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(57) Abstract: A first off resonance radio frequency (RF) pulse and a second off resonance RF pulse having a phase ditference of
180 degrees from the first off resonance RF pulse are applied, one or more auxiliary gradient magnetic fields for offsetting inhomo -
geneity of a main magnetic field generated by applying the first and second oft resonance RF pulses are applied, and magnitudes and
signs of the auxiliary gradient magnetic fields are appropriately adjusted. Therefore, artifacts generated due to inhomogeneity of a
main magnetic tield in an imaging method using an off resonance RF pulse may be removed. When this method is applied to an ima-
ging method using a spatial pre-saturation RF pulse, the phenomenon in which spins excited by the pre-saturation RF pulse are ex -
cited again by the off resonance RF pulse to return signals, such that undesired signals overlap and appear in an ultimately-obtained
signal, may be removed.
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Description
Title of Invention: MAGNETIC RESONANCE IMAGING
METHOD CANCELING ARTIFACTS AND UNDESIRED

SIGNALS
Technical Field

The present invention relates to an imaging method implemented in a magnetic
resonance imaging (MRI) system, and more particularly, to an imaging method that is
capable of canceling artifacts generated by being sensitive to the inhomogeneity of a
main magnetic field and is capable of canceling undesired signals generated by an off
resonance RF pulse in the case of simultaneously using the off resonance RF pulse and
a spatial pre-saturation RF pulse in fat saturation (suppression), magnetization transfer,
and chemical exchange saturation transfer methods using the off resonance radio
frequency (RF) pulse in an MRI system.

Background Art

There are various types of image diagnosis devices such as an X-ray device, a
computed tomography (CT) device, an ultrasonic device, an RI image device, an MRI
device, and the like. Among them, the MRI device is a very important measuring
device in a clinical practice since it is not harmful to the human body, as compared
with other image diagnosis devices, and images characteristics of structural materials
in the human body.

The MRI device may obtain tissue parameters such as spin density, T1, T2, a
chemical shift, magnetization transfer, chemical exchange saturation transfer,
hematocele, spectroscopy, and the like, which are unique information on a living body,
and may obtain various biological images through these parameters. However, it is
quite difficult for the MRI device to obtain images with fat and water accurately
separated from each other since the fat and the water co-exist in living body tissue. The
fat and the water cause relaxation time differences of T1 and T2, and artifacts are
generated due to an inappropriate contrast or a chemical shift in the existing MRI
imaging method depending on sensitivity of an MRI signal. Particularly, since a
chemical shift phenomenon is present due to fat and water components, a detailed
anatomical form cannot be obtained of a marginal zone in a structure enclosed by the
fat.

In order to solve this problem, a method of selectively exciting the fat and the water
using a frequency selective radio frequency (RF) pulse is most generally used.

FIGS. 1 and 2 are views describing a principle of a fat saturation (suppression)

method using an off resonance RF pulse.
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A unit of a chemical shift is represented by ppm (parts per million) and is measured
as a relative numeral value. Since a water molecule has a chemical shift of 4.7ppm and
the fat molecule has a chemical shift of 1.2ppm, the water molecule and the fat
molecule have a difference of 3.5ppm (See FIG. 1). In this case, when an external
magnetic field is 1.5 Tesla (a resonance frequency 64MHz), a frequency difference of
220MHz corresponding to {=(64MHz)*(3.5ppm) occurs. That is, 1H of the water
molecule has a larger chemical shift and undergoes a minimum effective magnetic
field larger than that of 1H of the fat molecule, such that it has a high frequency.

A chemical shift selective imaging sequence (CHESS) method is a method of uni-
laterally suppressing a signal of any specific frequency using the RF pulse. Since the
RF pulse used in this method has only the specific frequency of a measurement tissue,
the frequency RF pulse is given to selectively excite only the water or fat, thereby
allowing a signal having only one component to be obtained.

The CHESS method of selectively applying a saturation RF pulse that is in ac-
cordance with the resonance frequency of the fat will be described with reference to
FIG. 2. When magnetization of the water or the fat is selectively excited to be put on
an X-Y plane, a spoiler gradient is applied to disperse an X-Y component of the mag-
netization of the fat, thereby canceling the magnetization signal of the fat effectively.
Since the next imaging RF pulse has an influence on only the magnetization signal of
the water, only the magnetization signal of the water is generated in the obtained
image.

FIG. 3 shows a preparation pulse sequence generally used in a fat suppression
method. As shown in FIG. 3, an RF pulse 310 of a very small frequency band is
applied in order to selectively excite the fat, and a rewinder 320 and a spoiler 330
gradients are used in order for phase recovery and fat magnetization dispersion.

However, in the fat suppression method, the degree of fat suppression may appear
differently due to inhomogeneity of a main magnetic field (BO) at a local portion, and
inhomogeneous fat saturation may be caused at the time of performing a test in a zone
that is out of the center of the main magnetic field.

A Dixon method is used as another solution, which is a method of suppressing the fat
by obtaining two different images using a phase by a processional motion frequency
difference between the water and the fat molecules and performing addition and sub-
traction on the two images, and requires a long period of time due to a post-processing
process of reconfiguring the two images. In addition, also in this method, the degree of
fat suppression appears differently due to the inhomogeneity of the main magnetic
field. Therefore, existing fat saturation methods have a large limitation in obtaining a
homogenous image.

A basic principle of an iterative decomposition of water and fat with the echo
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asymmetry and least squares estimation (IDEAL) method is to mainly separate signals
from each other by the phase difference between fat and water signals. In this method,
which converts the 2-point Dixon method that has been conventionally used into a
3-point method, the respective echoes in three different phases (water-fat phase shifts -
7t/6, /2, and 77t/6) is obtained using a phase difference depending on a difference in a
resonance frequency between the fat and the water, and the fat signal and the water
signal are separated from each other by a reconfiguration algorithm based on the
echoes to generate independent water and fat suppression images. That is, the re-
spective echoes are obtained in three different phases per time echo (TE), and four
images such as a water-only image, a fat-only image, an in-phase image, and an out-
of-phase image are reconfigured by the reconfiguration algorithm based on the re-
spective echoes. In the IDEAL method, the images are reconfigured based on the
signals obtained by performing excitation three times, such that a signal-to-noise ratio
is increased. However, in the IDEAL method, test time and reconfiguration time of the
images are higher, compared with the existing fat saturation method. Further, since the
IDEAL method is also based on the Dixon method, the degree of fat suppression in
each region of the human body appears differently due to the inhomogeneity of the
main magnetic field.

Magnetization transfer (MT) refers to the transfer of longitudinal magnetization from
the hydrogen nuclei of water that has restricted motion to the hydrogen nuclei of water
that moves with many degrees of freedom. The water with restricted motion is
generally conceived as being bound to macromolecules through a series of hydrogen
bonds. Saturated bound spins are excited using the off resonance RF pulse having a
small frequency band so as to exchange energy by an interaction with free water spins.
An effect of the magnetization transfer may be used to distinguish the articular
cartilage, an adjacent joint liquid, synovia in which an inflammation is present, and the
like. A physical model for the magnetization transfer as described above may be
evaluated as a technical development using an advantage of a magnetization transfer
contrast (MTC) image. The magnetization transfer contrast (MTC) image is an image
with an increased contrast obtained by radiating the off resonance RF pulse having a
continuous wave motion to saturate the resonance RF pulse in a partially restricted
pool (See FIG. 4).

FIG. 5 shows examples of an RF pulse and gradient magnetic fields generally used in
magnetization transfer. An off resonance RF pulse 510 having a small frequency band
and spoiler gradients 530 are used, and charges of the spoiler gradients 530,
magnitudes of the spoiler gradients 530, and axes on which the spoiler gradients 530
are applied are determined by an experimental value. However, generally, the

influence of the spoiler gradient in imaging methods used in the magnetization transfer
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is not significant.

Since the off resonance RF pulse is also used in the magnetization transfer method, a
post-processing process for artifacts generated due to the inhomogeneity of the main
magnetic field is required.

A new technology known as chemical exchange saturation transfer (CEST) may
provide a significant new tool for MR molecular imaging. CEST exploits the ability of
Nuclear Magnetic Resonance (NMR) to resolve different signals arising from protons
on different molecules. By selectively saturating a particular proton signal (associated
with a particular molecule or CEST agent) that is in exchange with surrounding water
molecules, the MRI signal from the surrounding bulk water molecules is also at-
tenuated. Images obtained with and without the RF saturating pulse reveal the location
of the CEST agent. The chemical exchange must be in the intermediate regime where
exchange is fast enough to efficiently saturate the bulk water signal but slow enough
that there is a chemical shift difference between the exchangeable proton and the water
proton resonances. The magnitude of the CEST effect therefore depends on both the
exchange rate and the number of exchangeable protons.

The CEST method has advantages over traditional molecular imaging techniques.
The image contrast is controlled with radio-frequency (RF) pulses and can be turned
on/off at will. The endogenous molecules of interest, in some cases, can be directly
detected, eliminating the need for contrast agent to be delivered to, and to specifically
react with, the molecule of interest.

Referring to FIG. 6, it may be seen that the magnetization transfer imaging method is
used twice in the CEST imaging method. Two off resonance RF pulses having a small
frequency band are used in frequencies having opposite signs to obtain the signals. The
saturated bound spins are excited in the respective frequencies to exchange energy by
an interaction with free water spins, and the chemical transfer amount can be
calculated based on the ratio between these signals.

In the CEST method, as shown in FIG. 7, an RF pulse 710 and spoiler gradients 730
are used, and signs of the spoiler gradients 730, magnitudes of the spoiler gradients
730, and the axes on which the spoiler gradients 730 are used are determined by an ex-
perimental value. However, generally, the influence of the spoiler gradient used in the
CEST method is not significant, similarly to the influence of the spoiler gradient in the
imaging method used in the magnetization transfer.

In addition, since the magnetization transfer method is used in the CEST method, the
off resonance RF pulse should be used. When the off resonance RF pulse is used, the
post-processing process of canceling artifacts generated due to the inhomogeneity of
the main magnetic field is required.

FIG. 8 shows a pulse sequence used in an imaging method using an off-resonance RF
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pulse and a pre-saturation RF pulse.
In this imaging method, as shown in FIG. 8, the pre-saturation RF pulse 805 is used

before the off resonance RF pulse 8§10 is applied. Here, since spins excited by the pre-
saturation RF pulse 805 are excited by the off resonance RF pulse 810 once again,
signals are returned, such that there occurs a phenomenon wherein undesired signals
overlap with the ultimately-obtained signals. This phenomenon occurs in the case in
which a frequency present within a frequency bandwidth of the pre-saturation RF pulse
is excited using the off resonance RF pulse.

In the fat saturation imaging method, the magnetization transfer imaging method, and
the CEST imaging method, the frequency bandwidth is narrow, and the excited
frequency changes depending on the frequency of the free water proton and magnitude
of the main magnetic field. However, in most cases, since the frequency present in the
frequency bandwidth of the pre-saturation RF pulse is excited using the off resonance
RF pulse, a problem occurs due to an interference signal by the pre-saturation RF
pulse.

The CEST method has advantages as compared with traditional molecule imaging
technology. The image contrast can be adjusted or controlled depending on a high
frequency applied from the outside. An endogenous molecule of interest may be
directly detected without use of a contrast media reacting to the endogenous molecule
of interest. However, since the magnetization transfer method is also used in the CEST
method, the off resonance RF pulse should be used. When the off resonance RF pulse
is used as described above, the post-processing process of canceling artifacts generated
due to the inhomogeneity of the main magnetic field is required.

Recently, methods of implementing the CEST method using a spin-lock method have
been suggested and have been used in an image emphasizing T1rho value used in
muscular skeletal disease. However, since three off resonance RF pulses are used in
the spin-lock method, there is a problem that the specific absorption rate (SAR) value

is increased, which is a measure of the rate of energy absorption in a living body.
Disclosure of Invention

Technical Problem

An aspect of the present invention provides an imaging method, capable of solving
problems occurring in conventional imaging methods, by using an off resonance radio
frequency (RF) pulse in order to get an image of the whole body of a human being by
using a magnetic resonance imaging (MRI) system.

Another aspect of the present invention provides fat saturation (suppression), magne-
tization transfer, and chemical exchange saturation transfer methods that are not

sensitive to the inhomogeneity of a main magnetic field.
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Still another aspect of the present invention provides a method of canceling
undesired signals appearing again due to an off resonance RF pulse in imaging
methods simultaneously using the off resonance RF pulse and a spatial pre-saturation
RF pulse.

Solution to Problem

In order to solve the above-mentioned objects, a first off resonance RF pulse and a
second off resonance RF pulse having a phase difference of 180 degrees from the first
off resonance RF pulse are applied, and one or more auxiliary gradient magnetic fields
for offsetting the inhomogeneity of a main magnetic field generated due to the ap-
plication of the first and second off resonance RF pulses are added.

According to one aspect of the present invention, there is provided an MRI method
through an MRI system, including: applying a first off resonance RF pulse; applying a
second off resonance RF pulse for offsetting the inhomogeneity of a main magnetic
field generated due to the first off resonance RF pulse; and applying one or more
auxiliary gradient magnetic fields offsetting the inhomogeneity of the main magnetic
field generated by applying the first and second off resonance RF pulses, wherein the
application of the one or more auxiliary gradient magnetic fields includes: adjusting a
combination of the one or more auxiliary gradient magnetic fields; and changing signs
of the one or more auxiliary gradient magnetic fields.

In the adjusting of the combination of the one or more auxiliary gradient magnetic
fields, the combination of the one or more auxiliary gradient magnetic fields may be
adjusted so that the sum of the one or more auxiliary gradient magnetic fields becomes
0, and in the changing of the signs of the one or more auxiliary gradient magnetic
fields, the signs of the one or more auxiliary gradient magnetic fields may be changed
so that the sum of the one or more auxiliary gradient magnetic fields becomes 0.

In the changing of the signs of the one or more auxiliary gradient magnetic fields, the
sign of a first auxiliary gradient magnetic field of the one or more auxiliary gradient
magnetic fields may be positive (+) or negative (-).

The MRI method may further include applying spoiler gradient magnetic fields,
together with the applying of the auxiliary gradient magnetic fields.

The auxiliary gradient magnetic fields may be applied at at least one of the points in
time of: before the application of the first off resonance RF pulse; after the application
of the first off resonance RF pulse and before the application of the second off
resonance RF pulse; and after the application of the second off resonance RF pulse.

The second off resonance RF pulse may have a phase difference of 180 degrees from
the first off resonance RF pulse.

The MRI method may further include, after the application of the one or more
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auxiliary gradient magnetic fields, applying a pulse sequence for using at least one of a
fat saturation method, a magnetization transfer method, T1rho imaging method, and a

chemical exchange saturation transfer method.
The MRI method may further include, before the applying of the first off resonance

RF pulse, applying a spatial pre-saturation RF pulse.
Advantageous Effects of Invention

When an MRI image is obtained by the imaging method using the first and second
off resonance RF pulses and the gradient magnetic fields according to an exemplary
embodiment of the present invention, artifacts generated due to the inhomogeneity of a
main magnetic field in an imaging method using an off resonance RF pulse may be
removed. In addition, if the imaging method according to an exemplary embodiment of
the present invention is applied to an imaging method using a spatial pre-saturation RF
pulse, the phenomenon may be removed wherein spins excited by the pre-saturation
RF pulse are again excited by the off resonance RF pulse to return signals, such that
undesired signals overlap and appear in an ultimately-obtained signal.

As described above, since the artifacts generated due to the inhomogeneity of the
main magnetic field may be canceled, a post-processing process is not required as in
the related art, and a combination of the gradient magnetic fields rather than additional
RF pulses is used in order to solve the inhomogeneity of the main magnetic field,
thereby making it possible to decrease SAR values.

Brief Description of Drawings

FIGS. 1 and 2 are views describing a principle of a fat saturation (suppression)
method using an off resonance RF pulse.

FIG. 3 shows a preparation pulse sequence generally used in a fat suppression
method.

FIG. 4 is a view describing a principle of an imaging method of magnetization
transfer using an off resonance RF pulse.

FIG. 5 shows examples of an RF pulse and a gradient magnetic field generally used
in magnetization transfer.

FIGS. 6 and 7 show a principle of an imaging method of chemical exchange
saturation transfer using an off resonance RF pulse and examples of an RF pulse and a
gradient magnetic field, respectively, that are generally used.

FIG. 8 shows a pulse sequence used in an imaging method using an off-resonance RF
pulse and a pre-saturation RF pulse.

FIG. 9 is a view describing a principle of an imaging method using double off
resonance RF pulses according to an exemplary embodiment of the present invention

for canceling artifacts generated in general imaging methods using an off resonance RF
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using double off resonance RF pulses according to exemplary embodiments of the
present invention, in which a combination of gradient magnetic fields are used in
applying a basic principle of the double off resonance RF pulse according to an
exemplary embodiment of the present invention described with reference to FIG. 9.

FIG. 11 is a view showing an imaging method using double off resonance RF pulses
according to an exemplary embodiment of the present invention for canceling artifacts
generated in general imaging methods using an off resonance RF pulse and a pre-
saturation RF pulse.

FIGS. 12a and 12b show preparation pulse sequences according to exemplary em-
bodiments of the present invention for canceling undesired signals by applying
gradient magnetic fields in an imaging method using an off resonance RF pulse and a
pre-saturation RF pulse.

FIG. 13 shows an example in which a pulse sequence including double off resonance
RF pulses and a combination of gradient magnetic fields according to an exemplary
embodiment of the present invention is applied to a fat saturation imaging method of
an image acquisition of a shoulder region.

Best Mode for Carrying out the Invention

Hereinafter, an imaging method through a magnetic resonance imaging (MRI)
system according to exemplary embodiments of the present invention will be described
in detail with reference to the accompanying drawings. However, a detailed description
for well-known functions and configurations that may obscure the gist of the present
invention will be omitted.

Since a configuration of the MRI system applied to the present invention is well-
known, a description thereof will be omitted.

Generally, among imaging methods using an off resonance radio frequency (RF)
pulse, there are a fat saturation (suppression) method, a magnetization transfer method,
and a chemical exchange saturation transfer method. In addition, a method using a pre-
saturation RF pulse capable of decreasing signals of specific positions of an image by
first locally exciting spins also uses an off resonance RF pulse.

In the method as described above, artifacts are generated due to the inhomogeneity of
a main magnetic field. In detail, phases of selectively excited spins are not constant due
to the inhomogeneity of the main magnetic field caused by the use of the off resonance
RF pulse, and signals obtained from the spins of the selected frequencies do not have
the same phase due to this phase difference, such that the artifacts having an inho-

mogeneous form appear in a reconstructed image.
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In order to solve the problem of the artifacts as described above, double off
resonance RF pulses are used in the present invention.

FIG. 9 is a view describing a principle of an imaging method using double off
resonance RF pulses for canceling artifacts generated in general imaging methods
using an off resonance RF pulse.

As shown in FIG. 9, after a first off resonance RF pulse 910 is applied, a second off
resonance RF pulse 920 having an opposite phase, that is, a phase having a difference
of 180 degrees, is applied.

In an imaging method using the off resonance RF pulse 910, since the off resonance
pulse 910 is solely used without any gradient, the phase information of selectively
excited spins is not constant due to the homogeneity of a main magnetic field. Due to
this phase difference, signals obtained from the spins of the selected frequencies do not
have the same phase, such that artifacts having an inhomogeneous form appear in a re-
constructed image.

As a method of compensating for this phase difference, there is a method of applying
additional gradient magnetic filed.

However, since the off resonance RF pulse 910 does not have a selective gradient
magnetic field applied simultaneously therewith, and may be considered as being
affected by only a small amount of gradient magnetic field due to the inhomogeneity of
the main magnetic field, such a distorted phase may not be compensated for. In
addition, since the off resonance pulse 910 uses a principle of selecting and exciting a
frequency with respect to an entire volume without using a selective gradient magnetic
field, another off resonance RF pulse 920 that is the same as the off resonance RF
pulse 910 should be used in order to correct the phase. Here, the other off resonance
RF pulse 920 has a phase difference of 180 degrees from the off resonance RF pulse
910 in order to return the phase distorted due to the inhomogeneity of the main
magnetic field to the original phase, thereby making it possible to correct the phase.

FIGS. 10a to 10c show preparation pulse sequences used in the imaging method
using double off resonance RF pulses according to exemplary embodiments of the
present invention, in which a combination of gradient magnetic fields are used in
applying a basic principle of the double off resonance RF pulse according to an
exemplary embodiment of the present invention described with reference to FIG. 9.

When two sequential RF pulses are applied, the phase is corrected by the off
resonance RF pulses. However, all spins should be again magnetized longitudinally
before adding imaging techniques of subsequently applying magnetic fields. As a
method of canceling these residual spins, additional gradient magnetic fields are
applied in an exemplary embodiment of the present invention.

In this case, unlike a method according to the related art, a combination of rewinder
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and spoiler gradient magnetic field is optimized, thereby making it possible to
minimize the increase of time necessary for the application of double off resonance RF
pulses.

That is, in the imaging method using double off resonance RF pulses according to an
exemplary embodiment of the present invention, the first off resonance RF pulse is
applied, the second off resonance RF pulse for offsetting the inhomogeneity of the
main magnetic field generated due to the first off resonance RF pulse is applied, and
one or more auxiliary gradient magnetic fields for offsetting the inhomogeneity of the
main magnetic field generated by applying the first and second off resonance RF
pulses are applied. Here, in applying the auxiliary gradient magnetic fields, a com-
bination of one or more auxiliary gradient magnetic fields is adjusted and signs thereof
are changed to obtain an optimal combination of auxiliary gradient magnetic fields.

As the optimal combination of the auxiliary gradient magnetic fields, the com-
bination and the signs of the auxiliary gradient magnetic fields may be adjusted so that
the sum of one or more applied auxiliary gradient magnetic fields becomes O.

Polarities of the auxiliary gradient magnetic fields may start from a positive (+)
polarity or start from a negative (-) polarity. For example, various combinations such
as(+,-,-,+), (-, +,+,-), (+, 0,0, -), (-, 0, 0, +), and the like, are possible.

Pulse sequences in the imaging method according to an exemplary embodiments of
the present invention are shown in FIGS. 10a to 10c.

As shown in FIG. 10a, in a double off resonance RF pulse applying method of
applying a first off resonance RF pulse 1010 and a second off resonance RF pulse 1020
having a phase difference of 180 degrees from the first off resonance RF pulse 1010,
gradient magnetic fields 1030 are applied before applying the first off resonance RF
pulse 1010, between the first and second off resonance RF pulses 1010 and 1020, and
after the second off resonance RF pulse 1020.

The gradients 1030 may be equally applied with respect to x, y, and z axes, and
values and signs thereof are adjusted so that the sum thereof becomes 0.

According to another exemplary embodiment of the present invention, as shown in
FIG. 10b, gradients 1040 may be applied before applying the first off resonance RF
pulse 1010 and between the first and second off resonance RF pulses 1010 and 1020,
and spoiler gradient 1100 may be applied after applying the second resonance RF pulse
1020.

Also in this case, the gradients 1040 may be equally applied with respect to x, y, and
z axes, and values and signs thereof are adjusted so that the sum thereof becomes 0.

According to still another exemplary embodiment of the present invention, as shown
in FIG. 10c, gradients 1050 may be applied before applying the first off resonance RF
pulse 1010, between the first and second off resonance RF pulses 1010 and 1020, and
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after applying the second off resonance RF pulse 1020, and spoiler gradient 1100 may
be then applied.

Also in this case, the gradients 1050 may be equally applied with respect to x, y, and
z axes, and values and signs thereof are adjusted so that the sum thereof becomes 0.

Meanwhile, frequency bandwidths, central frequencies, and pulse forms of the first
and second off resonance RF pulses may be adjusted, if necessary. For example, in the
case of using a fat saturation method, the width of the off resonance RF pulse is
relatively large; however, in the case of using a magnetization transfer or CEST
method, an off resonance RF pulse having a narrower width compared with that of the
fat saturation method is used. That is, the frequency bandwidths, the central fre-
quencies, and the pulse forms of the first and second off resonance RF pulses may be
appropriately selected depending on a used imaging method, and is not particularly
limited in the present invention.

Since an image without artifacts due to the inhomogeneity of the main magnetic field
is obtained by using the first and second off resonance RF pulses and the combination
of the gradients as described above, a post-processing process for compensating for the
inhomogeneity of the main magnetic field or acquisition of an additional image for the
post-processing as in the related art is not required.

In addition, the imaging method according to an exemplary embodiment of the
present invention, that solves problems related to the inhomogeneity of the main
magnetic field by using the combination of the gradient magnetic fields while using the
first and second off resonance RF pulses, may more reliably solve problems related to
the inhomogeneity of the main magnetic field and decrease the number of RF pulses as
compared with a spin lock method of applying a third RF pulse, thereby making it
possible to decrease a specific absorption rate (SAR) value, which is an index of a
radio wave absorption rate of the living body.

FIG. 11 is a view showing an exemplary embodiment of the present invention for
removing a phenomenon that spins excited by a pre-saturation RF pulse are excited
once again by the off resonance RF pulse to return signals, such that undesired signals
are overlapped with and appear in a finally obtained signal in general imaging methods
using the off resonance RF pulse and the pre-saturation RF pulse.

As shown in FIGS. 11, two off resonance RF pulses 1110 and 1120 are used together
with a pre-saturation RF pulse 1105.

Here, similar to exemplary embodiments described above with reference to FIGS.
10a to 10c, appropriately combined gradient magnetic fields are applied, thereby
making it possible to minimize undesired signals.

FIGS. 12a and 12b show preparation pulse sequences according to exemplary em-

bodiments of the present invention for canceling undesired signals by applying
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gradient magnetic fields in an imaging method using an off resonance RF pulse and a
pre-saturation RF pulse.

First, as shown in FIG. 12a, gradient magnetic fields 1230 are applied after applying
a pre-saturation RF pulse 1205 and before applying a first off resonance RF pulse 1210
and are applied between first and second off resonance RF pulses 1210 and 1220. In
addition, a spoiler gradient 110 may be applied after applying the second off resonance
RF pulse 1220.

In addition, in another exemplary embodiment of the present invention shown in
FIG. 12b, gradient magnetic fields 1240 are applied after applying a pre-saturation RF
pulse 1205 and before applying a first off resonance RF pulse 1210, are applied
between first and second off resonance RF pulses 1210 and 1220, and are applied after
applying the second off resonance RF pulse 1220.

In both of two exemplary embodiments shown in FIGS. 12a and 12b, it is preferable
that values and signs of the gradient magnetic fields are adjusted so that the sum
thereof becomes 0.

FIG. 13 shows an example in which a pulse sequence including double off resonance
RF pulses and a combination of gradient magnetic fields according to an exemplary
embodiment of the present invention is applied to to a fat saturation imaging method of
an image acquisition of a shoulder region. In FIG. 13, the pulse sequence shown in
FIG. 10a has been used.

In FIG. 13, on the left side are images obtained without fat saturation, at the center
are images obtained using a single off resonance RF pulse imaging method currently
clinically used, and on the right side are images obtained using double off resonance
RF pulses and the combination of the gradient magnetic fields according to an
exemplary embodiment of the present invention. The images obtained using a single
off resonance RF pulse have a fat saturation effect greater than that of the imaging
method using double off resonance RF pulses, but include artifacts generated due to
the inhomogeneity of the main magnetic field, as compared with those of the reference
image (center).

On the other hand, it may be appreciated that the double off resonance RF pulse
imaging method according to an exemplary embodiment of the present invention does
not include artifacts at all and accomplishes homogeneous fat saturation, which
indicates an improved result.

MRI method using double off resonance RF pulse according to the embodiments of
the present invention can be applied to fat saturation method, a magnetization transfer
method, T1rho imaging method, and a chemical exchange saturation transfer method.

Although the preferred embodiments of the present invention have been disclosed for

illustrative purposes, those skilled in the art will appreciate that various modifications,
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additions and substitutions are possible, without departing from the scope and spirit of
the invention as disclosed in the accompanying claims. Accordingly, such modi-
fications, additions and substitutions should also be understood to fall within the scope

of the present invention.
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Claims

A magnetic resonance imaging (MRI) method using an MRI system,
comprising:

applying a first off resonance radio frequency (RF) pulse;

applying a second off resonance RF pulse for offsetting the inho-
mogeneity of a main magnetic field generated due to the first off
resonance RF pulse; and

applying one or more auxiliary gradient magnetic fields for offsetting
the inhomogeneity of the main magnetic field generated by applying
the first and second off resonance RF pulses,

wherein the application of the one or more auxiliary gradient magnetic
fields includes:

adjusting a combination of the one or more auxiliary gradient magnetic
fields; and

changing signs of the one or more auxiliary gradient magnetic fields.
The MRI method of claim 1, wherein in the adjustment of the com-
bination of the one or more auxiliary gradient magnetic fields, the com-
bination of the one or more auxiliary gradient magnetic fields is
adjusted so that the sum of the one or more auxiliary gradient magnetic
fields becomes 0.

The MRI method of claim 1, wherein in the change of the signs of the
one or more auxiliary gradient magnetic fields, the signs of the one or
more auxiliary gradient magnetic fields are changed so that the sum of
the one or more auxiliary gradient magnetic fields becomes 0.

The MRI method of claim 3, wherein in the change of the signs of the
one or more auxiliary gradient magnetic fields, the sign of a first
auxiliary gradient magnetic field of the one or more auxiliary gradient
magnetic fields is positive (+).

The MRI method of claim 3, wherein in the change of the signs of the
one or more auxiliary gradient magnetic fields, the sign of a first
auxiliary gradient magnetic field of the one or more auxiliary gradient
magnetic fields is negative (-).

The MRI method of claim 1, further comprising applying spoiler
gradient magnetic fields.

The MRI method of claim 1, wherein the auxiliary gradient magnetic
fields are applied at time points of at least one of: before the application

of the first off resonance RF pulse; after the application of the first off
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resonance RF pulse and before the application of the second off
resonance RF pulse; and after the application of the second off
resonance RF pulse.

The MRI method of claim 1, wherein the second off resonance RF
pulse has a phase difference of 180 degrees from the first off resonance
RF pulse.

The MRI method of claim 1 further comprising, after the application of
the one or more auxiliary gradient magnetic fields, applying a pulse
sequence of at least one of a fat saturation method, a magnetization
transfer method, T1rho imaging method, and a chemical exchange
saturation transfer method.

The MRI method of claim 1, further comprising, before the application
of the first off resonance RF pulse, applying a spatial pre-saturation RF

pulse.
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