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Introduction
Magnetic resonance imaging (MRI) is an important di-

agnostic method that has the ability to improve soft tissue 
contrast without using ionizing radiation.1,2

Artifacts are one of the most important features of MRI 
images. An artifact is defined as a distortion in MRI sig-
nal intensity with no identifiable anatomical source in 
the imaging field.3 MRI artifacts include motion artifacts 
caused by patient movement, saturation artifacts resulting 
from blood flow, chemical artifacts due to changes in the 
chemical bonding of molecules under a strong magnetic 
field, and metal artifacts.4

In dentistry, the loss of signal and distortion of MRI im-
ages of the head and neck can be caused by dental alloys, 
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Purpose: This study was performed to compare the metal artifacts from common metal orthodontic brackets in 
magnetic resonance imaging.
Material and Methods: A dry mandible with 12 intact premolars was prepared, and was scanned ten times with 
various types of brackets: American, 3M, Dentaurum, and Masel orthodontic brackets were used, together with 
either stainless steel (SS) or nickel titanium (NiTi) wires. Subsequently, three different sequences of coronal and 
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inversion recovery images. In each sequence, the two sequential axial and coronal images with the largest signal-
void area were selected. The largest diameters of the signal voids in the direction of the X-, Y-, and Z-axes were 
then measured twice. Finally, the mean linear values associated with different orthodontic brackets were analyzed 
using one-way analysis of variation, and the results were compared using the independent t-test to assess whether 
the use of SS or NiTi wires had a significant effect on the images.
results: Statistically significant differences were only observed along the Z-axis among the four different brands 
of orthodontic brackets with SS wires. A statistically significant difference was observed along all axes among the 
brackets with NiTi wires. A statistically significant difference was found only along the Z-axis between nickel-free 
and nickel-containing brackets.
conclusion: With respect to all axes, the 3M bracket was associated with smaller signal-void areas. Overall, the 3M 
and Dentaurum brackets with NiTi wires induced smaller artifacts along all axes than those with SS wires. (Imaging 
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and is considered to be a major problem.5 These artifacts 
can be seen as a ‘black hole’ in the form of an area of low 
signal intensity that is surrounded by a zone of high signal 
intensity, which may have an adverse effect on the diag-
nostic accuracy of MRI findings.6-8

In recent years, the number of orthodontic patients 
treated with fixed orthodontic appliances who have been 
referred for MRI has increased. Although MRI is not a 
routine imaging technique in dentistry, orthodontic pa-
tients with a previous pathological lesion need to have 
MRI scans performed at regular intervals. This presents a 
challenge for orthodontists to help radiologists eliminate 
or reduce the artifacts caused by orthodontic brackets, 
because any kind of orthodontic treatment should not in-
terfere with the patient’s medical treatment.

Since an insufficient number of studies have evaluated 
the artifacts caused by brackets made of different mate-
rials, fixed orthodontic treatment is widespread among 
the general population, and it is important to arrive at a 
decision about whether to remove a bracket before per-
forming MRI, the aim of this basic study was to compare 
the effects that orthodontic metal brackets have on signal 
void reduction within a magnetic field. This study focused 
on the quantitative effect of metal brackets of different 
brands on the severity of metal artifacts.

Materials and Methods
In this experimental in vitro study, a dry human mandi-

ble was used, in which 12 intact premolar teeth were set 
in prepared sockets from the right first molar to the left 
first molar. The premolar teeth were kept in a 1% thymol 
solution after removing the soft tissue by scalpel to pre-
vent drying. Before the teeth were set in the dry mandible, 
they were polished with pumice paste.

In this study, we used four different kinds of brackets 
that are commonly used in practice: Dentaurum (Isprin-
gen, Germany), Masel (Carlsbad, CA, USA), American 

(Sheboygan, WI, USA), and 3M Unitek (Monrovia, CA, 
USA).

We also used two types of orthodontic wires: nickel 
titanium (NiTi) (G&H Orthodontics, Franklin, IN, USA) 
and stainless steel (SS) (G&H Orthodontics, Franklin, IN, 
USA). Both types of wires were 0.41 mm in diameter, and 
were used with each kind of bracket. On the last tooth on 
each side, a buccal tube was bonded and fixed. The brack-
ets were bonded with composite onto the teeth (Fig. 1).

The prepared model was placed in a plastic cylindrical 

chamber containing starch. The plastic cylindrical con-
tainer had no effect on the magnetic field. Corn starch 
was then dissolved in water (4 : 1) and was poured into the 
cylindrical chamber up to one quarter of the height of the 
container.

During the hardening of the starch solution, the prepared 
model was placed in the center of the container, the cham-
ber was filled with a starch solution, and the mandible was 
embedded in the starch (Figs. 2A and B). This process was 
repeated for each imaging session after changing the brac-
ket or the wire. It should be noted that during the first step, 
MRI images were taken from the prepared mandible be-
fore any brackets were applied, and we did not find metal 
artifacts in the image sequences.

In order to minimize the effect of other variables, the 
mandible and the dental arch were the same; and the im-
aging model was therefore unchanged. Only the brackets 
or wires were changed for each scan.

A 1.5-T MRI device (Phillips Co., Eindhoven, Nether-
lands) was used for MRI scanning. Overall, the prepared 
sample was imaged eight times, with the following com-
binations of brackets (American, 3M, Dentaurum, and 
Masel) and wires (SS and NiTi): American SS, American 
NiTi, 3M SS, 3M NiTi, Dentaurum SS, Dentaurum NiTi, 
Masel SS, and Masel NiTi.

We also imaged one bracket type that contained nickel 

(Dentaurum) and another that was nickel-free (Masel) 
without applying wires. Two sets of MRI images were 
subsequently taken from these brackets without wires. We 
obtained the mean signal-void areas that were induced by 
these brackets without wires and compared them with the 

Fig. 1. The brackets are bonded with composite onto the teeth for 
performing magnetic resonance imaging.
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corresponding brackets with NiTi wires.
The container holding the mandible was put into a head 

and neck coil chamber, in the same way that the patient’s 
head is routinely placed in the apparatus. Three different 
sequences of coronal and axial images were prepared: 
spin-echo T1-weighted (SET1) images, fast spin-echo T2- 
weighted (FSET2) images, and fluid-attenuated inversion 
recovery (FLAIR) images. Most of these imaging sequen-
ces are generally used for the maxillofacial, head, and neck 
regions. The scanning parameters of the different sequen-
ces are presented in Table 1.

All MRI images that were captured in the three sequen-
ces were evaluated in iQ-view version 2.6, 2009 (IMAGE 
Information Systems Ltd., London, UK). Then, in each 
sequence of axial images, the two sequential axial imag-
es that had the most signal-free zones were chosen. The 
maximum diameter of the signal void detected along the 

X- and Y-axes was measured twice semi-automatically on 
each axial cut by using the measurement tool of the iQ-
view software. Similarly, when using two selected coronal 
images, the maximum height of the signal-free zone was 
measured along the Z-axis. (Figs. 3-5). Subsequently, the 
mean values of the four measurements (two times each 
for two cuts) taken along the X-, Y-, and Z- axes in each 
sequence were calculated. New mean values were then 
determined from the above-described mean values of the 
three sequences.

In the mid-sagittal area of the SET1 sequence, we also 
measured the height (H) of the signal-free zones caused 
by metal artifacts.

Finally, the measured quantitative values from the dif-
ferent sequences of MRI imaging were assessed by one-
way analysis of variation (ANOVA) among the different 
bracket brands with SS or NiTi wires, and also between 

Table 1. The scanning parameters of the different sequences of magnetic resonance imaging.

SET1 FLAIR FSET2

Repetition time
Echo time
Flip angle
Direction of phase encoding
Number of signal averages
Matrix size
Field of view
Water-fat shift (pixels)

Axial (450) Coronal (450)
Axial (10) Coronal (10)
90°
Right to left
1
224 × 256
240
0.740

Axial (8000) Coronal (8000)
Axial (110) Coronal (100)
90°
Right to left
2
224 × 256
240
0.772

Axial (1394) Coronal (2568)
Axial (110) Coronal (100)
90°
Right to left
1
256 × 256
240
0.690

SET1: spin-echo T1-weighted, FSET2: fast spin-echo T2-weighted, FLAIR: fluid-attenuated inversion recovery.

Fig. 2. A and B. The mandible is fixed in the starch mixture.

A B
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the brackets that contained nickel (Dentaurum, 3M, Ame-
rica) and those that were nickel-free (Masel). Moreover, 
the measured values of the signal-void diameters calcul-

ated in the different MRI sequences were compared bet-
ween the SS and NiTi wires for each brand using the in-
dependent t-test. The level of significance was set at P< 

Fig. 4. Axial (A) and coronal (B) views reveal the various measurements of the signal-void areas along the X-, Y-, and Z-axes in the differ-
ent imaging sequences for Dentaurum-brand brackets with nickel titanium wires.

A

B

Fig. 3. Axial (A) and coronal (B) images reveal various measurements of signal-void areas along the X-, Y-, and Z-axes detected in the dif-
ferent imaging sequences for American-brand brackets with NiTi wire.

A

B
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0.05. A post hoc test was performed to characterize the 
differences that occurred between the groups.

results
After stabilizing the various orthodontic brackets on 

the dental arch of the dry mandible, ten sets of MRI scans 
were obtained. The quantitative values of the signal-free 
areas associated with the different types of orthodontic 
brackets were evaluated as follows.

First, the mean quantitative values of the signal-free 
zones caused by metal artifacts were assessed in the three 
sequences (SET1, FSET2, and FLAIR) along the X-, Y-, 
and Z-axes for four orthodontic brands (American, 3M, 
Dentaurum, and Masel); a significant difference among 
these brands was only found along the Z-axis (P = 0.001). 
The American brand of bracket had the highest level and 
the Dentaurum type had the lowest level of signal-free 
zones occurring along all axes (Table 2).

Tukey’s post hoc test showed that significant differen-
ces existed between the American and the 3M brackets 

(P = 0.001) as well as between the American and the Den-
taurum brackets (P = 0.001). In addition, significant differ-

ences were observed between the Masel and the Dentau-
rum brackets (P = 0.001) and the Masel and the 3M brack-
ets (P = 0.001) with regard to the mean quantitative values 
of signal-free zones caused by metal artifacts along the 
Z-axis.

Likewise, the mean quantitative values of signal-free 
zone values (reflecting six values; two values for each of 
the three imaging sequences) were studied along the X- , 
Y-, and Z- axes for the four orthodontic brands (American, 
3M, Dentaurum and Masel) with SS wires, as presented 
in Table 3.

Table 4 displays a comparison of the mean quantita-
tive signal void values along the X-, Y- and Z-axes in the 
three imaging sequences for the four different orthodontic 
brands (American, 3M, Dentaurum, and Masel) with NiTi 
wires.

In the evaluation of the differences of the mean quan-
titative values of signal-free zones caused by metal arti-
facts along the Z-axis that occurred between the groups, 
the results of the post hoc test for the four orthodontic 
brands studied with SS and NiTi wires were the same as 
the overall comparison of the four types of orthodontic 
brackets.

Fig. 5. Axial (A) and coronal (B) views show the various measurements of the signal-void areas found along the X-, Y-, and Z-axes in the 
different imaging sequences for Masel-brand brackets with stainless steel wires.

A

B
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Table 2. Comparison of the mean signal void values measured along the X-, Y-, and Z-axes for four brands of orthodontic brackets with 
either SS or NiTi wires.

Axis Bracket brands Number of sequences Signal void values (mean±SD) Statistical analysis*

X-

American
3M
Dentarum
Masel

6
6
6
6

  99.32±6.65
  87.03±5.89
  88.43±4.79
  81.90±20.55

†F = 2.46; P = 0.93 (NS)

Y-

American
3M
Dentarum
Masel

6
6
6
6

  75.73±19.83
  54.10±6.89
  53.17±7.65
  62.30±27.06

F = 2.13; P = 0.13 (NS)

Z-

American
3M
Dentarum
Masel

6
6
6
6

112.37±12.75
  44.95±7.15
  47.95±4.17
100.18±5.49

F = 112.02; P = 0.001 (S)

*One-way analysis of variation, †Degrees of freedom, SS: stainless steel, NiTi: nickel titanium, SD: standard deviation, NS: not significant, S: significant.

Table 3. Comparison of the mean signal void values measured along the X-, Y-, and Z-axes for four brands of orthodontic brackets with 
SS wires.

Axis Bracket brands Number of sequences Mean±SD Statistical analysis*

X-

American SS
3M SS
Dentaurum SS
Masel SS

3
3
3
3

  96.97±9.24
  92.10±1.21
  92.70±1.57
  79.63±32.00

†F = 0.60; P = 0.63 (NS)

Y-

American SS
3M SS
Dentaurum SS
Masel SS

3
3
3
3

  66.83±27.11
  59.50±4.51
  59.80±3.48
  79.63±30.42

F = 0.63; P = 0.62 (NS)

Z-

American SS
3M SS
Dentaurum SS
Masel SS

3
3
3
3

107.53±7.20
  50.63±2.85
  50.80±2.60
100.17±6.33

F = 106.79; P = 0.001 (S)

*One-way analysis of variation, †Degrees of freedom, SS: stainless steel. SD: standard deviation, NS: not significant, S: significant.

Table 4. Comparison of the mean signal void values measured along the X-, Y-, and Z-axes for four brands of orthodontic brackets with 
NiTi wires.

Axis Bracket brands Number of sequences Mean±SD Statistical analysis*

X-

American NiTi
3M NiTi
Dentaurum NiTi
Masel NiTi

3
3
3
3

101.67±2.95
  81.97±2.87
  84.17±0.50
  84.17±4.05

†F = 30.05; P = 0.001 (S)

Y-

American NiTi
3M NiTi
Dentaurum NiTi
Masel NiTi

3
3
3
3

  84.63±3.20
  48.70±3.30
  46.53±1.48
  44.96±1.90

F = 161.36; P = 0.001 (S)

Z-

American NiTi
3M NiTi
Dentaurum NiTi
Masel NiTi

3
3
3
3

117.20±16.86
  39.27±4.78
  45.10±3.50
100.20±5.94

F = 51.68; P = 0.001 (S)

*One-way analysis of variation, †Degrees of freedom, NiTi: nickel titanium, SD: standard deviation, NS: not significant, S: significant.
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However, the post-hoc test found significant differen-
ces between the American and the 3M brackets with NiTi 
wires (P = 0.001), the Dentaurum brackets with NiTi wires 

(P = 0.001), and the Masel brackets with NiTi wires (P =  
0.001), in terms of the mean quantitative values of signal- 
free zones caused by metal artifacts along the X- and Y- 
axes.

The mean values of the signal void zones found along 
the X-, Y-, and Z-axes based on a comparison of the brac-
ket types with SS and NiTi wires are presented in Table 5.

Nickel-containing and nickel-free brackets were match-

ed to their corresponding signal-void area values in three 
different sequences without considering the type of wires 
used, as shown in Table 6. In Table 6, the results from the 
images of all three nickel-containing brackets with both 
types of wires are compared with those of one nickel-free 
bracket with both types of wires.

In the mid-sagittal area of the SET1 sequence, we also 
measured the height (H) of signal-free zones caused by 
metal artifacts. The maximum H value was detected in 
the Masel brackets with SS wires (136.7 mm).

Overall, the Masel brand (SS, NiTi) showed the max-

Table 5. The mean values of signal-free zones measured along the X-, Y-, and Z-axes depending on whether SS or NiTi wires were used 
with a given orthodontic bracket.

Axis Bracket brands Number of sequences Mean±SD Statistical analysis*

X-

American SS
American NiTi
3M SS
3M NiTi
Dentaurum SS
Dentaurum NiTi
Masel SS
Masel NiTi

3
3
3
3
3
3
3
3

  96.97±9.24
101.67±2.95
  92.10±1.21
  81.97±2.87
  92.70±1.57
  84.17±0.49
  79.63±31.99
  84.17±4.05

†T = 0.84; P = 0.45 (NS)

T = 5.63; P = 0.005 (S)

T = 8.97; P = 0.001 (S)

T = 0.24; P = 0.82 (NS)

Y-

American SS
American NiTi
3M SS
3M NiTi
Dentaurum SS
Dentaurum NiTi
Masel SS
Masel NiTi

3
3
3
3
3
3
3
3

  66.83±27.12
  84.63±3.20
  59.50±4.51
  48.70±3.29
  59.80±3.48
  46.53±1.48
  79.63±30.42
  44.97±1.90

T = 1.13; P = 0.32 (NS)

T = 3.35; P = 0.03 (S)

T = 6.08; P = 0.004 (S)

T = 1.97; P = 0.12

Z-

American SS
American NiTi
3M SS
3M NiTi
Dentaurum SS
Dentaurum NiTi
Masel SS
Masel NiTi

3
3
3
3
3
3
3
3

  10.75±7.19
  11.72±16.86
  50.63±2.85
  39.27±4.79
  50.80±2.60
  45.10±3.51
100.17±6.33
100.20±5.94

T = 0.91; P = 0.41 (NS)

T = 3.53; P = 0.024 (S)

T = 2.26; P = 0.09 (NS)

T = 0.007; P = 0.99 (NS)

*Independent t-test, †T-value, SS: stainless steel, NiTi, nickel titanium, SD: standard deviation, NS: not significant, S: significant.

Table 6. Comparison of the mean values of signal-free zones between the nickel-containing brackets (Dentaurum, 3M and American) and 
those that were nickel-free (Masel).

Axis Bracket brands Number of sequences Mean±SD Statistical analysis*

X- Nickel-containing
Nickel-free

18
6

  91.59±7.87
  81.90±20.55

†F = 2.94; P = 0.10 (NS)

Y- Nickel-containing
Nickel-free

18
6

  61.00±16.18
  62.30±27.06 F = 0.02; P = 0.89 (NS)

Z- Nickel-containing
Nickel-free

18
6

  68.42±33.04
100.18±5.49 F = 5.34; P = 0.031 (S)

*One-way analysis of variation, †Degrees of freedom, SD: standard deviation, NS: not significant, S: significant.
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imum H values (136.7 and 127.9 mm, respectively), and 
the American brand with SS wires showed the third high-
est value (126.9 mm). The minimum H value was found 
in the Dentaurum bracket with NiTi wires (48.9 mm). In 
general, higher H values were found with SS wires than 
with NiTi wires.

The mean quantitative signal void values along the X-, 
Y-, and Z-axes in the three imaging sequences for the Den-
taurum brackets without wire were 80.3±2.15, 43.1±
2.49, and 44.7±5.1, respectively. The corresponding val-
ues from the Dentaurum orthodontic brackets with NiTi 
wires were not significantly different. The mean quantita-
tive signal void values along the X-, Y-, and Z-axes deter-
mined in the three imaging sequences of the Masel brac-
kets without wires were 82.7±0.85, 98.4±8.19, and 48.8 
±2.30, respectively. Likewise, the corresponding values 
for the Masel brackets with NiTi wires were not signifi-
cantly different.

discussion
In MRI of the head and neck areas, the presence of fer-

romagnetic metals in some dental materials causes a non-
homogeneous magnetic field.9 Metal-based materials cre-
ate individualized magnetic fields and dramatically alter 
the precession frequencies of protons in adjacent tissues. 
This inhibits the generation of useful signals and may pre-
vent proper diagnosis.10

In the FLAIR sequence, a long echo time produces very 
heavy T2 weighting, and a long inversion time suppresses 
the signal from fluids and reduces flow artifacts. Thus, 
anatomical details are seen well.11

Costa et al.12 concluded that major metal orthodontic 
devices create artifacts in brain MRI scans. In their study, 
imaged metal artifacts and their origins were determined 
and the level of artifacts in each image was scored from 0 
to 1. They found 70 MRI images with artifacts over a four- 
year period. Orthodontic devices were associated with the 
highest levels of artifact production. Several studies13-15 
have also suggested that orthodontic devices interfere with 
MRI.

In this investigation, we found a statistically significant 
difference in the signal-void areas created by the four dif-
ferent orthodontic bracket brands along the Z-axis. The 
American brand was associated with the highest amount 
of signal-free zones, while the Dentaurum brand had the 
lowest amount of signal-free zones.

We then compared the mean quantitative values of sig-
nal-free zones along the X-, Y-, Z-axes in three imaging 

sequences for the four previously mentioned orthodontic 
brands with SS wires. No significant statistical differenc-
es were observed along the X- and Y-axes, but significant 
differences were observed along the Z-axis. The Amer-
ican SS type had the highest level of signal-free zones, 
while the Dentaurum SS was associated with the lowest 
level of signal-free zones. Consequently, in MRI images 
of patients who are undergoing orthodontic treatment and 
who have these specific orthodontic brackets with SS 
wires, the location of the lesion and the area under study 
in the vertical dimension is especially important.

In our study, the mean quantitative values of signal-free 
zones were evaluated for four different orthodontic brands 
with NiTi wires. We found that NiTi wires had a signifi-
cant negative effect on the intensity of the magnetic field, 
decreasing the size of the signal-void area in comparison 
with SS wires. In all three axes, the American NiTi type 
had the highest level of signal-free zones, while the 3M 
NiTi type had the lowest level.

Overall, we found that the 3M and Dentaurum ortho-
dontic brackets with SS wires induced more signal-free 
zones than the corresponding brackets with NiTi wires. 
Thus, changing the orthodontic wires from SS to NiTi 
did not affect the outcomes of the Masel and American 
brands, but did have an impact on the outcomes of the 3M 
and Dentaurum brackets.

Shellock et al.16 reviewed various studies related to the 
safety of performing MRI with respect to 16 tested dental 
materials and devices containing ferromagnetic materials, 
and found that only three samples (SS, amalgam, and sil-
ver point) caused a problem for patients during MRI scan-
ning, as these materials are magnetically activated.

In another study, Okano et al.17 suggested that ceramic 
brackets applied to the anterior teeth and metal bonded 
tubes on the molar teeth do not have a direct effect on the 
diagnostic quality of MRI or on temporomandibular joint 
imaging. SS materials and other metals that are used in 
dentures created a considerable number of artifacts that 
tended to obscure the details of MRI images in the facial 
area.

Morikuni et al.18 conducted a study to examine the pro-
duction of metal artifacts by multibracket devices while 
performing MRI of the oral cavity when brackets having 
different arch wires are present. The SS wires that were 
used in their study contained 98% ferromagnetic and para-
magnetic materials, and therefore had a considerable capa-
city to interfere with magnetic field gradients. Similarly, 
in the present study, we found that brackets with SS wires 
induced more metal artifacts.
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Patel et al.19 concluded that SS arch wires, removable 
orthodontic appliances, palatal bars, and removable lin-
gual arches should be removed before MRI scanning.

The results of several studies15-20 have likewise under-
scored the ability of SS wires to create metal artifacts in 
MRI.

Nickel is a ferromagnetic material, and this kind of 
material leads to major distortions of magnetic fields and 
the loss of MRI signals. However, our study did not show 
a significant statistical difference in artifacts along the 
X- and Y-axes between the nickel-free brackets and the 
brackets that contained nickel.

Hasegawa et al.13 conducted a study to estimate the risk 
of injury secondary to the heating of orthodontic metal 
devices caused by the radiofrequency signals found in 3-T 
MRI. They estimated this potential risk and found that 
a higher maximum temperature and, correspondingly, a 
higher level of risk was associated with orthodontic appli-
ances that showed radiofrequency heating above the stan-
dard industrial level. Therefore, they suggested that the 
orthodontic wires should be removed from the brackets or 
that a spacer should be placed between the appliance and 
the oral mucosa during MRI.

It would seem that orthodontic brackets with NiTi wires 
are preferable, due to the negative effect of SS wires on 
magnetic fields in our study and the categorization of the 
SS alloy as an unsafe material in another MRI investiga-
tive report.20 However, in our study, the presence or ab-
sence of NiTi wires was not associated with significant 
differences in the extent of artifacts in two types of ortho-
dontic brackets (Dentaurum and Masel).

The details of the metal content of the brackets and wires 
used herein were not clear, because this information was 
not available due to industrial security concerns. This was, 
therefore, one of the limitations of our study. It should be 
kept in mind that this study is a relatively simple study of 
the effects of wires and brackets on magnetic fields and 
was performed under routine conditions. When making 
decisions about whether to remove the brackets or wires, 
variables such as radiofrequency heating and the location 
of the lesion are important.

In conclusion, the 3M orthodontic brackets seemed to 
cause smaller signal-free zones, especially in combination 
with NiTi wires. Overall, the 3M and Dentaurum orthodon-
tic brackets with NiTi wires induced fewer artifacts than 
the same brackets with SS wires. The effects of nickel- 
free orthodontic brands compared to nickel-containing 
brands on the magnitude of signal-free zones were not 
major.
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