcome this difficulty, it requires the specification of diffusion coefficients as function of space coordinate(s) and such a phenomenon is an indication of
non-uniform compartmental conditions that can be analyzed accurately by solving the time-dependent Bloch NMR equations analytically.

Approach

In this innovation, a mathematical formulation of magnetic resonance flow sequence in restricted geometry is developed based on a general second order
partial differential equation (Awojoyogbe-Bloch NMR flow equation) [1-3] based on Bessel functions and properties that can make it possible to distinguish
cancerous cells from normal cells at the molecular level.

Proposal: The new NMR signal is given by equation (2) and the parameters are defined accordingly in equations (3) and (4). Dq is apparent diffusion
coefficient of the tissue, d is RF pulse duration, g is gradient magnitude, y is gyromagnetic ratio while T4 and T, are the tissue relaxation times. If the
expressions of equation (5) are true, the general form of the new (proposed) diffusion MRI signal becomes equation (6) for n = 0 and p = -1. Parameter n, is in
term of NMR relaxation in the presence of flow and diffusion. We define a very important parameter in diffusion MRI called relaxation angle [1], as defined in
equation (7) and presented in Table 1. The choice of angle ayyr is critical to determine both signal intensity as well as image contrast. The angle ayyr also
depends on the particular pulse sequence utilized. Based on table 1, we can determine which angle ayyr gives the maximum signal for a given tissue.

To demonstrate the importance of this proposal, we have applied the algorithm developed to the detection of brain tumors. With the use of a Wolfram
Mathematica computer program and the relaxation/diffusion coefficient data in Table 2, we have the profiles in Figure 1 (other profiles are shown in Image 1 of
the attached image file). Fast Fourier transform of these profiles are presented in Image 2. Image 3 gives the reconstructed images of the selected tissues via
the projection-slice theorem.

Gains and Losses
A new diffusion MRI sequence has been developed based on the fundamental Bloch NMR-Awojoyogbe flow equation with Bessel functions.

Gains
i. For fiber orientation heterogeneity, equations (2-6) are required for the specification of diffusion coefficients as function of space coordinate(s).

ii. Equation (2) satisfies equation (1) in a more comprehensive way where the signal without diffusion S, is no longer constant but a Bessel function with MRI
parameters.

iii. Parameter Sy is no longer the signal intensity without diffusion weighting but identifies the measurement's sensitivity to diffusion and can be used to
determine the strength and duration of the diffusion gradients.

iv. The MR signal is based on the analytical solution of Bloch NMR flow equation using Bessel functions which is quite easy to build into computer programs.

v. Using a computer program to extract T and T, relaxation parameters from MRI clinical examinations by any MRI sequence method, the sensitivity of the
MRI system can be explicitly controlled by the order n and u,. This will greatly change the current practice of diffusion MRI and reduce the number of trial
medical examinations thereby minimizing cost.

vi. The Bessel functions can be used for computational diffusion MRI which may be adapted for a particular medical need when sophisticated imaging facilities
are unavailable.

vii. Diagnosis/treatment monitoring could be done without the risk associated with health deterioration due to constant administration of therapeutic drugs.
viii. The computer program is able to show impressive contrasts between normal brain tissues and brain tumors.
Losses

i. The program could not show great contrast between different types of brain tumors. Meanwhile, the current images provided may undergo some level of
filtering before improved contrasts could be obtained.
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Preliminary Data

Since the method employed in this study is not traditional, we have presented the images of normal brain tissues side by side with tumors. This method
demonstrated impressive tissues between two different normal tissues and between normal tissues and tumors. However, more filtering is required to bring out
more contrast between different types of brain tumors.
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Figures

n|exp(-n) | Goom (rad) | apor (degrees)

0 | 0 0
.50 0.606531 | 0.919107 52.660932
100 | 0367879 1194068 68415104
2000 0135335 | 1435044 82221992
3.00 | 0.049787 | 1.520989 R7.146231
400 D.O18316 1.55248 R8.950533
450 [ 0.011109 |  1.559687 89363488
300 0.00673 1.564058 R9.61394]
3.50°) 0.004087 1.56671 9765843
6.00| 0002479 | L56E3 18 R9.857978

Table 1: The first ten values of n in relation to the relaxation angle.

Tissues in the Bram Tyfs) | Ta(s) Dy = ADC (ym°/ms)
Normal Gray matter 0920 [ 0.101 0.75:0.03

Normal White Matter 0.787 | 0082 0.705=0.014
Typical Meningeoma 0.97910.103 117=0.21

WHO grade [I1, Anaplastic Oligodendroglioma | 0.957 | 0.111  1.222=0.093

WHO grade [11. Anaplastic Astrocytoma LI09 [ 0.141 L243:0.153
Malignant L ymphoma 1073 | 0121 0.7250.192

Table 2: Apparent diffusion coefficients and relaxation times of brain tissues measured at 1.5T [4,5].

Figure 1: MR signal profiles for (a) Normal gray matter (b) Anaplastic oligodendroglioma (WHO grade ).
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Equations (Note: Q represents a weighting parameter)
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