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ABSTRACT 

Aim: The aim of this study was to evaluate the effect of electromagnetic effects of magnetic resonance imaging (MRI) on the release of 
mercury (Hg) and on the possible amalgam phase change in amalgam with 14.1T MRI. 
Material and methods: 60 amalgam discs with 4 mm diameter and 4 mm height were prepared. 30 were selected as the control and 30 
as MRI group. They were placed in the Fusayama-Meyer solution. MRI group were exposed to 14.1T ultra-high-field magnetic resonance 
imaging (UHF-MRI) system (EPFL, Lausanne, Switzerland). 2, 12 and 24 hours after MRI, all discs were removed from the solutions. In-
ductively coupled plasma-mass spectroscopy (ICP-MS) analysis was performed to the solutions. X-ray diffractometry (XRD) was perfor-
med to amalgam discs. Differences and interactions between groups were evaluated by two-way ANOVA. 
Results: The concentration of Hg released from the amalgams to the solution in the MRI group was significantly higher than the control 
group (p=0,026; F=5,253). The peak intensity of the amalgam in the MRI group obtained by XRD was significantly lower than the control 
group (p = 0.000). 
Conclusion: UHF-MRI increases the release of Hg in the amalgam due to the strength of the magnetic field and appears to have a debilita-
ting effect on the crystal structure of the amalgam within the period of exposure to the magnetic field. 
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ÖZ 

Amaç: Bu çalışmanın amacı, Manyetik Rezonans Görüntülemenin (MRG) elektromanyetik etkilerinin cıva (Hg) salınımı ve olası amalgam 
faz değişimi üzerindeki etkisini 14.1T MRG ile değerlendirmektir. 
Gereç ve Yöntemler: 4 mm çapında ve 4 mm yüksekliğinde 60 adet amalgam disk hazırlandı. 30'u kontrol ve 30'u MRG grubu olarak 
seçildi. Diskler Fusayama-Meyer solüsyonuna yerleştirildi. MRG grubu 14.1T Ultra Yüksek Alanlı Manyetik Rezonans Görüntüleme (UYA-
MRG) sistemine (EPFL, Lozan, İsviçre) maruz bırakıldı. MRG'den 2, 12 ve 24 saat sonra tüm diskler solüsyonlardan çıkarıldı. Solüsyonlara 
İndüktif eşleşmiş plazma-kütle spektroskopisi (ICP-MS) analizi yapıldı. Amalgam disklere X-ışını difraktometresi (XRD) uygulandı. Gru-
plar arasındaki farklılıklar ve etkileşimler çift yönlü ANOVA ile değerlendirildi. 
Bulgular: MRG grubunda amalgamlardan solüsyona salınan Hg konsantrasyonu kontrol grubuna göre anlamlı derecede yüksekti 
(p=0,026; F=5,253). XRD ile elde edilen MRG grubundaki amalgamın pik seviyesi kontrol grubuna göre anlamlı derecede düşüktü 
(p=0.000). 
Sonuç: UYA-MRG, manyetik alanın gücünden dolayı amalgamdaki Hg salınımını arttırmaktadır ve manyetik alana maruz kalma süresi 
içinde amalgamın kristal yapısı üzerinde zayıflatıcı bir etkiye sahip olduğu görülmektedir. 
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INTRODUCTION 

Magnetic resonance imaging (MRI) is an effective 

and safe method for imaging soft tissues and used in 

maxillofacial radiology to determine the pathologies 

and their extensions of the head and neck region.1-3 

Visualization of body structures is performed by a sta-

tic magnetic field and radio wave energy. The magne-

tic field generated by the magnets is defined as the 

unit of Tesla (T).4 Devices have 1.5T and more magne-

tic field are called high-field MRI devices, while devi-

ces have 7T and more are defined as ultrahigh-field 

magnetic resonance imaging (UHF-MRI) system. With 

the use of UHF-MRI devices, it is aimed to obtain a cle-

arer image and to differentiate the anatomical and 

pathological structures easier.5  

The distribution of mercury (Hg) on earth became 

anthropogenic with the effects of the industrial revo-

lution in the 18th and 19th centuries.6 Dental amal-

gam is shown as the primary source of Hg exposure in 

today's societies.7 The most important factor limiting 

the use of amalgam is its possible harmful effects on 

human health due to biochemical reactions derived 

by Hg in its structure.8,9 However, it has also been 

shown that there is insufficient evidence to prohibit 

the use of amalgam.10  

Atomic absorption spectroscopy (AAS), inducti-

vely coupled plasma-optical emission spectroscopy 

(ICP-OES) and inductively coupled plasma-mass 

spectroscopy (ICP-MS) are techniques used to mea-

sure Hg concentration.11-13 Different methods and de-

vices are used to measure the concentration of Hg re-

leased in a variety of liquids. ICP-MS is a new tech-

nique than AAS.14 ICP-MS is a more expensive system 

compared to AAS, but it can perform analysis faster. 

Therefore, AAS may be preferred for a small number 

of sample analyses.15 AAS technique was used in 54 of 

62 studies measured Hg concentration from dental 

amalgams that were published in PubMed and Web of 

Science databases until 2018, whereas the ICP-MS 

technique was used in only eight studies. More than 

half of the 54 studies using the AAS technique were 

published before 2005 and all eight studies using the 

ICP-MS technique were published after 2006. Follow-

ing the literature, this situation shows that the ICP-MS 

technique is a new method than the AAS technique 

and suggests that it may be less preferred because of 

its higher cost. 

The X-ray diffractometry (XRD) allows molecular 

structure analysis of crystalline materials such as 

composites and metals. Changes in the phases or crys-

tal structures of various dental materials examined 

under physical or chemically modified conditions can 

be determined by XRD. Mostafa and Aboushelib16 

used XRD to compare the success of osteointegration 

of implants which their surface coated with and wit-

hout hydroxyapatite (HA) crystal. Amalgam phase 

change may effect released Hg amount and phase 

analysis of amalgam restorations can be performed 

using XRD.17 In a study examining the changes in 

phase structure of amalgam restorations with MRI 

applications, it was found that the phase structure of 

amalgam did not change compared to control group 

and according to magnetic field strength.18 

The resulting interactions between new MRI sys-

tems and materials present in the human body are 

tested in the context of safety. This study is planned 

to ensure personnel and future patient safety of 14.1T 

UHF-MRI applications, a technology not yet used in 

human studies, and to observe possible Hg leakage. 

The aim of this study was to evaluate the effect of 

electromagnetic effects of MRI on the release of Hg 

and on the possible amalgam phase change in amal-

gam restorations with 14.1T UHF-MRI. 

MATERIAL AND METHODS 

Preparation of amalgam discs 

Amalgam samples to be used in the experiment 

was prepared as capsule form mercury and amalgam 

powder (%59 Ag, %28 Sn, %13 Cu, %42,5 Hg, Tytin, 

Kerr, Michigan, USA) that tiruated by a mixing mac-

hine. 60 discs condensed to a standard template of 4 

mm height and 4 mm diameter according to the ma-

nufacturer's instructions. Consistent with clinical 

practice, burnishing process was repeated for each 

sample. After shaping, the samples were left at room 

temperature for 48 hours for setting process, in a dry 

environment. Then all samples were incubated in 

500cc isotonic serum solution (0.9% NaCl) for 72 ho-

urs. And all samples were resuspended in renewed 

500cc isotonic serum solution for 72 hours again. 

Each sample was placed separately in 10 ml capped 

tubes containing Fusayama-Meyer (FM) solution (Ph: 

7.1; NaCl, KCl, CaCl2.H2O, NaH2PO4.2H2O, Na2S.9H2O, 

urea) 30 minutes prior to MRI protocol (Figure 1). 

MRI protocol was applied for 30 amalgam discs and 

30 discs were included in the study as control group. 
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The discs in both the MRI group and the control group 

were divided into three equal subgroups and remo-

ved from Fusayama-Meyer solution after 2, 12 and 24 

hours after the MRI protocol. 

 

Figure 1. Fusayama-Meyer solution in capped tubes 

MRI protocol 

14.1T UHF-MRI device [The Center for Biomedical 

Imaging (CIBM), École Polytechnique Fédérale de La-

usanne (EPFL), Lausanne, Switzerland] was used in 

the study. The MRI protocol [name of sequence: Fast 

Spin Echo Multi-slice Imaging sequence, effective TE: 

20ms, TR: 4000ms, turbo factor: 4 (center of echo: 1), 

matrix size: 128*128, slice thickness: 1mm (30 slices), 

field of view: 19.2*19.2mm, scan time: 6 min 30 s (to-

tal 15 min in magnetic), coil: single channel transmit 

and receive surface coil] was created in accordance 

with the routine procedure. 

Since the bore diameter of the 14.1T UHF-MRI de-

vice was 260 mm and the length of the active using 

area was approximately 100 mm, the tubes contai-

ning the amalgams in the study group were included 

in the MRI protocol in three equal parts (Figure 2). 

 

Figure 2. Active field of 14.1T UHF-MRI device and ring-

shaped coil 

ICP-MS analysis 

 

Figure 3. ICP-MS device when reading samples 

The disc-shaped amalgam samples that un-

derwent MRI were removed from their FM solution 

after 2, 12 and 24 hours since the MRI. The solutions 

containing Hg dissolved in the closed tubes were de-

livered to the laboratory where the Hg concentrations 

were analyzed together with the control groups. ICP-

MS analysis was performed with the ICP-MS device 

(ELAN DRC-e, PerkinElmer, Massachusetts, USA) in 

the laboratory of The Center of the Food Safety and 

Agricultural Research at. 1 ml of FM solution without 

Hg was taken and 100 ppb stock Hg standard was ad-

ded with 2% and 5% HNO3 to make to total volume 15 

ml with pure water and HNO3. After 24 hours, reco-

very studies were performed to obtain Hg concentra-

tion at 0.2, 0.5 and 2 ppb levels. Since the recovery va-

lues in the results were not at the desired level, it was 

waited for 24 hours by adding 65% HNO3 and stock 

Hg standard to 1 ml FM solution with make to final 

volume 15 ml with pure water and HNO3 and reco-

very results found in the range of 96% -99%. Thus, 

the preparation protocol for the ICP-MS analysis of 

FM solutions containing Hg released from the amal-

gam was determined. For analysis, the most common 

isotope number 202 of Hg in earth was selected. Ca-

libration controls were repeated after every 20 

sample readings at 2.5 ppb. In addition, 5% HNO3 

washing was performed after every two sample rea-

dings in order Hg residues that may remain in the de-

vice path after sample reading not to affect the new 

sample results. Three simultaneous readings were 

made for each sample, and the numerical data obtai-

ned were recorded in units of µg/L, multiplying by 15, 
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since the samples were diluted 15-fold in preparation 

(Figure 3). The arithmetic mean of the three readings 

was accepted as the result data. All readings were per-

formed at 18°C to prevent evaporation of Hg ions in 

the samples. A total of 3 samples (1 from MRI group 

and 2 from control group) were excluded from the 

study due to various problems during transportation, 

preparation and analysis of samples. 

XRD analysis 

XRD device (Bruker, D8 Advance, Germany) which 

in Technology Application and Research Center was 

used for X-ray diffractometer analysis. It was aimed to 

analyze a total of 40 amalgam discs in the control and 

MRI group extracted 2 and 24 hours after FM solution 

after MRI protocol. A total of 8 amalgam discs were 

randomly selected from each of the four groups in the 

MRI and control groups to test the accuracy of the 

analysis results. As a result of the preliminary analy-

sis, the remaining discs (total 32 amalgam discs) were 

included in the study as four different groups (n = 8) 

in the MRI and control groups after 2 and 24 hours. 

Amalgam discs were placed on the holder of the XRD 

device and 2ϴ scanned between the 20° and 90° ang-

les (Figure 4). XRD analysis results were interpreted 

with DIFFRAC.EVA XRD (2001) program. For each 

sample, angles of 2ϴ were determined and peak in-

tensities were recorded numerically. For the angles in 

which peak intensity was observed and phase analy-

sis was performed, statistical analysis was performed 

between the MRI and control groups and 2 and 24 

hour groups. 

 

Figure 4. A disc in the XRD device holder 

Statistical Analysis 

The differences and interactions between the cont-

rol and MRI groups with the solutions from which 

amalgam was removed after 2, 12 and 24 hours for  

ICP-MS and amalgam discs removed from solution af-

ter 2 and 24 hours for XRD were performed by two-

way ANOVA. 

RESULTS 

The concentration of Hg released from the dental 

amalgams to the solution in the MRI group was signi-

ficantly higher than the control group (p=0,026; 

F=5,253). When Hg concentrations were compared 

according to the 2, 12 and 24 hour periods, time did 

not make a significant difference between the MRI 

and control groups (p=0,107; F=2,337). Similarly, 

there was no significant difference or interaction 

between MRI and control according to time differen-

ces (p=0,751; F=0,289) (Table 1). Homogeneity and 

normality tests were applied to the data in the statis-

tical analysis process. In order to meet the minimum 

requirements of parametric analyzes, all data were 

converted to logarithmic data and interpreted in the 

converted form. The mean values and standard devi-

ations of the original data and logarithmic data are 

shown in Table 2. 

Table 1. Significant differences and interactions with time dif-
ferences between MRI and control groups (two-way ANOVA test) 

The X-ray diffraction pattern was obtained for 

each of the 32 amalgam discs undergoing XRD. When 

the diffraction patterns of all samples were examined, 

it was found that there was no difference between 

angles which observed the peak. In order to reveal the 

differences and interactions between MRI and control 

groups, peak intensity raw data were transformed lo-

garithmically. According to statistical results; when 

the peak intensity observed in XRD was compared, 

the peak intensity of MRI group was found to be sig-

nificantly lower than the control (p=0,000; F=43,798) 

(Figure 5). Without discrimination between the MRI 

and the control group, significant reduction was de-

tected in peak intensity over time when 2 and 24 hour 

time periods were compared (p=0,000; F=15,316). 

Significant differences were found between MRI and 

 F p Observed power 

Group 5.253 .026 .093 

Time 2.337 .107 .084 

Group.Time 0.289 .751 .011 
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control groups when comparing the 2 and 24 hour 

time periods. The peak intensity decreased with time 

in the control group whereas increased with time in 

the MRI group (p=0,000; F=50,043) (Table 3). 

Table 2. The raw data (µg / L) and the logarithmic data obta-
ined as a result of ICP-MS analysis of mercury concentrations of 
artificial saliva 

Table 3. Interaction and differences of XRD analysis results 
between MRI and control groups according to angles (two-way 
ANOVA test) 

 

 

Figure 5. Graph showing the diffraction patterns and de-

tected phases obtained from the amalgams in the MRI and the 

control group 

DISCUSSION 

It can be concluded that UHF-MRI increase the 

amount of Hg leakage from amalgam. In order to ob-

serve this release of Hg concentration changes over 

time; solution samples analysed at 2, 12 and 24 hours 

after MRI. It was found that there was no significant 

difference between the MRI and control groups but 

the effect size was found to be high (F=2.337). These 

results show that the release of Hg after MRI contin-

ues similarly with the control. This similarity can be 

explained by the solution saturation, which is a chem-

ical principle. There was no effect of removal time of 

amalgam discs extracted from solutions at mercury 

concentration between groups. It can be interpreted 

that the effect of MRI on the amount of Hg released 

depends on the duration of the magnetic field. 

In the present study, we set an experiment to test 

the mentioned dental material in extended limits. 

Food and Drug Administration (FDA) approved 7T 

devices in 2017 for clinical use.19 The emerging inter-

actions between new MRI systems and materials that 

exist in the human body are tested in the context of 

safety. Amalgam was considered safe until testing this 

material in ultra-high magnetic field. 14.1T UHF-MRI 

is a technology that has not been used in human stud-

ies yet. Hereby for the safety of staff working with 

UHF-MRI, as well as future patients, this study was 

performed with 14.1T to observe possible Hg leakage.  

The increasing of released Hg concentration from 

amalgam discs exposed to a magnetic field for a total 

of 15 minutes, which is chosen like present neuroim-

aging protocols with the 14.1T UHF-MRI device that 

is consistent with the literature. Considering the du-

ration of exposure to magnetic field in Yılmaz and 

Adisen20 and our study, it can be said that UHF-MRI 

have a significant increase effect on the amount of Hg 

released. Although the duration of exposure to the 

magnetic field in the study of Müller-Miny et al11 was 

quite long compared to the preferred periods in 14.1T 

UHF-MRI, 1.5T MRI did not have a significant effect on 

Hg release.  

Only a few studies have been conducted to investi-

gate the effect of temperature changes on dental ma-

terials in the oral cavity or the effect of these materi-

als on image quality by UHF-MRI.21-23 Considering the 

studies examining the physical, chemical and behav-

ioural changes of metal-containing dental materials 

that may occur by using UHF-MRI, our study evalu-

ated Hg release of amalgam with 14.1T UHF-MRI de-

vice that may contribute to the literature as it pre-

sents new results. 

The aim of some of the studies is to investigate the 

changes in the amount of Hg released under varying 

 F p Observed power 

Group 43,798 0,000 0,048 

Time 15,316 0,000 0,017 

Group.Time 50,043 0,000 0,055 

 
Raw data 

(µg / L) 
Logarithmic 

data 
 

Time&Group Mean (s.d.) Mean (s.d.) 
Sample 

number (n) 

MRI 2 hours 
9,9750 

(7,95591) 
0,9122 

(0,37594) 
10 

MRI 12 hours 
14,8815 

(14,06678) 
1,0584 

(0,38753) 
10 

MRI 24 hours 
20,4433 

(20,86413) 
1,1930 

(0,34921) 
9 

MRI total 
14,9157 

(15,06195) 
1,0497 

(0,37672) 
29 

Control 2 hours 
6,6383 

(9,46836) 
0,7101 

(0,35987) 
9 

Control 12 hours 
9,2625 

(6,56724) 
0,9292 

(0,28913) 
10 

Control 24 hours 
8,9283 

(8,62516) 
0,8932 

(0,29955) 
9 

Control total 
8,3116 

(8,02350) 
0,8472 

(0,31982) 
28 

Total 2 hours 
8,3945 

(8,62684) 
0,8164 

(0,37280) 
19 

Total 12 hours 
12,0720 

(11,06653) 
0,9938 

(0,33931) 
20 

Total 24 hours 
14,6858 

(16,58192) 
1,0431 

(0,35128) 
18 

Total 
11,6716 

(12,47255) 
0,9502 

(0,36154) 
57 
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conditions. However, it may be useful for researchers 

planning a new study for a similar purpose to exam-

ine the similar methods and results of the relevant lit-

erature to determine the appropriate method for 

their studies and to interpret the reliability of the re-

sults (Table 4). According to the table, various varia-

ble factors seem to be effective on the numerical data 

obtained. Also, it can be said that the difficulty in mak-

ing comparisons between the data of previous studies 

may be related to the inadequate presentation of the 

method and data. The numerical data we found in our 

study are given in unit of µg/L and are consistent with 

the numerical ranges in the literature. However, the 

values obtained in our study were closer to zero be-

cause all samples were diluted with isotonic serum 

solution for 6 days at the beginning of the study. With 

this dilution process, it was aimed that both the ICP-

MS device was not exposed to high concentrations of 

Hg to create technical problems and to obtain samples 

which containing  the  appropriate  Hg  concentration  

determined before the detection limits. It was 

mentioned in the study conducted by Al-Salahi26 that, 

the standard deviation among the samples within the 

group showed wide fluctuations and it was stated that 

the calibration of ICP-MS device was taken care of to 

indicate that this was not related to the reliability of 

the data obtained. Similarly, Gurgan et al13 stated that 

the standard deviation was higher than the mean 

value in the ICP-MS, and argued that this result may 

be due to using of the relatively small number of sam-

ples compared to similar studies in the literature. In 

our study, the standard deviation in the raw data was 

found to be quite close to the average value as a result 

of ICP-MS. This result may be due to the relatively 

small number of samples included in the study and 

difficulties in measuring ion concentrations. In addi-

tion, the difficulty of obtaining a microscopically ho-

mogeneous mixture during the formation of amalgam 

discs used in the study may lead to a high standard 

deviation. 

 

Table 4. Studies examining mercury released from prepared amalgam disc 
 

Planning/ 
sample num-

ber 

Preparation of 
samples 

Solution Numerical 
data 

(lowest & 
highest) 

Unit Analysis technic / 
protocol 

Istatisti-
cal met-

hod 

Results 

Al-Salehi 
et al, 2006 
24 

%10 and %0 
carbamide pe-
roxide (CP)/ 
20 samples 

10mm diameter, 
2mm height, 20ml 
solution, 37°C, 24 

hours 

Distilled 
water 

0 – 0,8 µg 
cm-2 

ICP-MS / Acidifica-
tion with HNO3 or 

HCl 

One-way 
ANOVA 

No significant difference in Hg ion 
release between %10 CP and %0 
CP (p>0.05). 

Al-Salehi 
et al, 2007 
25 

%0, %1, %3, 
%10, %30 

hydrogen pe-
roxide (HP)/ 
25 samples 

10mm diameter, 
2mm height, 20ml 
solution, 37°C, 24 

hours 

Distilled 
water 

2,70 ± 0,92 
1428 ± 
882,59 

µg/L ICP-MS / Calibra-
tion before each 
measurement, 

acidification with 
HNO3 or HCl 

One-way 
ANOVA 

Difference in Hg ion release 
between %0 HP and all concentra-
tions is statistically significant. For 
Hg, there is a significant difference 
in ion release between %30 and 
each of %1 and %3 HP. 

Gurgan et 
al, 2007 13 

%16 and %30 
CP/ 56 samp-

les 

10mm diameter, 
2mm height, 10ml 
solution, 37°C, 24 

hours 

Distilled 
water 

9,46 ± 4,49 
61,87 ± 
44,19 

ppt ICP-MS Mann-
Whitney 

U test 

The CP resulted in a significant re-
lease of Hg (p<0.05). There is no 
significant difference in the release 
of Hg between the %16 and %30 
CP (p>0.05). 

Al-Salehi, 
2009 26 

%0, %3.6, %6, 
%30 HP/ 65 

samples 

10mm diameter, 
2mm height, 10ml 
solution, 37°C, 1-
8-48-156 hours 

Distilled 
water 

0 - 1000 µg/L ICP-MS / Calibra-
tion before each 

measurement, aci-
dification with 

HNO3 or HCl 

One-way 
ANOVA 

There are statistically significant 
differences in Hg ion release values 
between water and all HP concent-
rations at all exposure times 
(p<0.05). 

Kursun et 
al, 2014 27 

X-ray and 
MRI/ 84 
samples 

10mm diameter, 
3mm height, 

100ml solution, 1-
2-24 hours 

FM solu-
tion 

0,54 – 
10,36 

ppb AAS Two-way 
ANOVA 

A significant increase in mercury 
was detected in the X-ray-exposed 
group versus the control (p≤0.05). 
No significant difference was found 
in released mercury between the 
MRI-exposed group and the cont-
rol. 

Present 
study 

MRI/ 60 
samples 

4mm diameter, 
4mm height, 10ml 
solution, 2-12-24 

hours 

FM solu-
tion 

6,63 ± 9,46 
20,44 ± 
20,86 

µg/L ICP-MS / Acidifica-
tion with HNO3, ca-
libration on every 
20 samples, was-

hing between 
every 2 measure-

ments 

Two-way 
ANOVA 

The concentration of Hg released in 
the MRI group is significantly hig-
her than in the control (p=0.026). 
According to 2, 12 and 24 hour pe-
riods, no significant difference was 
found between MRI and control 
(p=0.107).  There is no significant 
difference or interaction between 
MRI and control groups according 
to time differences (p=0,751). 
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In the X-ray diffraction patterns obtained from the 

amalgams in the MRI group and the control group, the 

observed peak angles were not different. Based on 

this result it can be said that MRI do not have an effect 

that may create new phases in the structure of amal-

gam. The peak intensity in the diffraction patterns ob-

tained from the MRI group was significantly lower 

than the control. This suggests that MRI do not cause 

any phase change, but it causes change in the crystal 

structure. In comparison with 2 and 24 hour time pe-

riods without any distinction between MRI and con-

trol group, significant decrease of peak intensity over 

time can be interpreted as crystal structure of amal-

gam may change with the effect of solution. Alkurt et 

al18 used 0.2T and 1.5T MRI and could not find any dif-

ference between the MRI and control groups in the 

phase angles and between the peak intensity in the 

determined phases according to the control group 

and the magnetic field strength used. In our study, alt-

hough the peak intensity decreased in the control 

group, the peak intensity increased after 24 hours in 

the MRI group. This result suggests that MRI applica-

tions cause a non-permanent change in the crystal 

structure of the amalgam and that the crystal struc-

ture of the amalgam tends to return to the state before 

the MRI application. 

By using diffraction patterns obtained by XRD, the 

determination of the phases of the crystalline materi-

als, as well as the change of peak intensity at the de-

termined angles in the diffraction pattern under the 

effect of various conditions can be evaluated. Tole-

dano et al28 examined the change of HA crystal struc-

ture on the surface of caries affected dentin layer 

which has high remineralization ability according to 

the zinc content of amalgam applied to the surface for 

treatment. After removal of zinc-free amalgam, XRD 

showed that the intensity of HA phase peak intensity 

of intact dentin was greater at each diffraction angle 

than HA phase peak intensity of caries affected dentin. 

According to these results, the researchers concluded 

that zinc-containing amalgams had a higher remine-

ralization effect on the dentin surface than those wit-

hout zinc. Park et al29 used the XRD to evaluate the 

phase structure of the new material, in a study aimed 

at strengthening the structure of hydroxyapatite, 

which is the preferred bioceramic material because of 

its biocompatibility in the treatment of bone defects. 

They aimed to cover titanium surfaces with HA pro-

duced by using multi-walled carbon nano-tubes 

(MWCNT) at different concentrations. XRD showed 

that the peak intensity in HA phase increased with 

increasing MWCNT concentration in diffraction pat-

terns. Based on this result, researchers concluded 

that HA crystallization developed with increasing 

concentration of MWCNT. Considering the results of 

these two studies, a significant difference between 

peak intensity in the XRD results of MRI and the cont-

rol group can be explained by the change in crystalli-

zation of amalgams. The fact that the peak intensity of 

the discs in the MRI group was less than the discs in 

the control group suggests that MRI may weaken the 

crystal structure of amalgam. 

XRD is a preferable method for determining the 

corrosion of metal containing materials in various 

liquids. Lee et al30 evaluated the effect of aluminum-

zinc coating of steel materials used in marine 

equipment on corrosion resistance by XRD. As a result, 

the formation of Simonkolleite which is known as a 

protective and slightly soluble corrosion product that 

adheres to the material in water is supported by the 

idea of aluminum-zinc coated materials have high 

corrosion resistance. According to result of the XRD, 

the researchers stated that the peak intensity in the 

aluminum and zinc phases in the product held in so-

lution was lower than in the aluminum and zinc pha-

ses before being placed in the solution. Researchers 

have argued that this result is related to the formation 

of corrosion. In our study, the time-dependent reduc-

tion of peak intensity obtained in the XRD diffraction 

pattern of amalgam discs without distinction between 

control and MRI groups was consistent with the XRD 

results of Lee et al.30 Considering these results, it can 

be said that the crystal structure of amalgam may be 

affected by the residence in FM solution independent 

of MRI. 

In the present study, the amount of mercury dis-

solved in FM solution from amalgam was investigated. 

However, the release of mercury from amalgam is in 

the form of both evaporation and corrosion products. 

Not to measure the mercury vapour value is a limita-

tion of this study and to make an accurate assessment, 

it is necessary to add the evaporating value to the dis-

solved value to know the total released amount. 
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CONCLUSIONS 

In conclusion, UHF-MRI increases the release of 

mercury in the amalgam fillings due to the strength of 

the magnetic field. XRD analysis revealed that 14.1 T 

MRI did not cause any change in metallurgical phases 

in amalgam restorations. Besides, UHF-MRI appears 

to have a debilitating effect on the crystal structure of 

the amalgam within the period of exposure to the 

magnetic field. 
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