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Theoretical Study of Evaluation Method for MRI Metal Artifact
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Abstract— In dental field, the effect of the Magnetic Resonance
Imaging (MRI) artifact generated by the magnetic metal is a
significant problem. The MRI metal artifact occurs when using
magnetic attachment and the keeper of the ferromagnetic
substance remains implanted in the mouth as the MR image is
taken. In this study, we theoretically evaluated and analyzed the
artifact of MR images caused by the keeper based on the actual
principle of MRI by means of simulation. As a result we were able
to recognize the changes and distortion in the signal strength of
the output image. We found that our results of output images and
previously reported results of actual measurement are very similar.
MRI artifact caused by dental magnetic metal showed that it can
be reported by theoretical simulation.

I. INTRODUCTION

With the evolution of the MRI technology, MRI has
become increasingly important in health care. On the other
hand, many problems of artifacts by magnetic metal in the
body have been reported [1] [2]. For example, about denture
or knee prosthesis. In the dental field, several magnetic metals
are used, such as inlay-crowns, bridges and implants, among
which, is the magnetic attachment. [3] [4]. The magnetic
attachment is a denture that uses magnets. It requires no metal
parts such as clasps, hence with superior aesthetic and can be
used as abutment tooth for poorly conditioned teeth. In
addition, since handling is simple, it is suitable for the elderly
as well. Different from the mechanical dentures, it has many
new features which make it possible to maintain effective
dental prosthesis with excellent clinical reputation. Generally,
the magnetic attachment consists of the keeper that is
implanted into the oral cavity and the magnet structure that is
embedded in the denture. The attractive force between the
keeper and the magnet structure of the magnetic attachment is
used to retain the denture [5] [6]. The keeper is made of
magnetic stainless steel. Though, it has a large burden on the
patient because it is embedded in the oral cavity and is difficult
to remove.

MRI is a tool that is able to image the body without being
exposed to radiation. However, its principle is very complex.
The magnetic field inside the MRI equipment is controlled by
static magnetic field and gradient magnetic fields .So MRI can
attach an image to the correct coordinate. If the keeper of the
magnetic attachment left in the mouth, it becomes magnetized
and behaves like a magnet in MRI. As a result, the magnetic
field is disturbed. This is the cause of the artifact [7]. Some
cases of artifacts effects in images by actual measured has
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been reported in previous studies [8] [9]. In fact, artifacts
depend on specifications of MRI, material and shape of the
keeper [10] [11] [12]. But, it is considered to be difficult to
obtain range of artifacts from measured image. In this paper,
we investigate the impact on the MR image caused by keeper,
and analyze image based on the principle of MRI, and then
compare the output image with previous studies through
simulation. Results of the simulation showed a similar image
as shown in the previous studies. The main purpose of this
study is to theoretically elucidate and evaluate the cause of the
MRI metal artifacts.

II. METHOD

A. Principle of NMR

The MRI is imaged using a nuclear magnetic resonance
phenomenon (NMR) to make proton of the body be resonant
using a magnetic field. MRI equipment apply static magnetic
field to the proton of the body, and the proton reaches the low
energy state. When RF-pulse is radiated in the area, Proton in
imaging area would be at a high-energy state. This frequency
is called as the Larmor frequency. RF-pulse has same
frequency as Larmor frequency. Then the high-energy proton
upon releasing energy, receives FID-signal which eventually
creates an MRI image. y is defined as NMR ratio of hydrogen
atoms (42.58MHz/T), B is magnetic flux density, Larmor
frequency is computed as

1
v=—y-B
2r

(1.1)

Larmor frequency is proportional to the magnetic flux density.
We analyzed for magnetic flux density.
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Figure 1. Spin echo imaging method. By performing slice selection, phase
encoding and frequency encoding, the coordinates of the imaging area
(X, y, z) is determined.
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B. Imaging Sequence.

Amount of metal artifacts by the keeper is depending on the
specification and performance of MRI. Especially, pulse
sequence is one of the significant factors on the artifact. In this
study, spin echo sequence (SE) are employed to reconstruction
of the image. Imaging sequence use SE showed in (Fig. 1). Of
these, slice selection and readout encoding are affected by
disturbance of the magnetic field. We analyzed the slice
selection and readout encoding.

C. Theory and the Imaging Conditions

P(x, y, z) denote actual coordinates of the imaging area,
p(X, y, z) denote proton density at (x, y, z). There is
non-uniform magnetic field, actual coordinates change to
reconstructed coordinates as an image. P’(x', y', z') denote
reconstructed coordinates as an image. In this paper, z
coordinate change in the slice selection, x coordinate change
in readout encoding. But the defined y coordinate does not
change in phase encoding.
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Figure 2. Imaging region and keeper. The origin coordinate is

(0,0,0).Gradient magnetic field is applied along the axis.

The imaging region is a square cubic (200mm x 200mm X
200mm). Keeper is a disk-shaped, height of (1.0mm),
diameter of (4.0mm), of a ferromagnetic substance such as
SUS403. It is located in the center of the imaging region. In
(Fig. 2) of the imaging region, there are magnetic field, static
magnetic field “B,”, gradient magnetic field “G(r)”, and
keeper's magnetic field “B,,(r).”Keeper’s magnetic field is
computed using the theoretical formula of the magnetic
dipole. r denote distance of P from keeper. Three magnetic
fields are computed as

B, =| 0 | 2.1)
LBOJ
()
G(r)=| 0 | (2.2)
LGXx+ny+GzzJ
( 3zx W
| r5 (dew
de(r)=I 3% I:|Bd:y| (2.3)
o LB J
|3Z _L' dpz
)

In this case, static magnetic field B, (1.5T), gradient
magnetic field G, : G,. G, (10 mT/m), Dipole moment m is
computed as V' x J Where, V is the volume of the keeper. J
is used of magnetic field (1.5T). However, Keeper's magnetic
flux density is not simply proportional to the external
magnetic field. m is expected to be lower than this case in
actual MR imaging.

D. Slice Selection

Slice selection is the operation of determining the
coordinates of z. RF-pulse frequency is equal to the Larmor
frequency. When MRI equipment irradiates the RF-pulse,
protons of area equal to the Larmor frequency will be
resonated. The resonance region is recognized as z coordinate.
Magnetic flux density of P computed as

OW (0 (dex)
B(r)=| 0 |+| 0 |+|B
B,)J LGzz B

2.4)

dpy

N—

dpz

If the keeper does not exist, the two present magnetic fields
are gradient magnetic field and static magnetic field. But,
considering the magnetic field caused by the keeper, the
relationship between actual coordinate z and reconstruction
coordinate z' computed as

, 2 2 2
BO+GZZ=\/dex +B,, " +(B,+G.z+ B, ) (2.9

z’ computed as

2 2 2
\/dex +8,,° +(B)+G.z+B,. ) -B,

2.6)

Figure 3. Resonance region in slice selection. The green region shows
magnetic flux density of (1.500T = 50 uT). The resonance region is highly
distorted near the keeper.

A geometric distortion occurred from the relationship
between z' and z which was analyzed using equation (2.6) In
(Fig. 3). We found that z 'and z have greater difference near
the keeper. By this geometric distortion, signal strength of the
image changes after reconstruction. The change in signal the
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enhanced image of T1-weighted (where high proton density is
white, low proton density is black). However, the signal
strength changes in the image of metal artifacts, shows low
strength at black region as well as white regions in the image
as shown in (Fig. 4). Width dz’ of the reconstructed position z’
is compared to width dz of the original position z. There is a
difference in the width of dz. When dz is narrow, the signal
strength is lower than actual image (black region), and when
dz is wide, the signal strength is higher than actual image
(white region).
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Figure 4. Imaging region and keeper. The origin coordinate is (0,0,0).
Gradient magnetic field is applied along the axis.

E. Phase encoding and Readout encoding

When the resonated proton in the slice selection releases
energy, a signal is called Free Induction Decay (FID) signal.
The FID signal, frequency and phase are different in each
coordinate. By receiving this signal, image is created by
means of inverse Fourier transform. First, we discuss about the
phase encoding. Before receiving the signal, there is a certain
time when gradient magnetic field is applied to the y-axis, and
eventually stopped. Because of this action, the phase along
y-axis is shifted. However, strain y-axis direction will not
occur [13]. Relationship between actual coordinate and y
coordinates and after reconstruction y' is computed as

Y=y 2.7

Readout encoding is performed upon receiving FID signal
after phase encoding. Because of application of gradient
magnetic field along x-axis, there is shift in frequency along
x-axis. FID signal frequency is proportional to the magnetic
flux density in the region. Magnetic flux density of P
computed as

OW ( 0 (deﬂ

B(r)=| 0 |+| 0 |+|B,, | (2.8)

BOJ LGxx dez

dpy

Relationship between actual coordinate and x coordinates and
after reconstruction x' is computed as

, 2 2 2
Bo+Gxx=\/dex +8,, +(B,+G.x+B,. ) (29

x” computed as

\/dexz +B,, +(B,+G x+B, ) -B,
wo . (2.10)

X

III. RESULT
We simulated artifact images for (2.6), (2.7) and (2.10).

00

-
[mm]
100 0 1

2

0 100 0 100
[mm]

Signal Strength control

(a)
Xy plane

L.

X

+1

o

0

+3

o

-
+
I}

w
(=3

20

(b)
yz plane

L

z

+1

o

- : | -
| »
8 5

o

30

(c)

xz plane

L.

.
Yy

.
-~

o

+40

Figure 5. Output images. Xy plane (a), yz plane (b), xz plane (c). These
images were output at 201 x 201 [pixel] as 1[mm)] is 1[pixel]. The number
above the images denote distance from keeper.
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(a)

Figure 6. Measured images. (a) [7], (b) [14]. The area of (a) is xy plane of
150[mm] cubic phantom. This cubic phantom is filled with ager-ager, and
used by 1.5[T] MRI. The area of (b) is yz plane of 200[mm] cubic phantom.
This cubic phantom is filled pure water, ager and salt, and used by 3.0[T]
MRI.

Fig. 5 (a) shows xy plane image (axial). Here, the signal
level is reduced at the center of the images. In addition, there is
also a characteristic white circle at the center of image. This is
as a result of excitation at z position of another slice plane at
the time of slice selection. Image at a distance z: 0 [mm] from
the keeper is very similar to the existing results in Fig. 6 (a).
Fig. 5 (b) shows yz plane image (sagittal). We can clearly tell
that both this image and the control image are greatly
distorted. Image at a distance x: +10 [mm] from the keeper is
very similar to the existing result in Fig. 6 (b). Fig. 5(c) shows
xz plane image (coronal). We found that the image is more
greatly distorted compared to other slice planes. However, the
artifact gets relatively smaller as it moves away from the
keeper. At high signal strength regions, there is high
concentration of reconstruction coordinates. When original
coordinates are mapped in the same coordinates after
reconstruction, the addition of signal is carried out and
eventually the density increases as the well as the signal
strength. Conversely when the signal is low, it is showed in
black in the image and after reconstruction the density of the
coordinates becomes low. With such image, where there is a
significant degree of change in signal strength, it is difficult to
use in the medical field for diagnosis because of the great
distortion from the original image. However, where there is
little change from the original state of the image, diagnostic
imaging is considered quiet possible.

IV. DISCUSION AND CONCLUSION

In this study, our analysis was based on the principle of the
actual MRI. We theoretically evaluated the cause of the
artifacts. It is evident that the prediction of the artifact is
possible since we showed a similar tendency to previously
reported results. Currently, Range of artifacts is determined
from the image that has been captured by the measurement.
However, there is an advantage with the simulation where a
range of artifact is possible, if we know specifications of MRI,
material and shape of the keeper. Recently, there have been
discussions about proposed indicators on how to reduce the
artifact of MRI. [15] [16]. This study based on theory can be
of contribution to the reduction of the artifact.

Usually patients using magnetic attachment must remove
the keeper when taking MRI. However, if there is no effect on
the imaging region, there is no need to remove the keeper. It is
necessary to indicate the artifact impact on MR images basing
on the shape and material of the keeper. This study is based on
the theory, it is effective to determine the area of the artifact.
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