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The effect of 3 T MRI on microleakage of amalgam restorations
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Objectives: To evaluate the effects of 3 T magnetic field on microleakage of amalgam re-
storations containing three different types of silver (Ag).
Methods: 60 extracted teeth were restored with three different types of amalgam filling
materials. Restored teeth were sectioned mesiodistally and divided into experimental and
control groups. Experimental groups were exposed to a magnetic field of 3 T for 20 min. All
samples were plunged into 2% basic fuchsin solution and examined under a digital microscope
by three different observers with regard to microleakage.
Results: Statistical analysis showed significant differences in microleakage between the
groups exposed to MRI and controls, whereas differences in microleakage between amalgam
types were insignificant.
Conclusions: The primary risk of MRI systems arises from the effects of its strong magnetic
field on objects containing ferromagnetic materials. An MRI of 1.5 T is known to be safe for
amalgam restorations. However, our research indicates that MRI is not completely devoid of
any effects on amalgam restorations.
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Introduction

Diagnostic imaging in the field of dentistry depends, in
general, on X-ray imaging that involves inherent limi-
tations—such as reduction of three-dimensional anat-
omy onto a two-dimensional image—and risks—such as
cancer resulting from exposure to ionizing radiation.
Various methods are used in the diagnosis and treat-
ment of oral and maxillofacial pathologies, and there is
extensive literature on the benefits of intraoral radio-
graphs, orthopantomograms, CT, cone beam CT, MRI,
ultrasonography and positron emission tomography.1,2

MRI is a sophisticated imaging technique that uses
strong magnets to create high-resolution images of
biological tissue without ionizing radiation.3–5 MRI is
often preferred as a fast and non-invasive diagnostic
modality for use on the entire human body, especially for
the central nervous system, musculoskeletal system, head
and neck and abdominal and pelvic examinations.6,7

Also, MRI used in conjunction with spectroscopy,

diffusion and perfusion images makes it possible to
combine biochemical and physiological data with con-
ventional anatomical information for more accurate di-
agnoses.8 MRI has three primary advantages over other
imaging techniques, namely the capacity to produce very
high spatial resolution images of both hard and soft tis-
sue, to produce images in any plane and to provide
images without exposure to the ionizing radiation used in
X-rays and CT scans.5,6 MRI of the craniomaxillofacial
area is currently used to examine salivary glands, artic-
ular pathologies of the temporomandibular joint, in-
flammatory changes of the orofacial region, maxillary
sinuses, muscles, haematomas, space infections, head and
neck masses and lymphatics, early pathological changes in
bones, fractures and anatomical contiguities.4,6,7,9,10 MRI
is also used for planning dental implants and locating
and evaluating the loci of facial skeletal growth.9

MRI systems produce magnetic fields whose strengths
are expressed in units of Tesla, with 1 T equal to
10 000 G (by comparison, the earths’ magnetic field is
approximately 0.5 G). MRI scanners with homogenous
and stable field strengths ranging from 0.15 T to 11 T
may be used on humans, whereas units of up to 24 T
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may be used in animal experiments.5 In clinical practice,
scanners of 3–4 T are considered to be high Tesla
devices.11 Higher Tesla translates to higher MR signal
rates that, with suitable software, offer advanced neu-
roimaging. In Turkey, 1.5 T systems are most common,
although a small number of 3 T systems exist. In
practice, the difference in signal generation allows for
the production of superior diagnostic images in the
same time frame or images of equal spatial resolution
obtained at twice the speed.12 Whereas the former offers
the radiologist greater flexibility for different applica-
tions, the latter is a positive feature for the patient.11,13

MRI has a number of inherent disadvantages related
to the effects of a strong magnetic field, which is strong
enough to pull heavy objects towards the scanner at
a very high velocity in what is known as the “projectile
effect”.5 Metallic objects, implants and biomedical de-
vices are common sources of accidents, and patients with
pacemakers, cochlear implants, neurostimulators and in-
fusion pumps are considered to be in a high-risk group.6,14

MRI’s magnetic field can cause these devices to become
non-functional, generating life-threatening situations, dis-
location (owing to torsion) and soft-tissue burns (owing
to absorbance of radiofrequency energy) in patients with
fixed metal prostheses and aneurism clips. Needless to
say, MRI is contraindicated in these cases.5,6,14,15

Every object in a magnetic field exhibits a degree
of magnetism that depends primarily upon material
composition, although it should be noted that all mate-
rials become magnetized when placed in an external
magnetic field, regardless of their inherent level of fer-
romagnetism. Metallic objects, such as crowns, onlay
restorations, inlay restorations, fixed bridges, orthodon-
tic brackets and arches, fixed splints, implants and re-
construction materials (miniplates, miniscrews, stainless
steel wires etc.) composed of precious (Au, Ag, Pt) and
non-precious (Cr, Co, Mo, Ni, Ti) metals, alloys,
amalgams, pure gold fillings, are often located in the
orofacial region, and in vitro tests have been designed to
characterize the properties of these materials to ensure
patient safety.4,16–19 Although fixed dental prostheses,
amalgam restorations and orthodontic appliances can
produce image distortions on MRI scans of the face,
they exhibit minimal deflection in a static magnetic field
and are thus regarded as safe for MRI.15

Dental amalgam has been an accepted part of dental
treatment for nearly two centuries.20,21 The amalgam
alloy currently in use is composed of silver (40–70%), tin
(12–30%) and copper (12–24%), and may also include
small amounts of palladium (0–0.5%), indium (0–4%)
and zinc (0–1%).22 The material possesses many advan-
tages, including simplicity of manipulation, durability, low
cost and restoration longevity.23 However, marginal ad-
aptation of a dental restorative material to the cavity walls
is critical in terms of longevity, and because amalgam
restoration material affords no chemical adhesion to the
tooth structure, it is inevitable that microleakage will
begin immediately after insertion.24 Microleakage, de-
fined as the passage of fluid, bacteria, molecules or ions

and air between a restorative material and the tooth
cavity wall, has been identified as a significant problem
with amalgam that can result in tooth discoloration,
pulp irritation and secondary caries.25

Although 1.5 T MRI systems are common, 3 T MRI
systems that exert a stronger static magnetic field, stronger
and faster gradient fields and more powerful radio-
frequencies have also come into extensive use worldwide,
calling into question the safety of metallic objects.11,12,14

Many studies have looked at the interactions of various
metal objects with 1.5 T systems, not all those mentioned
as safe with 1.5 T systems have been cleared for 3 T
systems. Therefore, this study aimed to evaluate potential
adverse effects of 3 T magnetic fields on amalgam res-
torations containing different proportions of silver in
terms of microleakage.

Materials and methods

This study was conducted with the approval of the Ethics
Committee of the Kirikkale University School of Medi-
cine (no. 12/31). 60 non-carious molar teeth extracted at
the Oral and Maxillofacial Surgery Department for
various reasons were used in this study.

Sample preparation
Teeth were stored in isotonic saline solution after sur-
face debridement. Class V rectangular cavities measur-
ing 5mm mesiodistally, 3 mm occlusogingivally and
2 mm in depth were prepared within the enamel borders
using no. 837L diamond burs (DMADilman™, Ankara,
Turkey) with a high-speed handpiece underwater spray.
Cavity dimensions were calibrated using a periodontal
probe, and burs were changed after a maximum of five
preparations. Following preparations, teeth were ran-
domly divided into three groups (n5 20) according to the
composition of the amalgam restoration material used as
follows: Group 1, 40% Ag; Group 2, 50% Ag; and Group
3, 70% Ag. Amalgam was condensed in the direction of
the cavity walls and restorations were burnished and
polished following standard procedures. Teeth were stored
in saline solution throughout the experiment (approx-
imately 3 months). The teeth were sectioned mesiodis-
tally using 125mm diameter diamond-coated wafering
blades (Metkon Instruments™ Ltd, Bursa, Turkey) in
a linear precision cutting device (Micra Cut 125, Metkon,
Turkey). Buccal and lingual sections of each tooth were
randomly distributed into experimental and control
subgroups and all teeth were coated with a thin layer of
nail varnish up to 1mm around the restoration margins.
In our preliminary testing, we observed pulpal basic
fuchsin staining that disabled microleakage evaluation
(Figure 1). Therefore, the inner surfaces were sealed with
a thin layer of cyanoacrylate glue to prevent undesirable
dye penetration.

MRI protocol
Samples in the experimental subgroups were exposed to
a 3 T magnetic field (Siemens MAGNETOM Trio™,
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Siemens Medical Systems, Erlangen, Germany). As in a
T1 anatomical imaging protocol, the specimens were
setted in gantry and 20 min of MRI was performed. The
control group was located outside of the magnetic field
and experiment room.

Microleakage evaluation
All specimens were immersed in 2% basic fuchsin solu-
tion at room temperature subsequent to the MRI pro-
tocol. The specimens were removed after 24 h, cleaned
with water and pumice slurry and then sectioned buc-
colingually through the center of the restoration using
a diamond saw in a linear precision cutting device under
watercooling. No fracturing or detachment of restora-
tions was observed during the sectioning procedures.
Samples were examined for microleakage under a digital
microscope (KH-7700 Hirox Digital microscope, Tokyo,
Japan) at 350 magnification in a random order by three
observers (Observers 1, 2 and 3) blinded to the groups.
The microleakage was scored as follows: 0, no dye pen-
etration; 1, dye penetration in the enamel; 2, dye pene-
tration in the dentin and enamel but not in the axial wall
of the restoration; and 3, dye penetration along the axial
wall (Figure 2).

Statistical analysis
Wilcoxon and Kruskal–Wallis tests were used to com-
pare microleakage in the experimental and control
groups. Cronbach’s Alpha test was used to evaluate the
interobserver reliability of microleakage scores. Mean
values of the different observer scores were calculated
and used as a basis for statistical analysis.

Results

We evaluated 240 inner surfaces of Class V amalgam
restorations on 60 extracted teeth. Any fracturing or
dislodging of restoration and pulpal overstaining was
observed during the experiment. We evaluated inter-
observer consistency in scoring microleakage forms,

and it was revealed that the interobserver consistency
was not reliable ( p5 0.087). Therefore, mean values of
the three observer scores were calculated and used as
a basis for statistical analysis. Specimens exposed
to MRI exhibited significantly higher microleakage
values than control specimens (40%, p5 0.014; 50%,
p5 0.007; 70%, p5 0.003; Table 1). The diversity of
dye penetration between the control group and the
MRI experimental group is shown in Figure 2a (no dye
penetration with Score 0) and 2d (dye penetration
Score 3). Meanwhile, no differences were observed
between the silver ratios of subgroups in both control
and MRI experimental groups ( p5 0.072; Table 2).
Dye penetration in MRI subgroups of 70% Ag and
40% Ag is shown in Figure 2c,d. Also different pat-
terns of dye penetration in the samples of 50% Ag
control group and 50% Ag MRI group can be seen in
Figures 2b and 3.

Discussion

To the best of our knowledge, the literature includes
only one similar study evaluating the effects of magnetic
fields on amalgam restorations.3 In that study, Shahidi
et al3 compared the response of three different brands
of amalgam with a 1.5 T magnetic field: CinaLux (non-
gamma 2 spherical amalgam; Faghihi Dental, Tehran,
Iran), GS-80 (non-gamma 2 admix amalgam; SDI,
Victoria, Australia) and Vivacap (non-gamma 2 spherical
amalgam; Ivoclar Vivadent, Liechtenstein, Germany).
Silver is the main component in amalgam, accounting
for approximately 60% of the material, with tin, copper
and zinc the other main components. Silver is diamagnetic
but becomes paramagnetic when it reacts with mercury
during setting.26,27 Therefore, in the present study, the
effects of a 3 T magnetic field on amalgam restoration
materials with different ratios of silver content (40%, 50%
and 70%) was evaluated.

We could not find any investigation on the subject of the
effects of 3 T MRI on the currently used improved amal-
gam restorative materials. There are only a few studies
that are about mercury release by the MRI process.14

In this study, preliminary testings demonstrated that,
despite a coating of nail varnish around restoration
margins and the pulpal surface, excessive pulpal stain-
ing with basic fuchsin dye inhibited microleakage ex-
amination; therefore, cyanoacrylate glue was used to
coat the inner surfaces of specimens to provide sufficient
isolation for microleakage evaluation (see Figure 1).

Dye penetration patterns in this study differed no-
ticeably from those with Shahidi et al3. Specifically, in
the present study, a linear pattern of dye penetration
along dentinal tubules was observed in contrast to the
blot-like staining seen in Shahidi et al (Figure 2).

Shahidi et al3 found significant differences between
microleakage scores of GS-80 and Vivacap specimens
exposed to a 1.5 T magnetic field but found no dif-
ference in microleakage scores of CinaLux specimens

Figure 1 Staining by the improper preparation of specimens in our
preliminary study
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subjected to MRI and CinaLux controls. The present
study subjected specimens placed to a much stronger
3 T magnetic field, and significant differences in micro-
leakage were observed between all the MRI and control
groups. However, no microleakage differences were

observed between the silver ingredients of both MRI and
control subgroups.

Despite numerous studies in the literature reporting
on the potential adverse effects of dental amalgam, Uçar
and Brantley28 have stated that the existing scientific
data do not justify replacing amalgam with alternative
restorative dental materials. Exposure of amalgam resto-
rations, orthodontic braces and wires, implants and other
metal comprising common dental prosthetics to anMRI is
not contraindicated.15 With regard to the microleakage,

Table 1 Comparison of microleakage scores between MRI experiment
and control groups

Variables A B C
Subject number 20 20 20
MRI and control groups A1, A2 B1, B2 C1, C2

Number 20, 20 20, 20 20, 20
Mean rank 16.03, 24.98 15.63, 25.38 18.10, 26.88
p-value (Wilcoxon test) 0.014 0.007 0.003

A1 is the control group of 40% Ag amalgam restorated teeth, A2 is the
MRI experiment group of 40% amalgam, B1 is the control group of
specimens that restorated with 50% Ag amalgam, B2 is the MRI
experiment group of specimens that restorated with 50% Ag amalgam,
C1 is the control group of specimens that restorated with 70% Ag
amalgam and C2 is the MRI experiment group of specimens that
restorated with 70% Ag amalgam.

Table 2 Comparison between different silver subgroups of the MRI
experiment group

Silver group Mean rank
A 28.30
B 28.08
C 35.13
p-value (Kruskal–Wallis test) 0.072

A, specimens that restorated with 40% Ag amalgam; B, specimens that
restorated with 50% Ag amalgam; C, specimens that restorated with
70% Ag amalgam restorations.

Figure 2 Microleakage scores of dye penetration. (a) An example of no dye penetration (Score 0) in the control group. (b) Dye penetration (Score 1)
along the enamel in 50% Ag control group. (c) Shows microleakage (Score 2) in 70% MRI group. (d) A sample of dye penetration (Score 3) in
40% Ag MRI group
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observed following exposure to a 3 T magnetic field,
a long-term observation is necessary.

In the current study, weak intraobserver reliability
was observed in the evaluation of microleakage using
the same scale and a digital microscope. This may be
owing to a lack of standardization of the views with the
aid of a visual microleakage scale. As noted by Shahidi
et al, more sensitive techniques such as measurement of
ammoniac silver nitrate penetration between the amal-
gam and the tooth structure could provide more accu-
rate evaluation of microleakage.

In conclusion, we found higher microleakage scores
in amalgam restorated teeth in vitro, which were ex-
posed to 3 T MRI procedure regardless of their silver
content. 3 T MRI is not contraindicated for patients
who have amalgam restorations; however, it needs to be
evaluated from different perspectives.
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