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Abstract. Magnetic Resonance Imaging (MRI) techniques have been used to determine the
spin-lattice, Tj, and the spin-spin, 75, relaxation times in three phantoms with compositions
simulating the 7} and 7, values of human tissues. Some methods of analysis were used in order to
obtain the relaxation time maps. It has been shown that reliable results can be also obtained by using
approximating methods of interest for clinical applications.
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1. INTRODUCTION

Magnetic resonance imaging (MRI) methods are now frequently used for the
analysis of the diseased tissue. The methods are based on the fact that the spin-
lattice, 7}, and the spin-spin, 7, relaxation times are different as compared to that
of the normal tissue [1,2]. The signal-to-noise ratio and the image resolution in
MRI experiments are determined by the 7; and 7, relaxation times [3]. Clinically,
the MRI methods based on relaxation times are rarely used due to the very long
acquisition time required to obtain accurate 7} and 7, maps of the tissue.
Consequently, there are only a few studies performed particularly using the
magnetic resonance spectroscopy technique in order to obtain the relaxation times
in the human brain [4-9]. For example, we mention the theoretical analysis of
methods for the quantification of the 7, and 7, values [3,10] and several MRI
studies performed on animals [2,11-13]. Generally, these studies were performed
using magnetic field strengths ranging from 4 to 11.7 T.

The above mentioned methods are of great importance in evidencing the
diseased tissues and consequently are now rapidly developing. In this context, in
the present paper, we analyse several MRI methods for mapping the relaxation
times 7 and T, for possible clinical applications in analyzing the diseased tissues.
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Three phantoms were evaluated and selected in order to cover the 7; and T, values
characteristic for different regions of the central nervous system.

2. METHODS

The MRI images of three phantoms were acquired using a 1T MRI system
(Signa LX&MR/i8.3, GE Milwaukee, WI, USA) and a single loop 3-inch surface
coil for ocular imaging. The phantoms were selected so that they contain solutions
with different 7} and T, values, in the range of those characteristic for the human
central nervous system. A cross section image is given in Fig.l and their
compositions is listed in the figure caption.

Fig.1 — The phantoms used for obtaining 7} and 7, maps. The phantoms are: PH1
(13 mM Gd in 0.9 % physiological saline); PH2 (26 mM Gd in 0.9 % physiological
saline) and PH3 (0.9 % physiological saline). In all cases their volumes are 6 ml.

MRI images of the three phantoms were acquired using two pulse sequences.
These images were processed to build 7} and 7, maps using different procedures,
including an exact one (based on the fitting procedure) and two approximating the
results of the above. The imaging parameters used for simulating human tissues are
presented in Tablel.

Table 1
Pulse sequences and imaging parameters used for MRI image acquisition
Pulse sequence TR/ Te/Ti* Matrix Voxel volume Acquisition
time
ms/ms/ms pixels x pixels pm X pm X pjm min
fast spin echo 3000/10/- 256 x 128 78 x 78 x 2000 0.42
3000/20/- 256 x 128 78 x 78 x 2000 0.42
3000/40/- 256 x 128 78 x 78 x 2000 0.42
3000/70/- 256 x 128 78 x 78 x 2000 0.42
3000/100/- 256 x 128 78 x 78 x 2000 0.42
3000/13.5/- 256 x 128 78 x 78 x 2000 0.42
500/13.5/- 256 x 128 78 x 78 x 2000 0.42
inversion 7000/11.1/50 256 x 128 78 x 78 x 2000 3.51
recovery spin 7000/11.1/700 256 x 128 78 x 78 x 2000 3.51
echo 7000/11.1/1000 256 x 128 78 x 78 x 2000 3.51
7000/11.1/2000 256 x 128 78 x 78 x 2000 3.51
7000/11.1/4000 256 x 128 78 x 78 x 2000 3.51

* Tr = the repetition time; Tg = the echo time; 77 = the inversion time
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The images obtained were used to construct the 77 and 7, maps using the
inversion recovery and the fast spin echo pulse sequences, respectively. The
inversion time, 7;, values during the image acquisition with the inversion recovery
pulse sequence and the echo time, T%, using the fast spin echo pulse sequence are
given in Table 1. The analysed regions correspond to 256 x 128 pixels.

In order to obtain the exact solutions for constructing 7} and 7, maps, the
signal intensity, SI, for each pixel were fitted with the relations [3,10,14,15]:

SI=SI,(1-2exp(-T, /T}), (1)
SI= ST, (exp(~T; /) - 2)

SI, represents the intensity of the MRI signal corresponding to the proton system in
the water pool at equilibrium.

The fitting procedure, in order to obtain 7} and 7, maps, was about 1h.

A proton density (PD), a T; weighted, T1w, and a T, weighted, T2w, fast spin
echo pulse sequence were used to acquire in each case two sets of MRI images.
The corresponding values for obtaining 77 maps were Txr/Tg: 3 000/10 ms and
500/13.5 ms and for 75 maps, Tx/Tz = 3 000/13.5 ms and 3 000/100 ms,
respectively. The above sets of images were also processed to extract the 7} and 75
maps starting from relations which describe in an approximated way their
evolution [14,15]:

T
I = . , 3)
n [ - SI(le)j
SI(PD)
T
L= 4)
n [ SI(T2W)J
SI(PD)

As a result of the above simplified relations, the image processing time was
rather short, of few seconds.

The third method for T, estimation requires acquisition of two MRI images
using the fast spin echo pulse sequence with two Ty values, namely 7%; = 10 ms
and Tk, = 100 ms. In this case the spin-spin relaxation times were obtained using
the relation [15]:

T, -T,
T, = E2 El (5)
ST,
In—
SI,

By SI; and SI, we denoted the intensity of the MRI signal corresponding to 7¢; and
Tx, values.
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As above, the image processing involved only a few seconds.

The MRI images were read using the software MRIcro and processed using
Matlab. In this program, the dicom MRI images, zero filled, were transformed in
256 x 256 matrices and each pixel for various slices was processed in order to
obtain 7 and 7, maps, as above described. The matrices were then saved in dicom
format and the mean T; and T, values, as well as their standard deviations, were
measured using the software MIPAV. Finally, the obtained data were analysed in
order to evaluate the accuracy of the different methods.

3. RESULTS

The T, map for one slice along with the five images used for the fitting
procedure are given in Fig. 2. The minimum 7 value was 64 ms (for the 26 mM Gd
phantom) and the maximum 7; was 2013 ms for the physiological saline phantom.

4000
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Fig. 2 — MRI images of the three phantoms acquired using the inversion recovery spin echo pulse
sequence for 77 values: a) 50 ms; b) 700 ms; ¢) 1 000 ms; d) 2 000 ms; ¢) 4 000 ms; f) 7} map resulted
after the fitting procedure.
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The proton density MRI (a) and the T1w MRI (b) images obtained using the
fast spin echo pulse sequence as well as the corresponding 7} map is shown in
Fig. 3. The minimum 7; value obtained using this procedure was 69 ms for the
phantom containing a 26 mM Gd concentration in physiological saline and the
maximum relaxation time, 2 122 ms, was obtained for the phantom containing the
0.9 % physiological saline.

Fig. 3 — The proton density MRI (a) and the T1w MRI images (b) acquired using the fast spin echo
pulse sequence as well as the corresponding 77 map (c).

b

Fig. 4 — MRI images of the three phantoms acquired using the fast spin echo pulse sequence
corresponding to 7 values of 10 ms (a), 20 ms (b) and 40 ms (c) and the 7, map (d) resulted
after the fitting procedure.
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The T, map for one slice, along with the three of the five images used for the
fitting procedure are given in Fig. 4. The minimum and maximum 7, values were
72 ms for the phantom containing 26 mM Gd and 2 008 ms for the 0.9 %
physiological saline phantom, respectively.

The 7> maps of the phantoms imaged using the fast spin echo pulse sequence,
obtained using equations (4) and (5) are given in Fig. 5 along with the T2w and the
proton density images.

a

Fig. 5 — The proton density MRI image (a), the T2w MRI image (b) acquired using the fast spin echo
pulse sequence and the corresponding 7, map (c) obtained using relation (4). The MRI images
acquired using the fast spin echo pulse sequence for 7gs of 10 ms (d) and 100 ms (e) and (f) the 75
map obtained using equation (5).

The T, and T, values in the region of three phantoms were compared using
the test. Mean values and standard deviations are given in Figs. 6 and 7. The
differences of the mean values measured using different methods was assessed by
calculating the probabilities, p. The T; values for phantom PH1 are not statistically
different, they become somewhat different for phantom PH2 (*) and significantly
different for phantom PH3 (***) — Fig.6. The mean T, values, in agreement with
selected composition, calculated using the three methods are different for each
phantom as seen in Fig. 7.
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Fig. 6 — Mean 7 values and the standard deviations for the three phantoms obtained using
the inversion recovery and the fast spin echo pulse sequences.
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Fig. 7 — Mean T, values and the standard deviations in the region of three phantoms obtained using
the fast spin echo pulse sequence, a fitting procedure and two image analysis, respectively.
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4. DISCUSSION

Two methods, which give exact and approximate, respectively solutions, for
the quantitative assessment of 7} maps were studied. In the first method, the T
values were obtained by fitting the signal intensities of each pixel in five images
acquired using the inversion recovery spin echo pulse sequence. The above T}
values were compared to the corresponding ones obtained by acquiring a proton
density and a 7; weighted MRI image. The mean spin-lattice relaxation time
determined by the above methods in the case of the first phantom are little different
but they become somewhat different for the second and the third phantoms. The
first method fits the data nonlinearly, while the second method approximates the
signal intensity equations of the images. Although the exact method is assumed to
give better results, the time consuming is rather long and consequently in clinical
analyses the second method should be preferred. It is to be noted that the 7 values
estimated for the three phantoms cover the characteristic values of the central
nervous system tissues.

Three other methods were used for the quantitative assessment of the spin-
spin relaxation time. The first method estimates the 7, values by fitting the signal
intensities of each pixel in five MRI images acquired using the fast spin echo pulse
sequence. The T, values were then compared to those obtained by acquiring a
proton density and a 7, weighted MRI image. The T, values for each pixel were
also estimated using two images acquired using the fast spin echo pulse sequence
with two different 7% values. Nonlinear fitting procedure, as in case of spin-lattice
relaxation time, 7} is time consuming, while the second method makes
approximations on the signal intensity analyses. The 7, values estimated using
these three methods were not significantly different in the case of the phantom 2
(method 1 compared against method 2) and for phantom 3 (method 2 compared
with method 3). As in case of spin-lattice relaxation time, the 7, values
(70 = T»< 3782 ms) cover those of the tissues in the central nervous system and,
they have, therefore, clinical potential applications.

As a conclusion, methods of analyses of relaxation times using MRI
techniques with potential clinical applications were suggested. The analyses based
on approximate solutions require rather short time of processing the data and give
results close to those obtained using an exact method of analysis.
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