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Increased Mercury release due to exposure to 
electromagnetic radiation as a limiting factor for 

using dental amalgam 

INTRODUCTION 

Dental	 amalgam	 is	 the	 predominant	 tooth	

�illing	 material	 in	 posterior	 teeth	 restorations	

because	of	its	high	strength,	 low	cost,	durability	

and	 ease	 of	manipulation	 (1,	2).	 However,	 lack	of	

chemical	adhesion	 to	 the	 tooth	structure	 is	one	

of	 the	 amalgam	disadvantages	which	 can	 result	

in	pulp	irritation,	postoperative	pain,	secondary	

carries	 and	 tooth	 discoloration.	 Therefore,	 it	 is	

important	 to	 control	 marginal	 microleakage	 of	

amalgam	 restorations	 (3-5).	 Dental	 amalgam									

M. Paknahad1, A. Dehghani Nazhvani2, S. Jarideh3, H. Mozdarani4,                                  
G. Mortazavi5*, M. Haghani3, J. Eslami6, S.M.J. Mortazavi1,7 

 
1Oral	and	Dental	Disease	Research	Center,	Department	of	Oral	and	Maxillofacial	Radiology,	School	of	Dentistry,	

Shiraz	University	of	Medical	Sciences,	Shiraz,	Iran	
2Biomaterial	Research	Center,	Department	of	Oral	and	Maxillofacial	Pathology,	School	of	Dentistry,	Shiraz	

University	of	Medical	Sciences,	Shiraz,	Iran	
3Ionizing	and	Non-ionizing	Radiation	Protection	Research	Centre	(INIRPRC),	Shiraz	University	of	Medical	

Sciences,	Shiraz,	Iran	
4Department	of	Medical	Genetics	,	School	of	Medical	Sciences,	Tarbiat	Modares	University,	Tehran,	Iran	

5Dentist,	Shiraz	University	of	Medical	Sciences,	Shiraz,	Iran	
6Anesthesiology	Department,	School	of	Nursing	and	Midwifery,	Shiraz	University	of	Medical	Sciences,	Shiraz,	Iran	

7Department	of	Medical	Physics	,	School	of	Medicine,	Shiraz	University	of	Medical	Sciences,	Shiraz,	Iran	

ABSTRACT 

Background: Although it is one of the most toxic nonradioac�ve elements, 

mercury is widely used in dental amalgam. Mercury is a toxic element which 

can damage various organs such as central nervous system, renal, respiratory 

and hematologic systems. The adverse health impacts associated to exposure 

to some common sources of electromagne�c fields including laptop 

computers, mobile phones, MRI and mobile phone jammers have been 

evaluated by our laboratory in our previous inves�ga�ons. In this study, we 

aimed to evaluate the effect of X ray exposure on microleakage of amalgam 

restora�on. Materials and Methods: Standardized class V cavi�es were 

prepared on the buccal surfaces of 46 non-carious freshly extracted human 

premolars. The teeth were randomly divided into experimental and control 

groups. Experimental group were exposed to X-ray using an intraoral 

radiography machine at 60 kVp, 0.1 s, 7 mA with 2.5 mm Al total filtra�on. 

The absorbed dose was 245.0 ± 0.5 µGy. All specimens were placed in 2 % 

basic fuchsin solu�on for 24 hours. Then the specimens were sec�oned and 

microleakage was assessed according to dye penetra�on using a 

stereomicroscope. Sta�s�cal analysis was performed with the Mann-Whitney 

U-test. Results: Microleakage was significantly higher in the X-ray exposed 

teeth compared to those of the non-irradiated samples. Conclusion: The 

results of the present study suggest that X-ray exposure increased 

microleakage of amalgam restora�ons.  
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microleakage	is	de�ined	as	penetration	of	�luids,	

ions	 and	 bacteria	 to	 an	 interfacial	 gap	 between	

the	 cavity	 walls	 and	 the	 restorations	 (6).																						

Microleakage	 has	 been	 suggested	 to	 be	 a																									

signi�icant	 problem	 leading	 to	 tooth																													

discoloration	 around	 the	margin	 of	 restoration,	

pulp	pathology	and	secondary	carries	(7).		

Increased	 release	 of	 mercury	 from	 dental										

amalgam	 �illings	 after	 exposure	 to	 MRI	 or																	

microwave	 radiation	 emitted	by	mobile	phones	

has	 been	 previously	 reported	 by	 our	 research	

team	 (8,	9).	 Moreover,	 our	 recent	 studies	 on	 the			

effects	 of	 stronger	 magnetic	 �ields	 entirely														

con�irmed	 our	 previous	 �indings	 (10).	 From	 the	

other	 point	 of	 view,	 we	 have	 also	 shown	 that		

papers	 which	 reported	 no	 increased	 release	 of	

mercury	 after	 MRI,	 may	 have	 some																													

methodological	 �laws	 (11).	 On	 the	 other	 hand,		

other	 investigators	 and	 our	 team	 have																								

previously	 evaluated	 the	 impact	 of	 MRI	 on																

microleakage	 of	 amalgam	 restorations	 (12-15).	

Over	 the	 past	 several	 years,	 our	 laboratories	

have	 expanded	 their	 focus	 on	 studying	 the	

health	effects	of	exposure	to	some	common	and/

or	occupational	sources	of	electromagnetic	�ields	

(EMFs)	 such	 as	 cellular	 phones,	 mobile	 base												

stations,	 mobile	 phone	 jammers,	 laptop																						

computers,	 radars,	dentistry	 cavitron(16).	To	 the	

best	of	our	knowledge,	this	is	the	�irst	study	that	

evaluates	the	effect	of	intraoral	radiographies	on	

amalgam	 microleakage.	 Therefore,	 this	 study	

aimed	 to	 investigate	 the	 microleakage	 of																		

amalgam	 following	common	exposures	 to	X-ray	

in	intraoral	radiographies.  
 
	

MATERIALS	AND	METHODS	
	

Teeth	samples		

This	 study	 was	 approved	 by	 the	 Ethics																	

Committee	 of	 Shiraz	 University	 of	 Medical																

Sciences.	 Forty	 six	 non-carious	 premolar	 and	

molar	 teeth	 that	 were	 extracted	 for	 different	

reasons	were	used	in	this	study.	The	teeth	were	

stored	 in	 isotonic	 saline	 solution	 for	not	 longer	

than	 3	 months	 after	 surface	 debridement.	 A	

standardized	class	V	cavity	was	prepared	on	the	

buccal	 surface	 at	 the	 cementoenamel	 junction	

using	 carbide	 burs	 (SS	 White	 Burs,	 Lakewood,	

NJ)	and	a	high	speed	turbine	under	water	spray.	

The	 cavity	 dimensions	 were	 3	 mm	 long																						

occlusogingivally,	 2	 mm	 deep	 and	 5	 mm	 wide	

mesiodistally	 using	 a	 template.	 The	 cavities	

were	 restored	 with	 Cinalux	 (nongama2,																					

spherical	amalgam,	Faghihi	Dental,	Tehran,	Iran)	

amalgam.	 The	 amalgams	 were	 triturated																			

according	to	manufacturers’	directions,	and	then	

they	were	condensed	incrementally	towards	the	

cavity	 walls	 using	 small	 condensers.	 All	 the															

procedures	 for	 restoration	 of	 the	 cavities														

including	 cavity	 preparation,	 burnishing,	 and	

polishing	were	performed	by	the	same	clinician.	

The	restored	teeth	were	stored	in	saline	solution	

at	 37°	 C	 for	 seven	 days.	 The	 teeth	 were																								

randomly	 divided	 into	 two	 groups	 each																																						

containing	23	teeth.			

	

Irradiation	of	the	samples		

A	 total	 of	 23	 teeth	 with	 amalgam-�illed																		

cavities	were	exposed	to	X-ray	using	a	common	

intraoral	 radiography	 machine	 (Kodak	 2100,	

Intraoral	 X-ray	 systems,	 France)	 at	 60	 kVp,	 0.1	

s,7	mA	with	2.5mm	Al	total	�iltration	(1.5	mm	of	

inherent	and	1.0	mm	of	additional	�iltration)	and	

a	20	cm	�ilm–target	distance.	Before	irradiation,	

teeth	 samples	 were	 poured	 into	 a	 500-mL	

plastic	 tube.	 	 As	 discussed	 by	 Kursun	 et	al.	 the	

thickness	 of	 the	 arti�icial	 saliva	 over	 teeth	

samples	was	1.5	cm	to	mimic	soft	tissue	(11).	We	

used	X-ray	 �ilms	(Fuji	SHB	 �ilms)	 for	measuring	

the	 area	 of	 the	 exposure	 �ield	 (4.7	 ×	 3.8	 cm2).	

Each	 sample	 was	 exposed	 10	 times	 to	 reduce	

variations.	 Dose	 measurement	 was	 performed	

using	 a	 Solid	 State	 Dosimeter	 (Solidose	 400,	

Elimpex-	 Medizintechnik,	 Austria).	 The	

absorbed	dose	of	the	teeth	samples	was	245.0	±	

0.5	µGy.		
 

Microleakage	evaluation		
The	entire	 teeth	 surfaces	were	 covered	with	

two-layer	 application	 of	 nail	 varnish	 except	 for	
the	restoration	and	1	mm	around	the	restoration	
margins.	 The	 samples	 were	 immersed	 in	 2	 %	
basic	fuchsin	dye	solution	(Merck,	Germany)	for	
24	 hours	 and	 then	 were	 sectioned																					
buccolingually	 with	 a	 slow	 speed	water	 cooled	
saw.	 The	 section	 corresponding	 to	 the	 central	
portion	of	the	tooth	restoration	was	examined	at	
the	gingival,	axial	and	occlusal	margins	under	a																			
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stereomicroscope	 (Olympus.	 Tokyo,	 Japan)	 at	
80X	 magni�ication	 by	 the	 examiner	 who	 was	
blinded	to	the	groups.			

The	 extent	 of	 microleakage	 was	 recorded			

according	to	the	following	0-3	scale	criteria;			

0.	No	dye	penetration		

1.	Dye	penetration	along	the	enamel		

2.	 Dye	 penetration	 along	 the	 dentine-enamel	

junction	(DEJ)	but	not	including	the	axial	wall		

3.	Dye	penetration	along	the	axial	wall			

The	Mann-Whitney	U-test	was	used	to	compare	

microleakage	 in	 the	 exposure	 and	 control	

groups	 to	 identify	 any	 statistically	 signi�icant	

differences.	 P	 values	 less	 than	 0.05	 were																					

considered	signi�icant.  
	

	

RESULTS 

 

The	 distribution	 of	 the	 scores	 of	

microleakage	 in	 each	 group	 is	 summarized	 in	

table	 1.	 The	 scores	 of	 microleakage	 was	

signi�icantly	 different	 in	 the	 exposure	 and	

control	groups	(P=	0.03).	The	 largest	difference	

in	 the	 scale	 of	 microleakage	 between	 the	

exposed	 and	 control	 groups	 was	 observed	 for	

grade	 0	 and	 2	 microleakage.	 Interestingly,	 the	

proportion	 of	 the	 teeth	 with	 dye	 penetration	

along	 the	 dentine-enamel	 junction	 but	 not	

including	 the	 axial	 wall	 (grade	 2)	 in	 exposure	

group	 was	 21.7%	 while	 this	 proportion	 in	 the	

control	 group	was	 only	 4.3%.	 Furthermore,	 the	

percent	of	the	teeth	with	grade	3	in	the	exposed	

group	was	8.7	%,	while	this	percent	was	zero	in	

the	 control	 group.	 Therefore,	 totally	 the	 rate	 of	

microleakage	 in	 the	 teeth	 exposed	 to	 X-ray	 in	

intraoral	radiographies	was	nearly	6	times	more	

than	that	of	the	control	group	(�igures	1	and	2).			

	

 

DISCUSSION 

 

In	 this	 study	 it	 was	 revealed	 that	 the																									

microleakage	 was	 signi�icantly	 higher	 in	 the																	

x-ray	 exposed	 teeth	 compared	 to	 those	 of	 the	

non-irradiated	 samples.	 These	 �indings	 are																				

generally	in	line	with	the	results	obtained	in	our	

previous	 studies	 on	 the	 increased	 release	 of	

mercury	 from	 dental	 amalgam	 �illings	 after																		

exposure	to	different	sources	of	electromagnetic	

�ields	 such	 as	 MRI	 or	 radiations	 emitted	 by																		

mobile	 phones	 (8,	 10).	 To	 the	 best	 of	 our	

Paknahad et al. / Mercury release and electromagnetic radiation exposure 

Table 1. The distribu�on of the scores in the case and control groups 

Group 
Percentage of the scores (%)     

0 1 2 3 

Control group 52.6 26.3 10.5 10.5 

X ray exposure group 56.5 13 21.7 8.7 

Figure 1. Dye penetera�on through enamel, passing DEJ to 

den�n (score 3) in a X-rayed tooth.  

Figure 2. No Dye leakage (score 0) in a control tooth. 
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knowledge,	 our	 study	 is	 the	 �irst	 to	 investigate	

the	 effects	 of	 mobile	 phone	 radiations	 on	 the			

release	of	mercury	from	dental	amalgam	�illings.		

Our	 �indings	 are	 in	 contrast	with	 previously	

reported	 in	vitro	 results	 of	 Müller-Miny	 et	al.	

who	 examined	 the	 mercury	 release	 for	 typical	

MRI	 conditions,	 separately	 for	 static	 and																						

variable	 magnetic	 �ields,	 in	 a	 1.5	 T	 MR																							

equipment	 (17).	 Muller-Miny	 and	 his	 colleagues	

could	 not	 show	 any	 signi�icant	 increase	 in																	

mercury	 release	 after	MRI.	We	 believe	 that	 the	

disagreement	 between	 our	 results	 and	 those		

reported	 by	 Müller-Miny	 may	 be	 due	 to	 the	 in	

vitro	 nature	 of	 their	 experiment.	 On	 the	 other	

hand,	 our	 observations	 are	 in	 line	 with	 those	

reported	 by	 Kursum	et	al.	who	 measured	 the	

mercury	 release	 from	 amalgam	 restorations		

after	X-	ray	exposures	and	showed	that	mercury	

release	 increases	 after	 exposure	 to	 X-ray	 (11).	

Mortazavi	 et	al.	have	 recently	 shown	 that	 a	 few	

published	 papers	 which	 reported	 no	 increased	

release	 of	 mercury	 after	 MRI,	 may	 have	 some	

methodological	 errors	 (18).	 They	 have	 also																		

reported	 that	 increased	 mercury	 release	 after	

exposure	to	electromagnetic	�ields	may	be	risky	

for	 the	 hypersensitive	 proportion	 of	 the																								

population	and	pregnant	women	(19,	20).	

Furthermore,	 there	 are	 only	 a	 few	 studies	

which	 examined	 the	 effect	 of	 MRI	 on	 the																					

microleakage	 of	 amalgam	 restorations	 (12-14).	

While	 the	 results	 of	 two	 out	 of	 three	 of	 these	

studies	suggest	that	MRI	is	not	a	completely	safe	

technique	 in	 patients	 with	 amalgam																																		

restorations,	 Okgun	 et	al.	concluded	 that	 MRI	

does	 not	 increase	 microleakage	 of	 amalgam	

restorations.	 We	 believe	 that	 the	 increase	 in	

microleakage	 after	 exposure	 to	 X-ray	 in	 the	

present	study	may	be	due	to	high	energy	of	the	x

-ray	 photons	 which	 may	 enable	 them	 to	 make	

chemical	 changes	 in	 the	 structure	 of	 amalgam.	

These	 chemical	 	 changes	 can	 be	 observed	 as	

alterations	 in	 chemical	 metallic	 bonds	 which	

may	lead	to	gap	formation.		

Different	 methods	 have	 been	 used	 for																		

evaluation	 of	 dental	 amalgam	 restorations																

microleakage.	However,	dye	penetration	test	is	a	

simple,	 inexpensive	 and	 qualitative	 method.	

However,	 as	 mentioned	 by	 Shahidi	 et	al.	 more	

accurate	 techniques	 such	 as	 measuring	 the											

penetration	of	ammoniac	silver	nitrate	between	

the	tooth	structure	and	amalgam	could	be	more	

precise	 (12).	 Therefore,	 similar	 to	 the	 previous	

studies,	 we	 have	 used	 common	 visual																				

microleakage	 scale	 for	 evaluation	 of																												

microleakage.	 It	 is	 worth	 mentioning	 that	 a												

blot-like	dye	penetration	along	dentinal	 tubules	

was	observed	in	this	study	which	was	similar	to	

the	 pattern	 observed	 by	 Shahidi	 et	al.	 in	 our		

previous	 study	 (12).	 However,	 Yilmaz	 and	

Misirlioğlu	 have	 observed	 a	 linear	 dye																									

penetration	pattern	 (14).	Therefore,	we	used	this	

technique	for	assessment	of	microleakage.		

Methylene	 blue	 is	 cheap	 and	 better																										

penetrative	 than	 eosin	 and	 other	 radioisotope	

traces.	 Therefore,	 methylene	 blue	 was	 used	 in	

the	present	study	for	dye	penetration	test.		

In	 the	 present	 study,	 two	 layers	 of	 varnish	

coating	 were	 applied	 around	 restoration																	

margins	 and	 the	pulpal	 surfaces	 as	 a	barrier	 to	

decrease	 microleakage	 around	 amalgam																						

restoration	 and	 prevent	 undesirable	 dye																				

penetration	 because	 varnishes	 did	 not	 bond	 to	

the	 tooth	structure	or	amalgam	restoration	and	

they	 only	 perform	 as	 mechanical	 barriers.																

However,	 other	 adhesive	 liners	 such	 as	 resin	

based	 liners	 can	 decrease	 the	 microleakage	 of	

amalgam	 restorations	 and	 affect	 the	 results	 of	

the	study.	

In	 conclusion,	 the	 present	 study	 found	 high																	

levels	 of	microleakage	 in	 amalgam	 restorations	

exposed	 to	 X-ray	 compared	 to	 those	 of																									

unexposed	controls.	Therefore,	X-ray	exposures	

may	 threaten	 the	 durability	 of	 amalgam																							

restorations.	 Considering	 the	 signi�icant																				

importance	 of	 this	 challenging	 issue,	 further		

investigations	 are	 required	 to	 fully	 identify														

different	 aspects	 of	 the	 effect	 of	 exposure	 to	

electromagnetic	 �ields	 on	 the	microleakage	 and	

release	 of	 mercury	 from	 dental	 amalgam																	

restorations.  
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