JKYPHAJT ®I3UYHUX JOC/IIPKEHD
. 20, Ne 1/2 (2016) 1801(5 c.)

JOURNAL OF PHYSICAL STUDIES
v. 20, No. 1/2 (2016) 1801(5 p.)

MRI FOR DETERMINING RELATIONS BETWEEN THE SPIN DENSITY AND
RELAXATION TIMES FOR STABILITY OF FREE INDUCTION DECAY SIGNAL

A. V. Netreba, V. S. Gavrilyuk
Taras Shevchenko National University of Kyiv, Department of Radiophysics,
64, Volodymyrska St., Kyiv, UA-01033, Ukraine
e-mail: Vitabonbon@mail.ru
(Received by February 17, 2016; in final form May 16, 2016)

We have studied the dependence of stability of the free induction decay signal on the time of
the spin echo and the time of pulse sequence on real tomographic image. The reconstruction of
images using direct and inverse Fourier transform has been carried out. We estimated the changing
of characteristics of the restored images. The relations between the pulse sequence parameters time
of the spin-echo TE and time of the pulse sequence TR have been set. We used a confidence interval
for a full assessment of the accuracy of the calculation of the correlation coefficient compared to
point evaluation. The creation of optimal conditions for a tomographic experiment, where TE and
TR are set, signal stability provided, has been investigated.
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I. INTRODUCTION

A large number of instrumental methods of study are
used in medicine. Some of them are universal. It allows
to diagnose many different pathologies of human diseases
of different classification groups. This is the MRI ma-
chine. It allows you to visualize the tissue without us-
ing radiation exposure.The current stage of development
of medicine is characterized by the widespread introduc-
tion into clinical practice of more and more sophisticated
methods of diagnosis. They not only facilitate the visual-
ization of a pathological center but in some cases change
our understanding about a particular feature of the dif-
ferent deseases [1]. MRI makes different soft tissues of the
body contrast. This is especially useful for imaging the
brain, muscles, heart and cancer, compared with other
medical imaging techniques such as computed tomogra-
phy (CT) or radiography.

There are various ways to improve the information
content of MRI. Along with the reconstruction of the
spatial distribution of spin relaxation characteristics the
applied researches [2] for optimization of the reconstruc-
tion based on the diffusion weighting are widely conduct-
ed.

The intensity of the received signal depends on the pa-
rameters of tissues, including proton density p and 77,
T5 relaxation times, the parameters of TR and TE pulse
sequence. In terms of MRI, weighed and proton density
images p were introduced. Depending on which option
is weighed images contrast of tissues will be different.
Weighed combination is possible in a survey of patients
and may provide additional information [3]. The weighed
images by 71, T> and p have a great potential and clinical
significance for determining lesion and pathology in dis-
orders of the brain, liver, meniscus, cartilage and other
organs and tissues [4].

Previous studies in the reconstruction of magnetic res-

onance (MR) images were used to restore the individual
T1- or Tp- weighed images. Different images are not re-
ally independent. They are images of the same section,
and therefore are closely linked. Using the correlation
between the images gives a better reconstruction. A sig-
nificant improvement in the accuracy of restoration can
be achieved by considering the correlation between dif-
ferent T1- and Th-weighed objects [5].

Weighing by 77 makes the highest intensity for fat,
bone marrow and muscle tone of low intensity, water and
collagen tissue. The weight to T produces high-intensity
muscle tone, water and collagen tissue and fat low inten-
sity as the bone marrow. Images with time of the pulse
sequence TR and time of the spin-echo TE, which en-
hances T contrast, are called weighed images [6].

A lot of methods of processing of images are avail-
able and optimized for specific methods in diagnosing
diseases. These results show that 77, p and 7> may com-
plement each other with the information about molecu-
lar environment by contrast enhancement [7]. The types
of tissues have the same characteristics compared to the
brain. This is important because the characteristics of
the type of tissues, such as T7, and T3, relaxation and
proton density may vary depending on the individual
brain. Tissue classification of magnetic resonance images
(MRI) of the brain protects against the intensity of inho-
mogeneity artifacts. The artifacts may hinder the auto-
matic method for classification of tissues in MRI of the
brain. The experiments confirm that the new method
offers a useful improvement of tissue classification accu-
racy when the basic tissue characteristics vary across the
brain and the noise level of the images is reasonable [8].

Major contrasts in MRI are based on differences in the
density of water and oil, T7, and T5 from different tissues.
The strongest signal is achieved with a long TR and a
short TE [9]. Adding the contrast based on the differ-
ence in between T5 is achieved by measuring the image
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signal in MR-TE, approximately equal to the average 15
of the tissues of interest. The result is a weighed by T%
image. T1 and T» are combined rarely, because those ob-
jects remaining bright in 77 image, are usually dark in
T weighed images and vice versa. Thus, the combination
of these weighed images will result in an image where all
tissues are dark [10].

The reconstruction of the magnetic resonance images
weighed by relaxation times is based on the mathemat-
ical models of the dependence between experimentally
estimated free induction decay signals FIDS and proton
density distribution. The results described in [11] have a
special significance for the diagnostics of illnesses caused
by complex biochemical changes in tissues. Hence the
obtained mathematical dependencies allow pulse param-
eters optimization and minimization of background tis-
sue with maximal visualization of the region of interest
(ROI) on MR images [12].

Today, the most widely used NMR imaging has be-
come a tool of diagnosis, condition monitoring, process
planning treatment, in-vivo spectroscopy, angiography,
and others [13-15]. Most studies in this area in recent
years are connected to the problems of the application of
NMR imaging in medicine. The visualization problem is
in the interpretation of imaging data, obtaining the con-
nection between the parameters of the pulse sequence.

S(ty,t2) = A X (1 — exp (—

A differential equation has been found:

Knowing one parameter is required to define another.
The problem, which has been solved in this work, aims
at is creating optimal conditions for a tomographic ex-
periment, where TE and TR are set proceeding from
stability of signal of recession-free induction (FIDS).

II. THE RESULTS OF THE STUDY

The theory of stability developed by an outstanding
Russian scientist O. M. Lyapunov studies the problem
of the dependence of solutions of differential equations
on initial conditions on semiaxis [16]. Function decline
in free induction signal was investigated for stability:

S(tr,t2) = ;P(W)X (1 TP <%)>

TE

X exp (_m) x exp (i7(zGat1 + yGyta))

Consider the equation

> p(x,y)x exp(iv(zGats + yGyta) = A

z,Y

where A is constant. Then the expression takes the form:

ren) 0 (Ben)

Investigating the Lyapunov stability, we find equations (1) and (2):

dTE

A (7 X exp (*—Tffyﬁ)) X (eXp (f—nﬂ?m))

T Ti(zy)

dTR:AX(l_eXp( TR

—Tg(l‘, y)

) > (st < o ()

TQ(‘rv y)

T1(z,y) X (exp (%) — 1) - T (z,y) x (1 — €xXp (%))

(3)

Having integrated the obtained equation (2) by the TR function we obtain a dependence function of the spin-echo

TE on the time of the pulse sequence TR:

Tg(l‘, y)

TETR) = 7
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So, the solution of the FIDS function is stable through-
out the defined area (0, +00). For the signal to remain
stable with an increasing duration of the pulse sequence
the time of the spin echo must be reduced. Using tabulat-
ed values for tissue Ty and T, relaxation [9] and formula
(2) dependence (1) was obtained.

The reconstruction of tomograms by direct and in-
verse Fourier transform has been program-implemented
for white tissue 2 and gray tissue 3.

The changing of the characteristics of the restored im-
ages using correlation coefficient and represented as a
dependence of the coefficient on the ratio of time spin
echo pulse sequence to the time of (4) and (5). As shown
in the graph, the smaller the ratio of TE to TR, the
greater the correlation coefficient. The following formula
was used for finding the correlation:

255 255
> (@i =) x (yi; —7)
o i=0 =0
255 255 ., 255255 7
Yo @iy =) x>0 > (Vg —Y)
i=0j=0 i=0j=0

where k is the coefficient of correlation; x; ; is the bright-
ness of each pixel of the original images; y; ; is the bright-
ness of each pixel of the reconstructed image; T is the av-
erage brightness value of a pixel of the original image; 7 is
the average pixel brightness of the reconstructed image.
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Fig. 1. The dependence of time of the spin echo on the
time of the pulse sequence for white and grey tissues.

Fig. 2. Scan image of cerebrum on proton density-weighed (a), reconstructed images at TR = 900 ms and TE = 37 ms (b)
reconstructed image at TR = 1600 ms and TE = 15 ms (c) for white tissue.

b)

Fig. 3. Scan image of cerebrum on proton density-weighted (a), reconstructed images at TR = 900 ms and TE = 74 ms (b)
reconstructed image at TR = 1600 ms and TE = 40 ms (c) for grey tissue.
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N|TE/TR| k
1] 0.041 |0.787
2| 0.032 [0.790
3| 0.021 [0.793
4| 0.014 [0.796
5] 0.009 [0.799

Table 1. The values of coefficient of correlation and the
ratio of the time of the spin echo pulse sequence for white
tissue.

N|TE/TR| k

1] 0.082 |0.777
2| 0.068 [0.779
3| 0.047 |0.783
4| 0.034 |0.786
5| 0.025 |0.789

Table 2. The values of coefficient of correlation and the ra-
tio of the time of the spin echo pulse sequence for grey tissue.
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Fig. 4. The dependence of the correlation coefficient on
the ratio of the time of the spin echo pulse sequence for white
tissue.
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Fig. 5. The dependence of the correlation coefficient on
the ratio of the time of the spin echo pulse sequence for grey
tissue.
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The similarity of the reconstructed images was evaluated
using the correlation coefficient. The lower the ratio TE/TR,
the greater the correlation coefficient. For a complete under-
standing about the accuracy of the correlation coefficient and
reliability of assessment of random variation of calculating the
confidence interval for the correlation coefficient [17]:

Ll N ol
\/ﬁ I} critical \/ﬁ

teritical = (d; ) = 1.96 is the critical values of the Student;
a = 0.05 being the level of importance; d = n — 2 is the de-
gree of freedom; tcritical is the critical values of the Student;
n = 256 x 256 = 65536.

<k - tcritical X

N TE/TR| k |confidence interval
1] 0.168 |0.763 0.7598-0.7662
2| 0.082 |0.777 0.7739-0.7801
3| 0.047 ]0.783 0.7804-0.7859
4| 0.025 |0.789 0.7861-0.7919
5| 0.015 |0.804 0.8013-0.8067

Table 3. The values of the correlation coefficient, of the
confidence interval and the ratio of times of spin-echo and
pulse sequence for gray tissue.

N|TE/TR| k |confidence interval
1| 0.097 (0.768 0.7649-0.7711
2] 0.041 |0.787 0.7841-0.7899
3| 0.021 ]0.793 0.7902-0.7958
4| 0.009 ]0.799 0.7962-0.8018
5| 0.005 |0.806 0.8033-0.8087

Table 4. The values of correlation coefficient, of the confi-
dence interval and the ratio of times of spin-echo and pulse
sequence for white tissue.

A correlation coefficient is a coefficient that illustrates a
quantitative measure of some type of correlation and depen-
dence. The obtained values of the confidence interval show
that correlation coefficient is in the confidence interval +5%.
The top and bottom line of random errors have been estimat-
ed, which are in confidence probability of 95%.

III. CONCLUSIONS

The dependence of the time of spin echo on the time of
the pulse sequence TR time under the conditions of stabil-
ity FIDS has been received in formula (4). The function is
not stable only at zero point. The obtained dependence al-
lows to determine the time of spin-echo if the time of pulse
sequence is known. The intensity of obtained signal depends
on the parameters of tissues, in particular proton density,
relaxation times 77 and 7> and on parameters TR and TE
of pulse sequence. Depending on chosen parameters TR and
TE the image may be weighed by T3, T» or proton density
p. Such an image contains the additional information. The
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pathology and correct diagnosis may be determined with the
help of this method. The reconstruction for different param-
eters of times of pulse sequence have been carried out. The
changing of the characteristics of the restored images with
the help of correlation coefficient for tomograms, which in-
creases with decreasing ratio TE / TR, has been estimated.
The changing of ratio TE/TR from 0.041 to 0.009 leads to
the changing of correlation coefficient from 0.787 to 0.799 for
white tissue. For gray tissue the changing of ratio TE/TR
from 0.082 to 0.025 leads to the changing of correlation coef-
ficient from 0.777 to 0.789. It has been found that the most
optimal value of the ratio TE/TR equals to 0.02 for white
matter and 0.05 for gray matter. These values correspond to
the middle of the curve. With these values the condition of
stability of the free induction signal recession is fulfilled. The

confidence interval has been estimated for a full assessment of
the correlation coefficient competing to point estimate. The
results showed that at the most optimum value of the ratio
TE / TR = 0.047 and if £k = 0.783, the confidence inter-
val is in the range of 0.780 to 0.786 with the probability of
95% for gray fabric. For the most optimal value of the ratio
TE / TR = 0.021 and if k = 0.793, the confidence interval is
in the range of 0.790 to 0.796 with the probability of 95% for
white fabric. If the confidence intervals overlap for neighbor-
ing points, the step between adjacent points should be larger.
Thus, a new method has been developed for the study of the
optimal conditions for a tomographic experiment where TE
and TR are set for stability conditions alarm. A change of one
parameter does not significantly affect the reconstruction of
tomograms, which is confirmed by the obtained results.
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MATHITHO-PE3OHAHCHA BI3VAJII3AIIIS AJId BUSHAYEHHS 3B’S3KIB
MI2K CIIIHOBOIO I'VCTHMHOIO TA PEJIAKCAIIIMTHUMU YACOBUMU
XAPAKTEPUCTUKAMMU 3A YMOB CTIMKOCTI CUTHAJIY CIIAJY
BILJIbHOI IHAVKIIIT

B. C. TI'asputiok, A. B. Herpeba
Kuiscoruti nayionasvruts yrwisepcumem iment Tapaca Illesuenka,
Paxysomem padioizuru, eAeKMPOHIKU Ma KoM 10meprux cucmem, eya. Borodumupcora, 64, 01033, Kuis

Hocunizzkeno crifikicrs curnany cnagy siiszol inayknil (CCBI) 3asexxso Bij 9acy criHOBOro BiUIyHHS 1 9acy

IMITYJIBCHOT TIOCJIIJIOBHOCTI JIjIsl PeaJIbHOrO ToMorpadidHoro 306pakentsi. Peasli3oBaHO pEKOHCTPYKILiO 300parKeHb

3a JIOTIOMOTOI0 IPSMOro i obepHeHoro meperBopenns Pyp’e Ta OIiHEHO 3MiHY XapaKTEPUCTUK BiTHOBJIEHUX 300pa-

2KeHb. BcraHoBIIeHO 3B’SI3KH MiXK 3HAYUEHHSIMHE YaCOBUX ITapaMeTpPiB iMITyJIbCHOI ITOC/IOBHOCTI — Yacy CIiHOBOIO

BignynHa TE Ta wacy immysnecaol nocaigosrocti TR. Busnadeno n1osipdiil iHTepBaJI /1151 IIOBHOI OIIHKHM TOYHOCTI

pO3paxyHKy KoedillieHTa KOpeJsiiiil Bi/IHOBJIEHUX PO3IOILIIB IIOPIBHSHO 3 TOYKOBOIO OIIIHKOI. 3a 3a/IaHUX 3HaYeHb

qacosux napamerpiB TE ta TR mocaizzkeHo onTuMa bHi yMOBU MPOBEAECHHS TOMOTPaMdiIHOrO €KCIIEPUMEHTY, sIKi

3a0e311ev1yoTh CTIKICTh BUMIPIOBAHOIO CHUI'HAJY.
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