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ARTICLE INFO Abstract

Nuclear magnetic resonance (NMR) is a physical phenomenon used to investigate the
characteristics of atomic nuclei. It is the absorption and emission of energy by nuclei in a
magnetic field, which can offer extensive information on the structure, dynamics, reaction
state, and chemical environment of molecules. Magnetic Resonance Imaging (MRI) is the
safest imaging method. It gives a visual representation of human tissue without surgical
intervention for clinical diagnosis. In this research, Fast Spin Echo (SE), Multi-Slice Spin
Nuclear Magnetic Resonance, ECho (MSSE), and Fluid Attenuated Inversion Recovery (FLAIR) sequences were used.
Fluid Attenuated  Inversion 1 he case under study is placed in an i-open permanent MRI system type in order to image a
Recovery, Fast Spin Echo, fluid Prain lesion. The obtained signals are encoded to fill k-space through the three stages, i.e.,
slice selection, phase encoding and frequency. The MRI-processed brain image is
reconstructed by inverse Fourier transform in order to find the location of the cyst, and T1
weighted, T2 weighted, and FLAIR tests were performed to obtain three types of images.
The images were compared with normal images in each type of applied sequence.
Subsequently, the fluid signal was specifically attenuated in the targeted location to help
distinguish between a tumor and fluid in the transverse relaxation time-weighted image.
The signal was attenuated in the designated location, turned black, and appeared the color

of free water, like cerebrospinal fluid, indicating that it was a fluid rather than a tumor.
Consequently, a cyst fluid lesion is detected. Our study establishes a foundation for
utilizing free fluid signal attenuation to differentiate between cyst fluid and tumors when
other sequences fail to do the same..

Felix Bloch and American physicist Edward Purcell, who
independently investigated the magnetic properties of
nuclei in solids and liquids. Their groundbreaking work
earned them the Nobel Prize in Physics in 1952 [5, 6]. A
pivotal moment in medical imaging occurred in 1960, when
Raymond  Damadian  discovered  distinct NMR
characteristics between normal and cancerous tissues.
Utilizing the newly developed NMR spectrometer, he
observed that differences in relaxation times between these
tissues were significant [7]. This revolutionary finding put
the foundation for the development of Magnetic Resonance
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1. Introduction

In the 1930s, the term Nuclear Magnetic Resonance (NMR)
was coined by physicist Isidor Rabi, who won the Nobel
Prize in 1944 [1, 2]. NMR is a spectroscopic technique that
exploits the magnetic properties of atomic nuclei. It
involves the study of the interaction between nuclear spins
and an applied magnetic field. Protons within a nucleus
possess unique spin and charge distributions, which endow
them with magnetic characteristics. When subjected to a
strong external magnetic field, these nuclei absorb specific

frequencies of electromagnetic energy, a phenomenon
known as resonance. This energy absorption is
characteristic of the nucleus and its molecular environment,
providing valuable insights into molecular structure and
composition [3, 4]. The foundational principles of NMR
were established in 1946 by Swiss-American physicist

Imaging (MRI) as a diagnostic tool. The technique was
developed in 1973 by American chemist Lauterbur and
British physicist Mansfield; they were awarded the 2003
Nobel Prize in Medicine and Physiology [8]. In a
significant improvement, Paul Lauterbur proposed a
method to create two-dimensional anatomical images by
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mapping the interior of the body using gradients in the
magnetic field acting as a secondary magnetic field [9].
Regarding Mansfield, he investigated nuclear magnetic
resonance diffraction in solid materials and then scanned
and obtained higher-resolution images using mathematical
techniques [10]. When magnetic resonance systems were
first commercialized in the early 1980s [11], the term
"nuclear magnetic resonance™" was dropped due to public
associations with nuclear weapons. To emphasize the
imaging capabilities of the technology and distance it from
these negative connotations, the name was changed to
"Magnetic Resonance Imaging” (MRI) [1]. MRI is a
modern, reliable, and safe imaging technique. Unlike CT
scans and X-rays, which employ ionizing radiation, MRI
utilizes radio waves and magnetic fields to produce detailed
images of the body's internal structures. MRI has replaced
numerous invasive and ionizing radiation-based diagnostic
methods, significantly reducing patient risk. MRI is based
on the interaction of hydrogen's magnetic properties with a
large external magnetic field and radio waves, resulting in
extremely detailed images of the internal human body [12—
14].

The human body contains approximately 70%
water. The water molecule is made up of an oxygen atom
and two hydrogen atoms, and this makes it an abundant
source of hydrogen nuclei [15]. The hydrogen nucleus (H?)
has magnetic properties; each hydrogen nucleus acts as a
tiny magnet [16], and this is what makes it affected when
placed in a strong magnetic field and exposed to radio
waves [17]. Hydrogen nuclei possess magnetic moments
due to their intrinsic spin property. Nevertheless, its net
magnetization in the human body equals zero because their
spin orientations are randomly arranged. If the human body
is placed in a strong external field, the hydrogen nuclei's
magnetic moments align with the external field parallel (a
little bit more) and anti-parallel to the external field. This
creates a net magnetization parallel to the external field,
which is called a longitudinal magnetization, which is
responsible for acquiring the images of the tissues of the
human body [18, 19]. MRI systems comprise several key
components:  powerful  magnets, gradient coils,
radiofrequency (RF) coils, a sophisticated computer
system, and a patient table [20].

The T1 and T2 relaxation times and the
concentration of hydrogen protons in the fluid flow
determine the signal intensity and brightness of pixels. The
tissues under examination can be shown as high-resolution
sectional pictures with significant contrast between
damaged and healthy tissue [21]. MRI's diagnostic
precision depends on the imaging sequence parameters that
are chosen to improve image quality. Many sequences, such
as spin echo, multiple slice spine echo, and FLAIR, can be
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employed to raise the caliber of clinical information that
can be deduced from an MR image [22]. MRI images
reflect anatomical location, morphological features, and
characterize pathological tissues [23-25]. Recently the
fluid attenuation inversion recovery (FLAIR) sequence,
which was designed to null signals from the cerebrospinal
fluid (CSF), For fat and cerebrospinal fluid (CSF), there are
differences in the signal intensity relative to the inversion
time (TI) [26-33] . As a result, lesions' intensities varied
qualitatively according to the type of the sequence [34].
This study aims to detect brain fluid cysts using MRI with a
FLAIR sequence. Moreover, the research seeks to establish
the most effective MRI sequence for diagnosing a
particular brain disorder.

Bhargav et al. [31] studied the utility of contrast-
enhanced fluid-attenuated inversion recovery (FLAIR) in
MRI and Compared results with contrast-enhanced T1-
weighted image in different intracranial lesions. They used
Fouty-nine patients with known intracranial lesions that
underwent a gadolinium agent. Their results were that
FLAIR images are useful in intra-axial lesions and not
useful in extra-axial lesions. Sahu et al. [22] searched on
the comparison between spin echo T2-weighted and fluid-
attenuated inversion recovery for characterizing brain
pathology. They used 0.2 Tesla open-resistive MRI on
twenty cases of different brain pathologies. They found the
FLAIR sequence is more beneficial than the T2 sequence.
Le et al. [34] searched about the mismatch between T2 and
fluid-attenuated inversion recovery in tumefactive multiple
sclerosis. They tested one case of a 46-year-old male with
tumefactive multiple sclerosis. They found the T2-FLAIR
mismatch sign wasn't a differential feature between glioma
and tumefactive demyelination. Aprile et al. [35] studied
intracranial lesions performed with conventional techniques
and FIAIR. They used forty-five cases of different cystic
intracranial lesions and applied T1-weighted, T2-weighted,
FLAIR, and PD-weighted sequences. They concluded that
the FLAIR sequence was better for imaging intracranial
lesions. Mohammed and Nasser [36] accurately detected
and diagnosed the glioblastoma multiform in the FLAIR
image for on a 70-year-old man. And the edge was
identified in Gd-T1l-weighted image and FLAIR. The
examination was performed with the aid of 0.5 T i-open
permanent MRI system.

2. Materials and methods:

The present study was carried out at the department of
radiology, Aden German International Hospital in the city
of Aden. The MRI unit was an open-type 0.5 Tesla
manufactured by China Resources Wandong Medical
Equipment Co. LTD (Figure 1). A description of
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components and composition of the MRI system is detailed
elsewhere [37]. The case of brain pathology in a 4-year-old
male child who weighs 40 Kg was studied using an open
permanent magnet with a magnet field strength of (0.5 +
5%) Tesla. The signal intensity and characteristics have
been compared in TIWI, T2WI, and FLAIR. During the
experiment, the patient studied using multi-slice spin echo,
spin echo, and FLAIR sequences in different planes
(sagittal, transversal and coronal). Then, the images were
studied.

T B — et ~

Figure 1: i-open permanent MRI system

Prior to MRI scanning, patients were carefully
screened to exclude any ferromagnetic objects or implanted
medical devices, such as pacemakers or cochlear implants
that could pose risks within the magnetic field. All MRI
safety protocols were strictly observed. The patient must
remain completely still so that there is no interference that
would affect the quality of the imaging. Since the studied
case is a child, he was anesthetized. The patient is inserted
into the middle of the magnetic field to ensure the
uniformity and homogeneity of the primary magnetic field,
using the laser identification located within the device.

First, the human body is placed in the primary
magnetic field. Next, we apply the RF pluses of a specific
sequence to flip longitudinal magnetization to the
transverse plane XY by using RF coils, and relaxation
occurs when RF pluses stop. Then, the RF coils measure
the signal resulting from transverse magnetization; this
allows to measure an analog complex echo signal that
induces an electrical current in the radio frequency coils
installed in the head. After that, the mathematical Fourier
transform is used to separate the analog complex signal
recorded by the radio frequency coils into its primary
frequencies and then encode them to fill k-space through
the slice selecting, phase & frequency encoding stages.
Finally, after filling the K space and processing the image,
we apply the inverse Fourier transform to reconstruct the
MRI brain images in order to find the location of the body.
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In the three tests, three types of images were
obtained using the general parameters: slice thickness of 6
mm, spacing between slices of 7.2 mm, flip angel of 90",
and pixel bandwidth of 108.5069 HZ.

2.1 First test

In this test, we will try to obtain a T1-weighted image to
evaluate the image using a multi-slice spin echo (MSSE)
sequence. The sequence included in the protocol was as
follows: repetition time (TR) 630 ms, echo time (TE) 16
ms, echo number 131, number of phase encoding steps
131, and echo train length 1.

2.2 Second test

This second test is to obtain a T2-weighted image to be
able to evaluate the image. The sequence included in the
protocol was as follows: repetition time (TR) 5610 ms,
echo time (TE) 138 ms, echo number 14, number of phase
encoding steps 149, and echo train length 11.

2.3 Third test

The third test FLAIR sequence is used when the previous
two tests fail to evaluate the images. As the fluid is
attenuated by calculating the inversion time — the time
during which the fluid signal is zeroed — we can know the
inversion time by knowing the longitudinal relaxation time
(T1) of the tissue whose signal is to be zeroed. The
sequence included in the protocol was as follows:
repetition time (TR) 9382 ms, echo time (TE) 115ms,
inversion time (TI) 2334 ms, echo number 18, number of
phase encoding steps 152, and echo train length 9.

3. Results and Discussions

Three distinct MRI sequences were employed to generate
images that precisely delineate the lesion's location and its
impact on surrounding tissues, as illustrated in the figures
below:

3.1 Multi Slice Spin Echo Sequence (MSSE)

In this sequence we obtain a T1- weighted image (T1WI)
by using a short TR = 630 ms and a short TE = 16 ms spin
echo sequence. Fluids in this sequence appear dark and the
fats appear bright, as shown in Figure 2.

3.2 Spin Echo sequence (SE):

This sequence produced a T2-weighted image (T2WI)
using a spin echo sequence with a long TR and long TE. In
this sequence, fluids and lesions appear bright because they
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have long TR = 5610 ms and long TE = 138 ms, while fats
and proteins appear dark because they have short TR and
short TE, as shown in Figure 3.

Figure 3: T2-weighted image of the brain on transverse plane (Test2)
3.3 Fluid Attenuation Inversion Recovery (FLAIR)

To distinguish the lesion from cyst fluid, a FLAIR
sequence was implemented. This fast spin-echo technique
employed a 180° pulse with extended TR of 9382 ms, TE
of 115 ms, and TI of 2334 ms to effectively suppress the
cyst fluid signal. The resulting image exhibited T2-like
characteristics but free fluids are dark, as depicted in Figure
4,

Figure 4: FLAIR-image of the brain on transverse plane (Test3).
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Subsequent to acquiring the aforementioned MRI
sequences, a comparative analysis was conducted between
the obtained images and corresponding normal reference
images for each sequence. In the normal image, fluids have
a long T1 (to recover their longitudinal magnetization). But
the T1-weighted image uses a short TR, so the fluids in the
image appear dark. As in cerebrospinal fluid (CSF). Signal
of fats and proteins: In the normal image, fats and proteins
have a short T1 to restore their longitudinal magnetization,
so although the TR is short in the T1WI-weighted image,
therefore the signal is still high and the fats and proteins
appear bright, as shown in Figure 5.

Figure 5: T1-weighted image of normal brain on transverse plane

Figure 6: T1-weighted image of abnormal brain, where the image
highlights the abnormal tissues (red circle)
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In the abnormal image, the fat signal and the water signal
appear as in the normal condition, except for the area
marked with a red circle (Figure 6). The water signal and
the fat signal appear as in the normal case, except for the
area marked with a red circle that appears dark in black and
gives the same water signal (the CSF signal).

In the normal image, fluids have a long T2 (when
their transverse magnetization is lost). They retain their
magnetism for a long time, and the recorded signal is
strong, so the fluids in the image appear bright. As in
cerebrospinal fluid (CSF). Signal of fats and proteins: In
the normal image, fats and proteins contain a short T2
when their transverse magnetization decays. Therefore,
they lose their magnetization quickly, and the recorded
signal is weak and appears dark in the image, as shown in
Figure 7.

Figure 7: T2-weighted image of Normal brain on transverse plane

In the abnormal image, the fat signal and the water signal
appear as in the normal case, except for the area marked
with a red circle (Figure 8). The water signal and the fat
signal appear as in the normal case, except for the area
marked with a red circle that appears bright and gives the
same water signal (the CSF signal).

In the normal image, when the FLAIR sequence is
used to suppress the fluid signal, by using fast spin echo-
inversion recovery (FSE-IR), the sequence will be under
the condition of keeping T2 contrast and restrain the signal
of free water. This is done by applying a 180-RF pulse to
flip the longitudinal magnetization (MZ) to the negative
pole (M-z), by recovering the magnetization during
relaxation, it will reach zero before becoming positive
again. At this point, when a 90-RF pulse is applied, it will
not create magnetization in the transverse plane of the free
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liquid. This in turn leads to the cancellation of the free fluid
signal as in cerebrospinal fluid (CSF). FLAIR image is
similar to the weighted image transverse relaxation (T2WI)
time in the spin echo sequence, except that the free fluid
appears black and the restricted fluid appears white, as
shown in Figure 9.

Figure 8: T2-weighted image of abnormal brain, where the image
highlights the abnormal tissues (red circle).

Figure 9: FLAIR-image of normal brain on transverse plane

A third test was used in order to differentiate whether the
brightness in the transverse relaxation time-weighted image
(T2WI) was a tumor or a fluid. Following signal
attenuation of free fluid, the lesion also exhibited signal
suppression, appearing dark on the image (Figure 10). This
dark signal intensity resembled that of cerebrospinal fluid,
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indicating a fluid-filled lesion rather than a tumor. The
effective attenuation of the free fluid signal was crucial in
distinguishing between a tumor and a cystic lesion. The
study findings confirmed the effectiveness of the FLAIR
sequence in detecting the intracranial lesions and are in
agreement with literature [22, 35]. On the other hand, in
our previous study, the lesion signal was not attenuated in
the FLAIR image, which made the abnormal brain tissue
appear bright, and the tumor was identified [36].

Figure 10: FLAIR-Image of abnormal brain, where the image
highlights the abnormal tissues (red circle)

Conclusion

This research utilized SE, MSSE, and FLAIR sequences
to image a brain lesion in an i-open MRI system. This
study demonstrated the effectiveness of FLAIR MRI in
accurately diagnosing a brain fluid cyst in a 4-year-old
male patient. Inverse Fourier transform was employed to
reconstruct the MRI-processed brain image for cyst
localization. T1-weighted, T2-weighted, and FLAIR
images were acquired and compared to corresponding
normal images for analysis. While T1-weighted and T2-
weighted imaging provided preliminary information,
they were insufficient for definitive characterization of
the lesion. In contrast, FLAIR imaging effectively
suppressed the signal from the cyst fluid, clearly
differentiating it from surrounding tissues. These
findings underscore the importance of FLAIR as a
valuable tool for the diagnosis of fluid cysts in patient’s
brain. Future studies could investigate the potential of
advanced MRI techniques, such as diffusion-weighted
imaging (DWI) in conjunction with FLAIR could
provide additional insights into the nature and
characteristics of intracranial fluid lesions.
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