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Abstract. The functionality of current neuroimaging using the MRI machine
needs to be improved to diagnose more complex problems. A new
mathematical concept based on the solutions of the Bloch NMR for MRI
applications was adopted to resolve functionality problems- by the inclusion of
molecular interactions. The signal loss factor 'E' caused by fluctuating velocity
due to compartmental boundaries in the macromolecular sites was proposed
to be the vital factor required for clinical diagnosis of cognitive impairment.
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1 Introduction

Magnetic Resonance Imaging (MRI) is a preferred tool for clinical imaging
because of its advantages which includes: the absence of ionizing radiation
increased imaging flexibility, and better tissue contrast. The safety in the use
of MRI is commendable though it is still associated with patient claustro-
phobia, and the presence of metal implants [1, 2]. Aside the common applica-
tion of MRI in brain imaging, it measures the brain volume, especially medial
temporal lobe structures; it study the population of common brain disease e.g.
Alzheimer's disease [3,4] e.t.c. Recently, a group of scientist discovered the
possibility of diagnosing cognitive impairment using MRI via imaging se-
quence. Therefore, the multiplication of knowledge by scientists, engineers,
mathematicians and clinicians on the MRI is boundless.

The use of fundamental mathematical concepts based on the solutions of
Bloch NMR equation for MRI is definitely a novel idea [5,6,7,8,9,10] though
there are still unanswered questions on the extent of its applicability. The
Bloch NMR equations are basically about magnetizations of flowing spins

Proceedings IWBBIO 2014. Granada 7-9 April, 2014 810


mailto:uno_essang@yahoo.co.uk

under given radio-frequency excitations and are dependent on the flow veloci-
ty of spins for measuring blood flow rate — velocity and volume flow rates.
However, the non-inclusion of molecular markers which defines the patholo-
gy of macromolecular interactions in the original Bloch theorem restricts its
research coverage. Therefore the need of a modified Bloch NMR is para-
mount for future clinical investigations of biological systems.

In this paper, we shall include the mathematical molecular marker into the ab-
initio Bloch NMR equations and apply the results using different image and
pulse sequencing to the MRI -neuroimaging.

2 Methods

2.1 Resolution of the Bloch NMR/MRI for Biological Systems

The inclusion of the molecular dynamic to the Bloch NMR for adequate ap-
plication to clinical diagnosis shall be the focus in this section. The molecular
dynamics includes the macromolecular interaction which can be evidently
seen in the variation of relaxation times between tissues due to compartmental
boundaries and other molecular obstacles.

In order to account for the molecular dynamics of the Bloch approach in a
continuous wave nuclear magnetic resonance (CW NMR) flow equation, we
propose a generic Hamiltonian to incorporate both the Bloch NMR and Mo-
lecular dynamics

Hr = Hpiocn + Hyotecuiar
)
Hgiocn 1s represented by the flow magnetization equation derived by
Awojoyogbe et al.,[6,8-9]

a’M 1 1)\ oM 1 BiM
.2 y R y 2p 2 __¥YBi1Myp
Hpiocn = v oz TV (T1 + TZ) ax T (T1T2 +v°B )My T (2)
0E OE
Hyotecutar = a_xla_x] (3)

All parameters maintain its original interpretations. Along the i" site, the
elastic model for macromolecular interactions is predominant therefore,

1 th .
E=Y"V(x)+3IV, Sk — x;_1)?, Along j*" site the energy E coincide
with the energy levels worked out by Emetere [11] for NMR studies. V(x;) is
the potential across compartmental boundaries. This factor is important for
analyzing both microscopic and macroscopic imaging techniques.

E = l_m.(l)lMyTl (4)

Where w; = —yB; the Rabi frequency, p is the magnetic moment, M,, is the
applied transverse magnetization and T; is the spin —lattice relaxation time.
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Assume m . w1 M, T; > 1, equation (3) can be further spitted into equa-
tion(5&6). This method is usually done in the matrix form

O _ o M
ax, M w, Ty —> (5)

0E Vv (x;) 1

Fro X+ Bl s k(g — xi-4)? (6)
Therefore, the total Hamiltonian can be written as

0°M 1 1 oM v (x;) 1
— 1,2 y 2= -y NI Y —_
Hr=v dx? +v(T1 +T2 +u.a)1T1) ax + 2 ax +(T1T2 +
]/2312) My __YB1M,
1
(7

We assume Zﬁ\':z%k(xi —x;_1)? =0 for the gray-white matter of the brain.
Applying the Schrodinger i.e. Hy = Ei, equation [7] transforms into
2 O (L4 X NN [
My St [0 (5 -+ o Ty ) My + B VO S+ (5 +

yZBlz)My—E—%]lp =0

®)

1 had been calculated by Emetere [11] for NMR studies. It is summarized as
Y = Aexp(iwt). In order to analyze the time-independent domain, we place
t= %, where x is the circumference of the base sector of the cone, r is the
radial component. Therefore,

Y = Aexp(ixr) ©)
Substituting equation (9) into equation (8) yields two sets of governing equa-
tions

1 B M,

v2r2M,, + (ﬁszlz) My, —E -2 =g (10)
1,1
v(T—1+T—2+,u.w1T1) My, + YNV (x;) =0 (11)
The governing equations yields the following solutions

_ ETyTo+YBiM,T, (12)

Y T v2r2TyT,+1+y2B 2T Ty)

Ty Ty B VCxo)

Y (T, T 2T (13)

Where T =T, + T,. If v?2r®T T, < 1 and ET,T, < 1, the equation (12)
yields,
_ YBiTM,
Y T 14y2B,%TiT, (14)
Equation (14) is the exact solution of the CW NMR and is expressed in the

laboratory frame as
—sin(wt)yB; T, M,

M, =— 1
x0 1+y2B Ty T, (15)
cos (wt)yB, T, M,
M,, = ( )V21 2Mo (16)
y 1+y2B, Ty T,

Proceedings IWBBIO 2014. Granada 7-9 April, 2014 812



This result had been reported by numerous researchers [5], [10] i.e. showing
the validity of our approach. Also, if u. w,T;%T, > 7, equation (13) yields a
new exact solution of the CW NMR i.e.
PHAED)
y = nw,T1v (17)
The exact solution of CW NMR in a laboratory frame can also be written as
—sin(wt) 2N v(x;)

My, = o Tyv (18)
__ cos(wt) Z’iv V(x;)
Myo e — (19)

Therefore, the flow velocity of the spin can be calculated in its raw form as
v = (1+YZB12T1T2)Z{'VV(9CL') (20)
H.w1YB1MoT T,

ify2B,*TyT, > 1,
Ny
— YBy X V(x;) (21)
n.wiM,
Therefore the flow velocity of the spin in the laboratory frame can be written
as

v

—sin (wt)yBy XN v (x;)

VUxo = LM, (22)
__ cos (wt)yB SNV
Vyo = ﬂ-wlllvlol (23)

3. Results

In practical application for tissue, the T; is in the range of 3 to 80ms [12-13],
the selective and nonselective pulse is in the range 40MHz to 200MHz [14], E
in equation (12) is the energy required to optimize signal-to-noise ratios to
enhance better final images [15]. The field strength required is within the
range 1.5T to 4.0T [16] though voxels of grayish-white matter are usually of
lesser field strength say 1.5T to 2.0T.

In order to compute the sections of the brain, we assume four sections with its
peculiar compartmental boundaries as shown in the figure (1) below i.e. skull,
blood, water and grayish-white matter. We proposed varying potentials V(x)
for the four sections with respect to their physical properties i.e. solid, liquid
and aqueous. Blood and water are liquids with different viscosity; their values
were proposed as shown in equation (22). From the trend of the general flow
parameters, it is scientific to assume that the potential across liquid takes the
partial quadratic form as shown below. The potential across the skull was
assumed to be unity though experimentally, it varies in individual because of
bone density. The gray-white tissues (which includes cortical grey matter,
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subcortical white matter e.t.c.) of the brain were assumed to possess an expo-
nential potential due to its macromolecular interactions.
( Xg X

Xp:x% +x
V(X)={ X
te

xZ
xo X
kxg: exp (xr)

W16

(22)

In this model, V(x;) is the theoretical slice selection technique that defines the

arterial spin

labeling timing, arterial transit delay and the apparent decay time of the sig-
nal. Depending on the part of the body, V(x;) could be modeled using poly-
nomial expansion schemes e.g Boubaker, Chebyshev, Legendre, Bessel e.t.c.
In this study, we adopted equation (22) to magnify the abnormal signals asso-
ciated to diverse process errors during neuroimaging.

Fig. 1. Neuroimaging of the brain (Retrieved on 2/11/13,
http://health.shorehealth.org/imagepages/19224.htm)
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The spin velocity for different neurological examination is shown in the figure
(2) below. The doted green line signifies an abnormal Headache in patients,
the dotted black line signifies an abnormal neurological examination and the
red dotted line signifies the existence of neurological symptoms. The spin
velocity at each case is affected by the abnormal expansion of the blood ves-
sels in the brain i.e. endothelium. Therefore, a sudden increase in measured
speed signifies the presence of neurological symptoms.
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Fig. 2. signaling interpretation of Experimental Data
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Fig. 3. signaling in a Myo laboratory frame
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The effects of the nominal tip angle of various rf excitations on the spin flow
was investigated (using g,g,% )as shown in figure (3-5). At this point the

transverse magnetization is believed to be constant.

The first rf excitation occurs when the nominal tip angle is 7t /3. This idea is
quite different from the sequence suggested in ref (21). The positive (figure 4)
and negative (figure 5) velocity in a laboratory frame was also investigated.
While the negative spin velocity follows the normal rf pulse pattern, the posi-
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tive spin velocity opens up the reality of signal loss in the Bloch flow systems
e.g. stenotic flow [22].

Fig. 4. signalling in a Mxo laboratory frame
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Fig. 5. signalling in a recoiled Mxo laboratory
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One of the objectives of this paper is to resolve the signal loss which is major-
ly caused by fluctuating velocity. As can be seen in figure (6), when the spin
velocity flows across the x-axis of the brain, its transmission through the
compartmental boundaries of the gray-white matter of the brain experiences
an internal deviation which increase the size of the spin packet from yB;M,, to
(E +yB1M,). This event produces blurred images which are corrected by the
use of digital signal processors. In reality, the additional factor 'E' ought not to
be screened away but harvested in order to measure more complex problem
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like cognitive impairment. For example, we propose that the farther deviated a
scattered signal from its originating packet (or higher value of 'E'), the greater
the cognitive impairment.

Fig. 6. signaling abnormities in neuroimaging
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4 Conclusions

The additive functionality to the Bloch NMR flow equations has been im-
proved upon - the possibilities in the MRI-neuroimaging to detect with accu-
racy more complex problems in neurological examination. The signal loss due
to fluctuating velocity as it transmits through compartmental molecular
boundaries is also essential for higher diagnostic selection to determine the
degree of cognitive impairment in patient. The introduction of the potential
across segregated states of matter within the living tissue is a leeway for in-
troducing higher mathematical techniques into the solutions of Bloch NMR
equation for MRI applications.
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