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Influence of pulse sequence parameters at 1.5 T and 3.0 T on
MRI artefacts produced by metal–ceramic restorations
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Objectives: Susceptibility artefacts from dental materials may compromise MRI diagnosis.
However, little is known regarding MRI artefacts of dental material samples with the clinical
shapes used in dentistry. The present phantom study aims to clarify how pulse sequences and
sequence parameters affect MRI artefacts caused by metal–ceramic restorations.
Methods: A phantom consisting of nickel–chromium metal–ceramic restorations (i.e. dental
crowns and fixed bridges) and cylindrical reference specimens immersed in agar gel was imaged
in 1.5 and 3.0 T MRI scanners. Gradient echo (GRE), spin echo (SE) and ultrashort echo time
(UTE) pulse sequences were used. The artefact area in each image was automatically calculated
from the pixel values within a region of interest. Mean values for similar pulse sequences dif-
fering in one parameter at a time were compared. A comparison between mean artefact area at
1.5 and 3.0 T, and from GRE and SE was also carried out. In addition, a parametric correlation
between echo time (TE) and artefact area was performed.
Results: A significant correlation was found between TE and artefact area in GRE images.
Higher receiver bandwidth significantly reduced artefact area in SE images. UTE images
yielded the smallest artefact area at 1.5 T. In addition, a significant difference in mean artefact
area was found between images at 1.5 and 3.0 T field strengths (p5 0.028) and between
images from GRE and SE pulse sequences (p5 0.005).
Conclusions: It is possible to compensate the effect of higher field strength on MRI artefacts
by setting optimized pulse sequences for scanning patients with metal–ceramic restorations.
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Introduction

New approaches to the application of MRI in dentistry
have led to important advances in the field of oral

diagnosis.1–4 MRI provides multiplanar imaging with
satisfactory soft-tissue contrast using non-ionizing
electromagnetic fields. However, MRI is prone to
artefacts caused by the presence of metallic materials,
namely susceptibility artefacts, which may preclude
a clinical diagnosis or lead to an erroneous diagnosis.5

Susceptibility artefacts are generated by magnetic field
distortions and signal loss caused by variations in the
magnetic field strength that occur on the interface between
a dental material and the adjacent tissues.6,7 The artefact
size will vary depending on the shape, orientation, position
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and number of objects in or near the imaged volume, as
well as the scanner’s magnetic field strength, pulse se-
quence type and pulse sequence parameters.5,7,8

Previous studies on neurosurgical materials found
significant MRI artefacts from metal alloys such as
nickel–chromium and cobalt–chromium in 1.5- and
3.0-T scanners.9,10 The same metal alloys were also
assessed at 1.5 T in two dentistry studies.11,12 How-
ever, the dentistry studies used individual samples with
special shapes (i.e. cylindrical and spherical) that do not
occur in actual dental restorations and tested different
commercial brands of materials using only a few different
gradient echo [gradient-recalled echo (GRE)] and spin
echo (SE) pulse sequences. To our knowledge, little is
known regarding the influence of different pulse sequence
parameters on artefact dimensions in scans of actual
metal–ceramic dental restorations (i.e. dental crowns and
fixed bridges). Furthermore, it was not possible to find
previous reports on the use of the ultrashort echo time
(UTE) pulse sequence to assess artefacts from the
aforementioned metal alloys. Thus, the aim of this
phantom study was to clarify how pulse sequence
parameters at 1.5- and 3.0-T field strengths affect MRI
artefacts caused by metal–ceramic restorations.

Methods and materials

Samples
Three different samples of metal–ceramic dental resto-
rations were included in the test: one single dental
crown, one three-element fixed bridge and one five-
element fixed bridge. The three samples were fabricated
with the same metal alloy commercial brand (Wironia
Light; Bego, Bremen, Germany) and composition (64.5%
nickel, 22% chromium, 1% molybdenum, 2.5% other
elements). In addition, six reference samples of dental
ceramics (Noritake Cerabien CZR dentin A2 lot OE903;
Noritake Kizai Co. Ltd, Nagoya, Japan) 10 mm in
diameter and 2 mm in height were included, since ce-
ramics have very low magnetic susceptibility and do
not yield significant artefacts on MRI.12

Phantom
A rectangular plastic container measuring 3503 1603
40mm was used to house the phantom of this study.
Briefly, a first layer of hot 1% agar in water was poured
into the plastic container as a base, filling half the con-
tainer volume. The container was covered with plastic
wrap and maintained at room temperature for 30min to
allow the gel to form. The samples and reference specimens
were then carefully placed over the solid first layer of agar
gel to ensure that all objects could be scanned in the same
slice. Reference specimens were positioned externally to
the metal–ceramic samples, which in turn were positioned
close to each other in order to simulate the conditions of
a dental arch with multiple metal–ceramic restorations
(Figure 1a). The distance between reference specimen and
metal–ceramic samples was recorded. A second batch of

agar solution was then prepared and poured carefully into
the container to fill it, leaving all samples arrayed in the
horizontal midplane of the phantom.

MRI scans
The phantom was scanned with a head coil in two dif-
ferent MRI scanners (1.5 T MAGNETOM® Avanto and
3 T Tim Trio; Siemens Healthcare, Erlangen, Germany).
All scans were acquired using the coronal orientation with
a field of view of 1803 1803 180mm3 and a matrix of
1283 128 pixels. Radiofrequency (RF) pulse and gradi-
ent modes were set to “fast”, with a phase resolution of
100%. Different pulse sequences were adjusted to be as
similar as possible for 1.5 and 3.0 T scans, in order to
compare values in bandwidth, number of averages (NEX,
or number of experiments), repetition time (TR), echo
time (TE) and flip angle. Number of slices, slice thickness
and flip angle data were retrieved from the digital imag-
ing and communications in medicine (DICOM) files in
the metadata window of an open-source DICOM viewer
(OsiriX v. 6.0; Pixmeo, Geneva, Switzerland) and recor-
ded. Images were obtained at 1.5 and 3.0 T using GRE,
SE and UTE pulse sequences. All pulse sequence
parameters compared are shown in Table 1.

Artefact measurement
Artefacts were measured using the threshold tool available
on the ImageJ® software (National Institute of Health,
Bethesda, MD). A region of interest enclosing the total
area with signal loss from the three metal–ceramic resto-
rations and the artefacts caused by them was generated,
following previous methodology.11 All measurements
were performed in the slice containing the six reference
specimens (Figure 1b). The threshold was defined ac-
cording to the histogram of the signal intensities (8-bit
pixel values). Minimum, maximum and average pixel
values were recorded. An optimized lower threshold value
of zero and a higher threshold value of 60 were estimated
and set for all measurements. Accordingly, all pixels in the
aforementioned range were classified as artefacts and in-
cluded in the autogenerated region of interest. The soft-
ware measurement tool was then used to calculate the area
of the region of interest in squared centimetres. Since this
is an entirely automated and reproducible method, a single
observer performed all measurements.

Statistical analysis
Sample size (n5 number of artefact images) was determined
using Fisher’s-test, to detect a minimum linear correlation of
r5 0.6 and to give the study a power of 80%, at a level of
significance of 5%. Normality of GRE measurements was
assessed using the Shapiro–Wilk test (p. 0.05).

Statistical comparisons between mean artefact areas
at 1.5 and 3.0 T, and between GRE and SE were per-
formed using the paired t-test. At 3.0 T, similar pulse
sequences differing in one parameter at a time were also
compared using the paired samples t-test (Table 2). This
set of experimental variations was carried out to evaluate
the sole influence of each parameter on the artefact size.
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Alternating parameters include bandwidth, TR, TE, NEX
and flip angle. Furthermore, parametric correlation be-
tween artefact area and TE was performed for GRE and
SE scans performed in the 3.0-T scanner using the Pear-
son’s test. All statistical analyses were performed using the
IBM SPSS® Statistics 17 software (IBM Corporation,
New York, NY; formerly SPSS Inc., Chicago, IL). A
p-value ,0.05 was considered statistically significant.

Results

A total of 44 MRI artefact images (10 at 1.5-T field
and 34 at 3-T field) were analysed. The mean artefact
area of this study was 16.85 ± 8.83 cm2. The smallest
artefact area calculated was 5.97 cm2 (Figure 1c)
obtained using UTE at 1.5 T. Mean artefact area was
21.53 ± 7.80 cm2 for GRE images, 8.59 ± 2.87 cm2 for
SE images and 6.74 ± 2.52 cm2 for UTE images.

Normal distribution was confirmed for all measure-
ments according to the Shapiro–Wilk test (p. 0.05). A
substantial significant increment of artefact area was
found between similar pulse sequences at 3.0 T compared
with 1.5 T (p5 0.028) and for GRE compared with SE (p
5 0.005) (Figure 2). Furthermore, in GRE images,
a longer TR led to small significant reductions (p5 0.031)
in artefact area, while a shorter TE led to substantial
significant reductions (p5 0.001). On the other hand,

artefact areas from SE images were only substantially
significantly reduced by a higher bandwidth (p5 0.001)
(Table 2). Finally, a significant parametric correlation
between TE and artefact size was found for GRE images
(r5 0.959; p5 0.010) but not for SE images (p. 0.05).

Discussion

The advent of MRI in dentistry led to research interest in
the interactions of dental materials and RF pulses and
magnetic fields. Among the dental materials causing sig-
nificant MRI artefacts are metal-based materials such as
orthodontic brackets and metal–ceramic restorations.8,12

On the other hand, materials such as ceramics and poly-
mers have low magnetic susceptibility, are compatible
with MRI scanning and generally produce minimal or no
artefacts.11,12 Based on this fact, ceramic cylinders were
used as reference specimens of the present study.

The size of MRI artefacts caused by different dental
materials has been assessed in previous studies using
a few pulse sequences to analyse samples of regular shape
(i.e. cylinders and spheres).11,12 By contrast with the
aforementioned methodology, the present study assessed
multiple pulse sequences to analyse nickel–chromium
samples with clinical shapes of metal–ceramic restora-
tions. The rationale of testing clinical samples of the same
composition with multiple MRI scans was to identify

Figure 1 (a) Phantom used in the study. (b) An ultrashort echo time image at 1.5T of the phantom, which presented the smallest total artefact area.
(c) Threshold region-growing method used to perform automated measurements of the total area affected by the artefact. TE, echo time; TR, repetition time.

Table 1 Pulse sequence parameters tested in MRI scans

Field strength

Pulse sequence parameters

Type
Bandwidth
(Hz/pixel)

Repetition
time (ms) TE (ms)

Slice
thickness (mm)

Number of
slices NEX

Flip angle
(degree)

1.5 T GRE 260 200, 275 3.61, 10, 20 3 10 1 25
SE 130 275 10, 20 3 10 1 70
UTE 635 13 0.07 1 192 1 10

3.0 T GRE 260, 600 275, 600 3.61, 5, 10, 20, 40, 80 3 10 1, 4 50, 30
SE 130, 601 275, 600 5, 10, 20, 40, 80 3 10 1, 4 115
UTE 635, 1628 3.16, 600 0.07 1 192 1 10, 15

GRE, gradient echo; NEX, number of experiments (averages); SE, spin echo; TE, echo time; UTE, ultrashort echo time.
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pulse sequence parameters that could be optimized in
order to minimize the artefacts. To address the clinical
relevance of our methodology, we fabricated a phantom
with three different metal–ceramic restorations close to
each other, simulating a commonly encountered condi-
tion of a patient’s dental arch.
Most of the articles in the literature on MRI artefacts

have tested materials using different methodologies to es-
timate the size of the artefacts.7,9–12 An article on dental
materials performed linear measurements of artefacts
based on specific threshold limits, following the criteria
recommended by the American Society for Testing and
Materials (standard F2119-01).12 These criteria are in-
dicated to estimate the size of an artefact by comparing it
with the known actual dimensions of regular shape sam-
ples and therefore were not followed in our investigation.

Instead, we measured the entire area with loss of RF sig-
nal, which includes the actual metal–ceramic restorations
and the artefact caused by their magnetic susceptibility, as
performed by similar studies.10,11 The clinical relevance of
this methodology is that larger areas of RF signal loss
mean larger areas of misdiagnosed oral tissue. As a result,
by testing multiple RF pulse sequences in which single
parameters were varied, we were able to define the RF
pulse sequence parameters that could be optimized for
patients with metal–ceramic restorations, in order to min-
imize MRI artefacts.

In our comparisons performed at 3.0 T, reducing TE in
GRE pulse sequences and increasing bandwidth in SE pulse
sequences could reduce artefact size up to 40% for our
choice of parameters. These findings are in agreement with
a similar study on aneurism clips.10 A shorter TE results in

Table 2 Mean comparisons performed between similar pulse sequences

Sequence type Alternating variable Values compared Mean difference (cm2) p-valuea

All Field strength 1.5 T and 3.0 T 5.3 ± 2.0 0.028
GRE Bandwidth (Hz/pixel) 260 and 600 0.3 ± 0.1 0.131
SE Bandwidth (Hz/pixel) 130 and 601 5.9 ± 0.3 0.001
GRE TR (ms) 275 and 600 0.9 ± 0.4 0.031
SE TR (ms) 275 and 600 0.4 ± 0.3 0.460
GRE TE (ms) 10 and 20 8.2 ± 0.7 0.001
SE TE (ms) 10 and 20 0.7 ± 0.5 0.371
GRE NEX 1 and 4 0.2 ± 0.4 0.352
SE NEX 1 and 4 0.5 ± 0.2 0.122
GRE Flip angle (degree) 50 and 30 0.2 ± 0.1 0.108

GRE, gradient echo; NEX, number of experiments (averages); SE, spin echo; TE, echo time; TR, repetition time.
aPaired sample t-test. Significant p-values were ,0.05 (in bold).

Figure 2 Comparison between gradient echo (GRE) and spin echo (SE) pulse sequences varying in echo time (TE), at 1.5 and 3.0 T. Note that SE
images were affected by field strength changes but not by TE changes.
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less pixel signal dephasing at the echo peak, leading to
less signal loss. A higher bandwidth leads the scanner to
apply a larger magnetic field gradient during the fre-
quency encoding period in which the MR signal is
digitized, reducing the frequency shift of the artefact
relative to the bandwidth per pixel; the artefact there-
fore occurs over a smaller number of pixels.13 In addi-
tion, a longer TR with other parameters fixed improves
image contrast and signal to noise ratio, resulting in
small significant area reductions in nickel–chromium
artefacts in GRE images. Therefore, TR is a parameter
that could be optimized to modestly reduce MRI arte-
facts, at the expense of a longer scan time.14

In our study, while MRI artefacts at 3.0 T were up
to 50% larger than at 1.5 T, SE images presented sig-
nificantly smaller artefacts than GRE images. This
finding supports previous studies concluding that GRE
pulse sequences are more affected by the presence of
metal when compared with SE.11,15 This is because SE
pulse sequences have an 180° RF pulse that refocuses
susceptibility-induced frequency shifts at the TE and
thereby diminishes the pixel intensity shifts.16 In addition,
SE pulse sequences with higher bandwidth used herein at
3.0 T presented smaller artefacts than UTE images at the
same field strength. However, the above-mentioned
findings are in contrast to a study concluding that SE
could lead to larger artefacts than GRE depending on the
magnetic susceptibility of the material.12

This is the first study addressing the role of UTE pulse
sequences in producing images with reduced size of MRI
metal–ceramic artefacts. UTE is a relatively novel
method that allows for the visualization of solid struc-
tures17 and has been also described as useful in the field of
dentistry.2,18 Because of its very short TE and use of high
bandwidth, it is expected that UTE scans will yield the
smallest artefact areas. One limitation of our study,
however, is the very restricted choice and range of edit-
able parameters in the pre-commercial UTE pulse se-
quence provided by the scanner manufacturer, preventing
statistical comparisons with general GRE and SE results.

Conclusion

In conclusion, optimization of pulse sequences parameters
may significantly reduce susceptibility artefacts caused by
nickel–chromium metal–ceramic restorations. In addition,
the present results suggest that UTE pulse sequences are
suitable to overcome the presence of these artefacts.
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