
 

 

                                                                                                      

 

 

 

Effect of Magnetic Resonance Imaging on Microleakage of 

Amalgam Restorations. 

Thesis 
Submitted to the Faculty of Oral and Dental Medicine, Cairo University in 

partial fulfillment of the requirements for Master Degree in Oral Radiology. 

By 
Amira Ibrahim Sayed 

B.D.S, 2005 

(Cairo University) 

Researcher in Health Radiation Research Department, 

National Centre for Radiation Research and Technology, 

(NCRRT) 

Supervised by 

Dr. Sahar Hosny El Dessouky. 

Assistant Professor, Oral Radiology Department 

Faculty of Oral and Dental Medicine, Cairo University. 

Dr. Sherouk Hassan Ali Khalifa. 

Lecturer, Oral Radiology Department 

Faculty of Oral and Dental Medicine, Cairo University. 

Dr. Amal Alaa Eldin El Sayed El Batouti. 

Lecturer, Health Radiation Research Department, 

National Centre for Radiation Research and Technology, 

(NCRRT) 

2013



 

 

                                                                                                      

 

 

 

ACKNOWLEDGMENT 

 All my deepest and unlimited thanks to Allah, without his 

help I could not finish this work. 

            Words stand short to express my deep appreciation and 

sincere gratitude to Dr. Sahar Hosny El Dessouky, Assistant 

Professor of Oral Radiology, Faculty of Oral and Dental 

Medicine, Cairo University, for her continuous help, valuable 

instructions and her immense effort in the practical part which 

have been helpful to complete this study. It was a great honor to 

me to work under her supervision. 

 I wish to introduce my deep respect and thanks to Dr. 

Sherouk Hassan Ali Khalifa, Lecturer of Oral Radiology, Faculty 

of Oral and Dental Medicine, Cairo University, for her kind 

supervision and cooperation. 

 I wish to introduce my deep respect and thanks to Dr. 

Amal Alaa Eldin El Sayed El Batouti, Lecturer at Health 

Radiation Research Department, National Centre for Radiation 

Research and Technology (NCRRT), for her kind care and great 

cooperation in this work. 



 

 

                                                                                                      

 

 

 

 I am also delighted to express my deepest gratitude and 

respect to Dr. Eman Mohamed Fathy El-Maghraby, Professor at 

Health Radiation Research Department, National Centre for 

Radiation Research and Technology (NCRRT), for her kind 

encouragement and valuable advice. 

 I cannot give a word to fulfill my deepest love and cordial 

thanks to Dr. Dina Hussieny Salama, Lecturer of Radiodiagnosis 

at Health Radiation Research Department, National Centre for 

Radiation Research and Technology (NCRRT), for her familial 

cooperation, meticulous supervision and helpful criticism which 

have been the main factors to complete this work. 

 

 

 

 

 

 

 

 



 

 

                                                                                                      

 

 

 

Dedication 

To my father’s spirit hoping he would be proud of me, to 

my mother for all her sacrifice and love, to my husband 

and to my whole family and friends for their patience 

and support.



 

 

                                                                                                      

 

List of content 

Title                                                                                         Page 

List of tables……………………………………………………I 

List of figures…………………………………………………..II 

List of abbreviations………………………..………………….IV 

Introduction………………………………………….….……..1 

Review of Literature…………………………………………...3 

   -Dental Amalgam………………………………………….....3 

   -Microleakage………………………………………………..8 

   -Radiation……………………………………………………10 

   -Magnetic Resonance Imaging……………………………....11 

   -Basics of MRI………………………………………………12 

   -Precession and Larmor frequency……………………….….14 

   -Resonance…………………………………………….…….15 

   -Longitudinal and Transverse Magnetization…………….…17 

   -T1 and T2 relaxation……………………………………….18 

   -Repetition Time...............................................................…...20 

   -Echo Time........................................................................…...20 

   -Proton Density…...…………………………………………21 

   -Pulse sequence...................................................................….22 

   -Slice Selection……………………………………………...22 

   -Slice Thickness……………………………………..………22 



 

 

                                                                                                      

 

   -Advantages and Disadvantages of MRI……………….……23 

   -Contraindications of MRI…………………………………..24 

   -Magnetic Resonance Imaging Hard ware…………….…….25 

   -Magnetic Resonance Imaging Artifacts...........................…...28 

    1-Patient-related Artifacts…………………………………..28 

a- Motion Artifacts………………………………………28 

b- Metal Artifacts………………………………………..29 

    2-Signal Processing-dependant Artifacts……………………30 

a- Chemical Shift Artifacts………………………………30 

b- Partial Volume Artifact……………………………......31 

c- Wrap Around Artifacts………………………………..31 

d- Gibbs Phenomenon (Ringing Artifacts)……………….32 

Aim of the Study……………………………………………….34 

Materials and Methods…………………………………………35 

Results………………………………………………………….41 

Discussion……………………………………………………...50 

Summary and Conclusion ……………………………………57 

References……………………………………………………..59 

Arabic Summary 

 

 

 

 



 

 

                                                                                                      

I 

 

List of tables 

Table  Page 

Table 1 Descriptive statistics of dye penetration 

results for all groups. 

42 

Table 2 Comparison of dye penetration between 

MR non-exposed groups. 

43 

Table 3 Comparison of dye penetration between 

MR exposed groups. 

44 

Table 4 Comparison of dye penetration results 

between group 1 and group 4. 

46 

Table 5 Comparison of dye penetration results 

between group 2 and group 5. 

47 

Table 6 Comparison of dye penetration results 

between group 3 and group 6. 

48 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                                                                                                      

II 

 

List of figures 

Figure  Page 

Figure 1 The amalgam restorations. 7 

Figure 2 The electromagnetic radiation. 10 

Figure 3 The nucleus of a Hydrogen atom, its quantum 

property, spins and changes state as it emits a 

photon to its surroundings. 

13 

Figure 4 The nuclear magnetic moment tends to align 

with the applied field in a parallel (lower energy) 

or anti-parallel (higher energy) orientation. 

14 

Figure 5 The spin of nuclei flips when the nucleus 

absorbs energy at its Larmor frequency. 

16 

Figure 6 The longitudinal magnetization recovery (T1). 19 

Figure 7 The transverse magnetization decay (T2). 21 

Figure 8 The magnetic resonance imaging hardware. 27 

Figure 9 The axial image of the head showing motion 

artifact.  

29 

Figure 10 The sagittal MR image with a magnetic 

susceptibility artifact that resulted from the 

presence of metallic dental filling. 

30 

Figure 11 The chemical shift artifact: bright and dark 

streaks around the kidneys in an axial gradient 

echo opposed- phase image. 

31 

Figure 12 The wrap around of the back of the head on the 

front of the head. 

32 

Figure 13 The gibbs artifact (T1 sagittal study of the brain). 33 



 

 

                                                                                                      

III 

 

Figure 14 The teeth after restoration with the three types of 

amalgam. 

36 

Figure 15 The MRI machine. 37 

Figure 16 The teeth in MRI machine. 37 

Figure 17 The sectioned tooth after insertion in methylene 

blue. 

38 

Figure 18 The stereomicroscope. 39 

Figure 19 Stereomicroscopic picture showing microleakage 

by tracing dye penetration. 

40 

Figure 20 A column chart of dye penetration mean values 

for all groups. 

42 

Figure 21 A column chart of dye penetration mean values 

for MR non-exposed groups. 

43 

Figure 22 A column chart of dye penetration mean values 

for MR exposed groups. 

44 

Figure 23 Stereomicroscopic picture showing no dye 

penetration indicating no microleakage. 

45 

Figure 24 Stereomicroscopic picture showing dye 

penetration indicating microleakage. 

45 

Figure 25 A column chart of dye penetration depth mean 

values comparing between group 1 and group 4. 

46 

Figure 26 A column chart of dye penetration depth mean 

values comparing between group 2 and group 5. 

47 

Figure 27 A column chart of dye penetration depth mean 

values comparing between group 3 and group 6. 

48 

 



 

 

                                                                                                      

IV 

 

List of abbreviations 

AD Anno Domini. 

Ag-Cu Silver-copper. 

Ag-Hg Silver-mercury. 

Al Aluminum. 

CSF Cerebrospinal fluid. 

Cu Copper. 

FID Free Induction Decay. 

FT Fourier Transform. 

GBM Grain Boundary Migration. 

Hg Mercury. 

MF Magnetic Field. 

MR Magnetic Resonance. 

MRI Magnetic Resonance Imaging. 

Nb-Ti Niobium-titanium. 

NMR Nuclear Magnetic Resonance. 

PD Proton Density. 

RF Radiofrequency. 

Sn-Hg Tin-mercury. 

TE Echo Time. 

TEMC Thermoelectromagnetic convection. 

TMJ Tempromandibular joint. 

TR Repetition Time. 

Zn Zinc. 



 

 

                                                                                                      

 

 

 

 

 

 



 

 

                                                                                                      

1 

 

Introduction 

         Magnetic Resonance Imaging MRI is much used in medical 

examination as an efficient diagnostic procedure.  During MRI, 

patients are exposed to static and gradient magnetic fields as well 

as electromagnetic radiation in radiofrequency range (Formica 

and Silvestri, 2004).  

      It uses no ionizing radiation, but a powerful magnetic field 

to align the nuclear magnetization of   hydrogen atoms in the 

water of the body. Radiofrequency RF fields are used to 

systematically alter the alignment of this magnetization, causing 

the hydrogen nuclei to produce a rotating magnetic field 

detectable by the scanner. This signal can be manipulated by 

additional magnetic fields to build up enough information to 

construct an image of the body (Squire and Novelline, 1997). 

          

 There is the possibility that ferromagnetic materials will 

move when placed in a magnetic field. Potentially life-

threatening situations could result with certain objects such as 

aneurysm clips and metallic heart valves, although some of these 

are not ferromagnetic and can be safely imaged with magnetic 

resonance MR techniques. Careful screening of patients before 

MRI examinations should be conducted to detect the presence of 
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such materials and to identify their metallic content before the 

study. Thus, potentially harmful situations can be prevented 

(Boidin et al., 2002). 

          Radiologists may meet patients with fixed dental prosthesis 

that can produce image distortion on MRI scans of the face 

(Lissac et al., 1991). 

          It has been suggested that those metals that create MR 

image degradation must not be used for fixed prosthesis or 

orthodontic devices, both of which can easily be made from other 

metals (Masumi et al., 1993).  

 More teeth are restored with dental amalgam than with any 

other material (Derkson et al, 1986).However, there have been 

no incidents reported that relate to the potential hazard of 

amalgam restorations following MRI; therefore, amalgam 

restorations appear to be safe. Furthermore, no significant 

increase in mercury release from a non-gamma-2 amalgam by 

MRI has been reported (Muller-Miny et al, 1996). 

           It is well known that the marginal seal or adaptation of the 

restorative material to the cavity wall is crucial for the long-term 

performance of any restoration. Failure to prevent microleakage 

can produce postoperative pain, recurrent caries, marginal 

staining and possible pulpal pathology (Berry and Tjan, 1994).
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Dental Amalgam 

          Dental amalgam is one of the restorative materials most 

commonly used in dentistry. It constitutes approximately 75% of 

all restorative materials used by the dentists and it has served as a 

dental restoration for more than 165 years (Bharti et al., 2010). 

 The history of amalgam is somewhat uncertain, but a silver 

paste was reportedly used in teeth as early as (659 A.D) in China 

(Ring, 1985). In Europe, Johannes Stokers, a municipal 

physician in Ulm, Germany, recommended amalgam as a filling 

material in 1528 (Hoffmann-Axthelm, 1981). Later, in 1578 Li 

Shihchen from China, chronicled a dental mixture of 100 parts 

mercury with 45 parts silver and 900 parts tin (Ring, 1985). 

  The next major historical reference to silver-mercury 

amalgam was made in France. Traveau described a "silver paste" 

filling material in 1826. He produced amalgam by mixing the 

silver coins with mercury (Campbell, 1981). In 1833, the 

Crawcours brothers introduced to America their "Royal Mineral 

Succedaneum" which was actually shaved French silver coins 

and mercury. They filled the tooth cavity by removing the 

diseased tooth tissue and placing the amalgam on the occlusal 

surface without knowing any relation to the dental anatomy 

(Ring, 1985). 
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          The universal acceptance of amalgam as a restorative 

material resulted from investigations of Black in 1895, 1896 and 

1908. By combining the principles of cavity design, extension of 

the cavity into "immune" areas and the development of an alloy 

with the composition of 68.5% silver, 25.5% tin, 5% gold and 

1% zinc, Black advanced amalgam into modern times. S.S. White 

manufactured the first commercial alloy rich in silver, True 

Dentalloy in 1900, in which gold was replaced by copper (Black, 

1908).           

         Extensive studies of the setting reaction of dental amalgam, 

performed by Gayler in 1937, further showed the mechanism of 

setting of amalgam and the influence of amalgam components on 

expansion due to the gamma-1 phase (Ag-Hg) and contraction 

due to the formation of gamma-2 phase (Sn-Hg) (Gayler, 1937). 

          In 1959, Dr. Wilmer Eames recommended a 1:1 ratio of 

mercury to alloy, thus lowering the 8:5 ratio of mercury to alloy 

that others had been recommending (Eames, 1959). 
 

         In 1962, a spherical particle dental alloy was introduced by 

introduction of new atomization process in the manufacture of 

dental amalgams; this led to a dramatic improvement in the 

quality and ease of manipulation with this material. This process 

involves spraying of the molten alloy into a chamber containing 
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an inert gas by a patented atomization process, the molten metal 

forms droplets which solidify. These spheres are then subjected 

to some heat treatment. Thus, spherical particles are formed 

(Probst et al., 1961 & Demaree and Taylor, 1962). 

          A recent research shows that amalgam restorations last 

longer than that was previously thought. The older generation of 

low-copper amalgams (before 1963) had a limited life span 

because they contained the gamma-2 phase that caused 

progressive weakening of the amalgam through corrosion 

(Guthrom, 1983). This was followed in 1963 by a high copper 

(Cu) dispersion alloy system that proved to be superior to its low 

copper predecessors (Innes et al., 1963). 

           
   Although this performance was theorized to be the result of 

dispersion strengthening of the alloy, researchers discovered that 

the additional copper combined with the tin, creating a copper-tin 

phase that was less susceptible to corrosion than the tin-mercury 

(gamma-2) phase found in low copper alloys (Mahler, 1971). 

          Greener, 1979 claimed that there is misinterpretation of 

Gayler's work regarding the concentration of Cu, this 

concentration above 5% produced increased expansion. What 

Gayler did say was that if Cu was substituted for tin so that the 

concentration of tin dropped below 25% expansion could occur; 
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but if Cu was substituted for silver so that tin concentration was 

maintained at 27%, no excess expansion occurred. This 

confusion surrounding the concentration of Cu                                                                                                                                  

has resulted in a 25-30 years delay in the development of 

amalgam resistant to corrosion. 

         Several clinical studies have demonstrated that high-copper 

amalgams can provide satisfactory performance for more than 12 

years (Letzel et al., 1997).   

         
    In addition, high-copper amalgams do not appear to require 

polishing after placement, as was recommended for low-copper 

amalgams, to increase their longevity (Mayhew et al., 1986). 

          Amalgam is an excellent and versatile restorative material 

and is used in dentistry for a number of reasons. It is inexpensive 

and relatively easy to use and manipulate during placement; it 

remains soft for a short time so it can be packed to fill any 

irregular volume then forms a hard compound. It is strong, 

durable and has bacteriostatic effects (Berry et al., 1998 & 

Ferracane and Jack, 2001).  

         Factors that have led to recent decline in its use are 

concerned about harmful health effects, aesthetics and 

environmental pollution (Ferracane and Jack, 2001). 
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 There is still no adequate economic alternative for dental 

amalgam. The combination of reliable long-term performance in 

load bearing situations and low cost is unmatched by any other 

dental restorative material. It has a lot of uses, rather low 

technique sensitivity and self-sealing property (Bharti et al., 

2010). 

 

Figure (1): Shows amalgam restorations (Berry et al., 1998). 
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Microleakage 

        Microleakage may be defined as the passage of bacterial 

fluids, molecules or ions between the cavity wall and the 

restorative material (Kidd, 1976). 

         The bacterial penetration through the margin of a 

restoration is considered to be a major source of secondary 

caries, pulpal irritation and pulp necrosis (Brannstrom, 1984). 

 Marginal leakage leads to the accumulation of food, 

deposits, and ingrown bacterial plaque. These deposits cause 

subsurface interfacial staining and discoloration that is difficult 

or impossible to remove and which creates a marked boundary 

for the restoration appearance. The discolored restoration is 

clinically defective and must be completely replaced (Crim et al., 

1983 & Bullard et al., 1988). 

         The poor adaptation of the restorative materials to tooth 

structure may be the major cause for microleakage. This could be 

due to inferior adaptability of the material or faulty insertion. 

Another cause of leakage is the shrinkage of the material 

resulting from chemical or physical changes after insertion 

(Trowbridge, 1987). 
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 A perfect filling material that completely binds to the tooth 

and seals all margins has not yet been developed until now. 

Standard dental amalgam always leaves a slight gap, which may 

serve as an entry point for bacteria. Microleakage into the gap 

between the tooth and the filling may cause pulp inflammation 

and recurring cavities (Ben-Amar et al., 1986). 

 Poor adaptation and lack of adhesion to the dental structure 

are the two disadvantages of amalgam when compared with 

composite resin restorations. There is no chemical link between 

the amalgam and the tooth structure (Toledano et al., 2000). 
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Radiation 

 Radiation includes electromagnetic radiation (such as light 

and heat, microwaves, radiowaves, ultra-violet, X-rays and 

gamma rays) and particulate radiation (such as alpha, beta and 

neutrons) which are emitted by some materials and carry energy 

(Ansto, 2000). 

 Radiation is classified according to its energy into non-

ionizing radiation i.e. any radiation that has insufficient energy to 

produce ions in matter and tissues, such as ultraviolet, infrared, 

visible light, ultrasound, radio waves, microwaves, radar and 

cellular phones (Alan Jackson, 2001) and ionizing radiation i.e. 

any radiation consisting of moving particles or electromagnetic 

waves that has sufficient energy to produce ions in matter and 

tissues (Vyas et al., 1994). 

 

Figure (2): Shows electromagnetic radiation (Alan Jackson, 2001). 
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Magnetic Resonance Imaging 

(MRI) 

        Magnetic resonance imaging MRI is primarily a medical 

imaging technique most commonly used in radiology to visualize 

detailed internal structure and limited function of the body 

(Squire and Novelline, 1997).  

 The property of Nuclear Magnetic Resonance NMR was 

first described by Purcell and Bloch in 1946(Purcell et al., 1946), 

work for which they received the Nobel Prize in 1952. Since then 

NMR has become a powerful tool in the analysis of chemical 

composition and structure. In 1973 Lauterbur and Mansfield 

(Lauterbur, 1973) used the principles of NMR to describe a 

technique for determining physical structure. Since then 

Magnetic Resonance Imaging MRI has been used in many 

biomedical, chemical and engineering applications.  
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Basics of MRI:  

 Magnetism is a property of matter that is a result of the 

orbiting electrons in atoms. The orbiting electrons cause the 

atoms to have a magnetic moment associated with an intrinsic 

angular momentum called (spin) (Ballinger, 2009). 

 The hydrogen atom inside body possesses “spin”. Spin is a 

fundamental property of nature like electrical charge or mass. 

Spin comes in multiples of 1/2 and can be positive or negative. 

Protons, electrons, and neutrons possess spin. Individual 

unpaired electrons, protons, and neutrons each possess a spin of 

½ or - ½.In the absence of external magnetic field, the spin 

orientations of the nuclei are random and cancel each other. 

When placed in a magnetic field, the microscopic spins tend to 

align with the external field, producing a net bulk magnetization 

aligned with the external field (Prince and Links, 2006). 

 Hydrogen has a significant magnetic moment and is nearly 

100% abundant in the human body. For these reasons, we use 

only the hydrogen proton in routine MR imaging. The nucleus of 

the hydrogen atom contains a single proton and no neutrons. 

Because of this, it possesses a significant magnetic moment. The 

proton will behave as a tiny bar magnet (Faulkner, 1996).  
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The sum of all the tiny magnetic fields of each spin is 

called net magnetization. Normally, the direction of these vectors 

is randomly distributed. Thus, the sum of all the spins gives a 

null net magnetization. Within a large external magnetic field 

(called Bo), nuclear spins align relative to the external field. 

Some of the spins align with the field (parallel) and they are 

considered to be in a "spin-up" state while others align against 

the field (anti-parallel) and they are in a "spin-down" state. This 

alignment depends on the strength of the external magnetic field 

and the energy state of the atom and it is specific for the nuclear 

species (Denis, 2009). 

 

Figure (3): Shows the nucleus of a Hydrogen atom, its quantum property, 

spin and changes state as it emits a photon to its surroundings (Brandon et 

al., 2006). 
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 The high energy protons align themselves against (anti-

parallel) the magnetic field, where the lower energy protons will 

align themselves with (parallel) the magnetic field (Bushong, 

2003). 

 

 

Figure (4): Shows the nuclear magnetic moment tends to align with the 

applied field in a parallel (lower energy) or anti-parallel (higher energy) 

orientation (Edwards, 2008). 

Precession and Larmor frequency: 

 Protons in a magnetic field do not align exactly with the 

direction of the field but they act like tiny toy tops that wobble as 

they spin and this slight tilt of their spin axis is known as 

precession. The rate of the wobbling or precession is the 
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precessional frequency or Larmor frequency. In the magnetic 

field of MRI scanner at room temperature, there is approximately 

the same number of proton nuclei aligned with the main 

magnetic field (Bo) as counter aligned. The aligned position is 

slightly favored, as the nucleus is at a lower energy in this 

position. For every one-million nuclei, there is about one extra 

aligned with the Bo field as opposed to the field. This results in a 

net or macroscopic magnetization pointing in the direction of the 

main magnetic field (Ballinger, 2009). 

 

Resonance: 

         Resonance is the property of an atom to absorb energy only 

at the Larmor frequency (Westbrook, 2002). 

 The nuclei can undergo transition from one energy state to 

a higher one by absorbing energy. This energy can be supplied by 

applying a radiofrequency RF pulse that matches the larmor 

frequency of the protons in the tissue under investigation 

(Faulkner, 1996). 

 On a macroscopic level, exposure of an object or person to 

RF radiation at the same Larmor frequency causes the net 

magnetization to spiral away from the Bo field (Ballinger, 2009). 
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 Magnetic resonance corresponds to the energetic 

interaction between the spinning nuclei and the 

radiofrequency RF pulse. Only protons that spin with the same 

frequency as the electromagnetic RF pulse will respond to that 

RF pulse and resonate (Denis, 2009).  

 The resonance frequency (ωₒ) is proportional to the main 

magnetic field strength: ωₒ = γ B0 where γ is a constant unique to 

every atom (Denis, 2009). 

 

Figure (5): Shows the spin of nuclei flips when the nucleus absorbs energy 

at its Larmor frequency (Brandon et al., 2006). 

 There is a modification of spin equilibrium due to the 

absorption of electromagnetic energy by atomic nuclei, which is 

called excitation. This results in the conversion of some nuclei 

from the low-energy (parallel) state to a high-energy state with 

an altered alignment from the direction of the external magnetic 
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field. The angle to which these nuclei change their direction is 

called the "flip" or "tip" angle (Ballinger, 2009). 

 When the system returns from this state of imbalance to 

equilibrium (relaxation), there is an emission of electromagnetic 

energy (Denis, 2009). 

 At equilibrium, no signal is received from the patient 

because the net magnetization points only in the z direction. The 

signal is received from the patient when the magnetization vector 

is rotated from the z-axis following the application of the pulse of 

radiofrequency RF tuned to the nuclei's Larmor frequency 

(Stewart, 2003).  

Longitudinal and Transverse Magnetizations: 

 The net magnetization vector can be broken down into 

a longitudinal component (along the Z axis, aligned with Bo), 

and a transverse component, lying on the XY plane perpendicular 

on the z axis. During excitation, longitudinal magnetization 

decreases and a transverse magnetization appear (except for a 

180° flip angle). The longer the RF pulse is applied the less the 

longitudinal magnetic factor (Denis, 2009). 

 After a certain length of time, the longitudinal magnetic 

vector is reduced to zero and the net magnetization vector rotates 
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90 degrees and lies in the transverse or (xy) plane. It is in this 

position that the net magnetization can be detected on MRI 

(Ballinger, 2009). 

 

T1 and T2 Relaxation:  

 At the end of the RF pulse, the protons precessing in the 

transverse plane give up energy to the surrounding molecules in 

the form of a RF pulse. Two phenomena occur simultaneously: 

the transverse magnetization decreases gradually (T2 decay) 

while the longitudinal magnetization increases gradually (T1 

relaxation) until the protons finally realign with Bo (Ballinger, 

2009). 

 T1 is the longitudinal relaxation. It indicates the time 

required for a substance to become magnetized after first being 

placed in a magnetic field or alternatively, the time required 

retaining longitudinal magnetization following a RF pulse 

(Bradley, 2001).  

 As spins go from a high energy state back to a low energy 

state, RF energy is released back into the surrounding lattice and 

a signal is produced called "free induction decay FID" signal.  
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Its amplitude decreases gradually as the net magnetization 

returns to equilibrium (Denis, 2009).   

 The recovery of longitudinal magnetization follows an 

exponential curve (Fig.6). T1 values are longer at higher field 

strengths (Denis, 2009).  

 

Figure (6): Shows the longitudinal magnetization recovery (T1) (Denis, 

2009). 

 

 

 T1 time for fat is very short because of its ability to absorb 

and dissipate energy quickly and hence they give a high signal 

and appear bright. Water on the other hand and CSF are very 

inefficient in absorbing and releasing energy.  Their T1 time is 
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quite long and they appear dark. T1-weighed images are used to 

demonstrate the normal anatomy of the structure (Westbrook, 

2002). 

 For T1 weighting, the repetition time TR must be short and 

also echo time TE must be short (Langlais et al., 2000). 

Repetition Time (TR):    

 It is defined as the time from the application of one 

radiofrequency pulse to the application of another one 

(Westbrook, 2002). 

Echo Time (TE): 

         It is the time elapsed between the application of one 

radiofrequency pulse and the collected signal (Westbrook, 2002). 

 The definition of T2 is the time that the transverse 

magnetization takes to decay to 37% of its original value. 

Different tissues have different values of T2 and dephase at 

different rates (Fig.7) (Bradley, 2001).    

 T2 time for fat is very short and they appear dark (low 

signal) while T2 for water, CSF and TMJ fluid is long and they 

appear bright (high signal). Consequently, T2-weighed images 

are used to demonstrate the pathological conditions since most of 

them have a high water content causing them to appear very 
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bright. For T2-weighed images both TR and TE are long 

(Langlais et al., 2000 & Westbrook, 2002). 

 Transverse magnetization decay is described by an 

exponential curve, characterized by the time constant T2. T2 is 

tissue-specific and is always shorter than T1. Transverse 

relaxation is faster than longitudinal relaxation (Denis, 2009).   

Fig

ure (7): Shows transverse magnetization decay (T2) (Denis, 2009). 

Proton Density (PD): 

         It is the measure of concentration of mobile hydrogen 

nuclei available to produce MR signal (Westbrook, 2002).   
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Pulse Sequence: 

 MRI sequence is an ordered combination of RF and 

gradient pulses designed to acquire the data to form the image. 

The operator can set the components of the RF pulse sequence to 

emphasize or suppress the appearance of various tissues in the 

resultant image (McRobbie et al., 2003 & Gandy, 2004).   

Slice Selection: 

 Slice selection and excitation is achieved by the use of a 

RF pulse applied in the presence of a magnetic field gradient. A 

magnetic field gradient is a variation in the magnetic field with 

respect to position. Only protons with resonant frequencies within 

this range will be excited, resulting in an image (Hashemi and 

Bradley, 1998, McRobbie et al., 2003 & Hornak, 2004). 

 

Slice Thickness: 

 In order to attain slice thickness, a range of frequencies 

must be transmitted to produce resonance across the whole slice 

(and therefore to excite the whole slice). This range of 

frequencies is called a bandwidth and because RF is being 

transmitted at this instant, it is specifically called the transmit 

bandwidth. The slice thickness can be varied by adjusting the 
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bandwidth of the selective pulse and the amplitude of the slice 

selection gradient (Westbrook, 2002 & Denis, 2009). 

Advantages and Disadvantages of MRI: 

  MRI is a non-invasive method of mapping the internal 

structure and certain aspects of function within the body. It uses 

non-ionizing electromagnetic radiation and appears to be without 

exposure-related hazard (Girish et al, 2011). 

 With advances in scanning speed and spatial resolution, 

and improvements in computer 3D algorithms and hardware, 

MRI has become a valuable diagnostic tool (Stewart, 2003).  

 MRI provides the best contrast restoration between the 

different soft tissues of the body, making it especially useful in 

neurological, musculoskeletal, brain, spine, cardiovascular and 

oncological  imaging (Squire and Novelline, 1997). 

An advantage of MRI is its ability to produce images in 

axial, coronal, sagittal and multiple oblique planes with equal 

ease (Gray et al., 1999 & Bui et al., 2000).  

Also MRI has a low level of imaging artifacts (Gray et al., 

1999 & Bui et al., 2000). 

On the other hand the disadvantages of MRI are high cost, 

long imaging time and possible artifacts due to body movements 
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and metals (Imamura et al., 2004). Also claustrophobia may be 

severe enough to terminate the MRI exam in case of 

apprehensive patients, as it is reported in up to 5% of patients. 

Recent improvements in magnet design including stronger 

magnetic fields (3 teslas), shortening exam times, wider, shorter 

magnet bores and more open magnet designs, have brought some 

relief for claustrophobic patients (Filler, 2009). 

Contraindications of MRI: 

The modality is currently contraindicated for patients with 

pacemakers, cochlear implants, some indwelling medication 

pumps, certain types of cerebral aneurysm clips, metal fragments 

in the eyes and some metallic hardware e.g. plate wire screws 

placed in bone for stabilization of fracture and also in 

maxillofacial surgery. This contraindication is due to the 

powerful magnetic fields and strong fluctuating radio signals the 

body is exposed to, and so there is possibility that ferromagnetic 

materials will move when placed in a magnetic field and life-

threatening situations may occur (Filler, 2009). 

         Also pregnant females should not be examined in the first 

trimester although no significant hazards have been proved (Gray 

et al., 2003). 
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Magnetic Resonance Imaging Hard ware: 

         MRI scanners have evolved considerably since the first 

commercial units were introduced in the 1980s (Hornak, 2004). 

 The magnet is the most expensive part of the whole 

scanner. The earliest systems were based around water-cooled 

resistive magnets, and for particular applications it is possible to 

use permanent magnets, but the majority of modern scanners use 

superconducting magnets. The reason for this is the high fields 

now desirable for MRI (Stewart, 2003). 

 These magnets are constructed from materials such as Nb-

Ti alloy. Once started, the current will flow in the coils 

indefinitely, provided that the temperature is kept below the 

critical temperature by cooling with liquid helium. The fields 

from such magnets are very stable with time, which is essential 

for an MRI system (Stewart, 2003).  

 RF coils are the "antenna" of the MRI system that 

broadcast the RF signal to the patient and/or receives the return 

signal. RF coils can be receive-only, in which case the body coil 

is used as a transmitter; or transmit and receive (transceiver) 

(Ballinger, 2009). 
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  Gradient coils are used to produce deliberate variations in 

the main magnetic field (Bo). There are usually three sets of 

gradient coils, one for each direction. The variation in the 

magnetic field permits localization of image slices as well as 

phase encoding and frequency encoding (Ballinger, 2009).  

 The heart of the imager is the computer. It controls all 

components on the imager and the gradient pulse programmer. 

The RF components under control of the computer are the radio 

frequency source and pulse programmer. The RF amplifier 

increases the pulses power. The gradient amplifier increases the 

power of the gradient pulses (Hornak, 2004). 

 The array processor, located on some imagers, is a device 

which is capable of performing a two-dimensional Fourier 

transform (FT) in fractions of a second. The operator of the 

imager gives input to the computer through a control console. An 

imaging sequence is selected and customized from the console. 

The operator can see the images on a video display located on the 

console or can make hard copies of the images on a film printer 

(Hornak, 2004). 
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Figure (8): Shows magnetic resonance imaging hardware 

www.neurocog.psy.tufts.edu/images/magnetic_resonance_imaging.htm).) 
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Magnetic Resonance Imaging Artifacts: 

 There are numerous kinds of artifacts that can occur in 

MRI. Some affect the quality of the MRI image while others do 

not affect the quality but may be confused with pathology 

(Ballinger, 2009). 

 An artifact is a feature appearing in an image that is not 

present in the original object. Depending on their origin, artifacts 

are typically classified as patient-related and signal processing 

dependent artifacts (Eramus et al, 2004). 

1. Patient-related Artifacts: 

a. Motion Artifacts: 

 Motion is one of the most common artifacts in MR 

imaging, causing either ghost images or diffuse image noise in 

the phase-encoding direction. The reason for mainly affecting 

data sampling in the phase-encoding direction is the significant 

difference in the time of acquisition in the frequency and phase 

encoding directions. Periodic movements such as cardiac 

movement and blood vessel or CSF pulsation cause ghost 

images, while non-periodic movement causes diffuse image 

noise (Eramus et al, 2004). 
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Figure (9): Shows axial image of the head showing motion artifact 

(Hornak, 2004). 

b. Metal Artifacts: 

 Metal artifacts occur at interfaces of tissues with different 

magnetic susceptibilities, which cause local magnetic fields to 

distort the external magnetic field. This distortion changes the 

precession frequency in the tissue leading to spatial mismapping 

of information. The degree of distortion depends on the type of 

metal (stainless steel having a greater distorting effect than 

titanium alloy), the type of interface (most striking effect at soft 

tissue-metal interfaces), pulse sequence and imaging parameters 

(Suh et al, 1998). 

 Metal artifacts are caused by external ferromagnetics such 

as cobalt containing make-up, or internal ferromagnetics such as 
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surgical clips, spinal hardware and other orthopedic devices. 

Manifestation of these artifacts is variable, including total signal 

loss, peripheral high signal and image distortion (Eramus et al, 

2004).          

 

Figure (10): Shows sagittal MR image with a magnetic susceptibility 

artifact that resulted from the presence of metallic dental fillings (Kolind et 

al., 2004). 

2. Signal Processing-dependant Artifacts: 

a. Chemical Shift Artifacts: 

 Chemical shift artifact occurs at the fat/water interface in 

the phase encoding or section-select directions. These artifacts 

arise due to the difference in resonance of protons as a result of 

their micromagnetic environment. The protons of fat resonate at 

a slightly lower frequency than those of water. High field 
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strength magnets are particularly susceptible to this artifact 

(Smith et al, 1991). 

 

Figure (11): Shows Chemical shift artifact: bright and dark streaks around 

the kidneys in an axial gradient echo opposed-phase image (Eramus et al, 

2004). 

b. Partial Volume Artifacts: 

 Partial volume artifacts arise from the size of the voxel 

over which the signal is averaged. Objects smaller than the voxel 

dimensions lose their identity, and loss of detail and spatial 

resolution occurs (Eramus et al, 2004). 

c. Wrap Around Artifacts:  

 This artifact is a result of mismapping of anatomy that lies 

outside the field of view but within the slice volume. The 

selected field of view is smaller than the size of the imaged 

object. The anatomy is usually displaced to the opposite side of 

the image. It can be caused by non-linear gradients or by 
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undersampling of the frequencies contained within the return 

signal (Eramus et al, 2004). 

 

Figure (12): Shows wrap around of the back of the head on the front of the 

head (Ballinger, 2009). 

 

d. Gibbs Phenomenon (Ringing Artifact): 

 This is caused by the under-sampling of high spatial 

frequencies at sharp boundaries in the image. Lack of appropriate 

high-frequency components leads to an oscillation at a sharp 

transition known as a ringing artifact. The artifact occurs near the 

sharp boundaries, where high contrast transitions in the object 

occur. It appears as multiple, regularly spaced parallel bands of 

alternating bright and dark signal that slowly fade with distance. 
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Ringing artifacts are more prominent in smaller digital matrix 

sizes (Elgavish and Twieg, 2003). 

 

Figure (13): Shows Gibbs artifact (T1 sagittal study of the brain) (Eramus 

et al, 2004)
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Aim of the study 

 The aim of this study is to detect the presence of 

microleakage in amalgam restorations following MRI 

examination. 
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Materials and Methods 

 Thirty six non-carious human teeth (eighteen premolars 

and eighteen molars), (twenty six upper and ten lower) were 

collected from the Oral Surgery Department, Faculty of Oral and 

Dental Medicine, Cairo University. The teeth were transported 

into saline solution. After surface debridement with a hand 

scaling instrument and cleaning with a rubber cup and slurry of 

pumice, standard class V cavities with all margins in the enamel 

were prepared on the buccal and lingual surfaces. Cavity 

dimensions were standardized by making a rectangular hole of 

dimensions 5mm mesiodistal width and 3 mm occlusogingival 

length in a matrix band. The matrix band was secured into a 

tofflemire matrix retainer and fitted around each tooth. The depth 

of the cavities was approximately 2 mm which was calibrated 

with a periodontal probe. 

The preparations were made with a bur no. FG 37 

(Colteme, America) using a high-speed handpiece. 

The teeth were randomly divided into three groups, each 

containing twelve teeth. Each group was restored with a different 

type of amalgam. 

 The three amalgams used were RupyCap (non-gamma-2, 

admix amalgam, zinc free, Turkish Amalgam), GS-80 (non-

gamma-2, admix amalgam; SDI, Victoria, Australia) and 
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Trendalloy (non-gamma-2, non-zinc, high copper; KAT, 

Alexandria, Egypt). 

The amalgams were placed incrementally using small 

condensers with the condensing towards the cavity walls. The 

condensation was probably superior to that usually carried out 

clinically because of the perfect accessibility of the teeth in vitro. 

Restorations were burnished and polished in a routine manner. 

 

Figure (14): Shows teeth after restoration with the three types of amalgam. 
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 Each group was divided randomly into two halves, one 

was considered to be the control group and the other was placed 

in 0.3 tesla magnetic field (open magnet, MRP 7000 AD, 

Hitachi, Japan) for approximately 20 minutes.    

 

Figure (15): Shows MRI machine. 

 

Figure (16): Shows teeth in MRI machine. 
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 All groups were prepared for evaluation of microleakage 

by sealing the apices of the teeth with wax. The entire surface of 

each specimen was then covered with two coats of acrylic finger-

nail polish up to a 1mm area from the cavity margins. The teeth 

were soaked in an aqueous solution of 2 % methylene blue dye 

for 24 hours at room temperature (32°C). Following dye 

exposure, the teeth were rinsed thoroughly with tap water for 15 

minutes, dried and invested with the apices downward in clear, 

fast cured acrylic resin (Acrostone, Egypt) within a custom 

silicon rubber dye. Resin blocks were allowed to polymerize for 

24 hours. Each embedded specimen was sectioned 

buccolingually with slow-speed, water-cooled diamond coated 

disc (Buehler, Germany). 

 

Figure (17): Shows sectioned tooth after insertion in methylene blue. 
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  Each section was photographed using a stereomicroscope 

(Leica, Leica Microsystem Ltd., Germany) connected with an 

IBM compatible personal computer with a fixed magnification x 

40. A digital image analysis system (Image J 1.43U, National 

Institute of Health, USA) was used to measure and qualitatively 

evaluate the depth of dye penetration. Within the Image J 

software, all limits, sizes, frames and measured parameters are 

expressed in pixels. Therefore, system calibration was done to 

convert the pixels into absolute real world units. Calibration was 

made by comparing an object of known size (a ruler in this 

study) with a scale generated by the Image J software. Then, the 

images of traced dye penetration path were overlaid and 

transferred to Image J software in order to calculate dye 

penetration depth in (mm). 

 

Figure (18): Shows the stereomicroscope. 
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Figure (19): Stereomicroscopic picture showing microleakage by tracing 

dye penetration. 

Statistical Analyses 

 Data analysis was performed in several steps. Initially, 

descriptive statistics for each group results was done. 

 One way ANOVA followed by pair-wise Duncan post-hoc 

tests were performed to detect significance between all groups. 

 Student t-test was performed to detect significance 

between MR exposed and non-exposed groups. 

 Two-way analysis of variance ANOVA test of significance 

comparing variables affecting mean values was also done. 

 Statistical analysis was performed using Aasistat 7.6 

statistics software for Windows. 

 Significance level (P) value was expressed as follows: 

 P > 0.05 = non-significant. 

 P < 0.05 = Significant. 

 P < 0.001 = High significant. 
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Results 

 In this study, thirty six non-carious human teeth were 

collected from the Oral Surgery Department, Faculty of Oral and 

Dental Medicine, Cairo University from June 2011 to December 

2011. 

 The teeth were randomly divided into three groups, each 

containing twelve teeth. Each group was restored with a different 

type of amalgam. 

 Each group was divided randomly into two halves, one 

was considered to be the control group and the other was placed 

in 0.3 T magnetic field. 

 And the groups were: 

1-Group 1: restored with RupyCap amalgam and non-exposed to 

MRI. 

2-Group 2: restored with GS-80 amalgam and non-exposed to 

MRI. 

3- Group 3: restored with Trendalloy amalgam and non-exposed 

to MRI. 

4-Group 4: restored with RupyCap amalgam and exposed to 

MRI. 

5-Group 5: restored with GS-80 amalgam and exposed to MRI. 

6-Group 6: restored with Trendalloy amalgam and exposed to 

MRI. 
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 Descriptive statistics of dye penetration results recorded in 

mm for all groups are summarized in table (1) and graphically 

drawn in figure (23). 

Table (1): Descriptive statistics of dye penetration results for all groups. 

Median Std. 

Error 

Std. 

Deviation 

Mean Maximum Minimum Statistics 

 

Groups 

4.133 0.3443 1.033 4.14 5.57 2.769 Group 1 

3.253 0.3417 1.025 3.238 4.417 1.142 Group 2 

2.684 0.2684 0.8052 2.684 3.823 1.545 Group 3 

4.306 0.1498 0.4494 4.306 4.82 3.537 Group 4 

4.56 0.2844 0.8531 4.481 6.256 3.413 Group 5 

3.849 0.2006 0.6019 3.99 4.705 3.157 Group 6 

 

 

 Figure (20): A column chart of dye penetration mean values for all groups. 
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Magnetic resonance (MR) non-exposed groups: 

           It was found that Group 1 recorded the highest dye 

penetration depth mean value (4.14 mm) followed by Group 2 

(3.238 mm) while Group 3 recorded the lowest dye penetration 

depth mean value (2.684 mm).  

           The difference between dye penetration MR non-exposed 

groups was statistically significant as revealed by ANOVA 

followed by pair-wise Duncan post-hoc tests (p<0.05). Pair-wise 

Duncan post-hoc test showed that the difference between Group 

2 and Group 3 was statistically non-significant (p>0.05). 

Table (2): Comparison of dye penetration between MR non-exposed 

groups. 

Group Mean SD Duncan 

rank 

ANOVA 

F value P value 

Group 1 4.14 1.033 A 6.1864 

 

 

0.0102* 

Group 2 3.238 1.025 B 

Group 3 2.684 0.8052 B 
Different letters indicating statistical significance (P<0.05).           

*: significant (P<0.05).                                                              ns: non-

significant. 

 

Figure (21): A column chart of dye penetration mean values for MR non-

exposed groups. 
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Magnetic resonance (MR) exposed groups: 

           It was found that Group 5 recorded the highest dye 

penetration depth mean value (4.481 mm) followed by Group 4 

(4.306 mm) while Group 6 recorded the lowest dye penetration 

depth mean value (3.99 mm).  

           The difference between dye penetration MR exposed 

groups was statistically non-significant as revealed by ANOVA 

test (p>0.05). Pair-wise Duncan post-hoc test showed that the 

difference between Group 5 and Group 6 was statistically 

significant (p<0.05). 

Table (3): Comparison of dye penetration between MR exposed groups. 

Group Mean SD Duncan rank ANOVA 

F value P value 

Group 4 4.306 0.4494 AB 2.9907 0.0788 ns 

Group 5 4.481 0.8531 A 

Group 6 3.99 0.6019 B 

Different letters indicating statistical significance (P<0.05).     

 *: significant (P<0.05).                                                             ns: non- 

significant. 

 
Figure (22): A column chart of dye penetration mean values for MR 

exposed groups. 
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Figure (23): Stereomicroscopic picture showing no dye penetration 

indicating no microleakage. 

 

 

Figure (24): Stereomicroscopic picture showing dye penetration indicating 

microleakage. 
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Magnetic resonance (MR) non-exposed vs. exposed groups: 

Group 1 vs. Group 4: 

           It was found that Group 4 recorded higher dye penetration 

depth mean value (4.306 mm) than Group 1 (4.140 mm).  

The difference between dye penetrations of Group 4 and Group 

1 was statistically non-significant as revealed by student t-test (p 

> 0.05). 

Table (4): Comparison of dye penetration results between group 1 and 

group 4.  

Variables Mean ± SD Difference Student paired t-test 

t-value P value 

Group 1 4.140 ± 0.3443 
0.1665 

0.5670 0.5862 ns 

Group 4 4.306 ± 0.1498 

 ns: non-significant (p>0.05).                                                 *: significant 

(P<0.05). 

 

Figure (25): A column chart of dye penetration depth mean values 

comparing between group 1 and group 4. 
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Group 2 vs. Group 5: 

           It was found that Group 5 recorded higher dye penetration 

depth mean value (4.481 mm) than Group 2 (3.238 mm).  

The difference between dye penetration of Group 5 and Group 2 

was statistically significant as revealed by student t-test (p < 

0.05). 

Table (5): Comparison of dye penetration results between group 2 and 

group 5. 

Student paired t-test Difference Mean ± SD Variables 

P value t-value 

0.0201* 2.89 

 

1.243 3.238 ± 1.025 Group 2 

4.481 ± 0.8531 Group 5 

ns: non-significant (p>0.05).                                               *: significant 

(P<0.05). 

 
Figure (26): A column chart of dye penetration depth mean values 

comparing between group 2 and group 5. 
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Group 3 vs. Group 6: 

           It was found that Group 6 recorded higher dye penetration 

depth mean value (3.99 mm) than Group 3 (2.684 mm).  

          The difference between dye penetration of Group 3 and 

Group 6 was statistically significant as revealed by student t-test 

(p < 0.05). 

Table (6): Comparison of dye penetration results between group 3 and 

group 6. 

Variables Mean ± SD Difference Student paired t-test 

t-value P value 

Group 3 2.684 ± 0.8052 
1.306 

4.2 

  

0.0030* 

 Group 6 3.99 ± 0.6019 

  ns: non-significant (p>0.05).                                              *: significant 

(P<0.05). 

 

Figure (27): A column chart of dye penetration depth mean values 

comparing between group 3 and group 6. 



 

 

                                                                                                      

49 

 

The effect of amalgam group, MR exposure and the interaction 

between these factors on dye penetration: 

Effect of amalgam type:  

Regardless to MR exposure, amalgam type totally showed 

significant influence on dye penetration (F=7.3472; p<0.05).  

Effect of MR exposure: 

Regardless to amalgam type, MR exposure totally showed 

significant influence on dye penetration (F=21.4952; p<0.05). 

Inter-action between amalgam and MR exposure: 

Inter-action between amalgam and MR exposure was statistically 

significant (F= 3.8; p< 0.05). 
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Discussion 

 Dental amalgam constitutes approximately 75% of all 

restorative materials used by dentists (Bharti et al., 2010). More 

teeth are restored with dental amalgam than with any other 

material (Andrews &Hembree, 1975); therefore we used it in 

this study. 

The three amalgams used were RupyCap (non-gamma-2, 

admix amalgam, zinc free, Turkish Amalgam), GS-80 (non-

gamma-2, admix amalgam; SDI, Victoria, Australia) and 

Trendalloy (non-gamma-2, non-zinc, high copper; KAT, 

Alexandria, Egypt). All are non-gamma-2 amalgams because 

gamma-2 amalgam corrodes very easily (Städtler, 1991).  

          Magnetic resonance MR imaging has assumed a major role 

in medical imaging diagnostics for several reasons: It provides 

images with high tissue contrast and accuracy; imaging is 

versatile in various planes of sections readily available, the 

technique is non-invasive and non-ionizing and the images can 

be highly sensitive and specific (Friedman et al., 1989). 

 It is well known that some metallic objects produce 

artifacts in MR images, but there are no significant 

contraindications for MRI with these metals and also it is not 

contraindicated for producing acceptable MR images of areas 
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containing these metals (Abbaszadeh et al., 2000 & 

Blankenstein et al., 2006). 

  No reports have been found in the literature about the 

effects of MRI techniques on amalgam restorations. The only 

related report demonstrated no significant evidence of elevated 

mercury release from amalgam during MRI (Muller-Miny et al., 

1996). 

 We aimed in our study to detect the presence of 

microleakage in amalgam restorations following MRI 

examination.  

In this study, standard class V cavities with all margins in 

the enamel were prepared on the buccal and lingual surfaces. 

Cavity dimensions were standardized by making a rectangular 

hole of dimensions 5mm mesiodistal width and 3 mm 

occlusogingival length in a matrix band. The matrix band was 

secured into a tofflemire matrix retainer and fitted around each 

tooth. The depth of the cavities was approximately 2 mm which 

was calibrated with a periodontal probe which was a similar 

technique to that carried out by Ibrahim, 2010 who studied the 

effect of atmospheric pressure changes on bond strength and 

microleakage of different esthetic restorative materials and El-
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Korashy, 2011 who studied the bond potential of different 

nanofilled esthetic restorative systems to dentin in vitro.  

 Regarding the non-exposed groups in our study, there were 

differences in the microleakage scores between (RupyCap, GS-

80 and Trendalloy) groups which were statistically significant, 

while this difference became statistically non-significant when 

comparing between (GS-80 and Trendalloy) groups only. 

 While in the case of exposed groups, the differences in 

microleakage scores between (RupyCap, GS-80 and Trendalloy) 

were statistically non-significant. This turned to be statistically 

significant when comparing (GS-80 and Trendalloy) groups 

only. 

 And for the differences in the microleakage scores 

between non-exposed and exposed groups, the results were 

statistically significant when comparing (GS-80) and 

(Trendalloy) groups while in the (RupyCap) group the results 

were statistically non-significant. 

 Using three different amalgam alloys, demonstrating that 

MRI was not completely devoid of any effects on amalgam 

restorations which was a finding that comes with agreement with 

Shahidi et al., 2009 who held a similar study with using three 

different amalgam types which are GS-80, Vivacap and Cinalux. 

He found that differences in microleakage within each group 
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following MRI were significant in the GS-80 and Vivacap 

groups but not in the Cinalux group. However, there was no 

significant difference between the three groups regarding the 

microleakage score.    

 Differences in the microleakage scores between the 

exposed and non-exposed teeth in the GS-80 and Trendalloy 

groups were not seen in the RupyCap group, and this might be 

attributed to the composition and the microstructure of the 

different alloys. This was also concluded by Shahidi et al., 2009 

in his study. 

 It is widely recognized that the properties of materials are 

often governed by the interdiffusion behavior between different 

phases under the magnetic field. Therefore, the design and 

control of the microstructure, phase composition and thickness of 

diffusion layers at the interface should be a key factor in 

estimating the performance of bulk materials. Recently, the 

application of a magnetic field MF to control microstructures has 

become the subject of much research interest because magnetic 

fields can affect many phenomena in the discipline of material 

science, such as recrystallization in paramagnetic aluminum (Al) 

metal, grain boundary migration in diamagnetic zinc (Zn) metal 

and phase transformations in steels and even in polymers. A large 

body of evidence indicates that an external magnetic field can 
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affect the process of diffusion as well, which is the critical 

controlling factor for the formation and growth of diffusion 

layers (Molodov et al, 2006). 

 Pokoev et al., 1993 reported that the diffusion coefficient 

of the impurity diffusion in the ferromagnetic matrix was 

dependent on the external magnetic field strength 

 Nakamichi et al., 2005 suggested that the diffusion of 

carbon in ᵞ-iron was retarded by the application of a MF. Under a 

MF, the intensity of the Lorentz force caused by the interaction 

of imposed or induced current with the MF is increased, although 

many studies have been carried out on the effect of a MF on 

diffusion in solids, unfortunately there have been no reports on 

the diffusion behavior of different phases in dental materials in a 

MF. However, this paper reports several important findings 

concerning the diffusion phenomenon at the interface of 

solid/solid diffusion couples of different phases under uniform 

magnetic fields.  

 Moreau et al., 1993 reported that the MF can sometimes 

lead to the appearance of a new type of convection of mercury; 

named thermoelectromagnetic convection TEMC. The 

occurrence of TEMC is based on the fact that a temperature 

gradient at the solid/solid interface always results in 

thermoelectric currents in liquid metals (mercury) due to the 
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Seebeck effect. The interaction of the MF with thermoelectric 

currents can create a driving force responsible for convection in 

the presence of an external MF crossing these currents. 

Therefore, the magnitude of TEMC goes through a maximum as 

a function of the inducing MF.  

 Molodov et al., 1997 mentioned that the effect of a 

uniformly high MF on grain boundary migration GBM and 

vacancy formation should also be taken into account. Molodov 

et al found that MFs had a beneficial effect on GBM owing to 

magnetic ordering and magnetic free energy. Since the grain 

boundary provides a path for diffusion, high MFs can exert an 

influence on GBM to suppress the diffusion process indirectly. 

 Nakamichi et al., 2005 reported that magnetization of the 

solid metal results in an increase in the formation of a vacancy in 

a MF, the diffusion of mercury (Hg) in bulk materials will be 

increased by the vacancy mechanism. Nevertheless, little 

experimental information is available about the contribution of 

the applied MF to the increase in the volume of the vacancy. 

 In our study, phases in the amalgam microstructure were 

observed including Eta-prime, gamma, gamma-1, liquid mercury 

and Ag-Cu, with or without the application of a MF. It is 

believed that the main effect of fields leads to the appearance of 

TEMC, which is responsible for the enhancement of the 
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diffusion process, grain boundary diffusion and vacancy 

formation. Owing to differences in the grain size and 

microstructure of amalgams, these effects are slightly different.  
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Summary 

 Dental amalgam is one of most common restorative 

materials used in dentistry. It is inexpensive and relatively easy 

to use and manipulate during placement. Also it is strong, 

durable and has bacteriostatic effects. 

 Magnetic resonance imaging MRI is primarily a medical 

imaging technique that is commonly used in radiology. It is a 

non-invasive method for mapping the internal structure and 

certain aspects of function within the body. It uses non-ionizing 

electromagnetic radiation and appears to be without exposure-

related hazard.  

         There is the possibility that ferromagnetic materials will 

move when placed in a magnetic field, thus this includes 

amalgam alloys.  That is why this study was performed to detect 

any effect on microleakage of amalgam following MRI 

examination. 

 Thirty six non-carious human teeth were collected and 

Standard class V cavities with all margins in the enamel were 

prepared on the buccal and lingual surfaces. Each group was 

restored with a different type of amalgam and was divided 

randomly into two halves, one of which was considered to be the 
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control group and the other was placed in the magnetic field 

after. All groups were then prepared for evaluation of 

microleakage.  

 Differences in microleakage were detected within each 

group following MRI which were significant in GS-80 and 

Trendalloy groups but not significant in RupyCap group. 

However, there was statistically significant difference between 

the microleakages of the three non-exposed groups, while the 

difference between the microleakages of the three exposed 

groups was statistically non-significant. 

From the results of this study, the following could be 

concluded: 

 It seems that MRI is not completely devoid of any effects 

on microleakage of amalgam restorations. 

 It was found that the magnetic field leads to the 

appearance of thermoelectromagnetic convection TEMC, 

which is responsible for the enhancement of the diffusion 

process, grain boundary migration and vacancy formation 

resulting in microleakage. 

Under the conditions of this research, we recommend that: 

 The number of the teeth should be increased. 

 It is preferred to use more than three amalgam types.
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 الملخص باللغة العربية

حية األكثر شيوعا المستخدمة في يملغم السني هو واحد من المواد التصلمال 

 كما أنه. وضعخالل ال معالجةنسبيا لالستخدام وال غير مكلف وسهل أنه. طب األسنان

 .جراثيملل مضادةآثار قوي ومتين وله

ي هو في المقام األول تقنية التصوير الطبي الذي التصوير بالرنين المغناطيس 

بل هو طريقة غير غازية لرسم خرائط البنية الداخلية . يستخدم عادة في األشعة

يستخدم اإلشعاع الكهرومغناطيسي هو و. داخل الجسم فائوظالوجوانب معينة من 

 .التعرض من خطر ليس له هغير المؤين، ويبدو أن

لمغناطيسية سوف تتحرك عند وضعها في مجال هناك احتمال أن المواد ا 

هذا السبب تم إجراء هذه الدراسة لو. ملغمممغناطيسي، وبالتالي هذا يشمل سبائك ال

  .غم بعد الفحص بالرنين المغناطيسيململالتسرب الجزئى لللكشف عن أي تأثير على 

 تجاويففيها وأعدت  الخالية من التسوسأسنان اإلنسان من  63 عيجمتتم  

تم .االمامية و الخلفيةفي المينا على السطوح  حدودمع كل ال الخامسةفئة متامثلة من ال

تم تقسيم كل مجموعة  لغم، وبعد ذلكمالم حشوات نوع مختلف منبكل مجموعة  حشو

في  ىاآلخر تووضع واحدة لم تتعرض للمجال المغناطيسى عشوائيا إلى نصفين، 

 .التسرب الجزئىع الفئات لتقييم تم إعداد جميبعد ذلك  مجال مغناطيسي 

داخل كل مجموعة بعد التصوير  التسرب الجزئىفي  اختالفاتتم الكشف عن  

و  GS-80 مجموعات في ذات داللة احصائية بالرنين المغناطيسي والتي كانت

Trendalloy في مجموعة  ذات داللة احصائية تليس هاولكنRupyCap . ،ومع ذلك

التى  ةالمجموعات الثالثبين  فى التسرب الجزئىكان هناك فروق ذات داللة إحصائية 

ن المجموعات فى التسرب الجزئى بيق و، بينما الفرلم تتعرض للمجال المغناطيسى

 .ةإحصائي لم تكن ذات داللة ت للمجال المغناطيسىتعرض ة التى الثالث

 



 

 

                                                                                                      

 

 :ج ما يليمن نتائج هذه الدراسة، يمكن استنتا

 تماما من أي آثار على  االتصوير بالرنين المغناطيسي ليس خالي يبدو أن

 .ملغممال التسرب الجزئى لحشوات

  النقل الحرارى قد وجد أن المجال المغناطيسي يؤدي إلى ظهور

حركة الحبيبات  ، االنتشار عمليةالمسؤل عن تعزيز و، وهالكهرومغناطيسى

 .التسرب الجزئىأدى إلى  مما المحدودة و تكوين الثغرات

 :في ظل ظروف هذا البحث، نوصي بما يلي

 ينبغي زيادة عدد األسنان. 

  ملغممال من استخدام أكثر من ثالثة أنواعيفضل. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                                                                                                      

 

 تأثير تصوير الرنين المغناطيسى على التسرب الجزئى لحشوات المملغم

 رسالة

 يرماجيستمقدمة للحصول علي درجة ال

 في أشعة الفم

 مقدمه من

 أميرة ابراهيم سيد/ الطبيبة

 باحثة بقسم البحوث الصحية االشعاعية

 المركز القومى لبحوث و تكنولوجيا االشعاع

 تحت إشراف

 سحر حسنى الدسوقى/ د

 قسم أشعة الفم -مساعد أستاذ

 جامعة القاهرة -كلية طب الفم و األسنان

 شروق حسن على خليفة/ د

 عة الفمقسم أش -مدرس

 جامعة القاهرة -كلية طب الفم و األسنان

 أمل عالء الدين السيد البطوطى/ د

 بقسم البحوث الصحية االشعاعية مدرس

 المركز القومى لبحوث و تكنولوجيا االشعاع

 كلية طب الفم و األسنان

 جامعة القاهرة
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